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Overview
Insomnia is a difficult condition to treat in part because it both a condition in and of itself and a
symptom of other conditions. This makes it difficult for physicians to determine the correct treatment
options.
Choosing the correct treatment option is complicated by the myriad of severe side effects
pharmaceuticals intended to help a patient sleep can cause. Seizure, depression and memory issues are
just a few.
“Clinical Pharmacology in Sleep Medicine” attempts to clarify the risks of various medications intended
to help with insomnia and other sleep disorders.
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The basic treatment goals of pharmacological therapies in sleep medicine are to improve waking function by either improving
sleep or by increasing energy during wakefulness. Stimulants to improve waking function include amphetamine derivatives,
modafinil, and caﬀeine. Sleep aids encompass several classes, from benzodiazepine hypnotics to over-the-counter antihistamines.
Other medications used in sleep medicine include those initially used in other disorders, such as epilepsy, Parkinson’s disease, and
psychiatric disorders. As these medications are prescribed or encountered by providers in diverse fields of medicine, it is important
to recognize the distribution of adverse eﬀects, drug interaction profiles, metabolism, and cytochrome substrate activity. In this
paper, we review the pharmacological armamentarium in the field of sleep medicine to provide a framework for risk-benefit
considerations in clinical practice.

1. Introduction
Given the high prevalence of sleep complaints in the general
population and in patients with a variety of comorbid disorders, the pharmacological treatment options for sleep disorders are common considerations for sleep specialists and
nonspecialists alike [1–4]. Clinical pharmacology in sleep
medicine can be loosely classified into drugs aimed at treating sleepiness, sleeplessness, and sleep-related movements.
Although most of these are available by prescription only, the
stimulant caﬀeine and the antihistamine diphenhydramine
are common over-the-counter options for sleepiness and
sleeplessness, respectively.
The primary hypersomnias are uncommon compared to
disorders that include sleepiness as a secondary symptom to
sleep disruption [5]. When presented with the patient reporting sleepiness, it is critical to investigate potential primary
causes, such as sleep apnea or insomnia. Pain syndromes,
mood disorders, and general medical problems may be
comorbid with sleep apnea and/or disrupted sleep. However,
residual daytime symptoms persist in some patients despite
optimized management of potential primary causes, leading
to consideration of stimulant agents in the appropriate
clinical setting. Primary hypersomnias such as narcolepsy

and idiopathic hypersomnia are also treated primarily with
stimulants.
Insomnia can be considered a constellation of symptoms
with a variety of underlying causes [6]. As a symptom, it
can be secondary to disorders of mood, pain, or a variety of
other neurological and general medical disorders. It can be
primary in the sense that it exists in the absence of other
identifiable causes, such as insomnia from psychophysiological associations, or secondary to a number of other
medical and psychiatric issues [7–13]. One of the most
intriguing yet poorly understood aspects of insomnia is the
misperception phenotype, in which patients underestimate
their sleep times compared to objective measurements [14].
Insomnia can also be the presenting feature of circadian
phase disorders—most commonly delayed circadian phase
[15]. The primary challenge in regards to the diagnosis and
treatment of insomnia is that both depend entirely on the
clinical history, with no basis in objective testing.
Restless leg syndrome and periodic limb movements of
sleep are the most common movement disorders resulting in
sleep disturbance [16, 17]. The former is a strictly clinical
diagnosis, while the latter is a polysomnographic finding.
Both are treated similarly, often beginning with interrogation
of iron stores and oral repletion when needed, followed by
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dopaminergic medications, as well as oﬀ-label use of other
classes. REM behavior disorder is most commonly treated
with hypnotic benzodiazepines [18].
The purpose of this paper is to provide an overview of the
medications most commonly encountered in sleep medicine.
It is not intended as a clinical guideline and prescription
decisions should be undertaken with appropriate expertise,
consultation, and consideration of available information
about adverse eﬀects, interactions, and safety issues. The
organization of tables and figures includes basic information
about each drug such as half-life, excretion (renal or hepatic),
pregnancy class and lactation considerations, and interactions with food, herbals, and smoking (Tables 1–4). In
Table 1, the generic names of a variety of sleeping pills are
shown along with the biological half-life, primary mode
of excretion, pregnancy class, presence in breast milk, and
interactions with food, herbs, and smoking tobacco. The
FDA defines pregnancy categories as follows: (A) adequate
and well-controlled studies failed to demonstrate fetal risk
in the first trimester (and there is no evidence of risk in
later trimesters); (B) animal reproduction studies have failed
to demonstrate fetal risk and there are no adequate and
well-controlled studies in pregnant women, or human data
reassuring despite animal studies showing risk; (C) animal
reproduction studies are either not available or have shown
adverse fetal eﬀects and there are no adequate and wellcontrolled studies in humans, but potential benefits may
warrant use of the drug in pregnant women despite potential
risks; (D) there is positive evidence of human fetal risk, but
potential benefits may warrant use of the drug in pregnant
women despite potential risks; (X) evidence of human fetal
risk, and the risks involved in use of the drug in pregnant
women clearly outweigh potential benefits.
In Table 2, the generic names of a variety of stimulants
are shown along with the biological half-life, primary mode
of excretion, pregnancy class, presence in breast milk, and
interactions with food, herbs, and smoking tobacco. Lisdexamfetamine is metabolized rapidly to dextroamphetamine
and the half-life reflects this metabolite’s kinetics (indicated
with asterisk).
In Table 3, the generic names of miscellaneous sleeprelated drugs are shown along with the biological half-life,
primary mode of excretion, pregnancy class, presence in
breast milk, and interactions with food, herbs, and smoking
tobacco.
In Table 4, major contraindications, beyond allergy to
the mediation or any of its components/metabolites, are
given for hypnotics, stimulants, and other agents. Note that
coadministration of multiple CNS depressant agents should
always be undertaken with substantial caution. ∗ indicates
that the only listed contraindication on UpToDate was
hypersensitivity reaction. Adverse eﬀect profiles are then
listed according to major clinical categories: neuropsychiatric
systems, Figure 1; cardiovascular system, Figure 2; endocrine/metabolic, Figure 3; gastrointestinal and urinary,
Figure 4. Finally, a summary of cytochrome P450 system interactions is given in Figure 5. Information contributing to the text, figures, and tables were assembled from the
listed references as well as several review resources [19–21],
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which include UpToDate and Micromedex. Interested readers seeking further detail are directed to these sources.

2. Insomnia
Multiple drug treatments exist for the treatment of insomnia,
ranging from dedicated hypnotics, such as zolpidem, to
multifunctional benzodiazepines [3, 22]. Other drugs have
been used for insomnia on account of drowsiness as a
prominent side eﬀect such as antihistamines and trazodone,
as well as over-the-counter use of the hormone melatonin
[23]. In the United States, the Food and Drug Administration
has approved the nonbenzodiazepine ligands (zolpidem,
eszopiclone, and zaleplon), ramelteon, doxepin, and certain
benzodiazepines. Other sleep aids shown in this paper
are considered oﬀ-label. The use of drug treatments is
recommended only in the short term, meaning usually 7–
10 nights. Long-term pharmacological treatment is not
suggested, and only the newer agents such as zolpidem have
even been studied in clinical trials lasting more than a few
weeks. Despite this practice recommendation, patients with
chronic insomnia may not achieve spontaneous, behavioral
modification, or drug-assisted remission, and appropriate
treatment in these cases remains uncertain.
The main nonpharmacological approaches span the general categories of (1) treating the underlying contributors
(such as pain or mood disorders), (2) optimizing sleep hygiene, and (3) cognitive behavioral therapy. Although the
eﬃcacy of improving sleep hygiene recommendations is not
well understood [3], that of cognitive behavioral therapy is
well known to be at least as eﬀective as hypnotic medication,
and may be longer lasting [24–26].
Despite the widespread use of medications to facilitate
sleep, fundamental questions remain largely unanswered,
such as whether the drugs recapitulate normal sleep physiology. Uncertainty in this area stems in part from the poor
understanding of which sleep stages (rapid eye movement
(REM) sleep or non-REM (NREM) sub-stages), or other
aspects of sleep physiology (such as autonomic or EEG
patterns) are most important for the rejuvenating aspects
of sleep. To further complicate matters, many drugs used to
induce sleep in patients with insomnia may in fact demonstrate suppressive eﬀects on aspects of sleep felt by many
to be fundamentally important, such as slow-wave sleep
(also known as “deep” sleep or, more formally, as stage N3)
and REM sleep, especially the majority of antidepressants
as well as traditional benzodiazepines. In a typical night of
normal sleep, REM and NREM alternate every approximately
90 minutes; the proportion of time spent in N3 tends to
favor the early part of sleep, while the amount of REM
sleep tends to increase gradually with each cycle through
the night. Beyond these mechanistic questions, important
concerns surround the adverse eﬀect profiles of sleeping pills,
ranging from “hangover” eﬀect upon waking, to induction
of parasomnia, to the potential even for increased morbidity
and mortality through a variety of potential mechanisms
[27].
Here, we review the major clinical considerations in the
use of sleeping pills of a variety of classes.
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Table 1: Sleeping pill characteristics.

Generic

Half-life

Excretion

Alprazolam

11.2 h

Renal

Amitriptyline

9–27 h

Renal

Chloral hydrate

8–11 h

Hepatic

Clonazepam

19–50 h

Hepatic

Diazepam

20–50 h

Hepatic

Dihenphydramine

2–10 h

Renal

15 h

Hepatic

10–24 h

Hepatic

Eszopiclone

6h

Hepatic

Flurazepam

2.3 h

Hepatic

Lorazepam

12.9 h

Hepatic

Mirtazepine

20–40 h

Hepatic

Nefazodone

2–4 h

Hepatic

Nortriptyline

28–31 h

Renal

Oxazepam

3–6 h

Renal

Quetiapine

6-7 h

Hepatic

Ramelteon

1–2.6 h

Hepatic

Temazepam

9–12 h

Hepatic

Trazodone

7–10 h

Hepatic

Triazolam

1.5–6 h

Renal

Zaleplon

1h

Hepatic

Zolpidem

2.5–3 h

Hepatic

Doxepin
Estazolam

Pregnancy and
lactation
Pregnancy class D
Enters breast milk
Pregnancy class C
Enters breast milk
Pregnancy class C
Enters breast milk
Pregnancy class D
Enters breast milk
Pregnancy class D
Enters breast milk
Pregnancy class B
Enters breast milk
Pregnancy class C
Enters breast milk
Pregnancy class X
breast milk: unknown
Pregnancy class C
breast milk: unknown
Pregnancy unclassified
breast milk: unknown
Pregnancy class D
Enters breast milk
Pregnancy class C
Enters breast milk
Pregnancy class C
Enters breast milk
Pregnancy unclassified
Enters breast milk
Pregnancy unclassified
breast milk: unknown
Pregnancy class C
Enters breast milk
Pregnancy class C
breast milk: unknown
Pregnancy class X
Enters breast milk
Pregnancy class C
Enters breast milk
Pregnancy class X
breast milk: unknown
Pregnancy class C
Enters breast milk

2.1. Benzodiazepines. The benzodiazepine family shares
multifunctional clinical eﬀects including anticonvulsant,
anxiolytic, amnestic, and hypnotic features. All members of
the benzodiazepine class bind with high aﬃnity to neuronal
GABAA receptors, which mediate synaptic and extrasynaptic
forms of inhibition [28]. By enhancing the conductance of

Pregnancy class C
Enters breast milk

Interactions with food, herbs, smoking
Smoking and St. John’s Wort may
decrease levels
Grapefruit juice may inhibit
metabolism; St. John’s wort may
decrease levels

St. John’s Wort may decrease levels
Food and grapefruit juice may increase
levels; St. John’s Wort may decrease
levels

High-fat meal increases bioavailability
but delays peak level timing
Grapefruit juice may increase serum
levels
Large meals may delay absorption
Grapefruit juice may increase serum
levels

St. John’s Wort may decrease levels
Food decreases availability

Food increases absorption rate; St.
John’s Wort may decrease levels

Grapefruit juice may increase levels; St.
John’s Wort may decrease levels
Food increases absorption rate
Grapefruit juice may increase levels; St.
John’s Wort may decrease levels
St. John’s Wort may decrease levels
Food and St. John’s Wort decrease
availability; grapefruit juice may
decrease metabolism

these (generally inhibitory) ligand-gated chloride channels,
the clinical impact of these drugs is attributed to neuronal
inhibition.
The benzodiazepines have liabilities in the treatment
of insomnia due to concerns for adverse eﬀects, tolerance, and dependence [29]. The pharmacokinetics of these

X
X

X
X
X

X
X
X

X
X

X

X
X

X
X
X
X
X

X

X
X
X
X
X
X
X

X
X

X
X
X

X
X
X
X
X
X
X
X

X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X

X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X

X
X
X
X
X
X
X
X
X
X
X
X

X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X

X
X
X
X
X

X
X

X
X

X
X
X
X
X

Psychiatric sx

X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X

Seizure

X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X

X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X

X
X
X
X
X

X
X
X
X
X
X

Dependence/abuse

X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X

Sensory changes

Gait and coordination

Headache

Sleeping/fatigue
X
X
X
X
X
X

X
X
X
X
X
X
X

Suicide

X
X
X

X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X

Depression

X
X

Memory/cognition

Other

Stimulants

Ramelteon
Temazepam
Trazodone
Triazolam
Zaleplon
Zolpidem
Caﬀeine
Dexmethylphenidate
Dextroamphetamine
Dextroamp/amphet
Lisdexamfetamine
Methylphenidate
Modafinil
Gabapentin
GHB
Pramipexole
Ropinirole

X
X
X
X

Motor changes

Sleeping pills

Alprazolam
Amitriptyline
Chloral hydrate
Clonazepam
Diazepam
Diphenhydramine
Doxepin
Estazolam
Eszopiclone
Flurazepam
Lorazepam
Mirtazepine
Nefazodone
Nortriptyline
Oxazepam
Quetiapine

Insomnia
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Parasomnia
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X

X

X

X
X

X

X
X

X
X
X

X

X

X

X
X
X
X

X
X

X

X
X
X
X
X
X
X

X
X

X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X

X
X
X
X

X
X
X

X

X
X
X
X
X

X
X
X
X

X

X

X

Serious

X

<1%
1–10%

X

>10%

Figure 1: Neuropsychiatric adverse eﬀect profiles. The frequency of reported adverse eﬀects for each drug is given according to the color
key. The categories that included a spectrum of symptoms are as follows: parasomnia (abnormal dreams, nightmares, vivid dreams, complex
sleep-related behavior, sleep cooking, sleep eating, sleep driving, phone calls, restless legs or leg movements); sleepiness/fatigue (drowsy,
hangover, hypersomnia, lethargy, sedation, sluggish, somnolence); gait and coordination (imbalance, dizziness, dysarthria, falls, motion
sickness, vertigo); sensory change (hyperesthesia, hypoesthesia, numbness, back pain, myalgia, neuralgia, paresthesia, peripheral neuropathy);
motor change (akathisia, ataxia, choreiform movements, dysdiadochokinesis, dyskinesia, hyperkinesias, dystonia, tics, extrapyramidal
symptoms, hypertonia, hypotonia, muscle spasm, myoclonus, parkinsonism, Tourette’s, tremor, twitching); memory/cognition (abnormal
thinking, attention disturbance, amnesia, cognitive disorder, confusion, mental impairment); psychiatric change (anger, anxiety, apathy,
dysphoria, emotional lability, irritability, malaise, mood swings, aggression, agitation, disinhibition, hostility, inappropriate behavior,
delirium, delusions, depersonalization, derealization, psychosis, hallucinations, mania, nervousness, tension, paranoia, depression).
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Table 2: Stimulant characteristics.

Generic

Half life

Excretion

Caﬀeine

5 hr

Hepatic

Dexmethylphenidate

2–4.5 hr

Hepatic

Dextroamphetamine

10–13 hr

Renal

Dextroamphetamine
and amphetamine

10–13 hr

Renal

Lisdexamfetamine

10–13 hr∗

Hepatic

Methylphenidate

3-4 hr

Renal

Modafinil

15 hr

Hepatic

Pregnancy and lactation

Interactions with food, herbs,
smoking

Pregnancy class C
Enters breast bilk
Pregnancy class C
breast milk: unknown
Pregnancy class C
Enters breast milk
Pregnancy class C
Enters breast milk
Pregnancy class C
Enters breast milk
Pregnancy class C
Enters breast milk
Pregnancy class C
breast milk: unknown

High-fat foods may increase
absorption rate
Absorption may be altered by acidic
foods, juices, and vitamin C
Absorption may be altered by acidic
foods, juices, and vitamin C
High-fat foods may increase
absorption rate
Food delays absorption; high-fat
meals increase Metadate AUC

Table 3: Miscellaneous sleep medication characteristics.
Generic
Gabapentin
GHB
Pramipexole
Ropinirole

Half life

Excretion

5–7 h

Renal

30–60 min

n/a

8.5 h

Renal

6h

Hepatic

Pregnancy and lactation
Pregnancy class C
Enters breast milk
Pregnancy class B
breast milk: unknown
Pregnancy class C
breast milk: unknown
Pregnancy class C
breast milk: unknown

medications are variable and should be considered in the
clinical context as each relates to the timing of dosing
and the risk of hangover eﬀects, especially the potential
risk of sedation carrying into the waking day and aﬀecting
operation of automobiles or other activities [30]. Other
important considerations include the clinical context, such
as comorbid psychiatric disorders (e.g., cross-tolerance may
occur; also, mood changes can occur), and comorbid alcohol
abuse advanced age should prompt caution, as paradoxical
eﬀects may be observed, and certain side eﬀect issues become
particularly important such as gait instability and falls, as
well as concern for cognitive impairment.
Benzodiazepines tend to suppress slow-wave sleep (N3)
and REM sleep, in favor of increased time spent in stage
N2. In addition, the sleep EEG may show increased spindle
activity and beta frequency. The clinical importance of
these observations remains poorly understood, although it is
intriguing that N3 and REM suppression might be expected
to impair the restorative value of sleep, as these stages have
received the most attention in the literature as important for
memory and other functions [31–33].
2.2. Benzodiazepine Site Ligands. This class of new generation hypnotics includes zolpidem, eszopicole, and zaleplon
[34, 35]. They diﬀer from traditional benzodiazepines in
their chemical structure, but they interact with the benzodiazepine binding site on GABAA receptors. For this

Interactions with food, herbs, smoking

High-fat meals decrease peak serum level

reason they are sometimes referred to as nonbenzodiazepine
hypnotics. An important feature of these medications is
the subtype selectivity at the GABAA receptor complex. For
example, zolpidem has α1 selectivity, while eszopicole also
interacts with the α2 and α3 subtypes. Transgenic rodent
studies have suggested that certain α subtypes mediate certain clinical eﬀects of the benzodiazepines (which are fairly
nonselective for α1, α2, α3, and α5 subtypes) [36].
The eﬀects on sleep architecture are subtle and of
unknown clinical importance. The major clinical concerns
surrounding this class include the risk of parasomnia.
These activities may include complex and potentially risky
behaviors such as eating and even leaving the home or
operating machinery/automobile, without memory of these
events. Also worth noting is the pharmacokinetics of these
agents. Zaleplon has the shortest half-life, and is most useful
for isolated sleep-onset insomnia and may also be considered
for awakenings within the night that are too close to final
wake time to allow for middle-of-the-night dosing with other
agents (for risk of sedation intruding into the waking day).

3. Antidepressants
The tricyclic and heterocyclic antidepressant medications
are often associated with sleepiness, probably related to
antihistamine and possibly other “oﬀ-target” receptor interactions (such as anticholinergic and anti-histamine eﬀects).
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Table 4: Significant contraindications.
Alprazolam
Amitriptyline
Chloral hydrate
Clonazepam
Diazepam
Dihenhydramine
Doxepin
Estazolam
Eszopiclone
Flurazepam
Lorazepam
Mirtazepine
Nefazodone
Nortriptyline
Oxazepam
Quetiapine
Ramelteon
Temazepam

Ketoconazole, itraconazole, narrow-angle glaucoma, significant sleep apnea,
myasthenia gravis, respiratory insuﬃciency, liver failure, and pregnancy
Recent or concurrent MAOI use and acute myocardial infarction
Hepatic or renal impairment, gastritis or ulcer, and severe cardiac disease
Narrow-angle glaucoma, significant sleep apnea, myasthenia gravis, respiratory
insuﬃciency, liver failure, and pregnancy
Narrow-angle glaucoma, significant sleep apnea, myasthenia gravis, respiratory
insuﬃciency, liver failure, and pregnancy
Acute asthma and breast-feeding
Recent or concurrent MAOI use, narrow angle glaucoma, and urinary retention
Narrow-angle glaucoma, significant sleep apnea, myasthenia gravis, respiratory
insuﬃciency, liver failure, and pregnancy
∗

Narrow-angle glaucoma, significant sleep apnea, myasthenia gravis, respiratory
insuﬃciency, liver failure, and pregnancy
Narrow-angle glaucoma, significant sleep apnea, myasthenia gravis, respiratory
insuﬃciency, liver failure, and pregnancy
Recent or concurrent MAOI use
Active liver disease, recent or concurrent MAOI use, acute myocardial infarction,
concurrent use of carbamazepine, cisapride, or pimozide
Recent or concurrent MAOI use and acute myocardial infarction
Narrow-angle glaucoma, significant sleep apnea, myasthenia gravis, respiratory
insuﬃciency, liver failure, and pregnancy
∗

Concurrent fluvoxamine
Narrow-angle glaucoma, significant sleep apnea, myasthenia gravis, respiratory
insuﬃciency, liver failure, and pregnancy

Trazodone

∗

Triazolam

Ketoconazole, itraconazole, narrow-angle glaucoma, significant sleep apnea,
myasthenia gravis, respiratory insuﬃciency, liver failure, and pregnancy

Zaleplon

∗

Zolpidem

OSA, repiratory impairment, myasthenia gravis, severe hepatic impairment, and
sleepwalking

Caﬀeine

∗

Dexmethylphenidate
Dextroamphetamine

Dextroamphetamine and amphetamine

Lisdexamfetamine
Methylphenidate
Modafinil
Gabapentin
GHB
Pramipexole
Ropinirole

Agitation, anxiety, glaucoma, motor tics, history of Tourette’s syndrome, and
recent or concurrent MAOI use
Symptomatic cardiovascular/atherosclerotic disease, moderate or severe
hypertension, hyperthyroidism, glaucoma, agitation, history of drug abuse, and
recent or concurrent MAOI use
Symptomatic cardiovascular/atherosclerotic disease, moderate or severe
hypertension, hyperthyroidism, glaucoma, agitation, history of drug abuse, and
recent or concurrent MAOI use
Symptomatic cardiovascular/atherosclerotic disease, moderate or severe
hypertension, hyperthyroidism, glaucoma, agitation, history of drug abuse, and
recent or concurrent MAOI use
Agitation, anxiety, glaucoma, motor tics, history of Tourette’s syndrome, and
recent or concurrent MAOI use
∗
∗

Alcohol and other CNS depressants
∗
∗

Other

Stimulants

Sleeping pills

Ropinirole
X

Serious

X
X

<1%
1–10%

X

>10%

X

X

Heart attack

X
X

Hypotension

X

Chest discomfort

Arrythmia

Alprazolam
Amitriptyline
Chloral hydrate
Clonazepam
Diazepam
Diphenhydramine
Doxepin
Estazolam
Eszopiclone
Flurazepam
Lorazepam
Mirtazepine
Nefazodone
Nortriptyline
Oxazepam
Quetiapine
Ramelteon
Temazepam
Trazodone
Triazolam
Zaleplon
Zolpidem
Caﬀeine
Dexmethylphenidate
Dextroamphetamine
Dextroamp/amphet
Lisdexamfetamine
Methylphenidate
Modafinil
Gabapentin
GHB
Pramipexole

Palpitations
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Hypertension
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X

X

X

X

X
X
X

X
X

X

X
X
X
X

X
X

X
X
X

X
X
X
X
X

X

X
X

X
X

X

X

X

X

X

X

X
X
X
X
X

X

X

X

X

X
X
X

X
X

X
X

X

X

X
X

X
X
X

X
X

X

X

X

X

X

X

X
X

X

X

X

X

X
X

X
X

X

X

X

Figure 2: Cardiovascular adverse eﬀect profiles. The frequency of reported adverse eﬀects for each drug is given according to the color
key. The categories that included a spectrum of symptoms are as follows: arrhythmia (atrial, ventricular, A-V block, bundle branch block,
extrasystole); hypotension (orthostatic).

Most neuroactive drugs exhibit what has become known
as “promiscuity”, that is, interaction with multiple targets,
although the clinical implications remain to be fully explored
[37–41]. Common tricyclics used as sleeping pills include
amitriptyline, nortriptyline (which is itself an active metabolite of amitriptyline), and low doses of doxepin. These agents
have high aﬃnity for the 5HT and NE reuptake enzymes as
well as 5HT2A receptors, α1 adrenergic receptors, muscarinic

acetylcholine receptors, and histamine H1 receptors. Other
traditional antidepressants used as sleeping pills include
trazodone, nefadozone, and mirtazepine. Trazodone is a 5HT
reuptake inhibitor with antagonism also at 5HT1A , 5HT2A ,
and α1 adrenergic receptors, with low aﬃnity interaction at
histamine H1 receptors. Priapism is a rare but serious side
eﬀect of trazodone. Mirtazepine is an antagonist at multiple
subtypes of the 5HT2 receptor, as well as the α2 adrenergic
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Figure 3: Endocrine/metabolic adverse eﬀect profiles. The frequency of reported adverse eﬀects for each drug is given according to the color
key. The categories that included a spectrum of symptoms are as follows: thyroid (hyper- or hypothyroidism), blood sugar (diabetes, increased
or decreased blood sugar); appetite change (increased or decreased, dysphagia); menstrual change (amenorrhea, dysmenorrheal, early menses,
menorrhagia, menstrual cramps, menstrual disorders); sexual dysfunction (erectile dysfunction, delayed ejaculation, impotence, change in
libido, priapism).

receptor, and the histamine H1 receptor. Nefazodone is
also an antagonist of 5HT2 receptors, α2 adrenergic receptors, and the histamine H1 receptors. Hepatotoxicity is a
prominent clinical concern for nefazodone. Kidney and liver
function may influence the choice of agents in this class.

In contrast to the above antidepressant agents, the newer
SSRI and SNRI medications are generally either neutral from
an alertness standpoint or are activating and thus unlikely
to be prescribed for the purpose of insomnia treatment,
except in the indirect setting when the insomnia is felt to
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Figure 4: Gastrointestinal and genitor-urinary adverse eﬀect profiles. The frequency of reported adverse eﬀects for each drug is given
according to the color key. The categories that included a spectrum of symptoms are as follows: change in liver enzymes (transaminase,
bilirubin, hepatic failure, hepatic encephalopathy or coma, hepatitis); urinary symptoms (abnormal urine, enuresis, dysuria, pyuria,
hematuria, diﬃculty urinating, nocturia, polyuria, incontinence, retention, change in frequency); change in kidney function (hyponatremia,
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be a consequence of a mood disorder. These drugs may also
increase motor activity during sleep; whether shifting daily
dosing to the morning improves these nocturnal side eﬀects
is patient-specific.

3.1. Anticonvulsants. Certain anticonvulsants confer sedation as an adverse eﬀect, and may provide some potential
benefit for insomnia complaints, especially if there is already
an indication for the medication. For example, gabapentin
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Figure 5: Cytochrome P450 profiles. The metabolism and interactions with the CYP family enzymes is given for each drug. The features of
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may be used for certain kinds of pain, and could have
beneficial eﬀects for symptomatic relief of RLS and/or
insomnia. Gabapentin is thought to act on neuronal calcium
channels, but the mechanism(s) of sedation remain uncertain. Peripheral edema and neuropsychiatric side eﬀects
remain prominent concerns for gabapentin.
3.2. Neuroleptics. The dopamine antagonists generally cause
some degree of sedation, and patients requiring these medications for psychiatric reasons may experience improvement
in their comorbid insomnia. Quetiapine may be the most
commonly prescribed neuroleptic for the oﬀ-label use as a
hypnotic. However, this drug has substantial adverse eﬀect
burden (including weight gain, blood sugar handling, etc.),
with particular concern for older populations. Its binding
profile is that of atypical neuroleptics in that it is D2

preferring, but also shows antagonism of 5HT2 receptors
and histamine H1 receptors. The metabolite norquetiapine
inhibits NE reuptake.
3.3. Melatonin System. Melatonin is released by the pineal
gland through regulation from the suprachiasmatic nucleus,
mainly driven by light exposure conveyed by the retinohypothalamic tract [42]. Two receptor types, the MT1 and
MT2, medicate the molecular signaling of melatonin. Secretion follows a circadian rhythm, and exogenous administration can alter a patient’s circadian rhythm depending on the
timing of dosing. For example, early evening administration
of melatonin results in a phase advance, which may be
implemented to address delayed circadian phase syndrome
[15]. Melatonin is available over the counter and has
extensive literature supporting its use in circadian rhythm
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disorders, although the evidence for its use for insomnia is
limited [43]. Ramelteon is a synthetic melatonin receptor
agonist, which is nonselective for the two subtypes.
3.4. Antihistamines. The nonselective antihistamines such
as diphenhydramine may produce sleepiness as the result
of inhibition of central histamine H1 receptors. Histamine
is one of several wake-promoting neurotransmitters and is
released by the diﬀuse projections of the tuberomammillary
nucleus [44]. Over-the-counter preparations may include
combinations of diphenhydramine with analgesics such as
ibuprofen and acetaminophen. The main concerns in the use
of antihistamines for insomnia are the long half-life (which
tends to produce a hangover-like eﬀect), and in those of
advanced age, the anticholinergic eﬀects may alter cognition.
At high doses, EKG changes become an increasing concern.
Prescription antihistamines have also been used oﬀ-label,
such as hydroxyzine.

4. Sleepiness
Sleepiness is a common daytime complaint, with a diversity
of potential etiologies [45]. Although some promote the
distinction between sleepiness and fatigue as a gateway to
considering etiologies, the language patients use to describe
this spectrum of symptoms is as imprecise as the medical
profession’s ability to quantify them [46–49]. For example,
the commonly employed Epworth sleepiness scale has only
meager correlation with sleep apnea severity [50–52]. Even
objective measures of sleepiness, such as the sleep latency
values in the multiple sleep latency test (MSLT), show weak
relation to underlying sleep apnea severity [53]. Adding
to the complexity of the situation, some patients with
eﬀectively treated primary causes of sleepiness, such as
sleep apnea, may exhibit persistent or residual sleepiness.
It is critical to determine underlying causes for excessive
sleepiness before considering countermeasures in the form
of stimulant therapy. For example, stimulant treatments may
mask symptoms that in fact point to treatable factors such as
sleep apnea, insuﬃcient sleep, etc.
4.1. Stimulants. The largest class of stimulants includes
amphetamines or amphetamine derivatives, although other
options include modafinil and caﬀeine [54–57]. They are
thought to enhance alertness by increasing the release of
catecholamines, known to be excitatory and thus increase
wakefulness. The pharmacokinetics (half-life) should be considered in treatment strategies, keeping in mind the potential
for patient-specific eﬀects. Avoiding consumption later in
the day is an important consideration for the potential of
inadvertently causing insomnia symptoms. Kidney and liver
function may influence the choices in this class.
Modafinil and armodafinil are nonamphetamine stimulants with a mechanism that may involve dopamine signaling
among other possibilities [54]. Like the amphetamines, side
eﬀects relate to the activating properties. In addition, the
rare but serious Stevens-Johnson reaction has been reported
with modafinil. For women taking hormonal contraception
pills, their levels may be decreased by these agents and
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thus they should be avoided unless other backup forms
of contraception are used. Patients should also be aware
of potential interactions of prescription stimulants with
over-the-counter products that contain stimulants such as
caﬀeine, pseudoephedrine, ephedrine.
4.2. Caﬀeine. Caﬀeine is contained in a diversity of food and
drink and is the most widely used stimulant. Individual
diﬀerences in the response to caﬀeine, including sensitivity to
side eﬀects, may be due to polymorphisms in the adenosine
signaling system [58–61]. Because caﬀeine can lead to similar
cardiovascular and CNS eﬀects as the other stimulants,
caution should be exercised in regards to the possibility that patients may augment prescription medications
with caﬀeine-containing products or other over-the-counter
agents that may present interaction concerns.

5. Sleep-Related Movement Disorders
The medications pramipexole and ropinirole were initially
developed for treatment of Parkinson’s disease. However,
they have been shown to improve RLS symptoms, which are
also thought to derive from impaired dopaminergic signaling
in the brain [16, 62]. This may underlie the improvement in
RLS that may accompany oral iron repletion, as manifested
by low serum ferritin, due to iron being a cofactor in the ratelimiting step of brain dopamine synthesis. One main concern
with these agents relates to orthostatic hypotension, which
may be of particular interest to those with nocturia due
to syncope/fall risk during nocturnal awakenings. Although
very rare, compulsive behaviors (such as gambling) may
occur with the dopaminergic agents. Kidney and liver
function may dictate the choice between these two drugs,
as pramipexole undergoes renal clearance while ropinirole
undergoes hepatic metabolism.
Clonazepam (with or without melatonin) is commonly
used for REM sleep behavior disorder [18]. RBD is characterized on the PSG as REM without atonia (and possibly
capturing dream enactment), and by the clinical history of
dream enactment, which should be distinguished from other
nocturnal behaviors such as NREM parasomnias or seizure
activity or delirium. RBD episodes may include vocalizations
as well as actions, which can be associated with injurious
behavior to the patient and/or bed partner. In addition to
pharmacological suppression with clonazepam, it may be
useful to assess and treat sleep apnea, which may contribute
to REM-related arousals.

6. Metabolic Considerations:
The Cytochrome P450 System
The cytochrome P450 (CYP) family of heme-containing
enzymes is involved in the metabolism of organic molecules,
both endogenous and exogenous [63–65]. These proteins,
found mainly in the liver, transform their substrates through
oxidation, an important step in metabolism. Each CYP
enzyme may catalyze the metabolism of multiple drugs,
and a single drug may interact with one or more CYP
enzymes. Before drugs reach the liver, metabolism may
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begin in the intestine primarily via the CYP3A4 isozyme.
We summarize the relevant CYP interactions in regards to
the drugs mentioned above; like drug-drug interactions, it
is suggested that medical databases be consulted for more
complete information.
There are two main contexts for considering the CYPs in
clinical pharmacology. The most clinically relevant is the
eﬀect of certain drugs on enhancing or inhibiting the action
of one or more CYP enzymes, which may alter the metabolism of shared substrate drugs. The other context is the
increasing recognition that genetic polymorphisms may alter
an individual’s metabolism of certain drugs. For example,
genetic variants of a CYP enzyme yield phenotypic classification into poor metabolizer, extensive metabolizer, and ultrarapid metabolizer phenotypes [64]. Homozygous individuals
for the autosomal recessive allele are poor metabolizers,
and individuals that are heterozygous or or wild type are
extensive metabolizers. Duplication or amplification results
in the ultrarapid metabolizer phenotype. These phenotypes
may have important implications for drug development and
clinical trial design as well as clinical care [63, 64]. The
impact of drug interactions related to the CYP system range
from the need for dose adjustments to the risk of important
toxicities. Age is another consideration, as advanced age may
be associated with reduced CYP activity [65]. Liver and heart
failure may aﬀect the CYP system as well.
Inhibition of a CYP enzyme may be reversible or irreversible. For reversible inhibition, if two drugs are substrates
for a CYP enzyme, the drug with the more potent interaction
will undergo more extensive metabolism, while the less
potent CYP substrates will undergo less metabolism. This
form of competitive CYP inhibition will increase serum levels
of the less potent drug, which may have important toxicity
implications. For prodrugs that require CYP processing to
generate an active metabolite, CYP inhibition will actually
reduce the amount of the active drug. Irreversible inhibition
is less common, and may require increased time after drug
discontinuation before the CYP enzyme activity is restored
to baseline.
CYP enzyme induction can occur via increased synthesis of the enzyme, or increase in the rate of enzymatic
metabolism of existing proteins. CYP1A2, CYP2C9, CYP2E1,
and CYP3A4 are inducible. Induction may be gradual if
synthesis is involved, unlike inhibition which tends to be
more acute.
The CYP metabolism of sleep-wake drugs is shown
in Figure 5. In each case, the substrate or inhibitor status
is indicated, along with whether this is major or minor
(the former obviously requiring closer consideration). Some
drugs are both substrates for, and inhibitors of, a single
CYP enzyme (e.g., nefazodone with 3A4). For example, most
sleeping pills are substrates for CYP 3A4, which is involved
in the metabolism of many common drugs (e.g., the statins
atorvastatin and simvastatin), a reminder that combination
therapy may require adjustment of dose or reassessment
of risk-benefit balance. Another example is modafinil and
2C19, which also metabolizes proton pump inhibitors.
Because many patients with sleep disorders also have comorbid medical and psychiatric disorders, it is important to
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cross-refer CYP considerations shown here with those related
to the rest of their medications [63, 64]. It is worth noting
that nonprescription drugs and certain food and natural
supplement products may influence the CYP system [66].
For example, certain substances found in grapefruit juice
inhibit the CYP3A4 isozyme. In addition, the natural supplement St. John’s Wort induces CYP3A4 and inhibits CYP1A1,
CYP1B1, CYP2D6, and CYP3A4. Smoking tobacco, as well
as consumption of char-broiled foods, leads to induction of
CYP1A2 isozyme [64]. Less common interactions include the
inhibition of CYP2A6 by starfruit, and inhibition of CYP2E1
by watercress.
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Relevant medical or scientific evidence pertaining to the disease
or condition
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Overview
Insomnia is a sleep disorder that can have a significant negative impact on a patient’s daily life.
Symptoms include:
•
•
•
•
•
•
•
•
•
•
•
•

Fatigue
Moodiness
Irritability or anger
Daytime sleepiness
Anxiety about sleep
Lack of concentration
Poor Memory
Poor quality performance at school or work
Lack of motivation or energy
Headaches or tension
Upset stomach
Mistakes/accidents at work or while driving

Treatments include:
•
•
•
•

Cognitive behavioral therapy (CBT)
Over-the-counter products
Prescription sleeping pills
Unapproved prescription drugs

Insomnia is a difficult condition to treat due to its variable causes. As a result, many treatments are
offered including unapproved prescription drugs that carry serious side effects. A paper by the American
Academy of Sleep Medicine provides more information on this topic below.

Insomnia
Insomnia is a common sleep complaint that occurs when you have one or more of these
problems:
• You have a hard time initiating sleep.
• You struggle to maintain sleep, waking up frequently during the night.
• You tend to wake up too early and are unable to go back to sleep.
• You sleep is nonrestorative or of poor quality.
These symptoms of insomnia can be caused by a variety of biological, psychological and
social factors. They most often result in an inadequate amount of sleep, even though the
sufferer has the opportunity to get a full night of sleep. Insomnia is different from sleep
deprivation, which occurs when an individual does not have the opportunity to get a full
night of sleep. A small percentage of people who have trouble sleeping are actually short
sleepers who can function normally on only five hours of sleep or less.
There are two types of insomnia – primary and secondary. Primary insomnia is
sleeplessness that cannot be attributed to an existing medial, psychiatric or environmental
cause (such as drug abuse or medications). Secondary insomnia is when symptoms of
insomnia arise from a primary medical illness, mental disorders or other sleep disorders.
It may also arise from the use, abuse or exposure to certain substances.
Prevalence
•
•
•

About 30 percent of adults have symptoms of insomnia
About 10 percent of adults have insomnia that is severe enough to cause daytime
consequences
Less than 10 percent of adults are likely to have chronic insomnia

Types
Insomnia is considered a disorder only when it causes a significant amount of distress
or anxiety, or when it results in daytime impairment. The International Classification
nd

of Sleep Disorders, 2 Edition, documents the following types of insomnia:
•

Adjustment insomnia:
This is also called acute insomnia or short-term insomnia. It is usually caused by a
source of stress and tends to last for only a few days or weeks. Epidemiologic
studies indicate that the one-year prevalence of adjustment insomnia among adults
is likely to be in the range of 15-20%. Adjustment insomnia can occur at any age,
although establishing a relationship between a particular stress and sleep
disturbance may be difficult in infants. Adjustment insomnia is more common in
women than men and in older adults than younger adults and children

•

Behavioral insomnia of childhood:
Two primary types of insomnia affect children. Sleep-onset association type
occurs when a child associates falling asleep with an action (being held or
rocked), object (bottle) or setting (parents’ bed), and is unable to fall asleep if
separated from that association. Limit-setting type occurs when a child stalls and
refuses to go to sleep in the absence of strictly enforced bedtime limits.
Approximately 10-30% of children are affected by this condition

•

Idiopathic insomnia:
An insomnia that begins in childhood and is lifelong, it cannot be explained by
other causes. Information suggests that this condition is present in approximately
.7% of adolescents and 1.0% of very young adults

•

Inadequate sleep hygiene:
This form of insomnia is caused by bad sleep habits that keep you awake or bring
disorder to your sleep schedule. This condition is present in 1-2% of adolescents
and young adults. This condition affected 5-10% of sleep-clinic populations.

•

Insomnia due to drug or substance, medical condition, or mental disorder:
Symptoms of insomnia often result from one of these causes. Insomnia is
associated more often with a psychiatric disorder, such as depression, than with
any other medical condition. Surveys suggest approximately 3% of the population
has insomnia symptoms that are caused by a medical or psychiatric condition.
Among adolescents and young adults, the prevalence of this form of insomnia is
slightly lower. 2% of the general population is affected by this type of insomnia.
Approximately 3.5% of all sleep-center patients are affected by this condition.

•

Paradoxical insomnia:
A complaint of severe insomnia occurs even though there is no objective
evidence of a sleep disturbance. The prevalence in the general population is not
known. Among clinical populations, this condition is typically found in less than
5% of patients with insomnia. It is thought to be most common in young and
middle-aged adults.

•

Psychophysiological insomnia:
A complaint of insomnia occurs along with an excessive amount of anxiety and
worry regarding sleep and sleeplessness. This condition is found in 1-2% of the
general population and 12-15% of all patients seen at sleep centers. It is more
frequent in women than in men. It rarely occurs in young children but is more
common in adolescents and all adult age groups

Risk Groups
•
•
•
•

A high rate of insomnia is seen in middle-aged and older adults. Although your
individual sleep need does not change as you age, physical problems can make it
more difficult to sleep well.
Women are more likely than men to develop insomnia.
People who have a medical or psychiatric illness, including depression, are at
risk for insomnia.
People who use medications may experience insomnia as a side-effect.

Effects
•
•
•
•
•
•
•
•
•
•
•
•

Fatigue
Moodiness
Irritability or anger
Daytime sleepiness
Anxiety about sleep
Lack of concentration
Poor Memory
Poor quality performance at school or work
Lack of motivation or energy
Headaches or tension
Upset stomach
Mistakes/accidents at work or while driving

Severe daytime sleepiness typically is an effect of sleep deprivation and is less common
with insomnia. People with insomnia often underestimate the amount of sleep they get
each night. They worry that their inability to sleep will affect their health and keep them
from functioning well during the day. Often, however, they are able to perform well
during the day despite feeling tired.

Treatments
•

Cognitive behavioral therapy (CBT): CBT can have beneficial effects that last
well beyond the end of treatment. It involves combinations of the following
therapies:
o Cognitive therapy: Changing attitudes and beliefs that hinder your sleep
o Relaxation training: Relaxing your mind and body
o Sleep hygiene training: Correcting bad habits that contribute to poor sleep
o Sleep restriction: Severely limiting and then gradually increasing your time
in bed
o Stimulus control: Going to bed only when sleepy, waking at the same time
daily, leaving the bed when unable to sleep, avoiding naps, using the bed
only for sleep and sex

•

Over-the-counter products:
Most of these sleep aids contain antihistamine. They can help you sleep better,
but they also may cause severe daytime sleepiness. Other products, including
herbal supplements, have little evidence to support their effectiveness.

•

Prescription sleeping pills:
Prescription hypnotics can improve sleep when supervised by a physician. The
traditional sleeping pills are benzodiazepine receptor agonists, which are typically
prescribed for only short-term use. Newer sleeping pills are nonbenzodiazepines,
which may pose fewer risks and may be effective for longer-term use.

•

Unapproved prescription drugs:
Drugs from a variety of classes have been used to treat insomnia without FDA
approval. Antidepressants such as trazodone are commonly prescribed for
insomnia. Others include anticonvulsants, antipsychotics, barbiturates and
nonhypnotic benzodiazepines. Many of these medications involve a significant
level of risk.

The American Academy of Sleep Medicine
2510 North Frontage Road
Darien, IL 60561
(630) 737-9700
www.aasmnet.org ©AASM 2008
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Consideration of whether conventional medical therapies are
insufficient to treat or alleviate the disease or condition
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Overview
Insomnia is a sleep disorder that can cause significant impairment to a patient’s daily life. The condition
is typically characterized by feelings of fatigue, irritability and memory loss. It is particularly complicated
to treat because it can be both a standalone condition and a symptom of other underlying conditions.
Not all patients are able to find relief from insomnia. A study by Barry Krakow, MD and his team
(attached below) showed that patients suffering from chronic insomnia in many cases don’t respond to
pharmaceuticals. This is of particular note because it demonstrates that a portion on insomnia patients
aren’t adequately served by existing treatment options.
Confirming this, is a review of available information on insomnia by Ruth Benca, MD. In her review she
concludes “Evidence from epidemiologic studies, physician surveys, and clinical studies suggests that
numerous patient and physician factors contribute to the fact that the needs of patients with insomnia
remain unmet.”
Insomnia is a serious condition that can leave a patient feeling helpless. Its vital that physicians be able
to diagnose and treat insomnia using any method supported by science. This application, taken on the
whole, clearly demonstrates the medical marijuana can be a safe and effective treatment for insomnia.

Patients With Treatment-Resistant Insomnia Taking Nightly Prescription Medications for Sleep:
A Retrospective Assessment of Diagnostic and Treatment Variables
Barry Krakow, MD; Victor A. Ulibarri, BS; and Edward A. Romero, BS

Background: Some chronic insomnia patients who take nightly prescription medication achieve less than optimal results. The US Food and Drug Administration
(FDA) and the American Academy of Sleep Medicine (AASM) recommend reevaluation of this type of patient to assess for potential psychiatric or medical causes to explain
this “failure for insomnia to remit.”
Method: A retrospective chart review examined a consecutive series of chronic insomnia patients with persistent insomnia complaints despite current nightly use of
prescription medication from May 2005 to February 2008. To assess the role of psychiatric influences on insomnia symptoms, our sample (N = 218) was divided into 2
subgroups: a group with a history of psychiatric complaints (psychiatric insomnia, n = 189) and a control group of no psychiatric complaints (insomnia, n = 29).
Results: The average patient reported insomnia for a decade and took prescription medication for sleep for a mean of 4.5 years. Although 100% of the sample used
nightly sleep drugs, only 20% believed medication was the best solution for their condition. As evaluated by self-report and polysomnography, these patients exhibited
moderately severe insomnia across most measures. Only a few differences were noted between groups. Subjective perception of insomnia severity was worse in the
psychiatric insomnia group, which also reported significantly more insomnia-related interference in daily functioning, symptoms of sleep maintenance insomnia, and a trend
toward greater daytime fatigue. The mean Apnea-Hypopnea Index score was 19.5 events/hour, yielding an obstructive sleep apnea diagnosis in 75% of patients per
conservative AASM nosology (79% in the insomnia group and 74% in the psychiatric insomnia group, P = .22).
Conclusions: In this treatment-seeking sample of patients regularly taking sleep medications, residual insomnia was widespread, and patients with psychiatric
insomnia may have perceived their condition as more problematic than a control group of insomnia patients without mental health complaints. Both groups exhibited high
rates of objectively diagnosed obstructive sleep apnea, a medical condition associated with pervasive sleep fragmentation. These findings support FDA and AASM
guidelines to reassess chronic insomnia patients who manifest residual symptoms despite nightly use of prescription medication for sleep.
Prim Care Companion J Clin Psychiatry 2010;12(4):e1–e10
© Copyright 2010 Physicians Postgraduate Press, Inc.
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hronic insomnia is a common complaint in the general population as well as in various subpopulations such as the elderly,1 psychiatric patients,2,3 and shift
workers4; however, longitudinal data are lacking on their long-term treatment course. Initially, insomnia patients navigate through 4 common pathways: no discernible

treatment, over-the-counter sleep aids,5,6 substances or alcohol at bedtime,6,7 and basic sleep hygiene instructions obtained through various media or from primary care
providers and educators.8–10 There is often overlap among these 4 pathways. And, in a progression through these approaches, albeit in no fixed order, some insomnia

patients broach the issue with a physician or other provider with whom they regularly interact. This type of health care encounter most frequently involves primary care
physicians or mental health providers, including psychiatrists, psychologists, and other therapists. In these environments, insomnia patients may receive exposure to
evidenced-based treatments for unwanted sleeplessness,8,9,11 for example, prescription medications for sleep and cognitive-behavioral therapies (CBTs).
Evidence for CBT as the ideal first-line treatment for insomnia is persuasive and substantial, but the lack of behavioral sleep medicine specialists both at sleep medical
centers and in the medical community at large8 has limited the application of this therapeutic option. In contrast, pharmacotherapy for insomnia is well established throughout
all fields of medicine. Traditional standards indicate prescribed medication for acute, transient, or situational insomnia, and the prescribing instructions may recommend
nightly use for a few weeks or a few times per week for longer intervals.12 However, in clinical settings, it is not unusual for various subgroups of patients, for example
psychiatric patients, to rely on the regular, long-term use of prescription medications for sleep. Interestingly, these prescription medications may include standard sedatives
as well as sedating antidepressants. Indeed, for years trazodone13 was the single most-prescribed medication for sleep, and although there is scant evidence describing the
efficacy of antidepressants for insomnia, there can be no doubt that these drugs are often prescribed for the combination of insomnia and depression.14
12
Recently published American Academy of Sleep Medicine (AASM) guidelines provide support for the use of long-term pharmacologic modalities to treat insomnia.

However, the guidelines are not a “practice parameter” but rather a “working overview for disease or disorder evaluation and management.”(p490) In fact, when dealing with
duration of pharmacologic treatment, it is clearly stated that “the empirical database for long-term treatment remains small.”12(p501) Conversely, government regulatory
actions from the US Food and Drug Administration (FDA) established indications for long-term use of the hypnotics eszopiclone, zolpidem controlled release, and ramelteon
to treat chronic insomnia.15,16 But, this same agency subsequently posted (March 2007) an important warning about the first 2 medications: “The failure of insomnia to remit
after 7 to 10 days of treatment may indicate the presence of a primary psychiatric and/or medical illness that should be evaluated.”17(p3),18(p1) In a similar vein, the AASM
practice parameters, which ordinarily do not recommend polysomnography for insomnia patients, state, “… polysomnography is indicated when initial diagnosis (of insomnia)
is uncertain, treatment fails (behavioral or pharmacologic), or precipitous arousals occur with violent or injurious behavior.”12(p487) Notwithstanding these paradoxical
perspectives, newer agents are now routinely advertised in scientific journals, in popular magazines, on television, and through the Internet as nightly long-term solutions to
insomnia.
Despite the increase in prescribing patterns for chronic insomnia,19 scant longitudinal data describe how patients respond to these drugs and whether or not FDA and
AASM guidelines are invoked subsequent to the “failure of insomnia to remit.” One speculation would comprise a spectrum of patient outcomes, which at one end include
responders who continue care with their prescribing physician, whereas those on the opposite end of the spectrum, nonresponders (extreme treatment-resistant cases),
might drop out of treatment entirely. In the middle ground, a sizable proportion of partial treatment-resistant insomnia patients manifest mixed results while continuing to use
nightly prescription medications.
We are interested in this middle group because they commonly present to sleep centers and request
further treatment for insomnia despite regularly taking prescription medications. In most cases, these

CLINICAL POINTS

patients align with AASM and FDA guidelines in that further psychiatric evaluations and
polysomnography are indicated to assess residual insomnia complaints. For example, prior studies show

Patients with treatment-resistant insomnia taking hypnotic

higher than expected rates of obstructive sleep apnea (OSA) in chronic insomnia patients.20–24

medication require additional medical and psychiatric

In the current study, we gathered data on a consecutive series of chronic insomnia patients who

evaluations.

presented to our sleep medical centers with a history of nightly use of prescription medications for sleep
and the failure of insomnia to remit. From this pool of consecutive patients, a retrospective chart review
was conducted, coinciding with FDA and AASM guidelines, to assess our sample for psychiatric or
medical conditions that might be associated with worse insomnia outcomes. For this descriptive study,

Overnight polysomnography appears to be a useful
evaluation tool for patients with treatment-resistant
insomnia.

we developed 2 hypotheses: (1) psychiatric insomnia patients would report or demonstrate worse

Sleep-disordered breathing may be common in patients

insomnia outcomes than a nonpsychiatric insomnia group and (2) both psychiatric and nonpsychiatric

with treatment-resistant insomnia.

insomnia groups would show high rates of the medical condition sleep-disordered breathing (SDB) and

its resultant sleep fragmentation, which might be associated with residual insomnia symptoms.

METHOD
Per standard protocol at our sleep facilities in Albuquerque and Los Alamos, New Mexico, all patients provide written and verbal consent for their medical information to
be used anonymously for research purposes in the context of subsequent chart reviews. This study was a retrospective chart review of existing data on patients treated from
May 2005 to February 2008. The study was reviewed and approved by the Los Alamos Medical Center Institutional Review Board, Los Alamos, New Mexico.
Sample and Inclusion Criteria for Chart Review
This study contained 4 inclusion criteria: (1) insomnia ranked as the primary reason for seeking treatment
despite nightly use of prescription medication for sleep, (2) minimum duration of medication use of 6 months, (3)
completion of overnight diagnostic polysomnography or split-night protocol with at least 2 hours of diagnostic
sleep data, and (4) at least 18 years of age. Figure 1 (flowchart) shows nearly half the clinic population of 2,236
patients ranked insomnia as their primary problem, but only 301 patients reported both residual insomnia and
nightly sleep medication use. Each individual patient’s medications were reviewed to determine whether or not
their reported nightly agent was in fact being used to treat sleep problems. For example, 3 patients were
excluded because the only nighttime medication was lithium, a drug not typically used for insomnia. Additional
exclusions were duration of use less than 6 months, no polysomnography testing, or age less than 18 years.
And, as anticipated from our introduction, no patients presented to our sleep medical facility with a self-reported
optimal response to nightly use of prescription medication for sleep.
Psychiatric Assessment
No formal psychiatric interviewing or instruments were used to evaluate historical complaints of psychiatric
conditions; therefore, the information used in this retrospective study relies entirely on subjective reports from
the patients’ intake questionnaires. However, the intake questionnaire does not ask patients to speculate about
their mental health; rather, it specifically asks patients to check those conditions that they believe they suffer
from currently or have suffered from in the past. The checklist comprises 4 columns: a list of 8 psychiatric
conditions and 2 additional lines for “none” or “other,” a list of current medications taken for a condition checked,
a list of past medications taken for the condition, and any other therapies used to treat the condition. Two
additional questions are asked about a history of traumatic exposure and/or claustrophobia. For trauma, patients
are asked if they have suffered a threat to their life, a serious injury, or a serious assault (physical, sexual, etc),
which elicited a feeling of fear, helplessness, and/or horror.
Although these data do not corroborate formal psychiatric diagnoses, 87% of the patients in our sample
reported a history of at least 1 of the following: depression, anxiety disorder, posttraumatic stress disorder
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(PTSD), panic disorder, schizophrenia, bipolar disorder, obsessive-compulsive disorder (OCD), traumatic
exposure, or claustrophobia. To be clear, however, these data are only describing the association of a putative psychiatric condition with the presence of insomnia; the data
do not indicate whether or not the psychiatric condition is a cause or contributor to the patient’s insomnia. Therefore, in this article, the term psychiatric insomnia is only used
to distinguish this group of patients from those with no self-reported psychiatric condition(s).
Sleep Intake, Measurements, and Procedures
25 on self-reported subjective
All patients seen at both sleep facilities completed an online intake set of questionnaires, including an extensive sleep medicine history

sleep measures, sleep history, and medication use for sleep. The sleep medicine history also contained 3 questions about patient perceptions on chronic use of sedating
medications, and these were scored on a disagree/unsure/agree 3-point scale. These questions dealt with whether medication was perceived as the best solution for their
sleep problems, whether they had been seeking help for their sleep problems for an extended period of time, and the level of frustration with past efforts in getting help for
their sleep problem(s). Answers to these questions were not considered for inclusion or exclusion in the current study.
The Insomnia Severity Index (ISI)26 was also completed by all patients. The ISI is the sum of 7 individual questions dealing with the following: (1) difficulty falling asleep,
(2) difficulty staying asleep, (3) waking up too early, (4) satisfaction with current sleep pattern, (5) extent of interference sleep problem has on daily functioning, (6)
impairment of quality of life noticeable to others, and (7) level of distress surrounding current sleep problem. Each question is scored on a scale of 0 to 4 based on increasing
severity of the symptom, and the total score ranges from 0 to 28 with scores greater than 20 equal to moderately severe to severe insomnia.
Two visual analog scales (VAS) were used to measure daytime sleepiness and tiredness,27,28 scored on a 0 to 10 metric with scores> 6 indicative of severe symptoms.
Intake questionnaires are reviewed by the sleep specialist (B.K.), and patients are scheduled for polysomnography when criteria are met for apparent risks of physiologic
disorders such as SDB. In our clinical experience, we follow FDA and AASM guidelines and recommend diagnostic polysomnography testing in the large majority of these
patients17–18 for failing to achieve a satisfactory or optimal response to pharmacologic treatment of insomnia. However, as noted inFigures 1, 40 patients refused or did not
undergo polysomnography testing and were therefore excluded from the study.
Polysomnography Protocol
Overnight sleep studies were performed using standard polysomnography on all Maimonides Sleep Arts & Sciences and Los Alamos Medical Center Sleep Laboratory
patients. Technicians prepared patients using the international 10–20 system of electrode placement. The recording had a 14-channel montage: left outer canthus-A2 , right
outer canthus-A1 , C3 -A2 , C4 -A1 , O1 -A2 , O2 -A1 , chin, electrocardiogram, left leg-right leg, snore, nasal pressure transducer via nasal canula, chest effort, abdominal effort,

pulse oximetry, and position. Polysomnography sleep staging was scored manually by registered technologists using Rechtschaffen and Kales’29 scoring criteria. Three

types of events were scored. An apnea was a > 70% decrease in airflow for at least 10 seconds. Hypopnea was a 30%–70% decrease in airflow coupled with either a 4%
oxygen desaturation or an arousal. Flow limitation was a decrease in airflow of ≤ 30% in the form of classic flattening or notching of the airflow limb for at least 2 consecutive
breaths, lasting > 10 seconds, ending in an arousal. Minimum oxygen saturation was recorded by pulse oximetry. All patients were tested using their regular bedtime
regimen of medications. The Apnea-Hypopnea Index (AHI) was calculated for each patient and per AASM nosology.30 An AHI score ≥ 5 was used as a diagnostic cut point
for the diagnosis of SDB. A total of 18 patients completed split nights, and their data were extrapolated as if they completed a full-night study by using their objective sleep
efficiency from the diagnostic portion of the polysomnography testing to estimate relevant objective sleep indices.
Data Analysis
To compare outcomes among those patients with and without self-reported psychiatric conditions, 2 groups were created: insomnia group (no psychiatric complaints, n
= 29) and psychiatric insomnia group (self-report of psychiatric complaints, n = 189). One post hoc analysis compared patients with OSA (n= 163) and no OSA (n = 55).
Analysis of variance and χ2 analyses were performed for continuous and dichotomous variables, respectively. Cohend effect sizes, the standardized mean difference,
were calculated from the difference in 2 means, divided by the pooled standard deviation, and used for select comparisons of statistically significant findings only. Statistical
significance was .05. Power analysis (α = .5, β = .80) revealed that the 2 unequal samples for the insomnia and psychiatric insomnia groups were slightly underpowered to

detect medium-sized effects.

RESULTS
Sample Characteristics
Of the 2 contrasted groups, the psychiatric insomnia group comprised 189 patients who reported the following prevalence of psychiatric conditions: depression (56.4%),
traumatic exposure (50.2%), anxiety (42.7%), claustrophobia (41.6%), panic (25.7%), PTSD (17.95%), bipolar illness (9.2%), OCD (2.8%), dissociative disorder (3.2%), and
schizophrenia (0.5%).
Table 1 shows that the full sample of unresolved insomnia patients was largely middle-aged and slightly overweight. Distinctions between groups revealed
predominantly women in the psychiatric insomnia group and predominantly men in the insomnia group (P = .004). Insomnia severity, based on ISI score, was in the
moderate to severe range (mean ± SD = 19.16 ± 5.63) with the psychiatric insomnia group having a significantly higher ISI (19.52± 5.37) than the insomnia group (16.68 ±
6.75) (P = .01, d = 0.47). The mean ± SD duration of insomnia was 12.2 ± 13.32 years. Sedating medication use ranged from 6 months to 30 years with a mean of 54.68
months (SD = 69.84) and a median of 25.0 months.
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Prescription Medications for Sleep
All patients were using a prescription medication designated by their prescribing physician for the primary
purpose of treating a sleep disturbance. Of our total sample, 67% were prescribed sleep medications by their
primary care physician, 24% by a psychiatrist, 8% by physicians of various specialties, and 1% by a sleep
doctor. However, due to patient inconsistency, we did not collect or report specific dosages used by the patients
in this sample. We identified 3 main categories of drugs prescribed (Table 2): benzodiazepines (n = 69),
nonbenzodiazepines (n = 75), and mood stabilizers/antidepressants (n = 74). No patients were taking the
melatonin agonist ramelteon.
In the psychiatric insomnia group, roughly one-half of the patients were also taking other psychotropic
medications that influence sleep,31,32 although these drugs were not the primary medication prescribed for
sleep. No systematic differences were evident between these 3 prescribed groups of medications for any of the
variables of interest in this study; therefore, no additional analyses were conducted on the basis of medications.
Patient Perceptions
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On the basis of 3 questions about patient perceptions, 74% of the total sample reported that they had been
seeking help for their sleep problems for a long time, which is consistent with a mean duration of insomnia of 12 years. Nearly half the sample (47%) reported frustration with
previous physicians in their attempts to solve their sleep problems, whereas only 26% reported no frustration and 27% were unsure how to respond. At this point in their
care, only 20% of patients believed that the correct medication would solve their sleep problems, whereas 55% were undecided on this question, and 24% believed
medications would not solve their problems. There were no statistical differences on these perceptions between the insomnia and psychiatric insomnia groups.
Two individual items on the ISI relating to patient perceptions showed differences between the 2 groups. First, those patients in the psychiatric insomnia group reported
more difficulty staying asleep (P = .05, d = 0.36). Second, the psychiatric insomnia group also perceived that their sleep problems interfered with their daily functioning to a
greater degree than the insomnia group (P = .04, d = 0.38), and these 2 items account for most of the differences between the 2 groups on the total ISI score of self-reported
insomnia severity.
Regarding impairment, there were no significant differences among groups for the VAS sleepiness scale (Table 1); however, the VAS for tiredness showed that the
psychiatric insomnia group trended toward greater severity than the insomnia group (P = .08, d = 0.32).
Self-Reported and Objective Sleep Indices
Subjective sleep indices including mean ± SD sleep-onset latency (69.11 ± 65.67 minutes), total sleep time (6.01 ± 1.93 hours), wake time after sleep onset (100.43 ±
89.72 minutes), and calculated sleep efficiency (73.24 ± 19.98%) consistently showed moderate to severe insomnia. Patients also reported other signs of sleep

fragmentation including difficulty maintaining sleep, increased awakenings, and difficulties returning to sleep once awakened. There were no statistical differences between
the 2 groups.
For objective sleep indices, the polysomnography testing consisted of 1 night in the sleep laboratory, and the patients used their standard nightly regimen of medications
including their primary sleep medication. As expected, consistent signs of moderate to severe insomnia were documented for total sleep time, wake time after sleep onset,
and sleep efficiency without significant differences between the 2 groups (Table 3). And, as often seen with first-night effects in sleep laboratory testing of insomnia
patients,33 mean ± SD sleep-onset latency was within normal limits in both groups (insomnia group: 11.90± 9.51, psychiatric insomnia group: 20.69 ± 35.11, P = .18). When
looking at individual sleep stage ratios (Table 3), the psychiatric insomnia group showed a significantly higher ratio (66.41± 13.38) of stage 2 non–rapid eye movement
(NREM) sleep than the insomnia group (59.20 ± 17.87, P = .01) with a medium effect size (d = 0.46). The ratio of stage 1 NREM sleep trended lower in the psychiatric
insomnia group (14.25 ± 11.26) versus the insomnia group (18.68 ± 17.29, P = .07, d = 0.30), whereas the ratio of stage 4 NREM sleep in the psychiatric insomnia group
trended lower (1.40 ± 4.32) than the insomnia group (3.11 ± 8.19, P = .09, d = 0.26).

CLICK FIGURE TO ENLARGE

Breathing Event Indices and Sleep-Disordered Breathing Diagnoses
The mean ± SD AHI score was 19.48 ± 23.62 events/hour with no significant differences between the 2 groups (Table 4). Given a significant difference in men versus
women between groups (more men in the insomnia group) and the consequent greater severity of OSA (AHI) found in men (men: 29.83 ± 29.76, women: 12.34 ± 14.52, P =
.001), further analysis showed that the finding of more severe OSA in the insomnia group was primarily due to differences in gender ratios between groups (F
= 8.210,
2,235
P = .0001).

CLICK FIGURE TO ENLARGE

According to AASM nosology,30 we found that 163 (75.0%) patients met criteria for OSA based solely on AHI score (≥5) (79% of the insomnia group and 74% of the
psychiatric insomnia group). For exploratory purposes only and not reported in our tables, we scored flow limitation events 2 ways: (1) according to AASM guidelines,30
yielding a mean ± SD Respiratory Disturbance Index (RDI) of 37.54 ± 24.83 events/hour, and (2) with so-called “subcortical arousals” using Rapoport’s criteria,31 which
would have raised the mean ± SD RDI to 46.53 ± 25.24 events/hour, thereby potentially yielding an even higher proportion of diagnosed cases of OSA. There was no
significant difference of mean RDI values between the 2 groups.
Sleep Fragmentation
We assessed sleep fragmentation in the form of awakenings (>15.0 seconds), arousals (3.0–15.0 seconds), and microarousals (1.5–3.0 seconds) caused by sleep
breathing events that might be associated with insomnia outcomes (Table 4). For both groups, SDB events produced a mean of 1 awakening/hour due to apneas (including
central apneas) or hypopneas with an additional 1.7 awakenings/hour for flow limitation events (Table 5). The Respiratory Arousal Index showed a mean of 14.21± 20.04
arousals/hour for apneas and hypopneas with an increase to 28.60 ± 16.11 arousals/hour when flow limitation events were included. There was a trend toward a higher total
of SDB-related arousals in the insomnia group (34.61 ± 26.74) when compared to the psychiatric insomnia group (28.29 ± 15.02, P = .07, d = 0.29). And finally, OSA caused
2.68 ± 10.32 microarousals/hour with an increase to 6.28 microarousals/hour when flow limitation events were included. However, none of these awakenings, arousals, and
microarousals individually or in combination correlated with ISI severity.

CLICK FIGURE TO ENLARGE

OSA Versus Non-OSA Patients
A final analysis was performed comparing those patients meeting AASM nosology for the diagnosis of OSA (AHI≥ 5) and those who did not (AHI < 5). Significant or
trending differences are found in Table 5. In sum, OSA patients were older and more likely to be men and overweight. Patients with OSA were more likely to report classic
breathing symptoms including snoring, history of moving from the bed because of patient’s snoring, witnessed apneas, and choking, gasping, or struggling for breath during
sleep.
Subjective sleep indices showed the following: OSA patients trended toward shorter sleep-onset latency, longer total sleep time, and more consolidated sleep efficiency.
Interestingly, insomnia severity based on mean ± SD total ISI score was worse in the non-OSA group (19.52± 5.37) than in the OSA group (16.68 ± 6.75, P = .004, d =
0.47). Objective measures show expected results of worse values in the OSA group compared to the non-OSA group T
( able 5).
Last, we compared all of our subjective sleep data for the 40 individuals who were excluded for not undergoing polysomnography testing with those 218 patients in our
study, and we found no significant differences on any variable between the 2 groups.

DISCUSSION
In this retrospective chart review, there were 3 primary findings in this consecutive series of treatment-resistant chronic insomnia patients who averaged reports of
insomnia for more than a decade and regular use of prescription medication for sleep for 4 years. First, the findings of moderate to severe residual insomnia clearly indicated
a failure to respond adequately to sleep medications. Second, patients reporting psychiatric problems were far more common than insomnia patients without such
complaints, but there were only a few differences between these groupings in contrast to what we had predicted. Third, objective polysomnography diagnosed obstructive
sleep apnea in three-fourths of this select sample along with the innate sleep fragmentation that invariably accompanies this disorder of sleep respiration. However, despite
the potential importance of these findings, no systematic links unequivocally connected psychiatric influences or SDB to the etiology or severity of the residual insomnia
reported by this sample.
Regarding psychiatric influences, the only distinctions were that the psychiatric insomnia group believed their sleep maintenance insomnia and daytime impairment were
worse than the insomnia group, and the psychiatric insomnia group showed a trend toward worse daytime fatigue. Similarly, there were only a few differences with respect to
objective findings on sleep stage comparisons; but these findings might be related to greater use of psychotropic medications in the psychiatric insomnia group.32,34 The
most relevant objective finding was that the psychiatric insomnia group (comprised of more women) showed a greater severity of flow limitation or upper airway resistance
compared to the insomnia group (comprised of more men) that showed greater apneas and hypopneas.
Regarding medical influences on chronic insomnia, the current study revealed that many of these patients suffered from SDB, the most common medical cause of sleep
fragmentation,20 and among the OSA group, 75% reported snoring and one-third of these patients reported various breathing symptoms suggestive of OSA. Yet, it remains
unclear to what extent these breathing symptoms had been discussed or evaluated prior to seeking care at our sleep medical center. Our lack of a longitudinal design
prevents us from knowing whether use of sleeping pills worsened OSA through respiratory depressant effects35 or whether these medications ameliorated some of the
sleep-fragmenting effects of OSA by raising arousal thresholds.36 Also, as the study was conducted at 5,200 ft above sea level, altitude may be a contributing factor to
increased OSA and central sleep apnea events. We could speculate that therapeutic application of positive airway pressure therapy, the gold standard treatment for SDB,
would influence insomnia outcomes or alter medication use or dosage, but there are only a few weakly designed studies20,37,38 that report improved insomnia outcomes
subsequent to the treatment of OSA.
39 in a sample of
The current findings are consistent with prior research showing higher than anticipated rates of comorbid insomnia and OSA (“complex insomnia”)

patients who would ordinarily not be expected to suffer from a sleep breathing disorder. Of some potential clinical interest, insomnia severity was less in the OSA group
compared to those without OSA, and objective measures on polysomnography testing tended to corroborate this finding, which in our view, further highlights the elusive
nature of the pathophysiologic relationship between these 2 common sleep disorders.
The many limitations of this design mandate a cautious interpretation of our findings. Most importantly, this sample may prove to be highly select in that they sought
treatment because medications were not working for them, and a lack of response to treatment is a well-known motivator to seek additional help or second opinions when
the medical condition is vexing enough to move the patient to action.40 However, due to the design of this study, we cannot state that psychiatric influences or SDB were the

causes of the patients’ residual insomnia complaints; we can only state that these influences were present to some degree but are of unknown clinical significance.
Moreover, for psychiatric influences, we only used self-report checklists and did not conduct psychiatric interviews or use psychiatric instruments to make formal
diagnoses. As such, our findings on psychiatric influences only suggest information about general distress not about specific diagnostic categories. And, there was no
longitudinal data on the interaction between the patients’ psychiatric and insomnia treatments, including psychotherapies or medications, so the snapshot design of the
protocol limits our understanding of what transpired with these treatment-resistant insomnia patients prior to their arrival at the sleep center.
Along the same lines, 1 night of polysomnography also reflects a snapshot of sleep stages and breathing events. Again, a longitudinal design with more frequent testing
and research-oriented polysomnography protocols as well as the utilization of sleep diaries would likely yield more useful clinical data. Regarding our 2 groups, our sample of
nonpsychiatric insomnia patients was notably smaller and contained a greater proportion of men with only a few differences between the 2 groups, all of which might have
changed with larger more balanced samples.
Last, we gathered no reliable data on specific drug dosages for insomnia used by these patients, which clearly could have influenced outcomes given that many patients
do not take their medications consistently as prescribed.41,42 Moreover, the psychiatric insomnia group consistently and significantly was taking multiple psychotropic drugs
compared to the insomnia group. Overall, our findings may not be generalizable to other chronic insomnia patients taking various sleep medications on a long-term basis,
particularly in light of the successes that have been described in the research literature for the long-term use of newer sedative medications.

CONCLUSIONS
To our knowledge, this is the first study to examine pertinent outcomes in a sample of chronic insomnia patients maintaining nightly prescription medication for sleep
despite clear-cut signs of treatment-resistant insomnia. The scientific literature does not contain much information about such patients perhaps due to a lack of interest or
reluctance to look at treatment outcomes in this difficult patient population.43 Nonetheless, our study demonstrated the value in both the AASM and FDA guidelines,12,17,18
because our findings suggest psychiatric and medical factors may be associated with patients who are not responding optimally to therapy. In particular, the sleep
fragmentation effects of both psychiatric and medical conditions, such as those described in this study, may prove to be important influences in these cases. Although it is
tempting to imagine that additional assessment and treatments for either sleep breathing or psychiatric conditions would lead to greater improvement in insomnia severity
among this select sample of patients, only randomized controlled trials with evidence-based therapies can address such speculations.
Drug names: alprazolam (Niravam, Xanax, and others), bupropion (Aplenzin, Wellbutrin, and others), clonazepam (Klonopin and others), diazepam (Diastat, Valium, and others), escitalopram (Lexapro
and others), eszopiclone (Lunesta), fluoxetine (Prozac and others), flurazepam (Dalmane and others), haloperidol (Haldol and others), lorazepam (Ativan and others), olanzapine (Zyprexa), paroxetine
(Pexeva, Paxil, and others), ramelteon (Rozerem), sertraline (Zoloft and others), temazepam (Restoril and others), venlafaxine (Effexor and others), zaleplon (Sonata and others), zolpidem (Ambien, Zolpimist,
and others).
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Diagnosis and Treatment of
Chronic Insomnia: A Review
Ruth M. Benca, M.D., Ph.D.

Objective: Insomnia has high prevalence rates and is associated with
significant personal and socioeconomic burden, yet it remains largely
underrecognized and inadequately treated. Methods: A PubMed search
for English-language articles covering randomized controlled trials
published between 1970 and 2004 was conducted. Search terms used
were “insomnia,” “behavioral therapy,” and the generic names of
agents commonly used to treat insomnia (the Food and Drug Administration–approved benzodiazepines and nonbenzodiazepines, trazodone, and over-the-counter agents). Results: Evidence from epidemiologic studies, physician surveys, and clinical studies suggests that
numerous patient and physician factors contribute to the fact that the
needs of patients with insomnia remain unmet, including low reporting
of insomnia by patients, limited physician training, and office-based
time constraints, as well as misconceptions about the seriousness of insomnia, the advantages of treatment, and the risks associated with
hypnotic use. Nonpharmacologic therapies produce long-lasting and
reliable changes among people with chronic insomnia and have minimal side effects. Pharmacologic therapies have proven effective with
improving wake time after sleep onset and sleep maintenance and reducing the number of nighttime awakenings. However, pharmacologic
therapy has a greater chance of producing side effects. No conclusive
evidence exists to favor either pharmacologic therapy or behavioral
therapy. Conclusions: Insomnia is particularly challenging for clinicians because of the lack of guidelines and the small number of studies
conducted in patient populations with behavioral and pharmacologic
therapies. Current treatment options do not address the needs of difficult-to-treat patients with chronic insomnia, such as the elderly, and
those with comorbid medical and psychiatric conditions. More research is necessary to determine the long-term effects of insomnia
treatments. (Psychiatric Services 56:332–343, 2005)

I

t is estimated that 10 to 15 percent of the adult population suffers from chronic insomnia; an
additional 25 to 35 percent has transient or occasional insomnia (1).
Fifty-seven percent of noninstitutionalized elderly persons experience
chronic insomnia (2). Despite these
high prevalence rates, evidence suggests that insomnia is underrecog-

nized, underdiagnosed, and undertreated (1).
Mental health care professionals
frequently treat patients who have insomnia that co-occurs with a psychiatric disorder. A literature review was
undertaken to help clinicians better
understand the nature of insomnia
and the reasons for its underdiagnosis
and undertreatment and to provide
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them with current information about
pharmacologic and nonpharmacologic treatments for insomnia.

Methods
A PubMed search for English-language articles published between
1970 and 2004 that reported randomized controlled trials or active comparator trials was conducted. The
search terms “insomnia” and “behavioral therapy” were used to search for
articles on nonpharmacologic treatments. For articles on pharmacologic
treatments the search terms used
were “insomnia” and “flurazepam,”
“quazepam,” “estazolam,” “temazepam,” “triazolam” (Food and Drug
Administration [FDA]–approved benzodiazepines), “zolpidem,” and “zaleplon” (FDA-approved nonbenzodiazepines), as well as “trazodone”
(commonly used for treating insomnia, although not FDA-approved for
this purpose) and “diphenhydramine” (also commonly used for treating insomnia).
For nonpharmacologic treatments, a total of 11 papers were
identified that discussed cognitivebehavioral, sleep-restriction, and
sleep hygiene therapies. In total, 41
studies were identified for approved
benzodiazepines. Of these, most
were studies in which an active comparator was used and included patients with primary and secondary
insomnia. Eight nonbenzodiazepine
studies, all of which included a
placebo comparison, were identified. Eighteen studies evaluated trazodone’s efficacy on sleep endpoints,
and in all except two (3,4) of these
the sample was limited to patients
with depression- or antidepressantinduced insomnia. Six studies evaluated diphenhydramine.
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Results
Barriers to recognition,
diagnosis, and treatment
Several factors hinder the appropriate recognition of insomnia and its
adequate and appropriate management. They include lack of physician
education about insomnia, time-constrained patient visits, beliefs among
patients and physicians that sleep
complaints are not important, the belief that treatments are not effective
or cause more problems, and the lack
of research evidence that treating insomnia improves outcomes of comorbid conditions (listed in the box on
this page).
Physician training. Most clinicians are not well trained with respect
to sleep and sleep disorders. A survey
conducted from 1990 to 1991 indicated that 37 percent of medical schools
were still failing to include structured
sleep medicine sessions in their curricula. On average, less than two hours
of total teaching time was allocated to
sleep and sleep disorders, and only 11
percent of medical students participated in the clinical evaluation of patients with sleep disorders (5).
Although research in this area is
limited, studies have demonstrated
that the lack of training in sleep disorders is reflected in knowledge deficits
about sleep medicine among primary
care physicians (6). In a study that assessed the sleep knowledge of 580
primary care physicians, none rated
their knowledge of sleep disorders as
excellent; 10 percent rated their
knowledge as good, 60 percent as fair,
and 30 percent as poor (6).
Office visits. The advent of a managed-care-based clinical environment
appears to have contributed to perceptions among clinicians that time
spent with patients is too short and
that patient load is excessive; these
were the findings from a survey of
physician assistants, nurse practitioners, and primary care physicians in a
large group model health maintenance organization (7). Despite its
prevalence, insomnia is rarely discussed in visits to primary care physicians (8–10), and questions about
sleep may be swept aside in an effort
to save valuable office time. Physicians may avoid exploring problems
such as sleep difficulties in order to
PSYCHIATRIC SERVICES

Barriers to recognition and treatment of insomnia
Inadequate physician training in insomnia
Time-constrained physician office visits
Lack of discussion about sleep problems during patient consultations
Belief among patients and physicians that sleep complaints are not
important
Perception by physicians that treatments for insomnia are ineffective or
associated with risks
Lack of evidence that treating insomnia improves outcomes of comorbid
conditions

avoid having to deal with issues that
could take up more than the normal
allotted time for a patient.
Reporting sleep problems or
eliciting a sleep history. Deficits in
knowledge about sleep medicine and
time constraints both contribute to the
reticence among physicians to tackle
issues related to sleep. In the World
Health Organization’s international
collaborative study on general health
care, attendees in 15 primary care settings in several countries found that
physicians detected insomnia in less
than 50 percent of patients who had
insomnia symptoms (8). A survey by
Papp and colleagues (6) found that
time spent counseling patients on the
benefits of sleep was less than that
spent discussing diet or exercise.
Neglect of sleep difficulties appears to partially be the result of reluctance on the parts of both patients
and physicians to discuss sleep. Ford
and Kamerow (10) found that of
those in their cohort who described
difficulty sleeping only 9 percent reported the problem to a physician.
Shochat and colleagues (9) found that
only 30 percent of patients with sleep
difficulties seen in primary care clinics had ever spoken with their physicians about a sleep problem; those
who did so reported that they––and
not their physicians––were the first to
raise the subject of sleep difficulties.
Almost 36 percent of patients in the
chronic insomnia group reported that
the physician’s recommendation for
management was not effective.
Perception of treatments. There
is also a reticence among clinicians to
treat insomnia on the basis of their
misperceptions about the lack of efficacy of existing agents, restrictions on
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prescribing hypnotic medications,
and the perceived risks associated
with use of these agents. Historically,
studies that have evaluated medications in randomized controlled trials
of insomnia lasting more than six
weeks are rare; a meta-analysis of
studies using benzodiazepines and
zolpidem published in 1997 demonstrated that median duration of trials
was seven days (11). Until recently,
little was known, therefore, about efficacy and safety beyond this duration
of treatment, despite the fact that
many patients may require longerterm treatment. FDA labeling states,
“Hypnotics should generally be limited to seven to ten days of use, and
reevaluation of the patient is recommended if they are to be taken for
more than two to three weeks. [The
drug] should not be prescribed in
quantities exceeding a one-month
supply” (12). These regulations restrict prescription of hypnotics to
short-term treatments and make the
chronic prescription of sedative-hypnotics difficult.
FDA labeling was initially directed
by the National Institute of Mental
Health’s (NIMH’s) clinical guidelines,
which have remained unchanged
since they were first published in 1984
(13). These early findings were based
on data that suggested the risk of
abuse and dependence associated
with benzodiazepines, as well as risks
of tolerance, withdrawal, and rebound
insomnia phenomena (14). It is important to note that these guidelines
are now considered obsolete by the
National Institutes of Health (NIH).
In referring to the 1984 guidelines,
the NIH Web site now states, “This
statement is outdated and is no longer
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viewed by NIH as guidance for medical practice,” which highlights the
lack of guidance and direction for the
physician treating patients with insomnia (15). These concerns about
the risks of benzodiazepines have likely persisted and have even been transferred to newer agents.
Physicians may not be aware of behavioral techniques for treating insomnia, are generally not trained to
perform them, and may not have sufficient time with patients to provide
these treatments. Furthermore, because of the paucity of therapists
trained in behavioral treatments for
sleep disorders, most physicians cannot easily refer patients for needed
therapy.
Lack of evidence that treatment
improves outcomes. Although insomnia is associated with substantial
personal and societal impact, no
prospective studies have been done
to demonstrate that treating insomnia
significantly improves outcomes of its
associated comorbid conditions.
Walsh and Ustun (16) estimated total
direct annual cost in the United
States attributable to insomnia, including prescription and nonprescription medications, outpatient visits to health care professionals, and
inpatient or nursing home care, to be
approximately $12 billion for health
care services and $2 billion for sleeppromoting agents. The impact of
treatment of insomnia on this substantial financial burden is unknown,
as is the impact of improving insomnia on other negative correlates.
People with insomnia report more
days of limited activity, more days in
bed due to illness, greater health care
costs, and a higher incidence of moderate-to-severe occupational role disability than people without insomnia
(17). Insomnia is also associated with
greater health care utilization (17).
Evidence also suggests that insomnia may lead to the development of
depression (18). Insomnia is also associated with an increased risk of suicide in depression (19) and resistance
to cognitive-behavioral therapy (20).
Finally, the strongest evidence for a
causal relationship between insomnia
and subsequent illness is in bipolar
disorder, where sleep loss has been
demonstrated to precipitate or exac334

erbate episodes of mania (21).
It is important to note that correlations between insomnia and comorbid illnesses, as well their outcomes,
do not necessarily imply causality.
The lack of data demonstrating that
insomnia has an impact on other illnesses and that treating insomnia improves outcomes in other illnesses is
an inherent problem in the field of insomnia research, and more studies
need to be conducted in this area. Although some physicians may have observed that treating secondary insomnia benefits patients, there is limited
evidence that treating insomnia actually improves outcomes in comorbid
illness (22), and this may be another
factor in clinicians’ reluctance to recognize or treat insomnia.
What is insomnia?
The nature of insomnia itself probably contributes to the difficulties associated
with
its
treatment.
Polysomnographic studies of patients
with insomnia generally show abnormalities such as prolonged latency to
sleep onset, frequent arousals, and reduced amounts of total sleep. However, objective measures of sleep do not
always correlate well with the patient’s experience of insomnia (23),
which may be partially due to the fact
that the function of sleep itself is still
unknown, making it difficult to pinpoint which objective sleep abnormalities contribute to the clinical entity of insomnia. There is a tendency
to assume that insomnia is a problem
of insufficient amount of sleep. Yet
epidemiologic studies consistently
demonstrate the lowest mortality
rates for people who sleep an average
of seven hours per night, with increasing risks for individuals who
sleep eight or more hours per night
(24). Furthermore, sleep deprivation
does not mimic the effects of insomnia; together, these data suggest that a
decreased quantity of sleep alone
does not constitute insomnia (22).
From a qualitative standpoint, however, data suggest that people with insomnia show increased levels of
arousal, evidenced by markers such as
increased, higher-frequency electroencephalographic (EEG) activity
during sleep and increased metabolism (25–27), but it is not known
PSYCHIATRIC SERVICES

whether this hyperarousal leads to
nonrestorative sleep.
Therefore, it is not surprising that
polysomnographic assessments of
drugs used to treat insomnia, although perhaps helpful for determining differences between drugs, may
not reflect the patient’s subjective experience of those drugs, but the ideal
would be demonstrating efficacy by
both polysomnography and patient
report. It is thus important for the clinician to recognize that insomnia, as
defined by the DSM-IV, text revision
(DSM-IV-TR) (28), is a subjective
clinical diagnosis, and therefore a patient’s subjective report of sleep difficulties should direct management in
most cases. Questions about the
range of symptoms experienced and
how they have altered over time are
important. Because insomnia is a patient-reported symptom, rather than
a polysomnographically defined disorder, referral to a sleep laboratory
for polysomnographic diagnosis
should be reserved for cases in which
another primary sleep disorder, such
as obstructive sleep apnea or periodic
movement disorder, is suspected, because these may require greater expertise in sleep medicine.
The DSM-IV-TR defines insomnia
as “difficulty in initiating or maintaining sleep or . . . nonrestorative
sleep” and as “causing clinically significant distress or impairment in social, occupational, or other important
areas of functioning” (see the box on
the next page) (28). As such, all these
elements should be considered when
diagnosing and treating insomnia.
The definition of sleep maintenance
remains fairly controversial, but it essentially describes the patient’s capacity to remain asleep throughout
the night and reflects an assessment
of sleep quality. Arousals can be both
objectively measured and subjectively reported. Problems with sleep
maintenance may consist of longer
periods of arousal, which patients are
generally aware of, or sleep fragmentation with brief EEG arousals (29),
which patients may not be aware of
but that still result in the perception
of nonrestorative sleep. Currently
used metrics include wake time after
sleep onset, wake time during sleep
onset, and number of awakenings.
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Ideally, treatment of insomnia
should address components of sleep
onset, sleep maintenance, sleep
quality, and improvement in next-day
functioning.
Symptom instability
Although symptoms of insomnia have
been divided into categories of sleep
onset, sleep maintenance, and nonrestorative sleep, symptom-specific
classification may not always be useful
clinically given that there is evidence
of instability of insomnia symptoms
over time for individual patients. A
study of more than 2,500 general
practice clinic attendees demonstrated that over a four-month period the
nature of sleep complaints of sufferers
of insomnia changed, so that only half
of those who initially complained of
sleep-onset problems continued to do
so. The remaining half developed new
sleep symptoms, among them sleepmaintenance problems (30).
Difficult-to-treat patients
As noted, long-term prescription of
medications for insomnia lacks an evidence base, has been discouraged by
existing guidelines, and is a concern
among physicians (13). As shown below, no medications are available that
treat sleep maintenance symptoms
without the risk of next-day impairment. Chronic insomnia, including
sleep maintenance problems, occurs
more commonly among the elderly
(31), depressed patients (32), and
medically ill populations (33,34), including those with chronic pain syndromes (34). These patients are often
viewed as difficult to treat yet are
among the groups that have the greatest need for treatment.
Psychiatric disorders. Insomnia
is a very common feature of psychiatric disorders (33). Prevalence rates
of insomnia are greatly increased
among persons with psychiatric illnesses. A European epidemiologic
sample of 1,536 people found that
significant insomnia was present in 71
percent, 69 percent, 61 percent, and
32 percent of those with dementia,
depressive disorders, anxiety disorders, and alcoholism, respectively
(35). Furthermore, on the basis of
epidemiologic studies, up to 40 percent of adults in the general populaPSYCHIATRIC SERVICES

DSM-IV, Text Revision criteria for primary insomnia
Difficulty initiating or maintaining sleep or nonrestorative sleep
Causing clinically significant distress or impairment in social, occupational,
or other important areas of functioning
Not occurring exclusively during the course of another sleep disorder
Not occurring exclusively during the course of a mental disorder
Not due to the direct physiological effects of a substance or a general
medical condition

tion with insomnia have a diagnosable
psychiatric disorder (10). Associations
between insomnia and psychiatric
disorders, particularly depression, are
even higher in clinical samples. Approximately three-quarters of patients with insomnia presenting to
sleep clinics or primary medical clinics meet diagnostic criteria for psychiatric disorders (36). Overall, insomnia
is more strongly associated with depression than it is with any other
medical disorder in the primary care
setting (37). Symptoms of anxiety and
depression were also strongly associated among children with insomnia in
a pediatric clinic sample (38).
Psychiatric patients present multiple and varied sleep symptoms. Sleep
EEG studies demonstrate significant
decrements in sleep continuity—prolonged sleep latency, decreased sleep
efficiency, and decreased total sleep
across the night––in most groups of
psychiatric patients compared with
control patients without psychiatric

disorders (32,39) (Table 1).
The best-studied comorbid psychiatric condition of insomnia is depression. Objective measures demonstrate loss of slow-wave (stage 3 and
4) sleep, frequent nocturnal awakenings, and frequent arousals, all of
which may lead to the perception of
nonrestorative sleep (32,39). Many of
these symptoms are consistent with
sleep maintenance problems. There
is also evidence of disturbed rapid eye
movement (REM) sleep architecture
in mood disorders, with a reduced latency from sleep onset to REM sleep
onset and an increased proportion of
REM sleep (39). Also, insomnia associated with psychiatric conditions frequently lasts for the duration of the
illness, and, more important, sleep
symptoms have been found to persist
despite remission of depression (40).
Medical disorders. Individuals
with insomnia have higher rates of
medical illnesses than those without
sleep problems. Mellinger and col-

Table 1

Sleep characteristics of patients with psychiatric disorders versus control patientsa
Disorder
Affective
disorder
Anxiety
Schizophrenia
Eating disorder
Alcoholism
Insomnia
a
b

Sleep
continuity

Percentage of
slow-wave sleep

REMb latency

Percentage of
REM sleep

Consistently
decreased
Consistently
decreased
Consistently
decreased
Decreased in
some studies
Consistently
decreased
Consistently
decreased

Consistently
decreased
No change

Consistently
decreased
No change

Consistently
increased
No change

No change

Decreased in
some studies
Decreased in
some studies
No change

No change

No change
Consistently
decreased
Consistently
decreased

No change

No change
Increased in
some studies
No change

Data from meta-analysis by Benca and associates (39)
Rapid eye movement
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leagues (33) determined that 53 percent of adults with serious insomnia
had two or more health problems,
compared with only 24 percent of
those with no sleep difficulties. In addition, Ford and Kamerow’s study
(10) found that patients with insomnia used general medical services
more frequently, and higher rates of
insomnia have been documented
among primary care patients than in
the general population (9). There is
also evidence that greater severity of
sleep disturbance is correlated with
worse outcomes among patients who
experience pain (34), that among patients with pain insomnia is correlated
with the development of depression
(34), and that the presence of both
depression and insomnia contributes
to highest pain severity (41).
Insomnia is also correlated with
worse outcomes in a number of medical illnesses, including an increased
risk of mortality among institutionalized elderly people (42), greater disability among stroke patients (43), and
increased risk of mortality among patients with cardiovascular disease (44).
Elderly patients. Older patients
often complain that their sleep is nonrestorative and that they have difficulty staying asleep (31). Foley and colleagues (2) found that 30 percent of
elderly patients complained of awakening during the night, 19 percent
complained of waking up too early,
and 19 percent said they had trouble
falling asleep. Polysomnographic findings have also suggested that the primary change in the sleep of older
adults is an inability to sustain sleep
through the night (45). These findings
also suggest that daytime sleepiness
among healthy elderly patients without insomnia does not correlate with
total sleep time or any sleep stage but
is significantly correlated with measures of sleep fragmentation (46).
Nonpharmacologic
management approaches
An American Academy of Sleep Medicine task force reviewed 48 clinical
trials and two meta-analyses in an attempt to develop practice guidelines
for nondrug alternatives for managing
primary chronic insomnia (47). Its
findings indicated that nonpharmacologic therapies produce reliable and
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long-lasting changes in chronic insomnia sufferers for several sleep parameters. Seventy to 80 percent of patients
treated with nonpharmacologic interventions were found to benefit from
treatment; however, there was significant variability in the magnitude of
treatment response. Stimulus control,
progressive muscle relaxation, and
paradoxical intention all met the
American Psychological Association’s
criteria for empirically supported psychological treatments for insomnia,
and sleep restriction, biofeedback,
and multifaceted cognitive-behavioral
therapy (CBT) were viewed as “probably efficacious” treatments (47).
Evidence for favoring pharmacologic therapy over behavioral therapy
or vice versa was inconclusive (48).
Comparisons of hypnotic and behavioral therapies suggested that hypnotic drugs produce more rapid improvements in sleep in comparison with behavioral treatments such as relaxation
and sleep hygiene education (48) and
that treatment effects over longer periods (four to eight weeks) are similar
for pharmacologic and nonpharmacologic therapies, as well as the combination of the two (49). On the other
hand, longer-term outcome studies,
such as those of six to 24 months, have
indicated that clinical benefit is not as
well maintained over time after discontinuation of pharmacologic treatment as it is after cessation of behavioral therapy (48,49). Patients who
have received combined treatments
do not appear to have as good a longterm outcome as those who receive
behavioral therapy alone (50), although reasons for this finding have
not been clearly elucidated (47).
A recent randomized controlled
study compared CBT, zolpidem, and
the combination of the two therapies
among 63 patients with sleep-onset
insomnia and impaired daytime functioning (51). Participants received
four weeks of active treatment with
10 mg of zolpidem, followed by 5 mg
of zolpidem nightly for one week, and
then 5 mg of zolpidem every second
night for one week. CBT of 30 minutes per each session was offered
weekly for three weeks, with the final
session two weeks later. CBT was the
most effective intervention in this
study in reducing both subjective and
PSYCHIATRIC SERVICES

objective sleep onset latency after termination of treatment, either alone or
combined with pharmacotherapy followed by combination therapy,
whereas effects of pharmacotherapy
persisted only during acute administration. However, subjectively reported total sleep time showed similar increases after termination of treatment
in both the CBT and zolpidem
groups; the second largest increase
was in the combination therapy group.
No between-group differences were
found for objective measures. Although these data support the superior efficacy of behavioral treatment
over pharmacotherapy, interpretation
may be limited by the small samples,
the absence of sleep maintenance insomnia or comorbid conditions among
these patients, and the failure to assess the effects of treatment on daytime function. More research in larger patient populations is needed to
clarify the relative efficacies of the
different treatments for insomnia.
Clearly, efficacy coupled with minimal side effects makes behavioral
techniques highly recommended for
treating insomnia; however, factors
such as cost, lack of availability, and
potential problems with patient motivation and compliance may make the
use of behavioral techniques difficult.
Optimal patient- and treatment-related variables have not been clearly defined (47). A meta-analysis of 59 studies assessing nonpharmacologic treatment of chronic insomnia found that
an average of five hours of therapy
was provided (52). The results suggested that stimulus control and sleep
restriction techniques were most
helpful in producing improvements
over an average six-month follow-up
period, but sleep hygiene treatment
alone was not deemed effective.
Most studies have been conducted
with highly trained therapists such as
psychologists, who may not be available to a primary care physician’s office, and evidence indicates that a
lower level of training––a trainee
therapist, for example––is associated
with worse outcomes (47). However,
several recent studies have suggested
that more limited interventions may
be helpful to patients with insomnia.
CBT was equally helpful when administered in individual, face-to-face
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treatment, in group therapy sessions,
or through brief telephone contact
(53). In another study, two sessions of
CBT led to greater improvement for
people with chronic primary insomnia than two sessions of generic sleep
hygiene education (54). More research is required to determine the
optimal behavioral treatment interventions for insomnia in the primary
care setting.
Although sleep hygiene techniques
alone do not necessarily lead to consistent improvement in insomnia
(55), they are usually a part of most
behavioral treatments for insomnia.
Sleep hygiene recommendations are
listed in the box on this page, and
treatments recommended by the
American Academy of Sleep Medicine for the nonpharmacological
treatment of insomnia are described
in Table 2.
Pharmacologic
treatment approaches
As discussed above, insomnia symptoms tend to change over time. In addition, a survey of a general population sample has shown that a majority
of patients with both transient and
chronic insomnia have sleep-maintenance problems (56). In recent years
attempts have been made to characterize the ideal hypnotic agent
(57,58). Attributes proposed for an
ideal agent include rapid onset of action and elimination; improved ability
to initiate and maintain sleep; improved sleep quality; normal sleep architecture; improved daytime performance and well-being with minimal drug interactions; the absence of
hangover effects or unwanted side effects; and no significant potential for
tolerance, abuse, dependence, withdrawal, or rebound effects.
Until the advent of the nonbenzodiazepine hypnotics, the most commonly used agents were benzodiazepines. Aside from triazolam, most
benzodiazepine hypnotics, which include flurazepam, estazolam, quazepam, and temazepam, have long halflives, which contribute to their efficacy in maintaining sleep throughout
the night but also may result in nextday impairments (59,60). The advent
of shorter-acting triazolam and the
nonbenzodiazepines zolpidem and
PSYCHIATRIC SERVICES

Sleep hygiene rules
Wake up at the same time every day, regardless of when you went to sleep.
Maintain a consistent bedtime.
Exercise regularly, preferably in the late afternoon, but not within two to
four hours of bedtime.
Perform relaxing activities before bed.
Keep your bedroom quiet and cool (extreme temperatures compromise
sleep).
Do not watch the clock at night.
Avoid caffeine and nicotine for at least six hours before bedtime.
Drink alcohol only in moderation and avoid use for at least four hours before
bedtime.
Avoid napping; it may interfere with the ability to fall asleep at night.

zaleplon has resulted in more effective sleep-onset agents with minimal
next-day residual effects but possibly
with decreased efficacy as sleepmaintaining agents (61–64).
In addition, no currently approved
insomnia agents have been evaluated
for treating chronic insomnia, as evidenced by the fact that randomized
controlled studies of zolpidem, zaleplon, and approved benzodiazepines
have not exceeded four weeks for zaleplon (62,64), five weeks for zolpidem (63), or 12 weeks for temazepam
(65) of continuous use. Although it is
currently unknown what duration of
continued efficacy would need to be
demonstrated in order to support
long-term use of an agent for treating
insomnia, there is a clear need to
demonstrate efficacy of medications
over longer periods.
Benzodiazepines. Currently approved benzodiazepines for the treatment of insomnia are flurazepam, triazolam, quazepam, estazolam, and
temazepam. Both subjective and objective studies have generally found
improvements in sleep maintenance
measures, specifically wake time after
sleep onset and number of awakenings, with the longer-acting agents
like flurazepam, quazepam, and estazolam (66–70). Their use, however, is
also associated with next-day sedation
and impaired cognitive and psychomotor function (71). Triazolam’s
efficacy with regard to measures of
sleep maintenance is less evident,
probably because of its shorter halflife (72,73).
Temazepam is the most commonly
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used benzodiazepine hypnotic (74).
Objective sleep laboratory data regarding the ability of temazepam to
improve sleep maintenance as defined
by number of awakenings during sleep
have been equivocal. Two objective
studies did not find significant reductions in number of awakenings with
doses of 15 mg to 30 mg of temazepam
(72,75). Another study (76) of 48 people with insomnia did show a significant improvement compared with
placebo for 15 mg and 30 mg of
temazepam on number of awakenings,
although significant reductions were
seen at only one of the two sites used
for the study. Temazepam may also be
associated with the development of
tolerance (77). Although adverse
events associated with use of
temazepam have not been explored to
the same extent as those of other benzodiazepines, benzodiazepine use in
general has been associated with daytime drowsiness (71), memory impairment (71), psychomotor impairment
(71), and risk of tolerance, abuse, and
dependence (72). Temazepam itself
has been implicated in causing nextday sedation (78) and impairment in
memory and cognition (78) and has
demonstrated evidence of rebound insomnia on withdrawal and dependence liability (72). Triazolam has also
been implicated in causing rebound
insomnia (79).
Currently available nonbenzodiazepine hypnotics. Evidence for
the utility of currently available nonbenzodiazepine hypnotics points to
their primary efficacy as sleep-onset,
rather than as sleep-maintenance,
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Table 2

Recommended behavioral therapies for insomnia
Level of recommendation

Therapy

Description

Empirically supported
treatmentsa

Stimulus control

The main objective is to reassociate the bed and bedroom with the
rapid onset of sleep.
Instructions: Go to bed only when sleepy; use the bed and bedroom
only for sleep; leave bed and go into another room when unable to
fall asleep or return to sleep easily; return to bed only when sleepy
again; maintain a regular morning rising time regardless of duration
of sleep the previous night; avoid daytime naps.

Progressive muscle relaxation

This method is based on the idea that mental relaxation will be a
natural outcome of physical relaxation—it is a deep-relaxation
technique.
Instructions: Tense or tighten one muscle group at a time, then
release tension; muscle groups are tightened and relaxed one at a
time in a specific order; a greater degree of muscle tension is attempted in subsequent exercises as patient becomes familiar with
the technique.

Probably efficacious
treatmentsb

Paradoxical intention

Based on the concept that performance anxiety contributes to
preventing proper sleep: persuade the patient to engage in the
most feared behavior (that is, staying awake); as the patient stops trying to fall asleep, the performance anxiety related to attempting to
fall asleep is reduced.

Sleep restriction

The objective is to reduce time in bed to lower the chance of fragmented and poor-quality sleep.
Instructions: Reduce amount of time spent in bed to increase
the percentage of time spent asleep—improves patient’s sleep
efficiency (time asleep/time in bed); time allowed in bed per night
is increased by 15 to 30 minutes as sleep efficiency improves; adjustments are made over a period of weeks until optimal sleep duration
is achieved—best to alter bedtime and maintain constant rising
time to maintain a regular sleep-wake rhythm; to minimize daytime
sleepiness, time in bed should not be reduced to fewer than five
hours per night. Creates a mild state of sleep deprivation, to promote more rapid sleep onset and more efficient sleep.

Biofeedback

Therapeutic technique that teaches patients how to facilitate increased slow brain wave activity (and thus facilitate falling asleep)
by using electroencephalographic (EEG) monitoring. Eventually
the patient is able to apply this skill without the use of the EEG.

Multifaceted cognitive
behavioral therapy

The goal is to identify dysfunctional beliefs and attitudes about
sleep and replace them with more adaptive substitutes.
Treatment targets: Unrealistic sleep expectations (“I must get eight
hours of sleep per night”); misconceptions regarding causes of insomnia (“My insomnia is due to a chemical imbalance”); amplification of consequences of insomnia (“I can do nothing after a bad
night’s sleep”); performance anxiety due to excessive attempts at
controlling the sleep process.

a
b

According to the American Psychiatric Association
Supported by the American Psychiatric Association

agents. Once again, longer-term randomized, double-blind, controlled
studies that demonstrate efficacy of
these agents have not been performed, but safety over the longer
term has been demonstrated in openlabel studies (80,81), with minimal
evidence of rebound phenomena. By
comparison with benzodiazepines,
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there has been less evidence of subjective and objective next-day residual effects associated with zolpidem
(4,63,82) or subjective next-day impairment with zaleplon, even when
the latter has been delivered in the
middle of the night (83).
Fewer clinically important drugdrug interactions appear to occur
PSYCHIATRIC SERVICES

with zaleplon and zolpidem than with
benzodiazepines (84), which may be
related to the differences in CYP metabolism. Whereas triazolam, for example, is biotransformed almost entirely via CYP3A4, the newer agents
are biotransformed by CYP3A4 and
several other CYP isozymes, which
means that CYP3A4 inhibitors and in-
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ducers may have less effect on their
biotransformation. On the other
hand, because these agents are newer, only a few studies have been conducted (84), and further research is
needed.
Zolpidem. Zolpidem is an effective sleep-onset agent and has consistently demonstrated reduced time to
sleep onset. It was the most commonly prescribed agent for insomnia
in 2001 (74) despite the absence of
studies of nightly use for longer than
five weeks (63). One (63) of the two
(63,85) objective studies of zolpidem
efficacy in primary insomnia demonstrated significantly improved sleep
efficiency; however, neither demonstrated improvement over placebo in
reducing wake time after sleep onset
or number of awakenings (63,85).
Another study, conducted with 15
patients with nonorganic insomnia
related to neurotic or stress-related
disorders, indicated that, although
total sleep time improved significantly with 10 mg of zolpidem versus
placebo, there were no statistically
significant differences in wake time
during the sleep period or number of
awakenings (86). These studies
(63,86) suggest that zolpidem’s efficacy in improving sleep efficiency
may be related more to its efficacy as
a sleep onset agent rather than a
sleep maintenance agent. Subjective
studies of zolpidem versus placebo
have not consistently demonstrated
significant improvement in sleep
maintenance parameters, such as
wake time after sleep onset and
number of awakenings (4,82).
Although next-day benefits with
zolpidem use have not been clearly
evaluated or demonstrated (86,87), a
study by Saletu-Zyhlarz (86) indicated that there was significant improvement in somatic complaints versus
placebo. All other tests of psychomotor function, attention, and memory,
as well as subjective reports of wellbeing, showed no difference compared with placebo. One retrospective case-control study found that use
of zolpidem by older people was associated with nearly twice the risk of hip
fracture (88), although evidence generally points to the fact that longeracting agents are more likely to be associated with falls and hip fractures
PSYCHIATRIC SERVICES

(89). The relationship between hypnotic use and falls is complicated by
the fact that sleep problems among
elderly people are independently associated with an increased risk of falls
(90). Hallucinatory phenomena and
other sensory distortions have been
reported even with therapeutic doses
of zolpidem (91). Possibly because of
its limited efficacy for sleep maintenance problems, patients may take
higher than recommended doses or
take a second dose during the night,
which may increase the risk of both
acute side effects and next-day residual effects (83).
Zaleplon. Zaleplon is a nonbenzodiazepine of the pyrazolopyrimidine
class with a very short elimination
half-life of about one hour (62). Several studies have demonstrated that
zaleplon is effective in reducing latency-to-sleep-onset insomnia in randomized, controlled, double-blind
subjective studies (62,64). It is associated with a minimum of next-day
side effects or residual sedation,
making it a useful agent for sleep-onset problems (92). However, there
are minimal data to support zaleplon’s sleep-maintenance efficacy
throughout the night when given at
sleep onset. In double-blind, placebo-controlled studies, doses of less
than 20 mg did not result in significant increases in subjectively assessed total sleep time (62,64).
Whereas most clinically significant
changes, such as reduced sleep latency and increased sleep duration and
sleep quality, were seen at the 20 mg
dose in studies by Elie and associates
(62) and Fry and colleagues (64), the
recommended dose of 10 mg did not
result in increased sleep duration.
Only in the Fry study (64) did 20 mg
of zaleplon improve number of awakenings (wake time after sleep onset
was not measured), whereas the 10
mg dose had no effect on number of
awakenings, suggesting that higher
dosing may be necessary for some patients. At present, however, little is
known about side effects associated
with use of the 20 mg dose.
Trazodone. Despite limited evidence for its efficacy, questions
about its side effect profile, and no
FDA approval for use as a hypnotic,
trazodone is one of the two most
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commonly prescribed agents for insomnia (the other being zolpidem)
(74). Trazodone’s precise mechanisms of action have not been determined; it is believed to be a weak but
specific inhibitor of synaptosomal reuptake of serotonin, and its therapeutic effects may also be based on
the serotonergic 5-HT1a, 5-HT1c,
and 5-H2 receptors (93). As an antidepressant, trazodone has the advantages of low cost, no restrictions on
long-term prescription, and a low
abuse potential compared with benzodiazepine receptor agonists (94).
However, the risk of side effects associated with trazodone is not trivial
and includes orthostatic hypotension
and blurred vision (95), which increase the risk of falls, especially
among elderly patients. Symptoms
such as nausea, dry mouth, constipation, drowsiness, headache, and other central nervous system effects also
increase morbidity (95,96). Priapism
is a rare side effect of trazodone, not
associated with use of benzodiazepine receptor agonists, and its occurrence is considered a urological
emergency (97).
Given these drawbacks, it is important to ask how effective trazodone is with respect to insomnia in
general and sleep maintenance in
particular. Surprisingly, considering
the drug’s popularity, there is a
paucity of data supporting its use for
insomnia, especially in primary insomnia populations, because trazodone studies have usually been
conducted among depressed patients (98) and have utilized small
samples (N≤22) (98). Objective
studies have not exceeded eight
weeks (99). Two (3,98) of the three
studies (3,98,100) that objectively
measured waking time after sleep
onset did not show benefit. This
finding was also reflected in studies
that used subjective measures (101,
102). Although trazodone showed
statistically significant subjective improvements from baseline in ease of
falling asleep and quality of sleep, it
was also associated with negative effects in terms of ease of awakening
and feelings at or after wakening,
relative to baseline. This finding suggests that the improvements in sleep
onset and quality may be counterbal339

anced by negative next-day effects.
Studies have also demonstrated evidence of declining efficacy after one
to two weeks of treatment, suggesting the possible development of tolerance (3,4). Trazodone has also
been associated with rebound insomnia after withdrawal (3).
Over-the-counter medications.
Sedating antihistamines are frequently used as sleep aids (103),
possibly because of their perceived
safety and low cost. A 2002 National Sleep Foundation poll of 1,000
people found that 24 percent of
those who reported sleep difficulties used over-the-counter or storebought sleep aids; 5 percent of
those who used over-the-counter
drugs reported use every night or a
few nights a week (104). Diphenhydramine, the most widely used overthe-counter antihistamine sleep aid,
appears to be superior to placebo in
several double-blind, placebo-controlled studies (105,106), although
neither of these studies used objective polysomnographic measurements. Most studies were of very
short duration and involved patients
with mild-to-moderate insomnia.
No recent controlled studies
demonstrate efficacy of diphenhydramine for longer than three
weeks for objectively determined
measures of sleep maintenance.
Diphenhydramine also appears to
produce tolerance to its sleep-inducing effects within a few days
(107). Moreover, over-the-counter
antihistamines have substantial
neurocognitive effects, including
next-day sedation (105) and impaired psychomotor and cognitive
function (108,109).
The potential for diphenhydramine-related toxicity and drug-drug
interactions is substantial (110). Side
effects include urinary retention and
blurred vision (111); orthostatic hypotension, dizziness, and palpitations
(105,111); increased liver enzymes
(105,106); and drowsiness, dizziness,
grogginess, and tiredness (105). The
available evidence suggests that
diphenhydramine and related overthe-counter antihistamines do not
represent a viable treatment strategy
for long-term sleep maintenance in
chronic insomnia.
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Evidence-based research and
the difficult-to-treat patient
Little work has been done to evaluate
the use of hypnotic agents for patients
with comorbid psychiatric or medical
conditions, although one study
demonstrated improvement in total
sleep time, daytime sleepiness, and
morning stiffness among patients
with rheumatoid arthritis who were
treated with triazolam (112).
Only one study has evaluated adjunctive hypnotic therapy for patients
successfully treated for depression
who had residual insomnia. Zolpidem as an adjunct to a selective serotonin reuptake inhibitor was associated with longer sleep times, greater
sleep quality, and reduced number of
awakenings than was a selective serotonin reuptake inhibitor and placebo
over four weeks (113). As noted, trazodone has been investigated as an
adjunctive therapy in antidepressantinduced insomnia and was shown to
decrease the number of nocturnal
awakenings in a one-week study
(114); it improved overall sleep better than placebo in another small
study (115). There is also evidence
that among patients with bipolar disorder, manic episodes resolve more
quickly for patients who sleep more
(116), although randomized, controlled trials assessing hypnotic therapy are yet to be conducted. Evidence shows that behavioral therapy
is as effective for patients with secondary insomnia as it is for those with
primary insomnia (117–119).

Discussion
Recent developments in pharmacologic therapy have yielded promising
new agents that may be effective for
sleep maintenance, as evidenced in
clinical trials of patients with insomnia. Eszopiclone is a novel nonbenzodiazepine (cyclopyrrolone) agent
with a half-life of five to six hours
(120). A recently published study
demonstrated that 3 mg of eszopiclone was effective in improving patient-reported sleep and next-day
function in patients with chronic insomnia (121). The study was a randomized, double-blind, placebo-controlled design evaluating nightly
treatment for six months among 788
patients with chronic insomnia. In
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this study, after the first week and at
the end of six months of treatment, 3
mg of eszopiclone significantly reduced time to sleep onset and improved measures of sleep maintenance, including wake time after
sleep onset and number of awakenings. Sleep quality was also improved. Furthermore, patients reported significant subjective improvements in daytime alertness,
sense of well-being, and daytime
ability to function. No evidence was
found of clinically significant tolerance or residual, next-day effects.
This study is the first long-term,
placebo-controlled evaluation that
was conducted with any hypnotic
that evaluated the effect of treatment
on both sleep and next-day functioning, and it is notable that the findings
demonstrated significant improvements in all four components of the
DSM-IV-TR definition of primary insomnia. Polysomnographic data were
not obtained, however, and longerterm conclusions about drug-seeking
behavior and discontinuation effects
could not be drawn from this study
(121). The six-month findings were
replicated in another six-week, double-blind, randomized, placebo-controlled, polysomnographic study, in
which efficacy was demonstrated by
using both subjective and objective
sleep measures, which were well correlated (122). Eszopiclone received
FDA approval for sleep onset and
sleep maintenance insomnia in late
2004.
Another new agent is indiplon, a
nonbenzodiazepine GABAA modulator. In a-yet-to-be-published study
of elderly patients (123), modifiedrelease indiplon, at doses of 20 mg,
30 mg, and 35 mg, was reported to
significantly improve objective polysomnographic measures of sleep
maintenance (wake time after sleep
onset and number of awakenings)
and sleep-onset latency compared
with placebo over two nights of active treatment in a group of patients
selected for their sleep maintenance
difficulties (elevated amount of waking time after sleep onset). Subjective measures of sleep were also significantly improved. Because the
second eszopiclone and indiplon
studies have been reported only in
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abstract form and have not yet been
published, it is difficult to assess these
studies fully.

Conclusions
There are numerous barriers to the
appropriate recognition, diagnosis,
and treatment of insomnia, despite
the fact that it is highly prevalent
and associated with a number of adverse personal and socioeconomic
consequences.
Behavioral therapies, which are at
least as effective as pharmacologic
therapies and appear to have longerlasting efficacy after cessation, should
always be offered to patients complaining of insomnia, either alone or
in combination with pharmacologic
therapy.
Commonly prescribed newer hypnotic medications demonstrate
sleep-onset efficacy but limited
sleep-maintenance efficacy, and older agents, although effective at maintaining sleep, may produce substantial next-day residual effects. In addition, data for efficacy and safety of
any agents in long-term use are limited. Trazodone is also commonly
prescribed as a sleep agent; however,
evidence for its efficacy is limited,
and its next-day effects and side effects are significant.
Patients who suffer from longerterm insomnia and have predominantly sleep-maintenance problems,
such as those with psychiatric or
medical illnesses, are particularly
challenging for clinicians, because
little research has been conducted in
these patient populations with either
behavioral therapy or pharmacotherapy, and guidelines are lacking. Although a recently completed sixmonth study has demonstrated that
newer hypnotic agents can have longterm efficacy and a positive impact
on subjective next-day functioning,
more research is needed to improve
the therapeutic armamentarium for
difficult-to-treat patients as well as to
determine the long-term benefits of
treating insomnia. ♦

ceuticals, Sanofi-Aventis, Sepracor, Inc.,
Takeda Pharmaceuticals, and Wyeth.
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Question 4
Evidence supporting the use of medical marijuana to treat or
alleviate the disease or condition, including journal articles,
peer-reviewed studies, and other types of medical or scientific
documentation
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Key Findings
Marijuana’s schedule I status makes studies on its medical use difficult to conduct. Because of this,
evidence that medical marijuana is effective in treating insomnia is more limited than that of an FDA
approved pharmaceutical, but significant evidence of medical marijuana’s effectiveness can still be seen.

New Evidence
Cannabidiol in Anxiety and Sleep: A Large Case Series
Sleep scores improved within the first month in 48 patients (66.7%) but fluctuated over time. In this
chart review, CBD was well tolerated in all but 3 patients.

Previously Submitted Evidence
Effectiveness of Raw, Natural Medical Cannabis Flower for Treating Insomnia under
Naturalistic Conditions
Releaf app users experienced a statistically and clinically significant reduction in insomnia symptoms
after using cannabis. Cannabis Indica strains and vaporizers in particular seemed the most effective ways
of treating insomnia with cannabis.

Patient-Reported Symptom Relief Following Medical Cannabis Consumption
Cannabis users reporting their experiences to Releaf indicated a reduction of insomnia symptoms.

Cannabis, Pain, and Sleep: Lessons from Therapeutic Clinical Trials of Sativex, a Cannabis Based Medicine
Sleep-laboratory results indicate a mild activating effect of CBD, and slight residual sedation with THC
predominant extracts. Experience to date with Sativex in numerous Phase I – III studies in 2000 subjects
with 1000 patient years of exposure demonstrate marked improvement in subjective sleep parameters
in patients with a wide variety of pain conditions.

Cannabidiol, a constituent of Cannabis sativa, modulates sleep in rats
This study found that CBD modulates waking via activation of neurons in the hypothalamus and DRD.
Both regions are apparently involved in the generation of alertness. Also, CBD increases DA levels as
measured by microdialysis and HPLC procedures. Since CBD induces alertness, it might be of therapeutic
value in sleep disorders such as excessive somnolence.

Endocannabinoid Signaling Regulates Sleep Stability
The major findings of this work are that eCB signaling through the CB1 receptor is necessary and
sufficient for the stability of NREM sleep. Direct activation of CB1 with CP47 or increasing eCB tone with
JZL or AM3506 augmented the time spent in NREM primarily due to increased NREM bout length. This
suggests that increasing eCB signaling stabilizes the NREM state.

Therapeutic Benefits of Cannabis: A Patient Survey
45% of study participants reported relief from insomnia as a result of using cannabis as a treatment.

Who Are Medical Marijuana Patients? Population Characteristics from Nine California
Assessment Clinics
70.7% of patients participating in this study reported therapeutic benefits which improved their sleep.

Effectiveness of Cannabidiol Oil for Pediatric Anxiety and Insomnia as Part of
Posttraumatic Stress Disorder: A Case Report
The main finding from this case study is that CBD oil can be an effective compound to reduce anxiety
and insomnia secondary to PTSD. A review of the literature suggests some benefits from the use of CBD
because of its anxiolytic and sleep-inducing effects.9 Animal studies support use of this treatment and
report that “CBD may block anxiety-induced [rapid eye movement] sleep alteration via its anxiolytic
effect on the brain.”21

ORIGINAL RESEARCH & CONTRIBUTIONS

Cannabidiol in Anxiety and Sleep: A Large Case Series
Scott Shannon, MD1; Nicole Lewis, ND2; Heather Lee, PA-C3; Shannon Hughes, PhD4
E-pub: 01/07/2019

ABSTRACT
Context: Cannabidiol (CBD) is one of many cannabinoid compounds found in cannabis. It does not appear to alter consciousness or trigger a “high.” A recent surge in scientific publications has
found preclinical and clinical evidence documenting value for CBD
in some neuropsychiatric disorders, including epilepsy, anxiety,
and schizophrenia. Evidence points toward a calming effect for
CBD in the central nervous system. Interest in CBD as a treatment
of a wide range of disorders has exploded, yet few clinical studies
of CBD exist in the psychiatric literature.
Objective: To determine whether CBD helps improve sleep and/
or anxiety in a clinical population.
Design: A large retrospective case series at a psychiatric clinic
involving clinical application of CBD for anxiety and sleep complaints as an adjunct to usual treatment. The retrospective chart
review included monthly documentation of anxiety and sleep
quality in 103 adult patients.
Main Outcome Measures: Sleep and anxiety scores, using
validated instruments, at baseline and after CBD treatment.
Results: The final sample consisted of 72 adults presenting
with primary concerns of anxiety (n = 47) or poor sleep (n = 25).
Anxiety scores decreased within the first month in 57 patients
(79.2%) and remained decreased during the study duration. Sleep
scores improved within the first month in 48 patients (66.7%) but
fluctuated over time. In this chart review, CBD was well tolerated
in all but 3 patients.
Conclusion: Cannabidiol may hold benefit for anxiety-related
disorders. Controlled clinical studies are needed.

INTRODUCTION

The Cannabis plant has been cultivated and used for its medicinal and industrial benefits dating back to ancient times.
Cannabis sativa and Cannabis indica are the 2 main species.1
The Cannabis plant contains more than 80 different chemicals
known as cannabinoids. The most abundant cannabinoid, tetrahydrocannabinol (THC), is well known for its psychoactive
properties, whereas cannabidiol (CBD) is the second-most
abundant and is nonpsychoactive. Different strains of the
plant are grown containing varying amounts of THC and
CBD. Hemp plants are grown for their fibers and high levels
of CBD that can be extracted to make oil, but marijuana plants
grown for recreational use have higher concentrations of THC
compared with CBD.2 Industrial hemp must contain less than
0.3% THC to be considered legal, and it is from this plant that
CBD oil is extracted.3
Many different cultures have used the Cannabis plant to treat
a plethora of ailments. Practitioners in ancient China targeted
malaria, menstrual symptoms, gout, and constipation. During
medieval times, cannabis was used for pain, epilepsy, nausea,
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and vomiting, and in Western medicine it was commonly used
as an analgesic.4,5 In the US, physicians prescribed Cannabis
sativa for a multitude of illnesses until restrictions were put
in place in the 1930s and then finally stopped using it in 1970
when the federal government listed marijuana as a Schedule I
substance, claiming it an illegal substance with no medical value.
California was the first state to go against the federal ban and
legalize medical marijuana in 1996.6 As of June 2018, 9 states
and Washington, DC, have legalized recreational marijuana,
and 30 states and Washington, DC, allow for use of medical
marijuana.7 The purpose of the present study is to describe the
effects of CBD on anxiety and sleep among patients in a clinic
presenting with anxiety or sleep as a primary concern.
CBD has demonstrated preliminary efficacy for a range of
physical and mental health care problems. In the decade before
2012, there were only 9 published studies on the use of cannabinoids for medicinal treatment of pain; since then, 30 articles
have been published on this topic, according to a PubMed search
conducted in December 2017. Most notable was a study conducted at the University of California, San Diego’s Center for
Medicinal Cannabis Research that showed cannabis cigarettes
reduced pain by 34% to 40% compared with placebo (17% to
20% decrease in pain).8 In particular, CBD appears to hold
benefits for a wide range of neurologic disorders, including
decreasing major seizures. A recent large, well-controlled study
of pediatric epilepsy documented a beneficial effect of CBD in
reducing seizure frequency by more than 50%.9 In addition to
endorphin release, the “runner’s high” experience after exercise
has been shown to be induced in part by anandamide acting on
CB1 receptors, eliciting anxiolytic effects on the body.10 The activity of CBD at 5-HT1A receptors may drive its neuroprotective,
antidepressive, and anxiolytic benefits, although the mechanism
of action by which CBD decreases anxiety is still unclear.11
CBD was shown to be helpful for decreasing anxiety through
a simulated public speaking test at doses of 300 mg to 600 mg
in single-dose studies.12-14 Other studies suggest lower doses of
10 mg/kg having a more anxiolytic effect than higher doses of
100 mg/kg in rats.15 A crossover study comparing CBD with
nitrazepam found that high-dose CBD at 160 mg increased
the duration of sleep.16 Another crossover study showed that
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plasma cortisol levels decreased more significantly when given
oral CBD, 300 to 600 mg, but these patients experienced a sedative effect.17 The higher doses of CBD that studies suggest are
therapeutic for anxiety, insomnia, and epilepsy may also increase
mental sedation.16 Administration of CBD via different routes
and long-term use of 10 mg/d to 400 mg/d did not create a
toxic effect on patients. Doses up to 1500 mg/d have been well
tolerated in the literature.18 Most of the research done has been
in animal models and has shown potential benefit, but clinical
data from randomized controlled experiments remain limited.
Finally, the most notable benefit of cannabis as a form of
treatment is safety. There have been no reports of lethal overdose
with either of the cannabinoids and, outside of concerns over
abuse, major complications are very limited.19 Current research
indicates that cannabis has a low overall risk with short-term
use, but more research is needed to clarify possible long-term
risks and harms.
Given the promising biochemical, physiologic, and preclinical
data on CBD, a remarkable lack of randomized clinical trials
and other formal clinical studies exist in the psychiatric arena.
The present study describes a series of patients using CBD for
treatment of anxiety or sleep disturbances in a clinical practice
setting. Given the paucity of data in this area, clinical observations can be quite useful to advance the knowledge base and
to offer questions for further investigation. This study aimed to
determine whether CBD is helpful for improving sleep and/
or anxiety in a clinical population. Given the novel nature of
this treatment, our study also focused on tolerability and safety
concerns. As a part of the evolving legal status of cannabis, our
investigation also looked at patient acceptance.

METHODS

Design and Procedures

A retrospective chart review was conducted of adult psychiatric patients treated with CBD for anxiety or sleep as an adjunct
to treatment as usual at a large psychiatric outpatient clinic.
Any current psychiatric patient with a diagnosis by a mental
health professional (psychiatrist, psychiatric nurse practitioner,
or physician assistant) of a sleep or anxiety disorder was considered. Diagnosis was made by clinical evaluation followed by
baseline psychologic measures. These measures were repeated
monthly. Comorbid psychiatric illnesses were not a basis for
exclusion. Accordingly, other psychiatric medications were
administered as per routine patient care. Selection for the case
series was contingent on informed consent to be treated with
CBD for 1 of these 2 disorders and at least 1 month of active
treatment with CBD. Patients treated with CBD were provided
with psychiatric care and medications as usual. Most patients
continued to receive their psychiatric medications. The patient
population mirrored the clinic population at large with the
exception that it was younger.
Nearly all patients were given CBD 25 mg/d in capsule form.
If anxiety complaints predominated, the dosing was every morning, after breakfast. If sleep complaints predominated, the dosing
was every evening, after dinner. A handful of patients were given
CBD 50 mg/d or 75 mg/d. One patient with a trauma history
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and schizoaffective disorder received a CBD dosage that was
gradually increased to 175 mg/d.
Often CBD was employed as a method to avoid or to reduce psychiatric medications. The CBD selection and dosing
reflected the individual practitioner’s clinical preference. Informed consent was obtained for each patient who was treated
and considered for this study. Monthly visits included clinical
evaluation and documentation of patients’ anxiety and sleep status using validated measures. CBD was added to care, dropped
from care, or refused as per individual patient and practitioner
preference. The Western Institutional Review Board, Puyallup,
WA, approved this retrospective chart review.

Setting and Sample

Wholeness Center is a large mental health clinic in Fort Collins, CO, that focuses on integrative medicine and psychiatry.
Practitioners from a range of disciplines (psychiatry, naturopathy, acupuncture, neurofeedback, yoga, etc) work together in
a collaborative and cross-disciplinary environment. CBD had
been widely incorporated into clinical care at Wholeness Center
a few years before this study, on the basis of existing research
and patient experience.
The sampling frame consisted of 103 adult patients who were
consecutively treated with CBD at our psychiatric outpatient
clinic. Eighty-two (79.6%) of the 103 adult patients had a
documented anxiety or sleep disorder diagnosis. Patients with
sole or primary diagnoses of schizophrenia, posttraumatic stress
disorder, and agitated depression were excluded. Ten patients
were further excluded because they had only 1 documented
visit, with no follow-up assessment. The final sample consisted
of 72 adult patients presenting with primary concerns of anxiety
(65.3%; n = 47) or poor sleep (34.7%; n = 25) and who had at
least 1 follow-up visit after CBD was prescribed.

Main Outcome Measures

Sleep and anxiety were the targets of this descriptive report. Sleep concerns were tracked at monthly visits using the
Pittsburg Sleep Quality Index. Anxiety levels were monitored
at monthly visits using the Hamilton Anxiety Rating Scale.
Both scales are nonproprietary. The Hamilton Anxiety Rating
Scale is a widely used and validated anxiety measure with 14
individual questions. It was first used in 1959 and covers a wide
range of anxiety-related concerns. The score ranges from 0 to 56.
A score under 17 indicates mild anxiety, and a score above 25
indicates severe anxiety. The Pittsburg Sleep Quality Index is a
self-report measure that assesses the quality of sleep during a
1-month period. It consists of 19 items that have been found to
be reliable and valid in the assessment of a range of sleep-related
problems. Each item is rated 0 to 3 and yields a total score from
0 to 21. A higher number indicates more sleep-related concerns.
A score of 5 or greater indicates a “poor sleeper.”
Side effects and tolerability of CBD treatment were assessed
through spontaneous patient self-reports and were documented
in case records. Any other spontaneous comments or complaints
of patients were also documented in case records and included
in this analysis.
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Data Analysis

Deidentified patient data were evaluated using descriptive
statistics and plotted graphically for visual analysis and interpretation of trends.

RESULTS

The average age for patients with anxiety was 34 years
(range = 18-70 years) and age 36.5 years for patients with sleep
disorders (range = 18-72 years). Most patients with an anxiety diagnosis were men (59.6%, 28/47), whereas more sleep-disordered
patients were women (64.0%, 16/25). All 72 patients completed
sleep and anxiety assessments at the onset of CBD treatment and
at the first monthly follow-up. By the second monthly follow-up,
41 patients (56.9%) remained on CBD treatment and completed
assessments; 27 patients (37.5%) remained on CBD treatment
at the third monthly assessment.
Table 1 provides means and standard deviations for sleep and
anxiety scores at baseline and during the follow-up period for
adults taking CBD. Figure 1 graphically displays the trend in
anxiety and sleep scores over the study period. On average, anxiety
and sleep improved for most patients, and these improvements
were sustained over time. At the first monthly assessment after
the start of CBD treatment, 79.2% (57/72) and 66.7% (48/72)
of all patients experienced an improvement in anxiety and sleep,
respectively; 15.3% (11/72) and 25.0% (18/72) experienced
worsening symptoms in anxiety and sleep, respectively. Two
months after the start of CBD treatment, 78.1% (32/41) and
56.1% (23/41) of patients reported improvement in anxiety and
sleep, respectively, compared with the prior monthly visit; again,
19.5% (8/41) and 26.8% (11/41), respectively, reported worsening
problems as compared with the prior month.
These results demonstrated a more sustained response to anxiety than for sleep over time. Patient records displayed a larger
decrease in anxiety scores than in sleep scores. The sleep scores
demonstrated mild improvement. The anxiety scores decreased
within the first month and then remained decreased during the
study duration.
Table 1. Descriptive statistics for anxiety and sleep scores
among adults using cannabidiol treatment
Parameter
Anxiety (n = 47)
Baseline
1-month follow-up
2-month follow-up
3-month follow-up
Sleep disorder (n = 25)
Baseline
1-month follow-up
2-month follow-up
3-month follow-up

HAM-A, mean (SD)

PSQI, mean (SD)

23.87 (9.87)
18.02 (7.56)
16.35 (8.80)
16.36 (9.80)

10.98 (3.43)
8.88 (3.68)
8.59 (2.91)
9.25 (2.46)

22.18 (7.55)
17.82 (9.72)
17.36 (10.91)
13.78 (7.86)

13.08 (3.03)
10.64 (3.89)
9.39 (3.81)
9.33 (4.63)

HAM-A = Hamilton Anxiety Rating Scale; PSQI = Pittsburg Sleep Quality Index;
SD = standard deviation.
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Figure 1. Mean anxiety and sleep scores for adults using cannabidiol treatment.
HAM-A = Hamilton Anxiety Rating Scale; PSQI = Pittsburg Sleep Quality Index.

CBD was well tolerated, with few patients reporting side effects. Two patients discontinued treatment within the first week
because of fatigue. Three patients noted mild sedation initially that
appeared to abate in the first few weeks. One patient with a developmental disorder (aged 21 years) had to be taken off the CBD
regimen because of increased sexually inappropriate behavior.
The CBD was held, and the behavior disappeared. The behavior
reappeared on redosing 2 weeks later, and the CBD regimen was
formally discontinued. The treating psychiatrist thought this was
related to disinhibition because the patient’s anxiety responded
dramatically. One patient noted dry eyes. Reasons for patients
not following-up at later assessment points are largely unknown
but are probably because of standard attrition experienced in
usual clinical practice. There was no evidence to suggest patients
discontinued care because of tolerability concerns. The attrition
rates were similar in nature and size to those found in routinely
scheduled visits in this clinic.
The treatment with CBD was in general well accepted, as
judged by the clinicians’ and patients’ responses. Four patients
declined CBD treatment because of religious or ethical concerns about the relation to cannabis. Nearly all patients easily
provided informed consent once the nature of the treatment
was explained. Most patients appreciated the opportunity to
try something natural and avoid further or initial psychiatric
medication use.

DISCUSSION

In an outpatient psychiatric population, sleep scores displayed
no sustained improvements during the 3-month study. Anxiety
scores decreased fairly rapidly, and this decrease was sustained
during the study period. These results are consistent with the
existing preclinical and clinical data on CBD. CBD was well
accepted and well tolerated in our patients. Side effects were
minimal (mainly fatigue) and may be related to dosing.
The doses used in this study (25 mg/d to 175 mg/d) were
much lower than those reported in some of the clinical literature
(300 mg/d to 600 mg/d)12-14,17 for 2 reasons. The first is that in
our experience lower doses appear to elicit an adequate clinical

3

ORIGINAL RESEARCH & CONTRIBUTIONS
Cannabidiol in Anxiety and Sleep: A Large Case Series

response. Second, the current retail cost of CBD would make
the use of 600 mg/d cost prohibitive.

Study Limitations

These results must be interpreted cautiously because this
was a naturalistic study, all patients were receiving open-label
treatment, and there was no comparison group. Concurrent psychiatric medications were employed as in routine clinical care.
This is both a limitation and strength, as very few publications
exist in this population. Other researchers have noted that the
large societal notoriety about cannabis and medical marijuana
probably contributes to a larger-than-normal placebo effect.20
Any study that explores efficacy in this therapy probably will
struggle with a potentially inflated placebo effect that will
make these determinations more difficult. Likewise, the clinical
population in this case series is skewed younger than typical for
our clinic, and future studies could explore the possible selection bias inherent in this treatment option. Most patients were
also taking psychiatric medications and receiving other mental
health services, such as counseling, which limits the ability to
make any causal links to CBD treatment. Clinical attrition is
evident in the dataset. The reason for this might be related to
CBD ingestion or not, so the overall component remains unclear. Furthermore, patients at our clinic often express a desire
to reduce or to avoid use of psychiatric medications, which
may contribute to an enhanced placebo effect or additional
bias. The length of clinical monitoring may help to decrease
this concern. However, the clinical data in this analysis show
a trend toward clinically significant relief of anxiety upon the
start of CBD treatment.

Legality of Cannabidiol

The legality of CBD is not clear. Like the issues surrounding
the legality of cannabis in general, CBD presents the clinician
with a confusing state vs federal legal quandary, and this keeps
the issue in question. CBD is legal in the 33 states that have
legalized medical or recreational use of marijuana and in 17
other states that have legalized some form of CBD, according
to the National Organization for the Reform of Marijuana
Laws (NORML).21 But like marijuana, it is still not legal at
the federal level. The federal government has announced that
it is not focused on this compound in terms of enforcement
or interdiction.22 However, CBD is interpreted by the Drug
Enforcement Administration, Food and Drug Administration,
and Congress to be a Schedule I substance, and therefore it is
illegal in all 50 states.23 Pragmatically, CBD is widely available on the Internet, with sales expected to reach $1 billion by
2020. Pending federal legislation to redefine the legal status of
cannabis would clarify this complex issue. Canada’s move to
legalize cannabis in October 2018 further highlights the need
for a speedy resolution to this question.24

CONCLUSION

Formal studies on efficacy and dose finding are much needed.
Some urgency exists, given the explosion of lay interest in
this topic and the rush to market these compounds. Current
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understanding of the physiology and neurologic pathways
points to a benefit with anxiety-related issues. The results of
our clinical report support the existing scientific evidence. In
our study, we saw no evidence of a safety issue that would limit
future studies. In this evaluation, CBD appears to be better
tolerated than routine psychiatric medications. Furthermore,
CBD displays promise as a tool for reducing anxiety in clinical populations, but given the open-label and nonrandomized
nature of this large case series, all results must be interpreted
very cautiously. Randomized and controlled trials are needed
to provide definitive clinical guidance. v
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Abstract: Background: We use a mobile software application (app) to measure for the first time,
which fundamental characteristics of raw, natural medical Cannabis flower are associated with changes
in perceived insomnia under naturalistic conditions. Methods: Four hundred and nine people with a
specified condition of insomnia completed 1056 medical cannabis administration sessions using the
Releaf AppTM educational software during which they recorded real-time ratings of self-perceived
insomnia severity levels prior to and following consumption, experienced side effects, and product
characteristics, including combustion method, cannabis subtypes, and/or major cannabinoid contents
of cannabis consumed. Within-user effects of different flower characteristics were modeled using
a fixed effects panel regression approach with standard errors clustered at the user level. Results:
Releaf AppTM users showed an average symptom severity reduction of −4.5 points on a 0–10 point
visual analogue scale (SD = 2.7, d = 2.10, p < 0.001). Use of pipes and vaporizers was associated with
greater symptom relief and more positive and context-specific side effects as compared to the use
of joints, while vaporization was also associated with lower negative effects. Cannabidiol (CBD)
was associated with greater statistically significant symptom relief than tetrahydrocannabinol (THC),
but the cannabinoid levels generally were not associated with differential side effects. Flower from
C. sativa plants was associated with more negative side effects than flower from C. indica or hybrid
plant subtypes. Conclusions: Consumption of medical Cannabis flower is associated with significant
improvements in perceived insomnia with differential effectiveness and side effect profiles, depending
on the product characteristics.
Keywords: insomnia; Cannabis; marijuana; sleep; sleep disturbance; flower; cannabidiol;
tetrahydrocannabinol; C. indica; C. sativa

1. Introduction
Nearly 50% of the adult population in the United States (US) experiences sleeping problems [1–4],
with high rates of dissatisfaction over the effectiveness and potential side effects of conventional
pharmaceutical sleep aid medications [5]. Prescription sleep aids, including antidepressants,
benzodiazepines, gamma-aminobutyric acid (GABA) medications, and anti-psychotics, are associated
with significant negative side effects and risks of dangerous drug interactions [6]. Over-the-counter
(OTC) medications such as antihistamines, melatonin, and valerian, are generally less dangerous
than prescription pharmaceuticals, but also less effective, and can also carry negative consequences
(e.g., headaches, confusion, agitation), including residual effects (e.g., drowsiness, difficulty
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concentrating, and memory impairments) that can lead to secondary problem behaviors (e.g., lethargy,
work absenteeism) [2,7–11]. First generation antihistamines (e.g., diphenhydramine, hydroxyzine,
doxylamine succinate, and clemastine) act as anticholinergics. They generally score high on the
anticholinergic cognitive burden scale. Alone or coupled with other anticholinergics, these medications,
in addition to other classes of muscarinic antagonists, may contribute to an increased risk of developing
dementia because the effects are cumulative and the body’s production of acetylcholine diminishes
with age [12]. These circumstances may make people with insomnia willing to experiment with
alternative sleep aid therapies, including medical cannabis, which is commonly used for treating
insomnia [13–15] and becoming increasingly accessible due to expanding medical and now recreational
cannabis reformation laws.
Clinical randomized controlled trials (RCTs) have historically used cannabis extracts and synthetic
phytocannabinoid analogues for estimating the pharmacodynamic properties of cannabis used
in vivo [16]. They generally show that while cannabis consumption can improve some sleep outcomes
(e.g., latency to sleep, reduced REM sleep problem behaviors), it is often associated with negative (albeit,
relatively minor) side effects, and the major phytocannabinoids, delta-9 tetrahydrocannabinol (THC)
and cannabidiol (CBD), may have different effects at different stages of sleep [17–22]. The improved
sleep outcomes associated with THC may be influenced by the putative interaction of the CB1
cannabinoid receptor with orexin receptors that are, in turn, targeted by sleep aid medications such
as suvorexant [23]. Unfortunately, RCTs are poorly suited for assessing real-life patient decisions
and capturing the phasic and inconsistent nature of the most common type of cannabis products
used by millions of people daily, raw whole natural dried Cannabis flowers [16,24]. No study
to date has measured the relative associations between THC and CBD contents and other basic
characteristics of natural Cannabis flower (e.g., route of administration, cannabis subtypes) consumption
and self-perceived feelings of insomnia in real-time under naturalistic conditions.
This is the first study to measure which fundamental attributes of commonly consumed dried
Cannabis flower affect perceived insomnia levels and experienced side effects. We operationalize
our research question using a mobile educational software application (app) [25] for recording how
combustion method, cannabis subtypes, and major cannabinoid contents are associated with real-time
measurements of subjective insomnia levels, prior to and following administration of cannabis, and
the manifestation of myriad possible side effects from normative use in users’ natural environments.
2. Materials and Methods
2.1. Study Design
Institutional Review Board exemption was obtained from the University of New Mexico for
this study, and the data were obtained from MoreBetter Ltd. (Washington, DC, USA), subject to a
confidentiality agreement. This study uses self-collected data and user experiences recorded with the
Releaf AppTM (version 1.4.1, Morebetter LTD, Washington, DC, USA) between June 2016 and May 2018.
This mobile device educational software application was designed to track the effects of different types
of medical cannabis products used under normal circumstances in natural environments, so that users
can more optimally treat their underlying medical condition, with insomnia as one possibly treatable
condition. Users of this version of the app consented through a privacy agreement for their anonymous
data to be statistically analyzed and published in aggregate form. Prior to beginning each session,
the user specifies the condition to be treated and the starting symptom level as well as a broad range of
product characteristics. (The user interface for the Releaf AppTM is shown in Supplemental Figure S1).
For the purpose of uniformity, we include only users of Cannabis flower. For analyses including THC
and CBD, we omitted observations with labels indicated THC potencies greater than 35% or CBD
potencies greater than 30%, because higher percentages do not occur naturally in flower.
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2.2. Study Outcomes
Our study outcomes focus on symptom relief (reductions in insomnia symptom severity) and
side effects. Product characteristic entry is voluntary, so the number of observations varies depending
on the product characteristics included. Once a session has begun, the user can update their symptom
level at any time. Symptom levels range from 0 (no detectable level) to 10 (most severe intensity level).
In our analysis, we include only users reporting an initial symptom level of 1 or higher. Symptom Relief
is measured as the starting symptom level minus the ending symptom level and ranges between
−10 (maximum symptom relief) and 9 (minimum possible symptom relief). Our other outcome
variables are any side effect reported by category (negative, positive, and context-specific) and percent
of total available side effects in that category with 13 negative side effects, 19 positive side effects, and
10 context-specific side effects available for selection at any time during the session. (The side effects
with categories are listed in Supplemental Table S1).
2.3. Statistical Analysis
We use ordinary least squares panel regressions to analyze the effects of product characteristics
on symptom relief and side effect profiles. We regress symptom relief on the product characteristics
separately. The sample size changes due to non-reporting of product characteristics. For our
six separate side effect outcomes, we include all the product characteristics together for the sake
of brevity. Because starting symptom levels are a strong predictor of symptom relief, partly
mechanistically (e.g., higher starting symptoms enable greater possible symptom relief), we include the
starting symptom level in all our regressions. Although the outcomes are [0, 1] in the “any” side effect
regressions and [0, 1] in the “percent” side effect regressions, we use ordinary least squares for the sake
of consistency across regression models with different outcomes. All regressions include time-invariant
user fixed effects and standard errors are clustered at the user level to account for heteroskedasticity
and arbitrary correlation at the user level. Analyses were conducted using Stata 13.1.
3. Results
Four hundred and nine users reported using flower to treat insomnia during 1056 sessions.
In addition to the type of product, the user is prompted to report the combustion method (joint [13%],
pipe [38%], and vape [49%]), plant subtypes (C. Indica [60%], C. Sativa [6%], and hybrid [33%]), and
THC and CBD content (percentage of total weight). The mean THC level was 20% (SD = 5.39 percentage
points) and the mean CBD level was 5.7% (SD = 5.44 percentage points). Starting symptom levels
average 6.6 (SD = 2.1), while ending symptom levels average 2.2 (SD = 2.1). Mean symptom relief
was −4.5 (standard deviation = 2.7, d = 2.10, p < 0.001). During the average session, users in our
sample report 10% of negative side effects, 21% of positive side effects, and 24% of context-specific
side effects. In addition, in 57% of sessions, users report at least one negative side effect, in 95% at
least one positive side effect, and in 86% at least one context specific side effect. Table 1 presents
complete descriptive statistics. Additionally, insomnia patients reported using 461 different strains.
Among the most frequently used strains, there was wide variability in cannabinoid contents, with two
C. indica strains with fairly high THC (around 20%) and high (20%) to moderate (7%) CBD potencies
(“Granddaddy Purple” and “Northern Lights”), followed by two hybrid strains with similar amounts
of THC but CBD potencies of less than 4% (“OG Kush” and “Blue Dream”).
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Table 1. Descriptive Statistics.
Variable

Mean

Std. Dev

Minimum

Maximum

0
0
0

1
1
1

Panel A: Subtypes (983 sessions, 378 users)
Hybrid
C. indica
C. sativa

0.33
0.60
0.06

0.47
0.49
0.24

Panel B: Combustion Method (996 sessions, 385 users)
Joint
Pipe
Vape

0.13
0.38
0.49

0.34
0.48
0.50

0
0
0

1
1
1

0.02
0
0
0

0.35
1
1
1

0
0
0
0

0.30
1
1
1

Panel C: THC (353 sessions, 143 users)
% THC
THC < 10%
THC 10–19%
THC 20–34%

0.19
0.05
0.50
0.45

0.54
0.22
0.50
0.50

Panel D: CBD (119 sessions, 281 users)
% CBD
CBD 0%
CBD 1–9%
CBD 10–34%

0.60
0.19
0.51
0.30

0.54
0.39
0.50
0.46

Panel E: Outcome and Control Variables (1056 sessions, 409 users)
Symptom Change
Starting Symptom Level
Ending Symptom Level

−4.5
6.6
2.2

2.7
2.1
2.1

−10
1
0

9
10
10

0
0
0
0
0
0

1
1
1
1
1
1

Panel F: Side Effects (1215 sessions, 359 users)
Any Negative Side Effect
% of Negative Side Effects
Any Positive Side Effect
% of Positive Side Effects
Any Context-Specific Side Effect
% of Context-Specific Side Effects

0.57
0.10
0.95
0.21
0.86
0.24

0.50
0.13
0.23
0.15
0.35
0.19

Note: The different types of variables are grouped in Panels A through F, with the number of sessions and users
for whom that information is available listed in parentheses. For each variable in each panel, we report the mean,
standard deviation, minimum, and maximum values for that variable. Our variables are all dichotomous {0, 1} with
the exception of THC, CBD, and the % of side effects variables, which are percentages range from 0 to 1, and the
symptom relief measures, which are measured on a 0 to 10 scale with 0 being no discernable symptom level and
10 extreme symptom severity. Symptom change is measured as the ending symptom minus the starting symptom
level for a range between −10 and 9. Starting symptom levels are restricted to range from 1 to 10, while ending
symptom levels range from 0 to 10. Nineteen positive, thirteen negative, and ten context-specific side effects were
available for selection in Panel F.

Table 2 shows the results from regressing Symptom Relief on flower characteristics with each
column representing a separate regression. When entered separately, the analyses show that only
the product characteristic CBD percentage has a statistically significant effect on symptom relief;
each additional percentage point of CBD contents is associated with a decrease of −0.04 (p < 0.01) in
symptom severity levels. Starting symptom levels are important determinants of patient symptom
relief with coefficients implying that once we restrict the sample to only those patients who reported
CBD and THC, patients with low starting symptom levels experience worsening insomnia symptoms
with consumption of Cannabis unless they are consuming sufficiently high percentages of CBD.
When all product characteristics are included jointly, we find that smoking from a pipe or using
a vaporizer is associated with greater symptom relief than smoking joints, and suggestive evidence
that higher CBD levels are associated with greater symptom relief even after controlling for other
characteristics of the flower consumed. The coefficient on C. sativa versus hybrid strains is large in
magnitude at 2.481, but is statistically significant at only the 0.1 level.
Figure 1 explores these relationships in greater detail in the raw data, depicting the mean THC
and CBD percentages by level of symptom relief. The left hand (low symptom relief) side of the figure
is likely fairly noisy due to small session counts, but the figure does suggest that non-linearities may
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exist in the general improvement in symptom relief with higher CBD levels and lower THC levels.
Figure 1 also shows that THC potencies tend to be much higher than CBD potencies across all levels of
symptom relief. This may indicate an interaction effect or that the optimal ranges may differ for the
two cannabinoids.
Table 2. Effects of Product Characteristics on Symptom Relief—Regression Results.
Variable

(1)

(2)

(3)

(4)

Panel A: Subtypes, omitted category = hybrid

−0.227
(0.214)
−0.214
(0.492)

C. indica
C. sativa

0.176
(0.220)
2.481 *
(1.445)

Panel B: Combustion Method, omitted category = joint

−0.715
(0.563)
−0.823
(0.583)

Pipe
Vape

−1.686 **
(0.758)
−1.560 **
(0.782)

Panel C: THC and CBD
THC (%)
CBD (%)
Starting Symptom Level
Constant
Observations
R-squared
Number of users

−0.763 ***
(0.058)
0.603 *
(0.362)
983
0.341
378

−0.781 ***
(0.056)
1.318 **
(0.617)
996
0.337
385

−4.759
(2.978)
−3.828 ***
(1.121)
−0.951 ***
(0.095)
2.599 ***
(0.920)
205
0.562
90

−4.280
(3.761)
−5.232 *
(2.841)
−0.873 ***
(0.092)
3.100 ***
(1.115)
195
0.613
83

Notes: Each column represents a separate regression. Regressions control for individual user fixed effects. C. indica
and C. sativa are relative to Hybrid, and Pipe and Vape are relative to Joint. Standard errors are clustered at the user
level. ***
p < 0.01,
< 0.05,
* pREVIEW
< 0.1.
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In our regressions of side effects on product characteristics (Table 3), we find that product
characteristics matter. In particular, C. sativa strains appear to be associated with more reporting of
negative side effects, while vaping is associated with reduced reporting of negative side effects
relative to consumption using joints and pipes. Individuals smoking joints appear to be the least
likely to report positive or context-specific side effects. THC and CBD, however, do not appear to be
associated with much variation in side effect reporting, except for a potential reduction in the
extensive margin for context-specific side effects of 1.1 percentage points (p < 0.05). Higher starting
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In our regressions of side effects on product characteristics (Table 3), we find that product
characteristics matter. In particular, C. sativa strains appear to be associated with more reporting of
negative side effects, while vaping is associated with reduced reporting of negative side effects relative
to consumption using joints and pipes. Individuals smoking joints appear to be the least likely to
report positive or context-specific side effects. THC and CBD, however, do not appear to be associated
with much variation in side effect reporting, except for a potential reduction in the extensive margin
for context-specific side effects of 1.1 percentage points (p < 0.05). Higher starting symptoms are
associated with increased negative side effects on both the extensive (any reported) and intensive
(percent reported) margins as well as the reporting of a higher percent of positive side effects. Based on
the R-squared, the product characteristics, individual user fixed effects and starting symptoms do a
better job of explaining variation in positive and context-specific side effects than negative side effects.
Table 3. Effects of Product Characteristics on Side Effects—Regression Results.

Variable
C. indica
C. sativa
Pipe
Vape
THC (%)
CBD (%)
Starting Symptom Level
Constant
Observations
R-squared
N Users

(1)

(2)

(3)

(4)

Negative

% of
Negative

Positive

% of
Positive

−0.034
(0.026)
0.478 ***
(0.152)
−0.042
(0.122)
−0.484 ***
(0.144)
−0.136
(0.810)
0.525
(1.263)
0.074 ***
(0.025)
0.388
(0.329)
170
0.128
70

0.001
(0.011)
0.105 ***
(0.028)
−0.044
(0.038)
−0.067 *
(0.037)
−0.002
(0.093)
0.239
(0.159)
0.012 ***
(0.004)
0.035
(0.055)
170
0.165
70

0.037
(0.036)
−0.349
(0.277)
0.025
(0.022)
0.034
(0.026)
0.031
(0.077)
0.163
(0.142)
−0.002
(0.002)
0.955 ***
(0.035)
170
0.382
70

−0.035 **
(0.015)
−0.002
(0.088)
0.116 **
(0.050)
0.135 ***
(0.049)
−0.200
(0.304)
−0.008
(0.154)
0.012 ***
(0.004)
0.084
(0.092)
170
0.123
70

(5)

(6)

% of
Context-Specific
Context-Specific

−0.004
(0.039)
−0.236
(0.309)
0.917 ***
(0.075)
0.993 ***
(0.083)
0.808
(0.586)
−1.101 **
(0.496)
0.030
(0.021)
−0.297 *
(0.155)
170
0.355
70

−0.013
(0.022)
−0.018
(0.131)
0.252 ***
(0.050)
0.248 ***
(0.063)
0.506
(0.455)
−0.006
(0.241)
0.004
(0.009)
−0.105
(0.096)
170
0.101
70

Notes: Each column represents a separate regression. Regressions control for individual user fixed effects. C. indica
and C. sativa are relative to Hybrid and Pipe and Vape are relative to Joint. Standard errors are clustered at the user
level. *** p < 0.01, ** p < 0.05, * p < 0.1.

4. Discussion
Given how important quality sleep is for optimizing mental and physical wellbeing, it is alarming
how pervasive sleep disturbances are throughout society [2–4]. The limited effectiveness and risk of
undesirable and potentially dangerous side effects of conventional pharmaceutical sleep aids [6,7]
result in nearly 50% dissatisfaction rates [5]. Hence, it is not surprising why people with sleep
disturbances commonly report regular experimentation with multiple types of sleep aids [26], including
alcohol and Cannabis. Our results showed that on average, Releaf AppTM users experienced a
statistically and clinically significant improvement (−4.5 points on a 0–10 point scale) in perceived
insomnia levels. However, products made with C. sativa were associated with less symptom relief and
more negative side effects than products made from C. indica or hybrid plant subtypes. Use of pipes
and vaporizers was associated with greater symptom relief and more positive and context-specific side
effects as compared to the use of joints, while vaporization was also associated with lower negative
effects. CBD potency levels were associated with greater symptom relief than were THC levels, but the
cannabinoid contents were generally not associated with differential reported side effects.
The current results are consistent with survey-based studies showing increasing reported
usage of cannabis for treating insomnia in healthy people and patients with other primary health
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conditions [13–15], and a patient preference for high CBD products [13,18,27]. In comparison to
conventional prescription pharmaceutical sleep aids, CBD is generally believed to be much safer and
often is described as non-psychoactive [16]. Prescription sleep aids in contrast, namely antidepressants
(e.g., trazodone, amitriptyline, and doxepin), benzodiazepines (e.g., diazepam and lorazepam),
gamma-aminobutyric acid (GABA) medications (zolpidem and eszopiclone), and anti-psychotics
(aripiprazole, olanzapine, quetiapine and risperidone) are associated with significant clinical
drawbacks [6] and heightened risk of morbidity [28–31]. The phytocannabinoid family of CBDs are
known to differ from other cannabinoids such as THC in several ways, including having little affinity to
CB1 receptors, serving as an antagonist to the effects of THC, and functioning as anti-inflammatory and
immuno-suppressant agents [32,33]. Orexin antagonists, such as suvorexant [34], as well as nemorexant
and lemborexant, which are currently in phase 3 clinical trials, are all dual antagonists of the orexin
OX1 and OX2 receptors. They are being investigated for their potential use in treating sleep disorders.
OX1 and OX2 receptors regulate several functions that overlap with cannabinoids, such as pain,
wakefulness, and sleep. Both receptor types can form homo- and heterodimers with one-another and
with CB1 receptors; however, orexin potentiation of CB1 signaling may result from orexin-promoted
2-AG (2-arachidonoyl glycerol, a native ligand of CB1 cannabinoid receptors) production and not
necessarily from orexin-CB1 heterodimerization [23,35]. The activation of OX1 and OX2 receptors each
modulate the effects induced by cannabinoids in different ways [36]. Whereas THC is a partial agonist
of the CB1 receptor, CBD has a very low affinity for the CB1 receptor and instead acts as an indirect
antagonist [37].
However, the fact that our results did not seem to show a clear relationship between THC or CBD
and symptom relief suggests that other cannabinoid chemical(s) (e.g., cannabinols) and terpenes could
contribute to changes in sleep experiences. Cannabinoid and terpene profiles vary across strains and
we did find that the most frequently used cannabis strains for insomnia treatment were quite distinct in
their chemotypic characteristics, highlighting the range of products and associated interactions among
sub-compounds across products used by patients even just within flower. Therapeutically, cannabis
consumption may also alleviate primary symptoms such as pain and anxiety, which are associated with
sleep disturbances [16]. Unfortunately, due to cannabis’ continued Schedule I status and associated
barriers to conducting medical cannabis research [24], no practical, naturalistic investigations have
been completed on how patient-managed phytocannabinoid consumption affects discrete mechanisms
(e.g., ventrolateral preoptic nucleus activation, memory consolidation) and other basic characteristics
(e.g., sleep stages, circadian rhythm) involved in normal and aberrant sleep patterns.
Despite the novelty and practical implications of our findings, the observational nature of the
research design had unavoidable drawbacks, most notably the absence of a comparison group, which
could have resulted in overestimation of the effectiveness of cannabis if unsatisfied users chose not to
use the Releaf AppTM , or underestimation of cannabis’ effectiveness if users choose not to use the app
as a result of accomplished satisfaction with product choices and their effects. It is also possible that
the Releaf AppTM affected how users experience cannabis’ effects, and future research will benefit from
examining both the effectiveness and influence of using electronic technology for patient medication
management and monitoring. Small sample sizes could have also led to under-powered analyses,
i.e., that other product characteristics matter but our sample is too small to pick them up at standard
levels of statistical precision. Our study was also limited in the amount of information obtained by
users and did not include detailed demographic characteristics, pre-app experience using cannabis,
other types of sleep therapies, or type of sleep disorder. Finally, the study was limited to the accuracy
of the product characteristics displayed on labels of the products consumed in the study, and there is a
common problem of inaccurate (e.g., inflated) labeling practices in the medical cannabis industry in
the U.S. [38].
Notwithstanding these limitations, this is the first study to measure how fundamental properties
of self-directed Cannabis flower consumption affect immediate symptom relief from insomnia
within users’ natural environments. Although no U.S. state has legalized medical cannabis for the
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treatment of sleep disorders, our results show that consumption of Cannabis flower is associated with
significant improvements in perceived insomnia with differential effectiveness and side effect profiles.
The widespread apparent use of cannabis as a sleep aid underscores the importance of further medical
research regarding its risk-benefit profile and the effectiveness of cannabis as a substitute for other
substances, including alcohol, over-the-counter and prescription sleep aids, and scheduled medications
(e.g., opioids and sedatives) [14,39–41], many of which are used in part as sleep aids.
Supplementary Materials: The following are available online at http://www.mdpi.com/2305-6320/5/3/75/s1,
Table S1: Categories and Frequency of Side Effect Reporting, Figure S1: Releaf AppTM User Interface.
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Methods: Between 5/03/2016 and 12/16/2017, 2,830 Releaf AppTM users completed
13,638 individual sessions self-administering medical cannabis and indicated their
primary health symptom severity rating on an 11-point (0–10) visual analog scale in
real-time prior to and following cannabis consumption, along with experienced side
effects.
Results: Releaf AppTM responders used cannabis to treat myriad health symptoms, the
most frequent relating to pain, anxiety, and depressive conditions. Significant symptom
severity reductions were reported for all the symptom categories, with mean reductions
between 2.8 and 4.6 points (ds ranged from 1.29–2.39, ps < 0.001). On average, higher
pre-dosing symptom levels were associated with greater reported symptom relief, and
users treating anxiety or depression-related symptoms reported significantly more relief
(ps < 0.001) than users with pain symptoms. Of the 42 possible side effects, users
were more likely to indicate and showed a stronger correlation between symptom relief
and experiences of positive (94% of sessions) or a context-specific side effects (76%),
whereas negative side effects (60%) were associated with lessened, yet still significant
symptom relief and were more common among patients treating a depressive symptom
relative to patients treating anxiety and pain-related conditions.
Conclusion: Patient-managed cannabis use is associated with clinically significant
improvements in self-reported symptom relief for treating a wide range of health
conditions, along with frequent positive and negative side effects.
Keywords: pain, anxiety, depression, cannabis, marijuana, quality of life, symptom management, side effects
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users and 23,373 user interactions, we included only cannabis
consumption sessions with reported starting symptom levels
greater than 0 (on a 0–10, 11-point scale) and ending symptom
levels reported within 90 min of the start of the session, resulting
in a final sample of 2,830 users and 13,638 individual sessions
for analysis. The Releaf AppTM measures 27 possible negative
symptom categories and 42 possible side effects. Symptoms were
ultimately derived from qualifying conditions across medical
cannabis programs in the United States, along with a few
suggested by dispensaries and patients. The side effects (called
“feelings” within the app) were crowd-sourced among Releaf
AppTM developers, beta testers, dispensaries, and patients, and
included 19 positive, 12 negative, and 11 context-specific side
effects available for selection. Supplementary Tables S1, S2 in
the Supplemental Appendix provide descriptive statistics for all
symptoms and side effects.
User sessions consist of a series of electronic instructions
for recording characteristics of the cannabis medication (e.g.,
strain, potency, formulation), pre-dosing symptom severity
rating along an 11-point visual analog facial pain scale from 0 (no
detectable symptom level) to10 (severe), the timing of cannabis
consumption, a post-dosing symptom severity rating, and the
option to indicate any of the 42 listed side effects at any time
during the session. Among our primary sample of users, 2,332
users reported side effects during 10,535 sessions.

INTRODUCTION
Medicinal cannabis use is expanding rapidly in the United States,
with thousands of new users daily, particularly older patients
and people with significant health concerns, treating many
different symptoms (Centers for Disease Control and Prevention,
2016; Han et al., 2016). Most patients have a wide variety
of medicinal cannabis products available to them, ranging
from traditional flower to edibles and tinctures. Naturalistic
observational studies are generally well-suited for capturing
how patients manage their treatment decisions in real-life, and
how patient-managed cannabis therapies may contribute to
symptom relief and potential side effects from use. Observational
research designs allow patients to use the myriad Cannabis strains
and cannabis-derived formulations (e.g., concentrates, tinctures,
edibles, topicals, suppositories, toothpaste) made at home and/or
commercially available and widely used in society, and can
incorporate the breadth of health conditions for which medical
cannabis has been sanctioned for use at the state-level. Lastly,
observational studies also circumvent research barriers associated
with cannabis’ Schedule I status under United States federal law,
which makes randomized controlled trials (RCTs) challenging to
conduct (Stith and Vigil, 2016; National Academies of Sciences,
Engineering, and Medicine, 2017).
Since its release in 2016, the commercially developed Releaf
AppTM application (app; Releaf App, 2018) has been the only
publically available, incentive-free patient educational software
program designed for recording how individual cannabis usage
sessions may correspond to immediate changes in primary
symptom intensity levels and experienced side effects. This
electronic assessment tool enables patients to monitor and
manage their cannabis consumption decisions under naturalistic
conditions while avoiding the limitations of retrospective survey
collection methods (e.g., memory bias, social desirability effects).
We used the Releaf AppTM repository of over 2,830 patients
and 13,368 individual cannabis administration sessions to
examine two research questions: How does cannabis used
under naturalistic conditions affect user-experienced symptom
relief and side effects? Does the magnitude of experienced
symptom relief and the prevalence of side effects vary across
symptom categories? The results have clinical relevance for
understanding how patient-managed medical cannabis therapies
may correspond to changes in symptom intensity and potential
side effects among people using cannabis for treating distinct
health conditions (Hill and Weiss, 2016; Rubin, 2017).

Study Outcomes
Our goal was to calculate changes in patient-perceived symptom
severity, the prevalence of positive and negative side effects
associated with cannabis consumption, and whether the
reported-effects differs depending on the symptom for which
users were seeking treatment. We measured changes in
symptom relief by subtracting the ending symptom level from
the beginning symptom (possible range from −10 to 10).
(Supplementary Figure S1 in the Supplemental Appendix
provides a frequency table for each level of symptom relief.)
Side effects were recorded as {0,1} variables for whether the
user selected that side effect from the menu. We categorize the
side effects as positive, negative, or context-specific and then
convert these categories of side effects into {0,1} outcomes, count
outcomes and outcomes measuring the portion of total available
side effects in that category a user selected.

Statistical Analysis
We use means comparisons and least squares regression models
to estimate the absolute and relative symptom changes and side
effect profiles resulting from the cannabis user sessions. We also
created an adjusted symptom relief profile score, the mean change
in symptom levels plus the absolute number of listed negative
side effects, to provide a relative metric of cost-benefit tradeoffs
associated with cannabis use. Due to the small user counts for
some of the reported symptoms, the large number of possible
symptoms, and to facilitate interpretation in our regression
analysis, we aggregate the most commonly reported symptoms
across three broad symptom categories that included: Anxiety
Symptoms (agitation/irritability, anxiety, insomnia, stress, and
muscle spasms), Pain Symptoms (ten pain categories), and

MATERIALS AND METHODS
Study Design
A naturalistic observational research design, approved by the
Institutional Review Board at the University of New Mexico,
was used to analyze the Releaf AppTM user-submitted data
recorded between 5/03/2016 and 12/16/2017. Releaf AppTM is
a cross-platform (iOS and Android) mobile and tablet app
backed by a secure cloud programming interface for capturing,
processing, and storing anonymized user data. Out of 4,369 total
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the prevalence of positive, negative, and context-specific side
effects by the aggregated symptom categories (anxiety, pain,
and depression symptoms). For completeness, we include a fifth
column including the remaining discrete symptom categories
which did not fall under the three aggregated symptom
categories. Little variation exists in starting and ending symptom
levels and the symptom relief experienced, with the average user
reporting a symptom decrease of 3.7. With regards to side effects,
those with depression have a higher probability of reporting
negative or context-specific side effects. The most common
positive side effects are “relaxed” (64%), “peaceful” (54%), and
“comfy” (38%), the most common negative side effects are “dry
mouth” (23%), “foggy” (22%), and “forgetful” (13%) and the most
common context-specific side effects are “high” (32%), “sleepy”
(27%), and “thirsty” (27%).
Table 2 examines how symptom relief varies across the
broader symptom categories, with the constant representing
the mean adjusted symptom change for the omitted category,
(patients with pain-related symptoms). The first two regressions
shown in Table 2 indicate that people with anxiety and depression
report greater relief from using cannabis than people with chronic
pain, and users with higher starting symptom levels report
greater symptom relief. (The effects of cannabis on anxiety and
depression symptoms are not statistically different from each
other, although they are both greater than the effect of cannabis
on pain-related symptoms). Negative responses or increases in
symptom severity do occur, but the intercept in combination with
the starting symptom level predicts that increases in symptom
severity levels predominantly occur among users with starting
symptoms equal to one. The third column in Table 2 shows that
cannabis is more effective for anxiety and depression symptoms
than for pain-related symptoms among patients reporting higher

Depression Symptoms (depression). The remaining types of
symptoms are less frequently reported or not clearly categorized.
We also report the full regression results for the three
categories of side effects (positive, negative, and context-specific)
and the sign for regressions of symptom relief on the full
range of 42 side effects. Standard errors are clustered at
the user level to control for heteroskedasticity and arbitrary
correlation.

RESULTS
Figure 1 shows the starting and ending symptom severity levels,
the change in levels, the Cohen’s d of the difference, and the
adjusted symptom relief profile score for each of the 27 discrete
symptom categories. For all symptoms, the null hypothesis that
the starting symptom severity level is less than or equal to the
ending symptom severity can be rejected at the p < 0.001 level.
Using the adjusted symptom relief measure (symptom relief plus
negative side effects), all but users with convulsions, dizziness,
excessive appetite, or tremors experienced a net improvement
in their symptom severity levels. Even for these symptoms, the
adjusted mean symptom relief score still indicates a net benefit
from use and the lack of a statistically significant change likely
relates more to the small number of observations rather than the
lack of an effect, given that these symptoms together constituted
less than 3% of users and less than 1% of our sample. For all other
symptoms, the null hypothesis of an increase or no change in the
adjusted symptom relief score can be rejected at the p < 0.001
level.
Table 1 provides additional information on starting and
ending symptom severity levels, mean symptom relief, and

FIGURE 1 | Patient-reported symptom relief following medical cannabis consumption. Values in parantheses are the symptom category sample size, Cohen’s d, and
adjusted symptom relief score (symptom relief + number of negative side effects), respectively.
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TABLE 1 | Descriptive statistics – symptom levels and experienced side effects.
Overall

Anxiety symptoms

Pain symptoms

Depression symptoms

Other

N Sessions

13638

5343

4267

1440

2588

N Users

2830

1679

1223

577

1026

6.2 ± 2.2

6.2 ± 2.3

6.3 ± 2.0

6.5 ± 2.2

5.8 ± 2.4

Starting symptom level
Ending symptom level

2.5 ± 2.2

2.2 ± 2.2

3.0 ± 2.1

2.5 ± 2.2

2.4 ± 2.3

−3.7 ± 2.6

−4.0 ± 2.8

−3.3 ± 2.3

−4.0 ± 2.7

−3.4 ± 2.8

Better

94.2%

94.8%

94.7%

95.4%

91.6%

Same

2.7%

2.4%

2.8%

2.4%

3.2%

Worse

3.1%

2.8%

2.5%

2.2%

5.2%

Any positive side effect

94.4%

94.7%

94.5%

93.9%

94.2%

Any negative side effect

60.0%

60.0%

58.9%

65.5%

58.8%

Any context-specific side effect

76.2%

75.2%

75.9%

80.1%

76.6%

# of positive side effects

4.6 ± 3.2

4.6 ± 3.2

4.4 ± 3.1

4.8 ± 3.4

4.8 ± 3.4

# of negative side effects

1.4 ± 1.7

1.4 ± 1.7

1.3 ± 1.6

1.6 ± 1.9

1.3 ± 1.7

# of context-specific side effects

2.0 ± 1.9

2.0 ± 1.9

1.9 ± 1.9

2.1 ± 1.9

2.0 ± 1.9

% of positive side effects

24%

24%

23%

26%

25%

% of negative side effects

11%

11%

10%

13%

10%

% of context-specific side effects

20%

20%

19%

21%

20%

Symptom relief

Symptoms designated as treatable with benzodiazepines (Anxiety Symptoms) include agitation/irritability, anxiety, insomnia, muscle spasms, and stress. Symptoms
associated with Opioid treatment (Pain Symptoms) include all ten pain conditions. Depression is the only symptom designated as treatable with antidepressants.
TABLE 2 | Reported symptom relief for users treating anxiety, pain, and depression.
Outcome = symptom relief
(1)
Constant (opioid mean)
Anxiety symptoms
Depression symptoms

(2)

(3)

−3.309∗∗∗

1.120∗∗∗

0.355∗∗

(−3.459 to −3.160)

(0.804 to 1.436)

(0.034 to 0.675)

−0.704∗∗∗

−0.763∗∗∗

0.365∗

(−0.944 to −0.465)

(−0.953 to −0.574)

(−0.062 to 0.792)

−0.723∗∗∗

−0.563∗∗∗

0.643∗

(−1.060 to −0.385)

(−0.817 to −0.310)

(−0.021 to 1.308)

Starting symptom level (1–10)

−0.706∗∗∗

−0.582∗∗∗

(−0.757 to −0.656)

(−0.639 to −0.525)

Anxiety∗ start

−0.181∗∗∗
(−0.259 to −0.102)

Depression∗ start

−0.189∗∗∗
(−0.305 to −0.074)

Observations

11,050

11,050

11,050

R2

0.018

0.372

0.377

Each column represents a separate regression. The omitted category is symptoms treatable with an opioid medication. Robust standard errors are clustered at the
user level. The coefficients are reported in line with the variable names with confidence intervals below. Coefficients are reported with 95% Confidence Intervals below.
∗∗∗ p < 0.01, ∗∗ p < 0.05, ∗ p < 0.10.

appetite, insomnia, loss of appetite, nausea, gastrointestinal pain,
stress, and tremors than they do for treating back pain. Patients
reported less symptom relief for treating impulsivity, headache,
and nerve pain as compared to relief for treating back pain. The
symptom relief for the other discrete symptom categories was
indistinguishable from the reported symptom relief associated
with back pain.
Table 3 explores whether patients using cannabis to treat pain,
anxiety, or depressive symptoms differ in their experiences of
positive, negative, or context-specific side effects. Chows tests
(Chow, 1960) showed that users with anxiety-related symptoms

symptom severity levels (A graphical representation of this
relationship is presented in Supplementary Figure S2 in the
Supplemental Appendix).
In order to take advantage of the full range of symptom
categories available to Releaf AppTM users, we also ran
regressions including dummy variables for each of the symptoms,
using back pain as the omitted category. After controlling for
starting symptom level, clustering the standard errors at the user
level, and using a statistical significance threshold of p < 0.05,
our results indicate that patients report greater symptom relief
for treating agitation/irritability, anxiety, depression, excessive
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TABLE 3 | Differences in side effect profiles across symptom categories.
Outcome = side effect type
Positive

Negative

Context-specific

Any
Constant (opioid mean)
Anxiety symptoms
Depression symptoms
Starting symptom level

0.966∗∗∗

0.496∗∗∗

0.695∗∗∗

(0.942 to 0.989)

(0.428 to 0.565)

(0.637 to 0.753)

0.001

0.013

−0.006

(−0.012 to 0.015)

(−0.033 to 0.059)

(−0.049 to 0.037)

−0.006

0.066∗∗

0.042∗

(−0.029 to 0.017)

(0.002 to 0.131)

(−0.005 to 0.090)

−0.003∗

0.015∗∗∗

0.010∗∗

(−0.007 to 0.000)

(0.007 to 0.024)

(0.002 to 0.019)

Number
Constant (opioid mean)
Anxiety symptoms
Depression symptoms
Starting symptom level

4.583∗∗∗

1.081∗∗∗

1.652∗∗∗

(4.013 to 5.154)

(0.768 to 1.395)

(1.356 to 1.947)

0.182

0.077

0.077

(−0.100 to 0.465)

(−0.104 to 0.257)

(−0.113 to 0.268)

0.476∗

0.324∗∗

0.134

(−0.010 to 0.962)

(0.053 to 0.596)

(−0.187 to 0.454)

−0.035

0.036∗∗

0.044∗∗

(−0.142 to 0.072)

(0.000 to 0.072)

(0.003 to 0.085)

Percent of possible
Constant (opioid mean)
Anxiety symptoms
Depression symptoms
Starting symptom level

0.241∗∗∗

0.083∗∗∗

0.165∗∗∗

(0.211 to 0.271)

(0.059 to 0.107)

(0.136 to 0.195)

0.01

0.006

0.008

(−0.005 to 0.024)

(−0.008 to 0.020)

(−0.011 to 0.027)

0.025∗

0.025∗∗

0.013

(−0.001 to 0.051)

(0.004 to 0.046)

(−0.019 to 0.045)

−0.002

0.003∗∗

0.004∗∗

(−0.007 to 0.004)

(0.000 to 0.006)

(0.000 to 0.009)

The first panel uses {0,1} outcomes for the presence of side effects in each category, the second uses the count of side effects reported by category, and the third uses
the number of reported side effects for each category divided by the total number of possible side effects a user could select in that category. Robust standard errors are
clustered at the user level. Coefficients are reported with 95% Confidence Intervals below. ∗∗∗ p < 0.01, ∗∗ p < 0.05, ∗ p < 0.10.

relief, highlighting the importance of adjusting for starting
symptom severity level and side effect profiles when evaluating
the overall effectiveness of cannabis as a treatment modality.

are no more or less likely than those with pain symptoms to
report any of the three categories of side effects. Individuals
with depression, however, are more likely to report negative
and context-specific side effects than positive side effects. Higher
starting symptom levels are also associated with more negative or
context-specific side effect reporting and this relationship persists
whether the side effect profile is defined as any of the side effects
from that category of side effects, the number of side effects by
category, or the percent of possible side effects in a category.
Table 4 tests whether different types of side effects are
associated with differences in symptom relief. The results are
robust across specifications; reporting positive or context-specific
side effects is associated with greater symptom relief, while
reporting negative side effects is associated with less symptom
relief. For example, based on Column (4), a person with a starting
symptom level of 5 who reports 100% of negative side effects
would experience a 0.5 point increase in symptom severity on
a 1–10 scale, whereas a similar user who does not report any
negative side effects would experience 2.2 points of symptom
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DISCUSSION
This is the largest observational study to measure immediate
changes in patient-reported symptom severity ratings and
experienced side effects in real-time from using cannabis under
naturalistic conditions. Building on previous research showing
that cannabis may be an effective substitute for opioids (Hurd,
2016; Vigil et al., 2017) and other classes of prescription
medications (e.g., sedatives; Piper et al., 2017; Stith et al.,
2017), we provide evidence that cannabis is used to treat
many different types of symptoms for which conventional
pharmaceutical medications are typically prescribed, and that the
magnitude of reported symptom relief and side effect profiles
from using cannabis varies for people with different symptoms.
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TABLE 4 | Association of positive, negative, and context-specific side effects with symptom relief.
Outcome = symptom relief
(1)

(2)
Any {0,1}

Positive
Negative
Context-specific

(4)

Percent of possible in category

−1.100∗∗∗

−1.344∗∗∗

−2.345∗∗∗

−2.899∗∗∗

(−1.360 to −0.841)

(−1.578 to −1.111)

(−3.046 to −1.643)

(−3.653 to −2.145)

0.174∗∗

0.336∗∗∗

2.311∗∗∗

2.772∗∗∗

(0.015 to 0.334)

(0.192 to 0.480)

(1.461 to 3.161)

(2.045 to 3.498)

−0.339∗∗∗

−0.239∗∗∗

−0.781∗∗

−0.417

(−0.540 to −0.138)

(−0.413 to −0.065)

(−1.495 to −0.068)

(−0.931 to 0.096)

Starting symptom level
Constant

(3)

−0.660∗∗∗

−0.666∗∗∗

(−0.710 to −0.610)

(−0.724 to −0.608)

−2.307∗∗∗

1.894∗∗∗

−3.098∗∗∗

1.100∗∗∗

(−2.625 to −1.989)

(1.441 to 2.348)

(−3.372 to −2.824)

(0.818 to 1.382)

Observations

10,535

10,535

10,535

10,535

R2

0.015

0.349

0.036

0.376

The first two columns measure use the existence of each category of side effect as independent variables, while the second two columns use the percent of possible in
each category of side effects. The second and fourth columns include the starting symptom level. In all four regressions, the outcome is the change in symptom severity.
Robust standard errors are clustered at the user level. Coefficients are reported with 95% Confidence Intervals below. ∗∗∗ p < 0.01, ∗∗ p < 0.05, ∗ p < 0.10.

The Releaf AppTM users consumed cannabis to treat a wide
range of health symptoms, the most frequent relating to pain,
anxiety, or depression. Clinically and statistically significant
reductions in patient-reported symptom severity levels existed
in every single symptom category, suggesting that cannabis
may be an effective substitute for several classes of medications
with potentially dangerous and uncomfortable side effects
and risky polypharmaceutical interactions, including opioids,
benzodiazepines, and antidepressants (Weich et al., 2014;
Centers for Disease Control and Prevention, 2016; Fontanella
et al., 2016; Rudd et al., 2016; Sharma et al., 2016). Higher
pre-dosing symptom levels were generally associated with greater
post-dosing symptom relief and users treating an anxiety-related
symptom or depression showed stronger symptom relief than
users treating a pain symptom, even though depression is not a
condition approved for medical cannabis use in most states.
Similar to clinical reviews showing that cannabis is associated
with numerous, yet generally non-serious side effects (Wang
et al., 2008; Whiting et al., 2016), positive and context-specific
side effects were more commonly reported than negative side
effects by the Releaf AppTM users, with the most frequent
reported side effects being positive (relaxed, peaceful, comfy) and
the least frequent side effects being negative (paranoid, confused,
headache). Positive side effect reporting was associated with the
greatest reported symptom relief, followed by context-specific
side effects, while negative side effects were associated with lower
reported symptom relief. In general, patients treating depression
were more likely to indicate a negative side effect than patients
treating anxiety- or pain-related symptoms, though even users
who reported only negative side effects reported significant
decreases in moderate to severe symptom intensity levels after
using cannabis.
One of the most striking patterns in the current results was
the breadth of symptoms that appeared to improve following

Frontiers in Pharmacology | www.frontiersin.org

cannabis consumption. This pattern of responses could have been
a function of characteristics of the software user interface (e.g.,
symptom intensity scale range), manner in which responders
interacted with their mobile device (e.g., visual attention to
common symptom severity levels), or with the systemic nature
by which phytocannabinoids may affect the human mind and
body. According to the endocannabinoid deficiency theory,
many mental and physical health disturbances result from the
dysregulation of the body’s innate endocannabinoid system (ECS;
Smith and Wagner, 2014; Di Marzo et al., 2015; Karhson
et al., 2016; Russo, 2018), often described as a master network
of chemical signals that promote somatic and psychological
homeostasis, or psychobiological state-efficiency (BermudezSilva et al., 2010; Silvestri and Di Marzo, 2013; Acharya et al.,
2017). The ECS consists of natural ligands (e.g., anandamide and
2-AG) and receptors (CB1 and CB2) that appear to play a major
role in efficient regulation of a wide range of systems that include
sleep, feeding (e.g., gut permeability and adipogenesis), libido and
fertility, pain perception, motivation, happiness, anxiety, learning
and memory, social functioning, autoimmune responses, cellular
redox, and cancer pathophysiology (Valvassori et al., 2009;
Muccioli et al., 2010; Abdel-Salam et al., 2012; Cani, 2012;
Burstein, 2015; Du Plessis et al., 2015; McPartland et al., 2015;
Karhson et al., 2016; Pava et al., 2016; Tegeder, 2016; Turcotte
et al., 2016; Androvicova et al., 2017; Sierra et al., 2018). In other
words, unlike conventional pharmaceutical approaches, which
largely target specific neurotransmitter sites (e.g., monoamine
neurotransmitter hypothesis; Delgado, 2000; Ng et al., 2015),
cannabis may act to improve a broad spectrum of symptoms
by regulating homeostatic functioning, perhaps best described as
a system-modulating rather than symptom-modulating form of
therapy.
Notwithstanding the strengths of the naturalistic research
design and the potential implications of the study’s findings,
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the study was limited primarily by the lack of a control
group, e.g., non-cannabis users with the same symptom using
a mobile device to indicate their immediate symptom intensity
levels. There is also the potential confound of user-selection
bias and exclusion of users that failed to complete sessions
or even use the Releaf AppTM due to a lack of symptom
relief or negative side effects. (It is possible that selection bias
could have worked in the opposite way, excluding patients
that are already satisfied with their cannabis choices and
therefore choose not to use the software app). This study
chose to focus on the existence of symptom relief and side
effects rather than offer clinical guidance as to which cannabis
products offer preferential symptom relief and side effects
profiles. As such we did not include product characteristics,
e.g., routes of administration, quantity and method of ingestion,
and cannabinoid content, all of which are likely crucial for
understanding how cannabis affects symptom relief and side
effect manifestation. We only show that, on average, most
cannabis users experience symptom relief. Future research
will benefit by incorporating these contextual factors into
measurements of patient decisions and by dissecting how
fundamental characteristics of the cannabis products themselves
affect immediate and longer term changes in symptom relief and
potential adverse consequences.
Patients with certain health conditions such as neurological
disorders (e.g., multiple sclerosis, seizures, epilepsy, headache)
may face differential risks for experiencing adverse effects or
exacerbating their symptoms, for instance, depending on the
amount of delta-9-tetrahydrocannabinol they consume, and
caution should be used for patients considering using highly
potent cannabis products (Solimini et al., 2017). Complicating
matters are the allogamous (variable) and unstable nature of the
Cannabis plant and the inherent inconsistencies in the chemical
contents across plant batches and derived formulations, which
are affected by genetic characteristics, but also environmental,
cultivation, and storage conditions (Thomas and Pollard, 2016;
Pacifici et al., 2017, 2018). These factors present challenges for
both medical cannabis consumers and researchers as patients
never have continuous access to cannabis products with precisely
consistent chemotypes. Cannabis-based products (e.g., dried

flower vs. oils) can differ in their dose reliability, and researchers
have offered guidelines for dosing titration and experimental
usage (Kahan et al., 2014; Pichini et al., 2018). However, until
federal laws currently restricting pharmacodynamics research
in the United States are reformed (Stith and Vigil, 2016)
investigators still have tremendous opportunities to develop and
incorporate innovative assessment tools, like the Releaf AppTM ,
into observational research designs for measuring how patients
experience self-directed cannabis treatment in their normal
everyday lives outside of clinical settings.
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Cannabis sativa L. has been utilized for treatment of pain and sleep disorders since ancient times.
This review examines modern studies on effects of D9-tetrahydrocannabinol (THC) and cannabidiol
(CBD) on sleep. It goes on to report new information on the effects on sleep in the context of medical
treatment of neuropathic pain and symptoms of multiple sclerosis, employing standardized oromucosal
cannabis-based medicines containing primarily THC, CBD, or a 1 : 1 combination of the two (Sativex< ).
Sleep-laboratory results indicate a mild activating effect of CBD, and slight residual sedation with THCpredominant extracts. Experience to date with Sativex in numerous Phase I – III studies in 2000 subjects
with 1000 patient years of exposure demonstrate marked improvement in subjective sleep parameters in
patients with a wide variety of pain conditions including multiple sclerosis, peripheral neuropathic pain,
intractable cancer pain, and rheumatoid arthritis, with an acceptable adverse event profile. No tolerance
to the benefit of Sativex on pain or sleep, nor need for dosage increases have been noted in safety
extension studies of up to four years, wherein 40 – 50% of subjects attained good or very good sleep
quality, a key source of disability in chronic pain syndromes that may contribute to patientsC quality of
life.

Introduction. – Sleep disorders are important syndromes in modern medicine that
include parasomnias, or sleep-disruptive events, as well common associated afflictions
such as snoring and sleep apnea. The most common disorder is insomnia, or lack of
sleep, said by the National Institute of Neurological Disorders and Stroke to afflict
60 million Americans [1]. Insomnia is a major risk factor for associated morbidity even
in the absence of illness, and is associated with markedly increased prevalence of
depression, anxiety, absenteeism [2], accidents [3], and utilization of health care
resources [4]. Sleep disruption itself, as in shift work in nurses, may contribute notably
to anxiety and functional bowel disorders [5]. When such sleep disturbances occur
secondary to pain, they can be termed Fsymptomatic insomniaC. Pain at night at least
three times a week was identified as a significant factor in excessive daytime sleepiness
in older adults [6]. When sleep disturbance accompanies chronic pain or disease,
attendant treatment becomes increasingly problematic. Despite the prevalence and
pervasiveness of symptomatic insomnia, very few studies have addressed it, particularly
with respect to possible effects of analgesics on sleep. For example, use of non-steroidal
anti-inflammatory drugs may be associated with gastroesophageal reflux [7] that itself
aggravates insomnia [8].
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Fewer studies yet have employed modern methods of electroencephalography
(EEG) or polysomnography to assess sleep disorders associated with chronic pain.
Results of recent investigations are sobering, as formal sleep monitoring of patients
with advanced cancers demonstrated that opioid treatment and pain disrupted
nocturnal sleep, prolonged sleep latency, and limited attainment of sleep stages 3 and
4 as well as rapid eye movement sleep [9]. Further investigation indicated that such
sleep disturbances were attributable to opioid treatment itself, which contributed to
depression and even enhanced pain [10]. In light of such data, it is clear that new
approaches to chronic pain and resultant sleep disorder are necessary.
Cannabis sativa L. and its derivatives have been known since ancient times for their
analgesic, soporific, and hypnotic effects. While mentioned frequently as beneficial to
sleep in a variety of pathological conditions in 19th-century sources on Indian hemp
[11], modern studies on cannabinoids and their therapeutic effects on sleep have
received little attention in modern medical literature until the last few years. As will be
noted, these are indications for which standardized cannabis-based medicine promises
palliation and symptomatic relief that may contribute greatly to patientsC global
impressions and subjective sense of relief of their condition.
The primary psychoactive ingredient of cannabis is D9-tetrahydrocannabinol
(THC), many of whose actions are mediated via the CB1 G-protein coupled receptors
that cluster in nociceptive areas of the brain [12], spinal cord [13] [14], and peripheral
nervous system [15] (see [16] for an excellent review). THC Activity mimics that of the
natural endocannabinoids, anandamide (AEA, arachidonylethanolamide) and 2arachidonylglycerol (2-AG), that are likewise partial agonists on the CB1 receptor,
that modulate pain responses in integrative centers such as the periaqueductal grey
matter [17] and pain in relation to stress [18]. Another important phytocannabinoid,
the non-psychoactive cannabidiol (CBD), is not only an analgesic, anti-inflammatory,
and antioxidant in its own right [19 – 21], but it is also reported to allay various THC
adverse effects including sedation, tachycardia, and anxiety [22]. Recent work has
demonstrated that CBD antagonizes tissue necrosis factor alpha (TNF-a) in a rodent
model of rheumatoid arthritis [23], and enhances adenosine receptor A2A signaling via
inhibition of an adenosine transporter [24], suggesting an important therapeutic role in
various inflammatory and chronic pain states.
Additional cannabis components including terpenoids and flavonoids also have
analgesic properties that may be significant [25]. Historical and scientific aspects of
cannabinoids and pain have been described for migraine [26], obstetrics and
gynecology [27] , and gastroenterological conditions [28]. A clinical endocannabinoid
deficiency has been hypothesized in relation to migraine, fibromyalgia, and idiopathic
bowel syndrome [29].
In the current review, we will examine modern studies on effects of THC and CBD
on sleep, and then report new information on the effects of cannabis-based medicines
on sleep as a secondary outcome measure in the context of randomized clinical trials of
medical treatment of chronic pain states, including neuropathic pain (NP), symptoms
of multiple sclerosis (MS), and rheumatoid arthritis.
Clinical Studies of Cannabinoids and Sleep. – The soporific qualities of cannabis
were noted in the ancient Indian ayurveda tradition [30]. Subsequently, the great
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taxonomist Linnaeus recognized cannabis as narcotica and anodyna in his Materia
Medica in the 18th century [31] (p. 214). William B. O$Shaughnessy reintroduced
cannabis to Western medicine from India in the 19th century [32], wherein it produced
sleep and pain reduction for victims of rheumatism and many other conditions. Benefits
on sleep were noted in various pain states [11] throughout the 19th and early 20th
century, when cannabis medicines subsequently fell from common medical usage due to
lack of standardization and daunting problems with dosing and quality control.
Scientific study of cannabinoids entered the modern era in the early 1960s with the
isolation of THC [33]. Early studies revealed that THC reduced sleep latency in
normal and insomniac subjects, and caused some suppression of slow wave sleep
(Stages 3 and 4) [34], often with a residual FhangoverC effect the next day [35]. No
formal studies of cannabinoids to date have included electroencephalography or
polysomnography in symptomatic conditions or chronic pain states.
In a recent case report [36], treatment with Marinol< (dronabinol, synthetic THC)
effectively reversed serious insomnia in three patients afflicted with intractable pruritus
associated with cholestatic liver disease. Similarly, in a limited trial of Marinol, 2.5 mg
at night in five dementia patients, a reduction was observed in nocturnal motor activity
(p ¼ 0.028) [37].
A series of experiments with cannabidiol performed in Brazil were summarized in
1981 [38], with observations based on subjective sleep assessments. Of two subjects
taking CBD 300 mg twice a day (BID) for 2 d, one reported having slept more heavily,
but no performance abnormalities were evident. Ten more subjects took 200 mg CBD
vs. placebo on four separate occasions with no significant differences in subjective
functioning, or level of alertness. Two of four subjects taking CBD, 10 mg BID for 20 d,
complained of isolated episodes of daytime somnolence on rare occasions. Another
experiment compared placebo to CBD, 3 mg/kg/d divided BID in eight subjects. One
reported somnolence for a week, another for the entire 30 d, and a third reported
improvement in baseline insomnia.
Subsequently, this group assessed 15 subjects with 40, 80, and 160 mg oral doses of
CBD as a hypnotic vs. nitrazepam, 5 mg, and placebo in a double-blind randomized
trial. This low dose of benzodiazepine and lower dose of CBD produced little effect on
sleep. The highest CBD dose, however, seemed to extend sleep and reduce episodic
wakening in 10/15 subjects subjectively, while also reducing dream recall. No hangover
symptoms were noted.
Cannabinoid Effects on Brain Chemistry in Sleep. – The key role of the endogenous
cannabinoid system in regulation of sleep – wake cycles was suggested by the finding
that the CB1 antagonist/inverse agonist SR 141716A produces arousal in rats at the
expense of slow-wave sleep [39]. This was further highlighted by the finding that the
endocannabinoid anandamide (AEA) seems to mediate sleep induction and interacts
with oleamide in this regard [40]. Subsequently, a Japanese group demonstrated the
inhibition of serotonin and ketanserin (5-HT2A antagonist) binding to the 5-T receptors
by AEA [41]. A mild but similar response has recently been demonstrated for CBD
[42], and cannabis terpenoids [43], suggesting a possible synergy with the CB1 agonist,
THC. Certain terpenoid components of cannabis are sedating in their own right
(reviewed in [44], particularly terpineol [45]).
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Recently, CBD was shown to inhibit uptake of AEA, and weakly inhibit its
hydrolysis [46], making it, in effect, an inducer of AEA function, and suggesting a
modulatory role for this agent in sleep. Additionally, a functional role for endocannabinoids in regulation of respiratory stability in sleep to prevent sleep apnea has been
suggested [47]. Finally, it has recently been demonstrated that CBD administered
intracerebroventricularly in rats increased wakefulness in the lights-on period, and
increased enhancement of c-FOS expression in hypothalamus and dorsal raphe nucleus
[48], supporting a clinical alerting effect for this agent [22], as discussed below.
New Data on Sleep Modulation with Cannabis-Based Medicine Extracts (CBMs). –
GW Pharmaceuticals received a license from the British Home Office in 1998 to
cultivate cannabis and extract it as a standardized botanical drug substance for
formulation into finished pharmaceutical products. Early indications have focused on
multiple sclerosis (MS) and chronic pain, especially neuropathic, or associated with
cancer and rheumatoid arthritis. Chemovars of cannabis were selected via Mendelian
genetics to express one predominant phytocannabinoid [49] [50]. Cloned plants
undergo liquid CO2 extraction to produce botanical drug substances that contain
predominantly THC (Tetranabinex< ), CBD (Nabidiolex< ), or a 1 : 1 combination of the
two (Sativex< ; Fig. 1) [51] [52]. Sativex is administered oromucosally via a pump-action
spray with each 100-ml pump-action actuation providing 2.7 mg of THC, 2.5 mg of CBD
plus other phytocannabinoids, terpenoids, and phytosterols [25], in a base of 50%
EtOH and 50% propylene glycol with 0.05% peppermint flavoring. Pharmacokinetic
data on this material is available from recent publications [53]. The preparation has
onset of activity in 15 – 40 min, which allows patients to titrate dosing requirements
according to pain levels or other symptoms with an acceptable profile of adverse events.

Fig. 1. Sativex oromucosal cannabis based medicine (photo: Ethan Russo, 2003)

CHEMISTRY & BIODIVERSITY – Vol. 4 (2007)

1733

A total of 1000 patient years of Sativex exposure in over 2000 experimental subjects has
been amassed in Phase-II and -III clinical trials. A slight majority of subjects had no
previous recreational or medicinal cannabis exposure, but comparative efficacy results
have been identical in cannabis-experienced and cannabis-naQve cohorts with no
evidence of inadequacy of subject blinding [54] [55]. Patients are generally able to find
a stable dose at which they obtain therapeutic relief without unwanted psychoactive
effects. All randomized controlled trials (RCTs) were performed with Sativex added as
an adjunct to existing drug regimens in patients with intractable symptoms, i.e., patients
considered treatment-resistant and remained on best available analgesic therapy and
hypnotic medication, if prescribed. A concerted effort has been made in this review to
include data from all available Sativex clinical trials; no negative data were excluded.
Sativex was approved in June 2005 for marketing as a prescription medicine in
Canada under a Notice of Compliance with Conditions (NOC/c) for central neuropathic pain in multiple sclerosis (MS). An Investigational New Drug (IND) application
to study Sativex in intractable cancer pain patients in the USA was approved by the
FDA in January 2006. Two independent reviews of Sativex have recently been
published [56] [57].
The effects of oromucosal high-THC extract (Tetranabinex< ), 15 mg, and THCCBD extract doses of 5 and 15 mg of THC-equivalent were assessed by Nicholson et al.
in eight subjects with respect to nocturnal sleep, early morning performance, memory,
and residual sleepiness in a double-blind placebo-controlled four-way cross-over study
with EEG monitoring [58]. While the THC extract, 15 mg, alone produced little effect
on sleep architecture, sleep latency was reduced, memory was impaired, and residual
sleepiness and mood changes were observed (p < 0.05). Both dose levels of combined
THC-CBD extract decreased Stage 3 sleep (p < 0.05) over placebo, and the 15-mg
doses increased wakefulness (p < 0.05) compared to 5-mg doses. The 5-mg doses of
THC-CBD extract actually produced faster reaction times on the digit recall test (p <
0.05) over placebo. The authors noted that whereas impaired memory was observed the
next day when 15-mg THC extract was given alone overnight, there were no such
effects when THC was concomitantly accompanied by 15 mg of CBD, as in Sativex.
Conclusions were that THC was sedative, while, in contrast, the presence of CBD was
alerting, tended to counteract THC adverse effects on cognition, and impaired
wakefulness.
In subsequent Phase-II and -III clinical trials, sleep quality was assessed with
questionnaires completed by clinical trial subjects. Visual Analogue Scales (VASs) and
Numerical Rating Scales (NRSs) are familiar instruments to many clinicians and have
traditionally been used to quantify patient-rated subjective experiences. The two types
of scale have similar sensitivity and reliability, but NRS is generally preferred by
patients for ease of use. NRS and VAS are well-established and validated for the
measurement of pain [59]. As is the case with pain, there is no objective gold standard
by which to quantify the quality and quantity of sleep in patients participating in clinical
trials. For this reason, most of the studies included in this review utilized NRSs or VASs
to measure sleep and sleep disturbance. For example, Wade et al. [60] used VASs
attached to the following questions: FHow was your quality of sleep last night?C/FHow
much sleep did you get last night?C/FHow did you feel when you awoke this morning?C
The anchors at each extremity of the 10-cm line were Fbest imaginableC and Fworst
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imaginableC for the first two questions, and Ftotally refreshedC or Ftotally unrefreshedC for
the third. As an example of NRS, Rog et al. [61] used an 11-box (0 – 10) scale attached to
the following instruction: FOn a scale of 0 – 10 please indicate how your nerve pain
disrupted your sleep last night. Please tick one box onlyC. The anchors were Fdid not
disrupt sleepC and Fcompletely disrupts (unable to sleep due to pain)C. Such measures
appear to have good face validity.
These and other studies of cannabis-based medicines on pain and sleep are
summarized in the Table.
In a Phase-II study in 24 patients with intractable neurogenic symptoms including
MS and chronic pain, Tetranabinex, Nabidiolex, and Sativex were tested in a doubleblind-N-of-1 RCT vs. placebo by Wade et al. [66]. Significant improvement was seen
with both Tetranabinex and Sativex on pain (especially neuropathic) (p < 0.05), but
post-hoc analysis showed symptom control was best with Sativex (p < 0.0001), with
slightly less intoxication than with THC-predominant extract. Sativex significantly
improved sleep quality (p ¼ 0.041; Study GWN19902; Fig. 2) [66]. The authors noted
that, compared to placebo, the CBD-predominant extract significantly improved pain,
the THC-predominant extract yielded significant improvements in pain, muscle spasm,
spasticity, and appetite, and combined THC:CBD extracts (Sativex) significantly
improved muscle spasm and sleep. They also observed that the visual analogue scale for
Sativex was significantly improved over baseline for 20 subjects in the sleep category
(p < 0.05). Of particular note in this trial was the confirmation of the CBD component
as alerting, while high THC extract (Tetranabinex) improved sleep parameters
(although not statistically significantly over placebo in this trial), while the combination
of the two (Sativex) improved sleep synergistically.

Fig. 2. Compendium of results of Sativex on sleep in earlier Phase II – III RCTs in multiple sclerosis (MS)
and intractable chronic pain

In a Phase-II double-blind crossover N-of-1 study of intractable chronic pain in 34
subjects by Notcutt et al. [67], visual analogue scales for pain were significantly
improved for Tetranabinex and Sativex extracts over placebo (p < 0.001). Sativex
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produced best results for pain in MS subjects (p < 0.0042). Marked improvement was
observed on sleep duration (p ¼ 0.0001) and quality (p ¼ 0.0001; Study GWN19901A;
Fig. 2). The authors commented that Sativex, while having little effect on the recorded
sleep hours, rather produced marked changes in reported sleep quality from the FpoorC
or FfairC to FgoodC categories. The sleep quality measure represented a global assessment
by the subject of sleep duration, depth, and relative degree of sleep disruption. Finally,
they posited that improvement of sleep by the drug might prove to be one of its major
benefits in chronic pain and MS.
In a Phase-III randomized placebo-controlled clinical trial in central neuropathic
pain due to MS over 5 weeks in 66 patients by Rog et al., subjects showed mean NRS
analgesia favoring Sativex over placebo (p ¼ 0.009), and significant benefit of Sativex
over placebo was observed in sleep disturbance (p ¼ 0.003) [61] (Study GWMS0107;
Fig. 2).
In another Phase-III RCT in intractable pain in 79 subjects with MS, diabetic
neuropathy, or other conditions by Notcutt et al. [72], the Sativex cohort utilized escape
analgesia a mean of 20.57% of days vs. 50.12% for placebo (p ¼ 0.002). Sleep
disturbance was also reduced by Sativex vs. placebo (Study GWPS0105; Fig. 2), with a
treatment difference favoring the former (p ¼ 0.045).
In a Phase-III double-blind placebo-controlled trial of peripheral neuropathic pain
with allodynia in 125 subjects by Nurmikko et al. [73], Sativex produced highly
statistically significant improvements in pain levels (p ¼ 0.004) and dynamic allodynia
(p ¼ 0.042). Marked reductions in sleep disturbance were observed (p ¼ 0.001; Study
GWNP0101; Fig. 2) [73].
In the largest clinical study of brachial plexus avulsion and central neuropathic pain
to date by Berman et al. [68] in 48 subjects in a double-blind cross-over design assessing
oromucosal Tetranabinex, Sativex, and placebo, comparable benefits were noted in Box
Scale-11 pain scores with Tetranabinex (p ¼ 0.002) and Sativex extracts (p ¼ 0.005).
Sleep disturbance scores favored Sativex over placebo (p ¼ 0.017) [68] (Study
GWBP0101; Fig. 2), with sleep quality scores also favoring Sativex (p ¼ 0.019).
In another Phase-III RCT focusing on mixed neurogenic symptoms in MS by Wade
et al. [60], the greatest improvement following Sativex was noted in spasticity (p ¼
0.001). Subjects also demonstrated benefit on sleep disturbance (p ¼ 0.047; Study
GWMS0001; Fig. 2). From this cohort, 137 patients elected to continue on Sativex in
safety-extension (SAFEX) studies [74]. Rapid reductions were noted in the first twelve
weeks in pain VAS in 47 affected patients with sustained improvements for more than
one year. During that time, there was no escalation of dose indicating an absence of
tolerance to analgesic or other therapeutic benefits of the preparation. Similarly, no
withdrawal syndrome (as defined by Budney et al. [75]) was noted in a subset of 25
patients who voluntarily stopped the medicine abruptly. Upon resumption, benefits
resumed at the prior established dosages. Improvements in sleep were also maintained
[74].
Additional data from patients with central and peripheral neuropathic pain who
completed these RCTs have been collected in a second SAFEX study of some 507
subjects taking Sativex for at least one, and up to four years. These data confirm the
continued efficacy of Sativex in maintaining improvements in subjective sleep
parameters. As in the prior SAFEX in MS subjects with mixed symptoms [74], no
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Table. Clinical Studies of Cannabis Based Medicines on Pain and Sleep
Drug

Clinical indication

Subject Trial duration
number
(N)

Results/reference

Cannabis HIV neuropathy
(smoked)

50

5 days

> 30% pain reduction vs. placebo
(p ¼ 0.04), sleep NA [62]

Cannador Spasticity in MS

419

15 weeks

Improvement over placebo in
subjective pain associated with
spasm (p ¼ 0.003), sleep
(p ¼ 0.025) [63]

Cannador Post-herpetic
neuralgia

65

4 weeks

No benefit observed on pain,
sleep NA [64]

Cannador Post-operative pain

30

Single doses, 1 day Decreasing pain intensity with
each
increasing dosage (p ¼ 0.01).
Sleep NA formally. One complaint
of sleep disturbance [65]

Sativex

Neurogenic pain

20

Series of 2-week
N-of-1
crossover blocks

Improvement with Tetranabinex
and Sativex on VAS pain vs. placebo
(p < 0.05), symptom control best
with Sativex (p < 0.0001). Sativex
improved sleep quality (p ¼ 0.041) [66]

Sativex

Chronic intractable pain 24

12 weeks, series
of N-of-1
crossover blocks

VAS pain improved over placebo
(p < 0.001) especially in MS
(p < 0.0042). Sleep duration and
quality both improved (p ¼ 0.0001) [67]

Sativex

Brachial plexus avulsion 48

6 weeks in 3
two-week
crossover blocks

Benefits noted in Box Scale-11
pain scores with Tetranabinex
(p ¼ 0.002) and Sativex (p ¼ 0.005)
over placebo. Sativex improved sleep
disturbance (p ¼ 0.017) and sleep
quality scores (p ¼ 0.019) [68]

Sativex

Central neuropathic
pain in MS

5 weeks

Numerical Rating Scale ( NRS)
analgesia improved (p ¼ 0.009),
sleep disturbance (p ¼ 0.003)
vs. placebo [61]

Sativex

Peripheral neuropathic 125
pain

5 weeks

Improvements in NRS pain levels
(p ¼ 0.004), dynamic allodynia
(p ¼ 0.042), sleep disturbance
(p ¼ 0.001) vs. placebo [69]

Sativex

Rheumatoid arthritis

5 week

Improvements over placebo
morning pain on movement
(p ¼ 0.044), morning pain at rest
(p ¼ 0.018), DAS-28 (p ¼ 0.002),
and SF-MPQ pain at present
(p ¼ 0.016), sleep quality
(p ¼ 0.027) [70]

66

56
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Table (cont.)
Drug

Clinical indication

Subject
number
(N)

Trial duration

Results/reference

Sativex

Pain after spinal injury

117

10 days

NSD in sleep disturbance and NRS
pain scores, but improved Brief
Pain Inventory (p ¼ 0.032) and
Patients Global Impression of
Change (p ¼ 0.001, odds ratio 3.4).

Sativex

Intractable cancer pain

177

2 weeks

Improvements in NRS analgesia
vs. placebo (p ¼ 0.0142),
Tetranabinex NSD. Sleep quality
NSD [71]

Sativex

Intractable lower urinary
tract symptoms in MS

135

8 weeks

Improvement in bladder severity
symptoms (p ¼ 0.001) and nocturia
episodes (p ¼ 0.01) over placebo.

dose escalation over time was necessary to maintain efficacy, supporting a lack of
tolerance to this clinical benefit. Specifically, in an initial combined cohort of 287
subjects with central or peripheral neuropathic pain (Fig. 3), ca. 40% of subjects
attained good-to-very-good sleep quality with maintenance of up to two years. Fewer
than 20% of subjects had less than satisfactory results in their assessments of sleep
quality.

Fig. 3. Cumulative data on sleep disturbances (sleep quality scores) in a long-term safety-extension
(SAFEX) study of central and peripheral neuropathic pain patients treated with Sativex (Study
GWEXT0102)
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An examination of adverse event profiles from the two SAFEX studies (137 and
537 subjects, resp.) reveals that complaints attributed to poor sleep or residual fatigue
are infrequent after regular use of Sativex (Fig. 4).

Fig. 4. Graph of fatigue and other adverse events attributable to sedation or sleep disturbance in safetyextension studies of mixed symptoms of multiple selerosis (MS) (SAFEX GWMS0001, N ¼ 137), and
peripheral and central neuropathic pain (SAFEX GWNP0102, N ¼ 507) taking Sativex for greater than
one and up to four years. Rates of associated complaints are all less than 10%.

In a Phase-II double-blind, randomized placebo-controlled five-week study of 56
rheumatoid arthritis patients with Sativex by Blake et al. [70], employing nocturnal
treatment only, subjects received a maximum of 6 sprays each evening (16.2 mg THC þ
15 mg CBD). In the final treatment week, many study measures favored Sativex over
placebo: morning pain on movement (p ¼ 0.044), morning pain at rest (p ¼ 0.018), 28joint disease activity score (DAS-28; p ¼ 0.002), and Short Form McGill Pain
Questionnaire (SF-MPQ) pain at present (p ¼ 0.016). Sleep quality favored Sativex
over placebo (p ¼ 0.027) (Fig. 5, a).
Results of a Phase-III study (N ¼ 177) comparing Sativex, Tetranabinex, and
placebo in intractable pain due to cancer unresponsive to opiates by Johnson and Potts
[71] demonstrated that Sativex produced highly statistically significant improvements
in analgesia (p ¼ 0.0142), while Tetranabinex was not significantly different from
placebo, suggesting that the presence of CBD in the Sativex preparation contributed to
pain control. Sleep quality in this study was not significantly improved over placebo,
perhaps due to its short duration of only three weeks.
Similarly, in a Phase-II study of neuropathic pain after spinal injury, whereas no
significant difference was noted in the primary outcome measure of average daily pain
due to a large placebo response, the Brief Pain Inventory (BPI) did improve (p ¼
0.032), as did the Patients Global Impression (PGI) of change (p ¼ 0.001, odds ratio
3.4). No changes in sleep over placebo were noted in this brief ten-day trial
(unpublished findings).
In a Phase-III RCT of MS patients with intractable lower urinary tract symptoms
and frequent accompanying pain in 135 subjects, Sativex produced a significant
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Fig. 5. a) Effect of Sativex vs. placebo on rheumatoid arthritis sleep quality GWCRI016 (N ¼ 58; 0 – 10
NRS, 0 ¼ Fvery goodC and 10 ¼ Fvery badC). b) Effect of Sativex vs. placebo on nocturia in intractable lower
urinary tract symptom patients with multiple sclerosis (N ¼ 135).

improvement over placebo in bladder symptom severity (p ¼ 0.001) and in nocturia
episodes (p ¼ 0.010) affecting sleep (Fig. 5, b) (Fowler et al., GW Pharmaceuticals data
on file, manuscript in preparation).
Common Adverse Events (AE) of Sativex acutely in RCTs have included
complaints of bad taste, oral stinging, dry mouth, dizziness, headache, nausea, or
fatigue, but do not generally necessitate discontinuation, and proved less common over
time. Cumulative subject withdrawals from the RCTs secondary to AEs attributable to
Sativex have occurred in 10.7% of all subjects, and in 10.8% of MS subjects (data on file,
GW Pharmaceuticals, May 24, 2006). Figures ranged from 12.5% in the first Phase-II
trial [60], while 0% of Sativex subjects withdrew due to attributable AEs in studies of
lower urinary tract symptoms in MS [76] and brachial plexus avulsion [68].
Placebo-controlled trials have also been conducted with an oral plant-derived
cannabis-based medicine, Cannador, which contains variable THC:CBD ratios [22].
This was examined in a large trial alongside Marinol (synthetic THC) and placebo in
MS patients (Table). In neither the acute trial (CAMS) reported by Zajicek et al. [63],
nor its 12-month long-term follow-up [77], were significant improvements noted in
sleep with Cannador or Marinol. These data would support the proposition that
benefits of cannabis-based medicines on sleep in the context of symptomatic treatment
may be specific to a preparationCs formulation and/or delivery system, and the
improvement with one preparation cannot necessarily be extrapolated to another.
Another study of Cannador in post-operative pain (Table) showed decreased pain with
increasing dosage, but sleep was not assessed formally (NA) [65]. One subject noted
sleep disturbance. Finally, Cannador was utilized in a four-week study of post-herpetic
neuralgia (Table), but no benefit was observed on pain, and sleep was NA formally
[64].
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Results are recently available from the first RCT of smoked cannabis on pain, in
sensory neuropathy due to HIV/AIDS or its treatment (Table) [62]. A greater than
30% reduction in pain vs. placebo was noted in this five-day trial, but sleep effects were
not reported. An additional study is planned in California to assess effects of cannabis
on sleep disturbance in similarly affected patients (http://www.cmcr.ucsd.edu/geninfo/
drummond_abs.htm). The FDA has recently published guidelines for botanical
medicines that mandate parameters required for New Drug Approval [78]. The
difficulties inherent in standardizing herbal cannabis, and pulmonary issues associated
with its inhalation [79], make it unlikely that regulatory approval would be attainable
in most nations of the world [54].
No head-to-head trials of Sativex vs. smoked cannabis have been performed, but a
comparison of AE profiles from self-selected SAFEX study subjects on Sativex with
those of smoked-cannabis patients utilizing standardized cannabis in government
programs in Canada [80] and the Netherlands [81] [82] supports the concept that
Sativex was much better tolerated, especially with respect to mental status and
cognitive issues [54].
Discussion. – Chronic pain, neurological illness, and sleep disorders are clearly comorbid conditions. Upwards of 80% of MS patients suffer from debilitating fatigue
symptoms and complain of significant sleep disturbance. Additionally, chronic pain
accompanies MS in up to 60% in some surveys, with a citation of 48% in a recent study
[83], further compromising the ability of patients to attain rest. Tachibana et al. [84]
noted that such problems in MS arise from legion sources: pain, spasticity, muscle
spasm, restless legs syndrome, myoclonus, and lower urinary tract symptoms, resulting
in sleep disturbance in 80% of 28 subjects. It was felt by these authors that these
problems were rarely addressed therapeutically. MS may also be associated with sleep
apnea, a condition that has recently been demonstrated to respond favorably to
treatment with THC in an animal model [47].
A recent study of sleep and fatigue in 60 MS subjects is quite germane [85], with over
half noting difficulty with sleep disturbance at least two nights per week. Fatigue and
excessive daytime sleepiness affected 64 and 32% of subjects, respectively. Those problems
correlated best to difficulties with middle-of-the-night insomnia that subjects attributed
most often to pain/discomfort (21.7%) or nocturia symptoms (72.5%). These symptoms
were improved by Sativex treatment in the above discussed RCTs. Comparison of rates of
fatigue, lethargy, somnolence, and insomnia in Sativex SAFEX subjects (Fig. 4) supports
very remarkable amelioration compared to MS patients in the Stanton study [85], many of
whom were already taking pharmacotherapy for such symptoms. The authors of the latter
study specifically recommended symptomatic treatment of pain and nocturia as strategies
to minimize sleep disturbance and its diurnal sequelae.
Similar sleep complaints affect patients with other etiologies of neuropathic pain. A
current review article strongly suggested treatment of chronic pain with agents that
concomitantly improve sleep [86]. A survey of 173 adults with neuropathic pain
reported significantly higher rates of sleep disturbance and daytime somnolence vs.
controls [87], with improvement after institution of specific treatment. Unfortunately,
sleep disturbance continued in 43% of 140 subjects suffering from diabetic neuropathy
despite treatment [88].
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In a recent review [89], the authors state, FThe alterations of THC on sleep EEG and
its rebound effect, its side effects before sleep induction, and its residual effects after
awakening have contraindicated its clinical use as a sedative hypnoticC. Data from the
clinical research on Sativex reviewed in this article are not consistent with this
conclusion. Rather, the available evidence to date would suggest that Sativex
improvement in subjective sleep parameters, and satisfaction in patients with MS
and neuropathic pain, with symptomatic relief of pain, spasms, nocturia, and related
complaints. From limited sleep-laboratory information, it seems unlikely that its use
will result in significant change in sleep architecture. Sativex does not benefit all
patients, but in those who do respond, the beneficial effects are maintained consistently
over time without evidence of tolerance, and are not accompanied by unusual cognitive
sequelae [54]. Of course, additional in-depth studies are needed to confirm these
contentions and might include formal neuropsychological testing and polysomnography.
Sativex patients and their caregivers have remarked to their physicians how the
medicine had transformed their lives through its ability to allow them more restful
sleep, increase their daytime level of function, and markedly improve their quality of
life. Its addition to the pharmacopoeia may be welcomed by patients, families, and
physicians.
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Abstract D9-tetrahydrocannabinol (D9-THC) and cannabidiol
(CBD) are two major constituents of Cannabis sativa. D9-THC
modulates sleep, but no clear evidence on the role of CBD is
available. In order to determine the eﬀects of CBD on sleep, it
was administered intracerebroventricular (icv) in a dose of
10 lg/5 ll at the beginning of either the lights-on or the lightsoﬀ period. We found that CBD administered during the lightson period increased wakefulness (W) and decreased rapid eye
movement sleep (REMS). No changes on sleep were observed
during the dark phase. Icv injections of CBD (10 lg/5 ll) induced an enhancement of c-Fos expression in waking-related
brain areas such as hypothalamus and dorsal raphe nucleus
(DRD). Microdialysis in unanesthetized rats was carried out to
characterize the eﬀects of icv administration of CBD (10 lg/
5 ll) on extracellular levels of dopamine (DA) within the nucleus
accumbens. CBD induced an increase in DA release. Finally, in
order to test if the waking properties of CBD could be blocked by
the sleep-inducing endocannabinoid anandamide (ANA), animals
received ANA (10 lg/2.5 ll, icv) followed 15 min later by CBD
(10 lg/2.5 ll). Results showed that the waking properties of
CBD were not blocked by ANA. In conclusion, we found that
CBD modulates waking via activation of neurons in the hypothalamus and DRD. Both regions are apparently involved in
the generation of alertness. Also, CBD increases DA levels as
measured by microdialysis and HPLC procedures. Since CBD
induces alertness, it might be of therapeutic value in sleep disorders such as excessive somnolence.
 2006 Federation of European Biochemical Societies. Published
by Elsevier B.V. All rights reserved.
Keywords: Anandamide; Cannabinoid receptor; Insomnia;
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REMS, rapid eye movement sleep; 5-HT, serotonin; SWS, slow wave
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1. Introduction
Cannabis sativa preparations (marijuana, hashish, bhang
and others) are the most widely used illicit drugs in the world
[1]. D9-tetrahydrocannabinol (D9-THC) and cannabidiol
(CBD) are two major constituents of marijuana [2,3]. D9THC is a psychoactive compound and produces stereotypical
behaviours [4]. The cannabinoid receptor CB1 is thought to
be responsible for the majority of the eﬀects in the central
nervous system (CNS) elicited by D9-THC, since it binds and
activates this receptor [5].
CBD does not bind to CB1 and is not psychoactive. The
chemistry of CBD has been well explored [6–8] and some of
its CNS pharmacological properties have been examined [9],
including its anticonvulsant, sedative and anxiolytic eﬀects
[10–12]. For instance, Guimaraes and co-workers found that
CBD (2.5–10 mg/kg) induced an anxiolytic-like eﬀect evaluated by the elevated plus maze assay whereas Lastres-Becker
et al. have reported that CBD displays neuroprotection against
6-hydroxydopamine toxicity [13,14].
While it is well established that D9-THC increases sleep [15–
17], contradictory results on the eﬀects of CBD have been published. For example, Monti et al. reported a reduction of sleep
by systemic administration of CBD [18]. On the other hand,
Carlini and Cunha showed that CBD improved sleep in insomniacs [19]. Recently, Nicholson et al. found that 15 mg of CBD
administered to young adults increased wakefulness (W) during sleeping time [20].
The mechanism of sleep modulation by CBD remains unclear. Presumably, it could include changes in dopamine
(DA) levels, as the nigrostriatal dopaminergic system has been
pointed out as an important element in the manifestations of
the cannabinoid-induced behavioural alterations. Indeed the
extracellular levels of DA are enhanced following D9-THC
administration [21–23]. The eﬀects of CBD on catecholamine
levels are not known.
As indicated above although CBD does not bind to the CB1
cannabinoid receptor [24,25], it elicits numerous CNS-associated eﬀects, including the sleep–wake cycle. In view of the
divergent eﬀects reported so far we decided to reinvestigate this
phenomenon using techniques diﬀerent from those reported
previously. First we determined the pharmacological eﬀects
of unilateral intracerebroventricular (icv) administration of
CBD on sleep in rats. Then we analysed the eﬀects of CBD
on c-Fos immunoreactivity followed by measurement of DA
extracellular levels collected from nucleus accumbens (AcbC)
using microdialysis and HPLC. Finally, we looked into the
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possibility that anandamide (ANA) could block the alertness
induced by CBD as we have previously reported that the endocannabinoid ANA increases sleep [26–28].

2. Materials and methods
2.1. Animals
Male wistar rats (n = 50; 250–300 g) were housed at constant temperature (21 ± 1 C) and under a controlled light–dark cycle (lightson: 07:00–19:00 h). Food and water were provided ad libitum.
2.2. Surgery, EEG/EMG electrodes and icv cannulae
Under deep anesthesia (acepromazine [0.75 mg/kg], xylazine [2.5 mg/
kg], and ketamine [22 mg/kg, ip]) all animals (n = 12) were implanted
for sleep studies with EEG and EMG electrodes and a cannula (23
gauge) was placed into one lateral ventricle (A = 0.8; L = 1.6;
H = 3.6; [29]). All electrodes and cannulae were placed and secured
onto the skull using dental cement. These procedures have been reported previously by our group [26,27]. After surgeries, all animals
were placed into the sleep-recording chambers for habituation.
2.3. Surgery, microdialysis guide-cannulae
A diﬀerent group of rats was used for microdialysis study (n = 14). A
guide-cannula (IC guide. BioAnalytical Systems [BAS], West Lafayette, IN, USA) was placed stereotaxically into the Accumbens nucleus,
core (AcbC; target coordinates: A = +1.2; L = 2.0; H = 7.0; [29]). The
guide-cannulae was then ﬁxed onto the skull with a thin layer of dental
cement. After surgery, each animal was placed into the Microdialysis
Bowl to habituate to the experimental conditions. All animals were
allowed to recover for at least 7 days after all surgeries.
2.4. Administrations
CBD was prepared in our lab as previously reported [25] and ANA
was purchased from Sigma (USA). All compounds were dissolved in
vehicle (PEG/saline; 5:95 v/v). In order to test the eﬀects of CBD on
the sleep during the lights-on or lights-oﬀ period, rats were injected
icv either with vehicle or CBD (10 lg/5 ll) at 07:00 h or at 19:00 h.
For the combination experiment in which we examined the eﬀect of
ANA on the eﬀects produced by CBD, additional groups of rats were
used. Control group (n = 6) received vehicle. The following groups received either ANA (10 lg/5 ll; n = 6) or CBD (10 lg/5 ll; n = 6). The
last group (n = 6) received ANA (10 lg/2.5 ll) and 15 min later CBD
(10 lg/2.5 ll). Injections were done at 07:00 h.
All icv administrations were done slowly over 1 ll/min with the
injector left in the target for an additional 15 s to ensure extrusion from
the tip and to minimize distribution of treatments upwards on the cannulae. After all injections, the cannula was withdrawn and the stylet
was replaced. Right after microinjections, animals were attached to
the sleep-recording system.
2.5. Analyses of sleep recordings
The EEG/EMG data recordings were scored manually and epochs
for W, slow wave sleep (SWS) and rapid eye movement sleep (REMS)
were measured as described previously [26,27]. The analysis was restricted to 4 h after injections since pharmacokinetic studies show that
CBD is rapidly absorbed. On iv administration, CBD has a terminal
half life of 9 h [30].
2.6. Microdialysis sampling procedures
One week after surgery and a day before the experiment, a microdialysis probe (1 mm of length; polyacrylonitrile, MWCO = 30 000 Da;
340 lm OD; BAS) was inserted through the guide cannula into the target structure at 7:00 h and the tissue were allowed to stabilize for 24 h.
During this period artiﬁcial cerebrospinal ﬂuid (ACSF, composition:
NaCl (147 mM), KCl (3 mM), CaCl (1.2 mM), MgCl (1.0 mM), pH
7.2) was perfused through a FEP Teﬂon Tubing (0.65 mm
OD · 0.12 mm ID) continuously using a 2.5 ml gastight syringe. All
procedures have been reported previously [28]. A syringe pump
(CMA/100) controlled the speed of perfusion of the ACSF (ﬂow rate:
1 ll/min). Since we had found changes in sleep after CBD injection
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during the lights-on period, we administered the treatments at the
beginning of the lights-on period and right after this, samples were collected during 4 h.
2.7. Analysis of DA
Immediately after collection samples were injected into a HPLC
(BAS) for DA analysis. Brieﬂy, the mobile phase consisted of monochloroacetic acid (0.1 M), sodium octylsulfate (223 mM) and disodium
ethylenediaminetetraacetate dihydrate (0.5 mM) with a ﬂow rate of
80 ll/min. Separation was achieved by a BAS microbore column (biophase octyl, 5 lm, 250 · 4.6 mm; BAS). Electrochemical detection was
performed via BAS 4C detector. Chromatographic data was recorded
on a PC computer and peak heights of DA in microdialysis samples
were compared to standards. DA peaks were initially identiﬁed by running samples (also 10 ll) that contained diﬀerent concentrations of
DA. All details of this procedure were reported by our group previously [31].
2.8. Immunohistochemical study
At the end of the experiments, animals received either vehicle or CBD
(10 lg/5 ll, icv). The treatments were administered at the beginning of
the lights-on period and the animals were sacriﬁced 1-h post-injection
with a lethal dose of pentobarbital. They were perfused transcardially
with 0.9% saline solution followed by paraformaldehyde and then followed by 20% sucrose–0.1 M PBS for 48 h. The brains were cut (frozen
sections, 30 lm, coronal) and collected in 1:5 serial orders. Immunohistochemistry for c-Fos was done as described in detail by our group [32].
In addition to the c-Fos study, sections were lightly counterstained with
Neutral Red to allow better visualization of the cannula track. All studies were conducted in accordance with the principles and procedures
described in the National Institutes of Health Guide for the Care and
Use of Laboratory Animals.
2.9. Statistical analysis
The data are presented as means and standard errors. Student t test
was used to compare control and CBD groups in the ﬁrst two experiments and a P-value < 0.05 was considered statistically signiﬁcant. In
the following experiments, statistical analysis was carried out by oneway analysis of variance (ANOVA). When a signiﬁcant P-value was
found among the groups, the post-hoc Sheﬀé test was used to asses differences in two group comparisons (STATVIEW).

3. Results
3.1. Eﬀects of CBD in sleep
We injected CBD (n = 6; 10 lg/5 ll) or vehicle (n = 6) during
the normal sleeping period (07:00–19:00 h, lights-on) of rats.
CBD markedly increased the total time spent in W
(DF = 10; t = 2.267; P < 0.05; Fig. 1A). We also found that
CBD induced a signiﬁcant diminution of REM sleep
(DF = 10; t = 3.756; P < 0.05), whereas no statistical changes
were observed in SWS. As shown in Fig. 1B, CBD enhanced
W about 1 h after drug administration (DF = 10; t = 2.507;
P < 0.05) as well as during the last hour (DF = 10;
t = 3.808; P < 0.005). The eﬀects of CBD on SWS hour by
hour are displayed in Fig. 1C. We found that CBD also modiﬁed this sleep stage during the second hour (DF = 10;
t = 2.672; P < 0.05) and the fourth hour (DF = 10;
t = 2.126; P < 0.05). Analysis of REMS hour by hour after
administration of CBD is shown in Fig. 1D. CBD inhibited
the time spent in REMS across 4 h of sleep recordings; however, statistical diﬀerence was found only at the fourth hour
(DF = 10; t = 3.709; P < 0.005).
On the other hand, CBD injected (n = 6) at the beginning of
the lights-oﬀ period did not modify the total time of W
(DF = 10; t = 0.546; P > 0.59), SWS (DF = 10; t = 0.212;
P > 0.83) and REMS (DF = 10; t = 1.25; P > 0.23) compared
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Fig. 1. The icv administrations of either vehicle or CBD (10 lg/5 ll)
were done at the start of the lights-on period, and right after injections,
the sleep was recorded during 4 h. The eﬀects of CBD on the total time
of W, SWS and REMS are shown in panel A. Hour-by-hour group
averages of W (B); SWS (C) and REMS (D) after icv injection of either
vehicle or CBD (means ± S.E.M. of total time of recording (%); * vs
control, P < 0.05).

to control group (n = 6; Fig. 2A). Analysis hour by hour
of the pharmacodynamic eﬀects of CBD on sleep stages are
shown in Fig. 2B–D, respectively, showing no signiﬁcant
changes.
3.2. c-Fos expression after CBD injection
Treatment with CBD (10 lg/5 ll) consistently increased the
pattern of neuronal activation marked by Fos expression in
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Fig. 2. The icv injection of CBD (10 lg/5 ll) at the start of the lightsoﬀ period did not modify the total time (4 h of sleep recordings) of W,
SWS and REMS as shown in panel A. The time course of W (B), SWS
(C) and REMS (D) show no signiﬁcant statistical diﬀerences (means ±
S.E.M. of total time of recording [%]; * vs control, P < 0.05).

brain regions, such as lateral hypothalamus and dorsal raphe
nucleus (DRD). Some of the most striking changes in c-Fos
expression were found within speciﬁc hypothalamic areas
implicated in the alertness control (Fig. 3). Neurons of hypothalamus are active during W [33], and because all animals
were mainly awake, it was not surprising that c-Fos-immunoreactivity hypothalamic neurons were activated in rats that received CBD. Following unilateral icv injection of CBD (10 lg/
5 ll), labelled c-Fos cells were observed in hypothalamic areas,
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Fig. 3. Immunohistochemical staining for c-Fos in the hypothalamus
of the rat. Panel A shows the expression of c-Fos from a control rat
(vehicle). Panel B shows the c-Fos immunostaining obtained from a
CBD-treated animal (10 lg/5 ll icv). The treatments were administered
at the beginning of the lights-on period and the animals were sacriﬁced
1 h post-injection. Abbreviations: 3V, 3rd ventricle. Scale bar: 100 lm.

mainly in the medial preoptic nucleus (MPO) and dorsomedial
hypothalamic nucleus (DMH). Therefore, we found that CBD
induced an increase in c-FOS expression in MPO compared
with the control group (Fig. 3).
On the other hand, in the brainstem, only neurons in the
DRD showed signiﬁcant labelling pattern of Fos-immunoreactivity after treatment with CBD (10 lg/5 ll). Representative
examples of c-Fos immunoreactivity are shown in Fig. 4. All
icv injections were made unilaterally. No diﬀerences among
control and CBD group were evident in other brainstem nuclei, including the pedunculopontino, laterodorsal tegmental
nuclei and locus coeruleus.
3.3. Eﬀects of CBD on DA levels
Fig. 5 identiﬁes the location of the cannula in the AcbC nucleus from where the DA was measured. The variation in
location of the cannula across the rats was as follows: anterior–posterior was Bregma +1.70 mm to Bregma 0.70 mm;
lateral was 1.5–2.0 mm and dorsal–ventral was 7.5–7.9 mm.
Results showed that levels of noradrenaline (NA) were signiﬁcant increased compared with a control group (n = 7) in
the ﬁrst hour (DF = 12; t = 2.844; P < 0.01; Fig. 6A) and
in the second hour (DF = 12; t = 2.137; P < 0.005; Fig. 6A)
post-injection of CBD (10 lg/5 ll; n = 7). After injection of
CBD, epinephrine levels were also enhanced compared with
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Fig. 4. Immunohistochemical staining for c-Fos in the DRD of the
rat. Panel A shows the expression of c-Fos from a control rat (vehicle).
Panel B shows the immunostaining obtained from a CBD-treated
animal (10 lg/5 ll icv). The treatments were administered at the start
of the lights-on period and the animals were sacriﬁced 1 h postinjection. Abbreviations: Aq, aqueduct (Sylvius); DRD, dorsal raphe
nucleus, dorsal part. Scale bar: 100 lm.

levels in control rats in the ﬁrst hour (DF = 12; t = 12.006;
P < 0.0001; Fig. 6B) as well as in the second hour (DF = 12;
t = 5.387; P < 0.0002; Fig. 6B).
CBD also induced enhancement in DA levels one hour after
injection (DF = 12; t = 3.290; P < 0.05; Fig. 6C) and this effect remained in the second hour (DF = 12; t = 2.149;
P < 0.05; Fig. 6C) whereas 3,4-dihydroxy-L -phenylalanine (L DOPA) extracellular levels decreased one hour after injection
of CBD (DF = 12; t = 2.799; P < 0.01; Fig. 6D) as well as in
the second hour (DF = 12; t = 2.281; P < 0.05; Fig. 6D).
Lastly, serotonin (5-HT) was increased 1 h post-CBD
administration (DF = 12; t = 16.741; P < 0.0001; Fig. 6E)
as well as 2 h post-CBD injection (DF = 12; t = 19.058;
P < 0.0001; Fig. 6E). Levels of 5-hydroxy-indoleacetic acid
(5-HIAA) were decreased 1 h after administration of CBD
(DF = 12; t = 6.074; P < 0.0001; Fig. 6F). Fig. 6G shows that
no eﬀect was found on extracellular levels of homovanillic acid
(HVA) after CBD injection.
3.4. Eﬀects of the sleep-inducing endocannabinoid ANA on the
waking-inducing properties of CBD
As found in our previous experiments [26–28], ANA substantially decreased waking and increased total sleep time.
Administration of ANA 15 min before CBD did not block
either the wake-inducing eﬀect caused by CBD or the diminution in SWS (F = 22.472; DF = 20; P < 0.0001; Fig. 7). Despite
the evident sleep-inducing eﬀect caused by ANA, the enhancement in W as well as the diminution in total sleep time was still
present with the administration of CBD after 4 h of sleep
recordings.
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Fig. 5. Histological veriﬁcation of the microdialysis probe position.
Panel A shows the schematic representation of the localization of the
microdialysis probe in the AcbC represented by the black bar.
Stereotaxic coordinates, drawings and abbreviations were taken from
the Paxinos and Watson [29] atlas. Microphotography of the track of
the microdialysis probe in the AcbC is shown in Panel B. Abbreviations: AcbC: nucleus accumbens, core; CPu, caudate putamen. Scale
bar: 100 lm.

4. Discussion
The experiments described in this report were designed to
throw light on the pharmacological eﬀects of CBD on sleep
patterns of rats. Several physiological parameters were considered, such as the eﬀects of CBD on the sleep–wake cycle, DA
formation, c-Fos expression and interaction with ANA on
sleep.
Under our conditions, icv administrations of CBD (10 lg/
5 ll) during the lights-on period increased waking, but decreased REM sleep in rats (Fig. 1A). The alertness was observed already after the ﬁrst hour post-injection (Fig. 1B).
Injection of CBD during the lights-oﬀ period did not modify
the sleep wake-cycle (Fig. 2A).
We also found that CBD increased c-Fos expression as reported by others [34]. The induction of Fos protein encoded
by the immediate early gene c-fos, is often used as a marker
of neural activation. The present results demonstrate that
CBD induced changes in the Fos-immunoreactive cells in
some waking-related brain areas, including hypothalamic nuclei (Fig. 3) as well as DRD (Fig. 4). The hypothalamic nuclei
have been associated with waking [35–37]. For example, the
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DMH contains neurons that are speciﬁcally active during
W [38].
As shown in Fig. 4, a population of neurons in the DRD
exhibited enhanced c-Fos-immunoreactivity after CBD microinjection compared to controls. The DRD ﬁring activity is
higher in the waking state and decreases during sleep, being
virtually absent in REM sleep [39–41]. These ﬁndings emphasize the hypothesis that one of the neurochemical mechanisms
underlying the vigilance-promoting action of CBD could be related to its ability to enhance the serotoninergic transmission.
It has been reported recently that CBD displays 5-HT agonists
[42], suggesting with this a potential activation of 5-HT receptors via CBD.
Catecholamine levels collected from AcbC were monitored
during 4 h post-injection of CBD (10 lg/5 ll, icv). We found
an increase in the levels of NA, epinephrine, DA and 5-HT
(Fig. 6A–C and E, respectively). On the other hand, the extracellular levels of L -DOPA and 5-HIAA were decreased
(Fig. 6D and F, respectively).
The enhancement in DA levels in our study is supported by
the ﬁndings of McPartland and Russo [43]. We believe that
waking induced by CBD may be associated with the increase
in the release of DA since it is known that lesions of DA cell
groups induce a reduction in arousal in rats [44] as well as in
Parkinson’s disease patients [45,46]. The regulation of the
sleep–wake cycle in mammals’ includes neuromodulators such
as DA; for instance, administration of DA receptor agonists
[47] or DA uptake inhibitors [48] induces an increase in waking. The role of DA on alertness has been also tested in
invertebrates including Drosophila [49]. On the other hand,
the relative changes in the concentrations of DA have been
demonstrated by Lena et al. [50]. Using the microdialysis
technique, the authors reported that extracellular levels of
DA were elevated during waking [50]. Finally, the electrophysiological activity of DA neurons is higher during alertness as suggested by Lu et al. [51]. The evidence mentioned
above indicates that indeed DA plays an active role in the
promotion of waking [52]. In our study, we found that
CBD increased W and enhanced the extracellular levels of
DA collected from AcbC, ﬁnding which is supported by
McPartland and Russo [43]. A possible mechanism of this effect remains to be elicited. However, we cannot rule out some
hypothesis, including that CBD might be acting at diﬀerent
receptors. For instance, it has been suggested that CBD
may bind to the vanilloid receptor [24] or by modulating
Ca2+ inﬂux. Recently, Drysdale et al. reported that CBD elevated intracellular Ca2+ concentrations in hippocampal cultures [53]. Thus, the present results provide scope for
speculation on the role of CBD on the mechanisms of release
of DA.
While AcbC is a good target for DA sampling it may not be
a good option for 5-HT sampling. However data obtained
from microdialysis study suggests that the increase in NA, epinephrine and 5-HT levels could be an additional distant target
for CBD eﬀects.
While D9-THC and CBD cause some similar actions (albeit
possibly based on diﬀerent mechanisms) such as anti-inﬂammatory [54] and antiemetic eﬀects [55], here we show a
dichotomy in their eﬀects on sleep patterns. D9-THC increases sleep [15–17], whereas CBD induces an opposite effect. Nicholson et al. have reported that CBD increases
waking in humans [20].
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Fig. 6. Extracellular levels of catecholamines measured in the AcbC during a 4-h period after the administration of either vehicle or cannabidiol (CBD,
10 lg/5 ll icv). Noradrenaline (A), epinephrine (B), dopamine (C), L -DOPA (D), 5-HT (E), 5-HIAA (F) and HVA (G). The treatments were
administered at the beginning of the lights-on period and right after this, samples were collected. Each point represents the means ± S.E.M. of pM
(* vs control, P < 0.05).

Little is known about the molecular mechanism of CBD actions. Contrary to D9-THC, it has very little aﬃnity for the
known cannabinoid receptors, CB1 and CB2 [24]. We assume
that the eﬀects of CBD found in our study might be through
action on a receptor not yet described. An alternative explanation involves the fatty acid amide hydrolase (FAAH) (the
intracellular enzyme that catalyzes the hydrolysis of endogenous cannabinoids ligand, ANA [56] and the anorexic lipid
oleoylethanolamide (OEA) [57]). In the last experiment of

our study we hypothesized an enhanced eﬀect of ANA on sleep
following CBD injection. Surprisingly, CBD increased waking
even in presence of ANA. We do believe that CBD might be
inhibiting FAAH; this could lead an increase in endogenous
ANA levels in the brain. However, the use of the URB597 (a
FAAH inhibitor) enhances OEA levels in the brain in higher
rates than ANA as reported by Fegley et al. [58]. In our lab,
we have tested the physiological properties of URB597 as well
as OEA on sleep–wake cycle and have found a signiﬁcant in-
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cellular levels of NA, epinephrine, DA, and 5-HT were enhanced after CBD injections. The wake-inducing properties
of CBD were not blocked by the sleep-inducing endocannabinoid ANA. Activation of speciﬁc arousal regions may underlie
the W produced by CBD in people with somnolence. Future
studies will be needed to address the question of whether vanilloid receptors, Ca2+ inﬂux or the interactions between CBD
and CB1-signalling pathways contribute to the alertness and
DA release actions of CBD.
Acknowledgements: This work was supported by FIDEICOMISO
UNAM given to R.D-C. and UNAM/DGAPA/PAPIIT (IN2082062). The authors thank David Koblos for English style and composition
corrections.

Fig. 7. Eﬀects of icv administrations of either vehicle, cannabidiol
(CBD, 10 lg/5 ll), anandamide (ANA; 10 lg/5 ll), ANA (10 lg/2.5 ll)
and 15 min later CBD (10 lg/2.5 ll; ANA + CBD) on the total time of
W and total sleep time (TST). The treatments were administered at the
beginning of the lights-on period and right after this, sleep was
recorded during 4 h. Each point represents the means ± S.E.M. of total
time of recording (%; * vs control, P < 0.05).

crease in waking. The mechanism of this observation is likewise unknown. It is highly possible that CBD inhibits FAAH
activity and this leads to an increase in the levels of OEA,
which facilitates waking.
Our study suggests that CBD induces alertness via activation
of neurons in the hypothalamus and DRD. Additionally, levels
of DA, NA, epinephrine as well as 5-HT were enhanced after
CBD injections. These eﬀects can be induced by a novel cellular pathway involved in the alertness caused by CBD. It seems
that the enzymatic process involved in the formation of catecholamines might be under the inﬂuence of CBD. Likely the
component enzymes in the pathway could be inhibited or stimulated by CBD. For example, we found that CBD increased
DA but decreased levels of L -DOPA, meaning that the activity
of tyrosine hydroxylase could be under inhibition whereas
DOPA decarboxylase may be stimulated. Complementary
experiments testing the role of CBD on the biosynthesis of catecholamines would provide us a better understanding of the
phenomena.
CBD has been tested lately as a therapeutical agent [14,59–
64]. The present results indicate an additional potential therapeutic beneﬁt of this compound such as excessive somnolence.
Early studies have indicated that sleep may be modulated by
cannabinoids [15–17] or cannabis extracts. In most experiments with extracts however the levels of CBD were not measured. Here we describe the waking properties of CBD. It
might be considered to treat sleep disorders such as excessive
somnolence. This common sleep disturbance is deﬁned as trouble falling asleep or staying asleep. It can cause sleepiness or
fatigue during the day, may aﬀect mood and result in trouble
focusing on tasks. According to National Sleep Foundation results from the 2005 Sleep in America poll indicate that 60% of
America’s adults who drive or have a license report that, within the past year, they have driven a car or motor vehicle when
feeling drowsy. We now could consider the use of CBD, the
non-psychoactive constituent of C. sativa, to treat sonmolence.
In summary, administration of CBD to rats produced waking in association with activation of hypothalamic and DRD,
two brain regions implicated in the control of alertness. Extra-
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The hypnogenic properties of cannabis have been recognized for centuries, but endogenous cannabinoid (endocannabinoid) regulation of vigilance states is poorly characterized.
We report findings from a series of experiments in mice measuring sleep with polysomnography after various systemic pharmacological manipulations of the endocannabinoid system. Rapid, unbiased scoring of vigilance states was achieved using an automated
algorithm that we devised and validated. Increasing endocannabinoid tone with a selective
inhibitor of monoacyglycerol lipase (JZL184) or fatty acid amide hydrolase (AM3506) produced a transient increase in non-rapid eye movement (NREM) sleep due to an augmentation of the length of NREM bouts (NREM stability). Similarly, direct activation of type 1
cannabinoid (CB1) receptors with CP47,497 increased NREM stability, but both CP47,497
and JZL184 had a secondary effect that reduced NREM sleep time and stability. This secondary response to these drugs was similar to the early effect of CB1 blockade with the
antagonist/inverse agonist AM281, which fragmented NREM sleep. The magnitude of the
effects produced by JZL184 and AM281 were dependent on the time of day this drug was
administered. While activation of CB1 resulted in only a slight reduction in gamma power,
CB1 blockade had dramatic effects on broadband power in the EEG, particularly at low frequencies. However, CB1 blockade did not significantly reduce the rebound in NREM sleep
following total sleep deprivation. These results support the hypothesis that endocannabinoid signaling through CB1 is necessary for NREM stability but it is not necessary for sleep
homeostasis.

Introduction
Since antiquity cannabinoids have been used as a treatment for insomnia [1], and the first
reports in western medical literature regarding the therapeutic utility and physiological effects
of cannabis preparations note their hypnogenic properties [2–5]. Additionally, this effect
appears to be conserved across mammalian species [6–11]. Given the long standing recognition
of cannabinoids as sleep promoting substances, it is surprising that relatively few studies have
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examined the role of the endogenous cannabinoid (endocannabinoid; eCB) system in regulating vigilance states.
Cannabinoids produce the majority of their central effects by activating the cannabinoid 1
receptor (CB1), and activation of this G-protein-coupled receptor (GPCR) reduces neurotransmitter release at many synapses [12]. CB1 is a central molecular component of the eCB system,
an increasingly well characterized, lipid-based neuromodulatory system. The predominant
transmitters for the eCB system are N-arachidonyl ethanolamide (anandamide; AEA) and
2-archidonylglycerol (2-AG). These molecules are released during periods of neuronal activity,
and their inactivation occurs largely via distinct hydrolytic pathways. AEA is primarily inactivated via fatty acid amide hydrolase (FAAH), and 2-AG signaling is terminated by monoacyglycerol lipase (MAGL). Of the relatively few studies that have been performed, administration
of exogenous AEA consistently increases rapid eye movement (REM) sleep and non-REM
(NREM) sleep [13–16]. However, conflicting results arise from attempts to increase endogenous AEA levels. Some studies indicate that FAAH inhibition promotes wake [17, 18], but
other reports show that blocking the AEA membrane transporter facilitates NREM sleep [19,
20]. Additionally, mice with a constitutive knockout of FAAH have increased NREM sleep
time and reduced wake [21]. The effects of MAGL inhibition on sleep have not been examined.
While cannabinoids have been used by humans for many years to increase sleep, patients in
clinical trials for the CB1 antagonist/inverse agonist, rimonabant, commonly reported sleep disturbances [22, 23]. In support of a sleep promoting role of eCB signaling, several studies have
found fragmented sleep in CB1-null mutant mice [24, 25]. However, studies with constitutive
knockout mice are always subject to confounds arising from developmental adaptations, and this
has been confirmed for the CB1 knockout mice used in these studies [26, 27]. On the other hand,
studies with CB1 antagonists in rodents have had conflicting results with some reporting a weak
reduction in NREM sleep [15, 19, 28–30] and others finding no effects on sleep [13, 31, 32]. Of
note, all of these studies were performed over short time windows (< 8 Hr recordings), and eCB
levels are known to fluctuate over the circadian cycle [33, 34]. Thus, differences in the time of day
these experiments were performed could explain some of this discrepancy.
As there is a poor consensus regarding the effects of eCB signaling on sleep, we performed a
series of experiments comprising over 11,000 Hr of polysomnographic recordings in mice following a variety of pharmacological manipulations probing different aspects of the eCB system.
To more fully account for the time course of effects, sleep measures were assessed over a 23.5
Hr period following all manipulations. To analyze this large volume of data, we developed and
validated a novel automated state-scoring algorithm. In addition to a description of sleep, we
also report results from power spectral analyses of electroencephalographic (EEG) recordings.
Finally, we directly tested whether eCB signaling is necessary for homeostatic regulation of
sleep by blocking CB1 signaling during recovery from total sleep deprivation (TSD). Our findings indicate that eCB signaling is both necessary and sufficient to promote long (stable) bouts
of NREM sleep, but eCBs are not necessary for sleep homeostasis. These findings constitute a
thorough characterization of eCB modulation of vigilance states that should provide a platform
for future studies examining the physiological mechanisms of eCB regulation of sleep.

Methods
Ethics Statement
This research involved the use of vertebrate animals (mice), including survival surgical procedures to implant electrodes. All methods were approved by the Institutional Animal Care and
Use Committee of the National Institute on Alcohol Abuse and Alcoholism (protocol #:
LIN-DL-22) and hewed to guidelines specified in the Guide to the Care and Use of Laboratory
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Animals [35]. Survival surgeries were performed under isoflurane anesthesia, and ketoprofen
(5 mg/kg i.p.) analgesic solution was administered immediately after surgery and every 24 hr
for the next two days.

Subjects
Male C57BL/6J mice (103, 8–10 week olds) were obtained from the Jackson Laboratory (Bar Harbor, ME), and initially group housed, 2–4 mice per cage. Mice weighed 25–30 g at the beginning
of the study, and body weight did not change substantially over the course of experiments. Following surgery, subjects were single housed for the remainder of the study. At all times, subjects
were provided with ad libitum food and water. The colony and sleep recording environment
were maintained on a 12 hr light:dark cycle with the light photoperiod (LP) starting at 06:30 and
the dark photoperiod (DP) beginning at 18:30. For the experiment where JZL 184 was administered prior to the LP, mice were housed in reverse cycle conditions with lights turning on at
18:30 and off at 06:30 for 2 weeks prior to recordings and throughout the recording period. Time
of day is expressed throughout this manuscript relative to the light zeitgeber (ZT) with ZT 00:00
coinciding with beginning of LP and ZT 12:00 coinciding with the beginning of the DP. The colony and recording environment were maintained at 22.2°C and 50% humidity.

Surgical Implantation of Electrodes
Prior to surgery, custom implants were prepared. One end of three single-stranded, Teflon
coated stainless steel wires (#791500, A-M Systems, Sequim, WA) was soldered to individual
gold-plated sockets (E363/0, PlasticsOne, Roanoke, VA). These three gold sockets and the
socket attached to a stainless steel suture pad (E363T/2, PlasticsOne) were arranged in a plastic
6 channel connector (MS363, PlasticsOne) and secured with non-conductive epoxy. During
surgery, two of the stainless steel wires emerging from the implant were wrapped, separately,
around the frontal electrodes to provide two EEG channels. The ground electrodes were
shorted together with the remaining wire. To ensure electrical connectivity with the EEG and
ground electrodes a small amount of electrically conductive glue (Bare Paint, Bare Conductive
Ltd., London, UK) was applied at the junction between wires and the stainless steel screws.
Stereotaxic surgery was performed to implant subjects with EEG/EMG electrodes. EEG electrodes consisting of stainless steel screws (Small Parts# AMS90/1P-25, Amazon Supply, Seattle,
WA) were implanted supradurally through the skull. Two electrodes were implanted over frontal
cortex (B: RC +2.64, ML ± 1.38) and referenced to two, connected ground electrodes implanted
over occipital cortex (B: RC—2.5, ML ± 2). The EMG electrode (metal suture pad, PlasticsOne, Roanoke, VA) was implanted underneath the nuchal muscle. A head cap was formed with standard,
cold-cure dental acrylic, and subjects were allowed to recuperate for two weeks in their home cages.

Sleep Recordings
Following recuperation from surgery, subjects were lightly anesthetized with isoflurane and connected to a non-motorized commutator (SL6C/SB, Plastics One) via an electrical tether. Subjects
were placed into a recording home cage fabricated from a 4 liter, clear polycarbonate bucket
(Cambro RFSCW4135, Webstaurant Store, Lancaster, PA). These cages contained standard corncob bedding, and food pellets were placed on the cage floor. Access to water was provided via
glass liquid diet feeding tubes (#9019, Bio-serve, Frenchtown, NJ) inserted through a hole drilled
through the side of each cage. The commutators were secured to a hole in the cage lid thus ensuring that mice did not become entangled in their tethers. Five cages were placed inside sound and
light attenuating chambers equipped with a fan and white LED light strips (# 10434, General Electric, Fairfield, CT). The lights were on a timer synchronized with the colony lights and the data
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acquisition PC clock. Additionally, the inside of the chamber was lined with either copper mesh
or coated in conductive paint to shield the inside from electromagnetic interference.
Prior to recording, mice were habituated to this environment for 7 days. On recording days,
data were collected over a 23.5 Hr period. The time at which recordings were initiated
depended on the experimental protocol, but this was generally either before the onset of the LP
(ZT 00:00) or before the onset of the DP (ZT 12:00). For the sleep deprivation experiment, data
collection was initiated in the middle of the LP (ZT 06:00). Individual cages were removed
from the recording chambers during the 30 min between recording sessions, and subjects were
weighed and administered an i.p. injection of saline, vehicle, or a drug. After injections, subjects
were placed back into their respective cages, and these were returned to the recording chambers. In studies with multiple doses of drugs, we explicitly chose to use a schedule of escalating
doses over a series of days. Cannabinoids can rapidly induce tolerance, and thus, if a counterbalanced design was implemented, any effect of low-dosage on sleep parameters would likely
be prevented by the preceding administration of a high dose. Additionally, compensatory
effects were observed following high dose administration of cannabinoids (for example, see
results from the recovery day in experiments with JZL184 and AM3506), so a counterbalanced
design on successive days could lead to erroneous conclusions that low dosage administration
promotes effects opposing those of high-doses.
EEG and EMG signals were amplified 1000x (20x HST/16V-G20 headstage followed by 50x
wide-band PBX, Plexon, Dallas, TX). The amplified signals were digitized using a National
Instruments digitizer (PCI-6071E, National Instruments, Austin, TX) connected to a standard
PC computer (Optiplex GX620, Dell Computers, Round Rock, TX) running Recorder v2
(Plexon). Data were visualized as they were being collected using Recorder software’s built-in
oscilloscope, and in cases where signals were observed to be of poor quality (e.g. low signal-tonoise ratio, low dynamic range), the subject was not used for analysis of sleep or drug-induced
changes in EEG spectral power. This was almost always the result of a faulty EMG electrode.
As an additional check to ensure subjects with corrupt (unscorable) signals were not included
in analysis, subsequent visual inspection of the scoring results (including raw EEG/EMG signals) for each subject alerted the investigator to any problems of low signal quality that could
arise at a point in the experiment when online data collection was not being monitored. All
data were sampled at 1 kHz, and a 60 Hz notch filter was applied to eliminate line noise. EEG
signals were low-pass filtered online at 120 Hz with a 2 pole Bessel filter, and EMG signals were
high pass filtered at 40 Hz with a 4 pole Bessel filter. Data were saved for offline analysis.

Sleep Deprivation
The custom sleep deprivation apparatus (S1 Fig, panel A) used in this report was constructed
from a 10 in long clear acrylic tube with an internal diameter of 5 in that was suspended slightly
above an epoxy-sealed ABS disc that served as the chamber floor. The disc and other structural
components of the apparatus were custom designed in CAD software (Sketchup 8, Trimble
Navigation Ltd, Sunnyvale, CA) and constructed from 3D printed ABS plastic (3D XL printer,
Airwolf3D, Costa Mesa, CA). The cylinder had an acrylic divider that extended the length of its
radius from the interior wall directly into the center of the chamber (S1 Fig, panel B). This
divider ensured the animal would move when the floor of the device rotated. The chambers
contained standard corncob bedding, and a sufficient amount of standard mouse chow was
placed on the floor to provide ad libitum access to food. A glass liquid diet feeding tube provided ad libitum access to water. The bottom of ABS disc was attached to a 360 degree servo
motor (DF15RSMG, DFRobot, Shanghai, China), and the motors of five chambers were controlled by an Arduino UNO board (Adafruit Industries, New York, NY) that received
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commands via a serial connection with a laptop running MATLAB (S1 Fig, panel C). The signal from the Arduino board and the servos were calibrated to rotate at approximately 15 rpm.
Rotation was engaged for a random time interval between 10–15 sec and was turned off for a
random interval between 5–10 sec. Additionally, the rotational direction of the disc was randomly alternated to prevent habituation to movement in one direction. In preliminary studies,
we found this intermittent schedule to be effective in producing near total sleep deprivation
(< 1% of time spent in NREM sleep) for up to 6 Hr in most subjects. Importantly, the devices
were constructed so that a commutator (SL6C/SB, Plastics One) could be connected to the
chamber lid. This allowed continuous recording of the EEG and EMG signals while the subject
was housed in the apparatus.
Sleep deprivation experiments consisted of three phases: baseline, deprivation, and recovery.
Polysomnographic measures of sleep were obtained across all phases of the experiment. Following habituation to the standard recording environment, 48 Hr baseline recordings were
obtained from all subjects following an i.p. injection of vehicle (1:1:18 mixture DMSO: Cremaphor: 0.9% Saline) at ZT 06:00. After the baseline recordings, subjects were transferred into the
sleep deprivation devices (S1 Fig). Importantly, their original recording cages (including bedding, food, and water bottles) were retained and labelled according to subject. TSD via forced
locomotion was initiated at the onset of the LP (ZT 00:00), 18 Hr after the subjects were placed
into the deprivation device. The TSD protocol continued for 6 Hr, and afterwards subjects
were immediately removed from the deprivation chambers, weighed, and received either an i.
p. injection of the vehicle solution (control) or 5 mg/kg AM281. Subjects were then returned to
their original recording cage for 48 Hr (recovery phase). TSD was defined as spending less than
1% of total time (< 3.6 minutes) in NREM sleep, and based on this criterion, we disqualified 5
out of 14 mice in the AM281 group and 3 out of 14 mice in the vehicle group.

Vigilance State Scoring
To obtain an unbiased estimate of sleep-wake states, we devised an automated algorithm to
score polysomnographic data as either wake, NREM, or REM sleep (Fig 1A and 1B). Importantly, this software arrives at a deterministic score of a 24 Hr single-subject recording in less
than 5 min, assigning scores to 2 sec epochs, and it performs as well as trained human scorers
(Fig 1C and S3 Fig).
Calculation of the State-Space. The first step, deriving the state-space (Fig 1A), was
heavily influenced by the state-space methodology reported by Gervasoni et al [36], but in
addition to electrographic signals from the brain, we also incorporated EMG activity to conform with standard polysomnography techniques used in mice [37]. However, our methodology differed somewhat from other state-space based approaches. Because we were recording
from two EEG channels, we first compressed this data by taking the first principle component
(PC) of the raw data. By only performing analysis on the 1st PC of the two frontal EEG signals,
computational overhead is reduced. Next, power spectra were obtained for the EEG and EMG
waveforms using a 4 sec sliding window FFT with a 2 sec step. This was implemented using the
spectrogram() function that is part of the signal processing toolbox in MATLAB (The Mathworks Inc, Natick, MA). This provided frequency domain data in 2 sec epochs with roughly
0.25 Hz bin resolution. Two power spectral ratios (R1 & R2) were calculated from the EEG
data for each epoch:
P20 Hz
P10 Hz
j¼0:5 Hz Pðfj Þ
j¼5 Hz Pðfj Þ
Ratio 2 ¼ ½R2i  ¼ P4 Hz
Ratio 1 ¼ ½R1i  ¼ P100 Hz
j¼0:5 Hz Pðfj Þ
j¼0:5 Hz Pðfj Þ
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Fig 1. Design and Validation of Fully Automated Vigilance State Scoring Algorithm. A, Schematic diagram of data processing during acquisition (blue
shaded region) and during offline calculation of 3-dimensional state-space coordinates (green shaded region). The grey box at the end of the flow chart
highlights the three coordinates that define the state space. At this stage, no state-assignment has been made. Each point in the final state-space represents
a 2 sec epoch. B, Schematic illustrating the three-step, automated process for classifying points in the state-space (pink shaded region) into either wake,
rapid eye movement (REM), or non-rapid eye movement (NREM) sleep. Additionally, points that are ambiguously positioned on the boundary between
clusters can be defined as unclassified. Step 1: parametric classification establishes regions of the state-space consistent with the three vigilance states
based on hard cutoff criteria determined from the distribution of points within the state-space. Step 2a: from the classification performed in step 1, 99%
confidence intervals (CIs) are constructed for each state using a product kernel estimator with a Gaussian kernel function and Scott’s Rule for bandwidth
determination. Step 2b: The state-space is reclassified using a simple inclusion rule with the 99% CIs constructed in step 2a. Step 3: A transitional classifier
is used to incorporate most points that were outside the 99% CIs into a state-classification. All strings of unclassified points that are bounded on either side by
epochs of the same state are incorporated into that state classification (e.g. wake–unclassified–unclassified–wake becomes wake–wake–wake–wake). C,
Validation results comparing the percent agreement between three trained human scorers (inter-rater reliability) with percent agreement between each
human and the computer assigned scores. Bars represent mean±SEM. Abbreviations: CI–confidence interval, EEG–electroencephalogram, EMG–
electromyogram (A) or state-space coordinate derived from electromyogram signal (B), FFT–Fast Fourier Transform, HP–high pass, LP–low pass, PC–
principle component, PCA–principle component analysis, R1 –ratio 1, R2 –ratio 2.
doi:10.1371/journal.pone.0152473.g001
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Ratio 1 (R1) provides good separation between NREM and wake epochs [36, 38]. However,
separating REM from the other two clusters is challenging due to the sparse nature of REM
sleep and the similarity of the power spectra between REM and wake in mice. However, theta
rhythms (5–8 Hz) are prominent during REM sleep, and this characteristic has been used as a
means to separate REM epochs into a distinct, if somewhat diffuse cluster [38–40]. Thus, we
defined Ratio 2 (R2) to help pull epochs with high theta power away from the major clusters
representing NREM and wake. In addition to prominent theta, REM sleep is also distinguished
from wake by significantly reduced muscle tonus which can be measured with EMG. Therefore, we incorporated this criterion into the state-space by including the RMS value of the
power spectra of the EMG waveform. In summary, three criteria were used to separate epochs
of polysomnographic data into a 3D state-space: (1) Prominence of the frequencies between
0.5 and 20 Hz relative to the entire power spectra (0.5–100 Hz), (2) Prominence of theta power
relative to delta (0.5-4Hz), (3) RMS of the power spectra of the EMG waveform.
To provide better cluster separation, the state-space coordinates are smoothed with a 10 sec
Hann function and log transformed. To standardize the range of axes occupied by the statespace the log transformed data were median centered and normalized to the max absolute
value on each axis. This bounds the state-space between -1 and +1 across all axes for all subjects. The first graph in Fig 1B provides an example of the state-space at this stage of algorithm.
Classification of Points in State-Space as Vigilance States. Once the state-space is computed, three distinct clusters can be observed, and the second step of the classification software
(Fig 1B) serves to automatically define these clusters. This process occurs over three sequential
steps, where a rough description of clusters based on hard cutoffs is used to establish statistical
boundaries (confidence intervals) that reclassify the data using an inclusion/exclusion test. In
the final step, the remaining epochs that are not assigned to wake, NREM, or REM states are
restricted to epochs that are ambiguous to classify because they occur during transitions
between vigilance states.
First, a rough estimate of cluster boundaries is obtained by establishing threshold values
based on the distribution of points along each axis (Fig 1B, step 1). Specifically, a univariate
kernel density estimate is performed independently for EMG and R1. The distribution along
R1 is bimodal, so the threshold separating wake and REM from NREM along the R1 axis is
defined as the local minimum between these modes. The distribution of EMG values is not
consistently bimodal, so NREM epochs are constrained by the third quartile along this axis.
Similarly, wake was defined as epochs on the opposite side of the R1 distribution threshold
with EMG values greater than the median. REM was defined as values in the same mode of R1
as wake with EMG values within the first tercile. Additionally, REM was constrained to only
those epochs above the median value on the R2 axis. The purpose of the these hard-cut criteria
is to seed clusters based on the consistent topology of the state-space. The next two steps of the
classification process substantially refine this initial classification. The values for thresholds
were visually determined by the experimenter after trial and error with many data sets as reasonable thresholds to capture the majority of each cluster across the overwhelming majority of
datasets tested. Importantly, not all points are classified in this step (see Fig 1B, step 1), and
there is a buffer of unclassified points left between wake and REM that is subsequently incorporated into these clusters after completing steps 2 & 3 of the classification process. After inspecting the classified state-space for each data file, there were some rare instances where it was
clear that the REM cluster was not adequately defined by this step of the algorithm, and in
these instances, a custom software routine allowed for the manual selection of the REM cluster.
Based upon this initial classification, confidence intervals were calculated for each cluster by
estimating the probability density function (PDF) for each cluster separately (^f ) and the
State

PLOS ONE | DOI:10.1371/journal.pone.0152473 March 31, 2016

7 / 47

Endocannabinoid Signaling Regulates Sleep Stability

whole state-space (^f total ), using kernel estimation with a Gaussian kernel:
(
!)
n
3
X
Y
xj  Xij
1
2
1
^f
;
KðtÞ ¼ pﬃﬃﬃﬃﬃﬃ et =2
K
subset ðxÞ ¼ ðnh1 h2 h3 Þ
hj
2p
i¼1
j¼1
The smoothing parameter was determined based on the dataset using Scott’s Rule:
^ i n1=7
h^i ¼ s
Because some points were not assigned a state in the first classification step, there was a separate PDF calculated for these points in addition to the estimates for wake, NREM, and REM.
After all kernel estimates had been obtained, they were scaled so the maximum value of each
component PDF was equal to the corresponding grid location in ^f . In this way, the PDF of
total

the entire state-space was decomposed into component densities representing the different
states (Fig 1B, step 2a).
^f
^
^
^
^
total ¼ f wake þ f NREM þ f REM þ f Unassigned
To determine the probability that a given point belonged to a speciﬁed cluster, the component PDFs were subtracted from one another and normalized to the absolute value of the
resulting maxima:
PðAjxÞ ¼

^f  ^f  ^f  ^f
A
B
C
D
^
^
^
jmaxðf A  f B  f C  ^f D Þj

Where A, B, C, and D represent different states (Wake, NREM, REM, and Unassigned), and
x is a three dimensional feature vector for a specified epoch of the state-space. This subtraction
and normalization step was performed for each component density yielding four probability
matrices. The subtraction step was important to delineate clean borders between states.
At this stage of processing, points in the state-space were reclassified using the probability
matrices defined above. To accomplish this, each epoch of the state-space was indexed into the
four probability matrices, to determine the probability that it belonged to each state. The epoch
was assigned to the state with the highest probability if it fell within confidence intervals specified a priori. We established 99.9% confidence intervals for all states. Points that fell outside of
these confidence intervals were assigned to the unclassified cluster, and similarly, points that
had equivalent probability of belonging to two or more clusters were assigned to the unclassified cluster (Fig 1B, step 2b).
As can be seen in the results following classification with 99.9% confidence intervals (Fig
1B, step 2b), unclassified epochs comprised points on the periphery of clusters and transitional
epochs between clusters. To further refine the state assignment, a final classification step was
performed using a transitional classifier (Fig 1B, step 3). The point of this last step was to
reduce unclassified epochs to only those epochs representing transitions between states where
state scoring is inherently ambiguous. Consequently, this classification step assigned all unclassified epochs bounded by an epoch of the same state, while unclassified epochs bounded by different states would remain unclassified. Thus, the sequence [wake, unclassified, unclassified,
wake] would become [wake, wake, wake, wake], while [wake, unclassified, unclassified, NREM]
would remain the same. As shown in the last graph of Fig 1B, the result of this classification
step was to eliminate the penumbra of unclassified epochs surrounding the clusters, while leaving the unclassified epochs between cluster boundaries unchanged.
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Most of this analysis was coded in MATLAB and C/C++ (MEX file libraries). However, a
parallelized kernel density estimation method, GPUML, was implemented in CUDA/C (NVIDIA Corp, Santa Clara, CA) to speed computation of non-parametric density estimation [41].
Throughout the algorithm, operations were parallelized where possible, and this was achieved
via explicit coding of parfor and spmd loops using MATLAB’s Parallel Computing Toolbox.
Importantly, for each data set (all subjects  days of experiment), the scoring results were visually examined to ensure there were no obvious defects in scoring.
The prevalence of each state was calculated as the percent of time spent in that state. Additionally, the number and duration of bouts of NREM and REM were calculated (sleep architecture) with one bout defined as a consecutive series of epochs in the same state.

Drugs
CP47,497 (CP47), AM281, JZL184 (JZL), and URB597 (URB) were all obtained from Tocris
Bioscience (Bristol, UK). These compounds are highly lipophilic and only sparingly soluble in
aqueous solution. Therefore, these drugs were dissolved in a vehicle solution consisting of a
1:1:18 mixture of DMSO, Cremaphor, and normal saline. Administration of this vehicle had
no effect on either sleep or EEG power spectra (S2 Fig). AM3506 was synthesized in the laboratory of Dr. Alexandros Makriyannis (Northeastern University), and was prepared in a 1:1:8
vehicle of DMSO:Cremaphor:Saline because it tends to precipitate when prepared in the standard vehicle solution. For all experiments, 24 Hr recordings of polysomnographic indices following administration of the appropriate vehicle solution were used as a within-subject
baseline for comparison. All drug and vehicle solutions were administered via i.p. injections
given at a volume of 0.02 mL per gram body weight. Drug were prepared fresh on the day of
the experiment.

Statistics
In all experiments, time of day was included as a factor, but it was necessary to take into
account the effect of photoperiod as well. Therefore, all analyses of time course data utilized a
hierarchical linear mixed model (HLM) approach. For most experiments, a model with three
repeated, fixed factors was implemented. Specifically, the model tested for the interaction
between drug treatment and time of day nested within photoperiod. Because we followed subjects across different treatment conditions, all analyses contained repeated measures, and posthoc comparisons were performed within-subjects. For the sleep deprivation experiment, there
were two experimental groups (AM281 treated and vehicle control). For simplicity, only data
from the first day following baseline vehicle injection (baseline day 1) and the first day following sleep deprivation (recovery day 1) were statistically compared. In this case, the model
design examined the between groups interaction of treatment group (vehicle vs AM281) with
time of day nested within photoperiod (light vs dark) nested within experimental phase (baseline vs recovery), where time of day, photoperiod, and experimental phase were all repeated
measures. Analysis with HLM was performed in SPSS (IBM, Bethesda, MD). A Bonferroni correction was applied to all pair-wise comparisons of the model-derived estimated marginal
means, and all reported P-values reflect this correction. For all analyses α = 0.05.

Results
Validation of Unsupervised Sleep Staging Algorithm
To validate our method of scoring, the computer-derived vigilance state classification results
from 6 datasets were compared against scoring results from three trained humans. Because
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manual scoring by humans will always be sensitive to issues of subjectivity and scorer vigilance,
an appropriate validation of automated methods should take into account how the computerderived score compares to the inter-rater reliability of manual scoring. Consequently, the percent agreement between scores obtained from the computer algorithm and manual sleep staging were compared to the percent agreement between the manually-derived scores (inter-rater
reliability; Fig 1C). There was no interaction between scorer (human vs. computer) and data
file (repeated measure; 2-way ANOVA, F(5, 20) = 1.05, p = 0.42), and there was no effect of
scorer (F(1, 4) = 1.01, p = 0.37). However, there was an effect of data file (F(5, 20) = 20.76,
p < 0.001), because data file 4 was intentionally included as it had a noisy EMG signal. Compared to the other files that were scored, there was a marked reduction in the inter-rater reliability between humans and between human vs computer derived scores. Comparisons of
scoring reliability for each vigilance state also found no difference between humans and the
computer (S3 Fig). Consequently, we conclude that this algorithm performs comparably to
manual sleep staging.
Fig 2 shows example scoring results with raw data traces and power spectra including state
transitions. One important feature of this vigilance state-scoring program is the necessary
inclusion of unclassified/transitional epochs that cannot be assigned to specific states with any
rigor (note the black points between clusters in Fig 2A). This derives naturally from the fact
that state clusters are not cleanly segregated in the state-space, which is consistent with the
intuitive notion that state-transitions are not instantaneous (i.e. falling asleep or waking up
takes some time as cortical ensembles synchronize or desynchronize, respectively). Thus, the
algorithm conservatively estimates vigilance states by only assigning a score when an epoch
registers within some statistical bounds of certainty.

Direct Activation of CB1 Receptors Facilitates NREM Sleep
To determine how activation of CB1 affects sleep, the full CB1 agonist, CP47, was administered
just prior to the DP. Consistent with reports that CB1 activation reduces locomotor activity,
phasic muscle movements in the EMG were reduced after injection of CP47, and the amount
of high voltage, low frequency activity in the EEG was increased (Fig 3). In this experiment, a
0.1 (low) and a 1.0 (high) mg/kg dose of CP47 were administered on subsequent recording
days following a baseline day where vehicle was injected (Fig 4A). We assessed the percent
time spent in NREM sleep (Fig 4B) and found a significant overall interaction (treatment x
time of day within photoperiod, F(18, 142.63) = 9.804, p < 0.001), secondary interaction (treatment x photoperiod, F(2, 96.81) = 26.63, p < 0.001), and a main effect of photoperiod (F(1,
116.62) = 284.59, p < 0.001). High dose CP47 had biphasic effects on sleep time, inducing significantly more NREM during the DP (t(85.57) = 5.71, p < 0.001) and reducing NREM during
the LP (t(85.57) = -6.046, p = 0.006). NREM sleep time was increased over the first 6 Hr of the
DP (low dose, ZT12-15: t(191.94) = 2.89, p = 0.009; high dose, ZT12-18: t(191.94)  6.21,
p < 0.001), and high dose CP47 significantly reduced NREM during the first 3 Hr of the LP
(ZT00-03: t(191.94) = -2.54, p = 0.024). Thus, the synthetic cannabinoid CP47 biphasically
modulates NREM sleep time.
We next examined effects on NREM architecture. For NREM bout duration, there was an
overall interaction (treatment x time of day within photoperiod, F(18, 143.87) = 3.854,
p < 0.001), a secondary interaction (treatment x photoperiod, F(2, 78.01) = 4.85, p = 0.010),
and a main effect of photoperiod (F(1, 113.84) = 26.537, p < 0.001). CP47 significantly
increased NREM bout duration during the second quarter of the DP (ZT15-18: t(157.46) =
3.49, p = 0.001). In contrast, NREM bout duration was reduced across the LP (t(62.72) = 3.23,
p = 0.032), specifically during the first quarter of the LP (ZT00-03: t(157.46) = 3.16, p = 0.004).
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Fig 2. Example Results of State-Scoring. A, Example of scored state-space with color-coded state clusters. B, Example of power spectra derived from the
scored epochs. Power spectra are color-coded according to the state they were derived from. Solid lines indicate borders of 95% confidence interval of power
spectra for all epochs of associated state across the day. C, Distribution of time spent in each classification criteria over the day. D, Pattern of sleep-wake
states over the day shown as percent time of 3 Hr bins. Grey background denotes the dark photoperiod. E, Aligned time-frequency power spectrum, raw
EEG, raw EMG, and color-coded hypnogram for a single recording day. Time of day denoted as zeitgeber time underneath the hypnogram. F, Expanded
view of hashed yellow box in panel E. Small yellow hashed boxes highlight times with state transitions and correspond to subpanels F1 –F3. F1, Wake to
NREM transition. F2, NREM to wake transition. F3, Transition from NREM to REM and transition from REM to wake. For A-D and all hypnograms shown in
E–F, wake is indicated in red, NREM is indicated in blue, and REM is indicated in green. For all periodograms shown in E and F, absolute power specified in
the heat map is given by the colorbar between panel F and subpanel F3.
doi:10.1371/journal.pone.0152473.g002

The number of NREM bouts was also affected by an overall interaction (F(18, 143.48) = 1.96,
p = 0.016) and a main effect of photoperiod (F(1, 113.30) = 17.81, p < 0.001). However, the
only significant difference between treatment conditions occurred during the first quarter of
the LP when high dose CP47 increased the number of NREM bouts (t(157.72) = 3.74,
p < 0.001). Treatment with CP47 did not affect REM sleep (Fig 4C).
To confirm that CP47’s effects on sleep were mediated through the CB1 receptor, a separate
cohort of subjects was administered the vehicle solution followed 24 Hr later by an injection
containing a mixture of CP47 (1 mg/kg) and the selective CB1 antagonist, AM281 (5 mg/kg;
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Fig 3. Example EEG/EMG Traces on Different Time Scales Following Vehicle or CP47,497 Administration. EEG and EMG traces are from the same
subject at the same stage of the circadian cycle after administration of either vehicle (A, A’, and left column of C) or 1 mg/kg CP47,497 (B, B’, and right
column of C). Panels A and B show a 2 Hr 15 min window from ZT 14:00–16:15, roughly 2 Hr after drug administration, coinciding with peak effects observed
on sleep. Panels A’ and B’ show a 15 min long segment expanded from the region in A and B highlighted by the dashed orange box. Panel C shows
representative 18 sec long data segments corresponding to NREM and Wake obtained following vehicle and CP47 administration. These data segments
were taken from the segments shown in A and B. The color-coded hypnogram shown at the bottom of A, B, A’, and B’ represents consecutive 2 sec epochs
shown as wake (red), NREM (blue), unclassified (grey). No REM occurred during this period. Black traces depict EEG, red traces depict EMG. A and B are
identically scaled. A’ and B’ are identically scaled. All traces in C are identically scaled.
doi:10.1371/journal.pone.0152473.g003

CP47+AM281; Fig 4D). As an internal positive control, the experiment was continued for a
third day when CP47 (1 mg/kg) was administered alone. There was an overall interaction for
NREM sleep time (Fig 4E; treatment x time of day within photoperiod, F(18, 198.22) = 11.31,
p < 0.001), a secondary interaction (treatment x photoperiod, F(2, 133.28) = 43.47, p < 0.001),
and a main effect of photoperiod (F(1, 160.97) = 364.21, p < 0.001). While CP47 alone
increased sleep time during the DP (ZT12-15 & ZT15-18: t(263.34)  6.43, p < 0.001) and
reduced it during the LP (ZT00-03, 03–06, and 06–09: t(263.34)  -3.12, p  0.006), co-administering AM281 significantly attenuated the CP47 effects during the DP (AM281+CP47 vs
CP47, ZT12-15, 15–18, and 18–21: t(263.34)  -2.94, p  0.011) and reversed them completely
during the LP (ZT00-03 and 03–06: t(263.34)  2.57, p  0.033). Compared to vehicle, CP47
+AM281 had mixed effects on NREM in the DP (ZT12-15 (increased): t(263.34) = 4.14,
p < 0.001; ZT18-21(decreased): t(263.34) = -2.79, p = 0.017), but there were no differences
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Fig 4. Direct Activation of CB1 with the Full Agonist, CP47,497, Has Biphasic Effects on NREM Sleep
that are Mediated by the CB1 Receptor. A, Diagram of experimental protocol for recording sleep after
administration of the CB1 agonist, CP47,497. All injections given at the onset of the dark photoperiod (ZT
12:00). B, Quantification of NREM sleep time and architecture (N = 9). C, Quantification of REM sleep time
and architecture. D, Diagram of experimental protocol for recording sleep after co-administering CP47 with
AM281. E, Quantification of NREM sleep in experiments with co-administration of CP47 and AM281. In all
graphs, the grey shaded region denotes the dark photoperiod. Symbols represent mean±SEM for 3 Hr time
bins. Asterisks denote significant difference from vehicle baseline.
doi:10.1371/journal.pone.0152473.g004

during the LP. These results replicated our previous findings on CP47’s biphasic effect on
sleep, and co-administration of AM281 blocked this effect suggesting that CP47’s effects on
NREM sleep are mediated through CB1.
The CP47-induced changes in sleep architecture were similarly blunted by co-administration of AM281. For NREM bout duration, there was a significant overall interaction (treatment
x time of day within photoperiod, F(18, 202.64) = 5.487, p < 0.001), secondary interaction
(treatment x photoperiod, F(2, 103.25) = 13.06, p < 0.001), and main effects of both drug treatment (F(2, 61.707) = 4.376, p = 0.017) and photoperiod (F(1, 169.28) = 45.05, p < 0.001). CP47
produced a large decrease in bout duration across all time points of the LP (CP47 vs vehicle,
ZT00-12: t(182.30)  -2.69, p  0.025) that was blocked by co-administration of AM281
(CP47+AM281 vs CP47, ZT00-09:: t(184.77)  3.30, p  0.003). CP47+AM281 did not change
NREM bout duration relative to vehicle. The number of NREM bouts was affected by a significant overall interaction (treatment x time of day within photoperiod, F(18, 192.19) = 5.20,
p < 0.001) and main effects of both photoperiod (F(1, 155.99) = 11.18, p = 0.001) and drug
treatment (F(2, 54.76) = 4.79, p = 0.012). Across the entire recording day, CP47 produced an
increase in the number of NREM bouts (t(48.65) = 2.98, p = 0.013), but the only specific time
point with significant differences between treatments was the first quarter of the DP where
both CP47 (t(176.71) = 4.58, p < 0.001) and CP47+AM281 (t(178.81) = -4.57, p < 0.001) produced a significant increase in NREM bouts. As discussed later, AM281 alone increases the
number NREM bouts during the first quarter of the DP, so the increased number of NREM
bouts is confounded by AM281’s effect. Thus, CP47’s effects on sleep architecture are largely
mediated through the CB1 receptor.

Inhibition of Monoacylglycerol Lipase Stabilizes NREM and Suppresses
REM
Sleep Measurements. Considering that activation of CB1 receptors with exogenous ligands
can facilitate sleep, we next sought to test the hypothesis that eCBs could similarly promote
NREM sleep. Increasing endogenous 2-AG tone with JZL, a selective MAGL inhibitor, reduced
phasic EMG activity and increased the amount of low-frequency high-voltage EEG activity characteristic of NREM sleep (Fig 5). To quantify vigilance states after pharmacologically increasing
2-AG levels, subjects were sequentially given a 1.6 (low), 8.0 (moderate), and 16.0 (high) mg/kg
doses of JZL, after which an additional 24 Hr recording with no injection (recovery) was obtained
(Fig 6A). Within-subject comparisons were made using sleep measures obtained during a 24 Hr
baseline recording that followed a vehicle injection. Several reports have suggested that endocannabinoid levels fluctuate across the circadian cycle [33, 34, 42], but it is unclear how or if this
may be related to sleep. Therefore, two experiments were performed with JZL in separate groups
of mice. In one, JZL was administered before the DP, when mice are most active (Fig 6B), and in
the other, JZL was administered prior to the LP (Fig 6C).
When given just before the onset of the DP (between ZT 11:30 and 12:00), JZL administration had obvious effects on NREM sleep that mirrored those seen with CP47 (Fig 6B; top row).
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Fig 5. Example EEG/EMG Traces on Different Time Scales Following Vehicle or JZL184 Administration. EEG and EMG traces are from the same
subject at the same stage of the circadian cycle after administration of either vehicle (A, A’, and left column of C) or 16 mg/kg JZL184 (B, B’, and right column
of C). Data are from experiment with JZL administration before the LP. Panels A and B show a 2 Hr 15 min window from ZT 02:00–04:15, roughly 2 Hr after
drug administration, coinciding with peak effects observed on sleep. Panels A’ and B’ show a 15 min long segment expanded from the region in A and B
highlighted by the dashed orange box. Panel C shows representative 18 sec long data segments corresponding to NREM and wake obtained following
vehicle and JZL administration. These data segments were taken from the segments shown in A and B. The color-coded hypnogram shown at the bottom of
A, B, A’, and B’ represents consecutive 2 sec epochs shown as wake (red), NREM (blue), REM (green), and unclassified (grey). Note the loss of REM sleep
following JZL administration. Black traces depict EEG, red traces depict EMG. A and B are identically scaled. A’ and B’ are identically scaled. All traces in C
are identically scaled.
doi:10.1371/journal.pone.0152473.g005

This was evidenced by an overall interaction (treatment x time of day within photoperiod,
F(30, 269.56) = 12.29, p < 0.001), secondary interaction (treatment x photoperiod,
F(4, 198.66) = 48.31, p < 0.001), and a main effect of photoperiod (F(1, 234.92) = 596.81,
p < 0.001). JZL had biphasic effects on NREM with increased sleep during the DP (moderate:
t(172.80) = 4.49, p < 0.001; high: t(175.26) = 6.71, p < 0.001) and a suppression of NREM during the LP (moderate: t(172.80) = -3.72, p = 0.001; high: t(172.80) = -4.62, p < 0.001). Specifically, JZL increased NREM sleep during the middle of the DP (moderate, ZT15-18: t(357.53) =
4.25, p < 0.001; high, ZT15-21: t(357.53)  4.38, p < 0.001) and reduced it during the LP
(moderate, ZT00-03: t(357.53) = -3.17, p = 0.007; high, ZT06-09: t(357.53) = -2.93, p = 0.014).
In contrast, on the recovery day NREM was reduced during the DP (recovery vs vehicle, t
(172.80) = -3.66, p = 0.001) and increased during the LP (t(172.8) = 2.55, p = 0.047), specifically
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Fig 6. Differential Effects of Increasing 2-AG Tone on NREM and REM Sleep Based on Circadian Timing of Drug Administration. A, Diagram of
experimental protocol for recording sleep after administration of the MAGL inhibitor, JZL184. B, Quantification of NREM (top row) and REM (bottom row)
sleep time and architecture for experiment where JZL was administered prior to the DP (N = 10). C, Quantification of NREM (top row) and REM (bottom row)
sleep time and architecture for experiment where JZL was administered prior to the LP (N = 8). In all graphs, the grey shaded region denotes the dark
photoperiod. Symbols represent mean±SEM for 3 Hr time bins. Asterisks denote significant difference from vehicle baseline.
doi:10.1371/journal.pone.0152473.g006

during the last quarter of the LP (ZT09-12: t(357.53) = 2.64, p = 0.035). Thus, inhibition of
MAGL has biphasic effects on NREM sleep, initially increasing the time in NREM, followed by
a decrease in NREM that extends into the recovery day.
JZL also produced alterations in NREM architecture similar to CP47. For NREM bout duration, there was an overall interaction (treatment x time of day within photoperiod, F(30,
272.08) = 3.55, p < 0.001), a secondary interaction (treatment x photoperiod, F(4, 153.85) =
20.92, p < 0.001), and main effects of both treatment (F(4, 93.89) = 3.60, p = 0.009) and photoperiod (F(1, 230.16) = 4.065, p = 0.045). High dose JZL increased NREM bout duration across
the DP (t(115.00) = 2.83, p = 0.022), and both moderate and high doses reduced it across the
LP (t(115.00)  -2.58, p  0.044). Specifically, high dose JZL increased bout duration during
the second quarter of the DP (ZT15-18: t(286.90) = 4.29, p < 0.001) and reduced it across most
of the LP (ZT00-09: t(286.90)  -2.75, p  0.026). On the recovery day, NREM bout duration
was increased across most of the LP (ZT03-12: t(287.54)  2.56, p  0.044). For the number
of NREM bouts, there was also an overall interaction (treatment x time of day within
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photoperiod, F(30, 286.26) = 3.19, p < 0.001), a secondary interaction (treatment x photoperiod, F(4, 153.85) = 3.23, p = 0.014), and main effects of both drug treatment (F(4, 75.96) =
6.15, p < 0.001) and photoperiod (F(1, 272.44) = 99.44, p < 0.001). High dose JZL increased
NREM bouts across the LP (t(95.33) = 3.57, p = 0.002) with pair-wise differences at two time
points (ZT03-06 & ZT09-12: t(218.71)  2.77, p  0.024). Thus, the effects of JZL treatment
on NREM sleep were closely mirrored by effects on NREM bout duration, suggesting that
MAGL inhibition-induced changes in sleep are due to modulation of NREM stability.
In contrast, administration of JZL before the DP produced only a slight reduction in REM
sleep parameters (Fig 6B; bottom row). There was no effect of JZL on REM sleep time. For the
duration of REM bouts, there was a nested interaction (time of day within photoperiod, F(6,
238.62) = 10.81, p < 0.001), and main effects of treatment (F(4, 82.54) = 7.01, p < 0.001) and
photoperiod (F(1,238.51) = 34.78, p < 0.001). 16.0 mg/kg JZL reduced REM bout duration during across the DP (t(110.53) = -2.56, p = 0.047), specifically during the third quarter of the DP
(ZT18-21: t(235.00) = -2.80, p = 0.022), and REM bout duration was increased across the LP
on the recovery day (t(99.54) = 2.77, p = 0.027), specifically during the second quarter of the
LP (ZT03-06: t(237.32) = 2.71, p = 0.022). For the number of REM bouts, there was a nested
interaction (time of day within photoperiod, (F(6, 268.06) = 14.44, p < 0.001) and main effects
of treatment (F(4, 81.95) = 3.17, p = 0.018) and photoperiod (F(1,254.72) = 55.42, p < 0.001).
The high dose of JZL increased the number of REM bouts during the last 3 Hr of the LP
(ZT09-12: t(240.24) = 3.72, p = 0.001).
When JZL was administered before the LP, NREM sleep was augmented (Fig 6C; top row),
but the magnitude of this effect (deviation from vehicle baseline) was not as great as when the
drug was given prior to the DP. The effect was also not biphasic within a circadian cycle. For
the percent of time spent in NREM sleep, there was a secondary interaction (treatment x photoperiod, F(4, 165.01) = 5.00, p = 0.001) and a nested interaction (time of day within photoperiod, F(6, 209.40) = 22.04, p < 0.001) along with main effects of both treatment (F(4, 126.24) =
33.05, p < 0.001) and photoperiod (F(1, 192.72) = 522.51, p < 0.001). Moderate and high
dose JZL increased NREM sleep time across the LP (t(145.25)  4.92, p < 0.001), while NREM
sleep time was reduced on the recovery day during both the LP (t(145.26) = -3.36, p = 0.004)
and DP (t(145.26) = -3.61, p = 0.002). Specifically, all three doses of JZL increase NREM sleep
time during the first 3 Hr of the LP (ZT 00–03: t(274.85)  2.59, p  0.040) with the moderate
dose increasing NREM sleep up to 6 Hr after administration (t(274.85) = 3.06, p = 0.010)
and the high dose increasing NREM up to 9 Hr into the LP (t(274.85) = 2.52, p < 0.050).
For NREM bout duration, there was an overall interaction (treatment x time of day within
photoperiod; F(24, 218.31) = 1.67, p = 0.030), a secondary interaction (treatment x photoperiod; F(4, 120.79) = 2.80, p = 0.029), a nested interaction (time of day within photoperiod;
F(6, 20.50) = 8.02, p < 0.001), and main effects of both treatment (F(4, 74.15) = 6.34, p <
0.001) and photoperiod (F(1, 179.88) = 132.73, p < 0.001). High and moderate dose JZL increased NREM bout duration across the LP (t(91.06)  2.94, p  0.016). The moderate dose of
JZL increased NREM bout duration across the first 6 Hr of the LP (ZT00-06: t(225.33)  2.59,
p  0.041), while high dose JZL only increased NREM bout duration later in the LP (ZT06-09:
t(225.33) = 3.12, p = 0.008). The number of NREM bouts was not affected when JZL was
administered before the LP.
In contrast to the modest effects of JZL on REM sleep when the drug was given before the
DP, administration of JZL before the LP produced a marked reduction in REM sleep (Fig 6C;
bottom row). For the percent of time spent in REM sleep, there was an overall interaction
(treatment x time of day within photoperiod, F(24, 224.83) = 1.61, p = 0.040), secondary interaction (treatment x photoperiod, F(4, 116.88) = 13.58, p < 0.001), nested interaction (time of
day within photoperiod, F(6, 212.50) = 9.60, p < 0.001), and main effects of both treatment (F
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(4, 61.32) = 7.17, p < 0.001) and photoperiod (F(1, 200.12) = 10.77, p = 0.001). Both moderate
and high dose JZL reduced REM sleep time across the LP (t(77.11)  -4.81, p < 0.001). Specifically, REM sleep was diminished across most time points in the LP following administration of
both doses (moderate dose, ZT00-09: t(184.07)  -2.81, p  0.022; high dose, ZT00-12: t
(184.05)  -3.87, p  0.001). For REM bout duration, there was an overall interaction (treatment x time of day within photoperiod, F(24, 192.48) = 2.02, p = 0.005), secondary interaction
(treatment x photoperiod, F(4, 113.74) = 6.52, p < 0.001), and main effects of both treatment
(F(4, 70.319) = 11.95, p < 0.001) and photoperiod (F(1, 165.44) = 15.90, p < 0.001). REM bout
duration was suppressed by both moderate and high dose JZL across the LP (t(85.623) 
-27.46, p  0.001). Specifically, the moderate dose of JZL reduced REM bout duration during
the first 6 Hr of the LP (ZT00-06: t(217.98)  −3.27, p  0.005) and increased REM bout duration during the middle of the DP (ZT18-21: t(217.49) = 2.75, p = 0.026). High dose JZL reduced
REM bout duration across the entire LP and into the first 3 Hr of the DP (ZT00-15: t(214.55) 
−3.21, p  0.006). For the number of REM bouts, there was a secondary interaction (treatment x
photoperiod, F(4, 119.91) = 10.01, p < 0.001), nested interaction (time of day within photoperiod, F(6, 206.20) = 11.17, p < 0.001), and main effects of both treatment (F(4, 74.09) = 3.14,
p = 0.019) and photoperiod (F(1, 177.54) = 27.29, p < 0.001). Again, moderate and high dose
JZL reduced the number of REM bouts across the LP (t(90.894)  -3.41, p  0.002). The number
of REM bouts was reduced at multiple time points during the LP following JZL administration
(moderate dose, ZT03-06: t(227.24) = 3.19, p < 0.001); high dose, ZT00-09: t(227.24)  -2.85,
p  0.019). Thus, REM sleep is markedly suppressed by acute augmentation of 2-AG tone, but
only when this drug is administered immediately before the time of day when mice engage in
most of their REM sleep.
EEG Power Spectral Measurements. Given the effects of increased 2-AG signaling on
NREM and REM sleep described above, we examined the spectral content of the EEG signal
from the experiment where JZL was administered before the DP (Fig 7). Similar results were
obtained when JZL was administered before the LP (S4 Fig) and when CP47 was administered
before the DP (S5 Fig). Despite the robust effects on sleep, JZL produced relatively modest
effects on 12 Hr averages of EEG power spectrum from epochs of any state (Fig 7A–7C). To
quantify JZL’s effects on EEG power spectra with higher temporal precision, we summed across
well-described power spectral bandwidths (delta: 0-4Hz, theta: 4–8 Hz, and gamma: 30–70 Hz)
in 3 Hr time bins (Fig 7D–7F). These bandwidths are routinely associated with sleep homeostasis (delta [43, 44], theta [45]), pneumonic processes (theta [46]), and attention (gamma [47]).
Treatment with JZL had no effect on delta, theta, or gamma power during wake epochs (Fig
7D). For NREM epochs (Fig 7E), there was no effect of JZL on delta power, but for theta power
there was a significant overall interaction (treatment x time of day within photoperiod, F(24,
335.61) = 1.84, p = 0.010), a nested interaction (time of day within photoperiod, F(6, 304.79) =
9.24, p < 0.001), and a main effect of photoperiod (F(1, 159.84) = 85.90, p < 0.001). However,
there were no specific time points where JZL significantly altered NREM theta power relative
to vehicle. For NREM gamma power, there was an overall interaction (treatment x time of day
within photoperiod, F(24, 344.26) = 3.21, p < 0.001), a secondary interaction (treatment x photoperiod, F(4, 354.88) = 14.62, p < 0.001), a nested interaction (time of day within photoperiod,
F(6, 304.49) = 25.78, p < 0.001), and main effects of both drug treatment (F(4, 220.36) = 10.85,
p < 0.001) and photoperiod (F(1, 168.31) = 5.16, p = 0.024). JZL184 produced a dose-dependent reduction of NREM gamma power, with 8.0 mg/kg JZL184 decreasing gamma during the
first 9 Hr of the DP (ZT 12–21: t(240.60)  -2.67, p  0.032) and 16.0 mg/kg JZL reducing
NREM gamma across the entire DP (ZT 12–00: t(159.50)  -4.14, p  0.001). NREM gamma
was no different from vehicle following the 1.6 mg/kg dose or on the recovery day. For REM
epochs (Fig 7F), there was an there was an overall interaction (treatment x time of day within
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Fig 7. MAGL Inhibition with JZL184 Attenuates Gamma Frequency Oscillations During Sleep. A-C, Average power spectra for epochs of different
vigilance states across the entire DP (left hand) and LP (right hand). Solid lines denote means and shaded region around lines denotes SEM. A, Wake. B,
NREM. C, REM. D-F, Change over the day in summated power in different frequency bandwidths from the power spectra: delta (left hand column), theta
(middle column), and gamma (right hand column). In these graphs, results from epochs of wake are denoted in red (D), NREM are in blue (E), and REM are in
green (F). Symbols/Bars represent mean±SEM for 3 hr time bins (N = 10). Grey background in graphs shows dark photoperiod. Asterisks denote significant
difference from vehicle baseline. All injections administered at onset of DP (ZT 12:00).
doi:10.1371/journal.pone.0152473.g007

photoperiod, F(24, 284.87) = 1.71, p  0.022) and a main effect of photoperiod (F(1, 306.75) =
16.23, p < 0.001) for delta power. However, there were no pair-wise differences between treatment/recovery conditions and vehicle. Similarly, for REM theta power, there was an overall
interaction (treatment x time of day within photoperiod, F(24, 293.65) = 2.36, p < 0.001) and a
nested interaction (time of day within photoperiod, F(6, 292.49) = 8.09, p < 0.001), but there
were no pair-wise differences between treatment/recovery conditions and vehicle. For REM
gamma, there was a secondary interaction (treatment x photoperiod, F(4, 252.78) = 5.03,
p = 0.001) and a nested interaction (time of day within photoperiod, F(6, 292.39) = 10.94,
p < 0.001) with main effects of drug treatment (F(4, 83.77) = 7.39, p < 0.001) and photoperiod
(F(1, 235.60) = 15.65, p < 0.001). JZL reduced REM gamma in a dose-dependent manner with
8.0 mg/kg JZL184 decreasing REM gamma across the first half of the DP (ZT12-18: t(121.00)
 -3.04, p  0.011) and 16.0 mg/kg JZL184 decreasing REM gamma across the entire DP
(ZT12-00: t(85.92)  -3.64, p  0.002). There was no difference in REM gamma power following low dose JZL184 or on the recovery day. Thus, increasing endogenous 2-AG tone with JZL
has little effect on delta or theta power, but it attenuates gamma oscillations, particularly during
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sleep. Additionally, this effect is consistent irrespective of the time of day JZL is administered
(see S4 Fig).

Inhibition of Fatty Acid Amide Hydrolase Stabilizes NREM and
Suppresses REM
Sleep Measurements. Next, we tested the hypothesis that endogenous N-acylethanolamines, including AEA, could modulate sleep. The FAAH inhibitor URB was injected systemically at three different doses (0.1, 1.0, and 10.0 mg/kg) over successive days (S6 Fig, panel A),
but URB did not have a substantial effect on either NREM (S6 Fig, panel B) or REM (S6 Fig,
panel C) sleep, in contrast to the counterintuitive effects of i.c.v. injection reported previously
[18]. These data would appear to suggest that N-acylethanolamines are not important for the
regulation of vigilance states. However, application of exogenous AEA is known to facilitate
NREM sleep [14, 15], and the elevation of N-acylethanolamines in rodent brain tissue by URB
lasts only a few hours [48]. Thus, we performed a separate experiment with a single dose of the
selective, long-lasting FAAH inhibitor AM3506 (10.0 mg/kg; Fig 8A) that reduces FAAH activity for up to 10 days after administration [49]. In this experiment, subjects were administered a
vehicle injection followed 24 Hr later by an injection of AM3506, and polysomnographic measures of sleep were obtained over the following 48 Hr. As shown in Fig 8B, AM3506 significantly altered NREM sleep. For NREM sleep time, there was a significant overall interaction
(treatment x time of day within photoperiod, F(18, 142.90) = 3.68, p < 0.001), a secondary
interaction (treatment x photoperiod, F(2, 80.60) = 20.57), and main effects of both treatment
(F(2, 56.53) = 11.63, p < 0.001) and photoperiod (F(1, 111.44) = 231.09, p < 0.001). During the
DP, AM3506 significantly augmented NREM sleep time (t(66.28) = 5.16, p < 0.001), and similar to the effect of JZL, there was a significant reduction in NREM sleep during the DP on the
recovery day (t(66.63) = -2.41, p = 0.038). In contrast to the effects of JZL and CP47, NREM
sleep time during the LP was unaffected. Pair-wise comparisons at individual time bins found
AM3506 significantly increased NREM sleep across the first 9 Hr of the DP (ZT12-21: t
(168.29)  2.64, p  0.018), and on the recovery day, NREM sleep time was significantly
reduced during the first three hours of the DP (ZT12-15: t(168.35) = -3.25, p = 0.003). Thus,
increasing N-acylethanolamine signaling with long-lasting inhibition of FAAH increases
NREM sleep time, but this does not produce the biphasic effect seen with JZL and CP47.
To ascertain the effect of FAAH inhibition on NREM architecture, we measured the number
and duration of NREM bouts at 3 Hr time points across the circadian cycle (Fig 8B). There was
an overall interaction for NREM bout duration (treatment x time of day within photoperiod, F
(18, 148.23) = 2.79, p < 0.001) and a secondary interaction between treatment and photoperiod
(F(2, 75.68) = 3.54, p = 0.034). There was a significant increase in NREM bout duration during
the second quarter of the dark photoperiod (ZT15-18: t(135.38) = 2.77, p = .013). The number
of NREM bouts was not affected by treatment with AM3506. These findings demonstrate that
FAAH inhibition promotes sleep by increasing NREM stability shortly after drug
administration.
Similar to JZL, AM3506 reduced REM sleep (Fig 8C). For the percent time spent in REM,
there was a nested interaction (time of day within photoperiod, F(6, 139.71) = 7.51, p < 0.001)
and main effects of treatment (F(2, 51.93) = 4.399, p = 0.017) and photoperiod (F(1, 112.07) =
227.69, p < 0.001). Overall, AM3506 reduced REM sleep (t(47.65) = -2.75, p = 0.017), specifically during the third quarter of the DP (ZT18-21: t(158.67) = -2.54, p = 0.024) and first quarter
of the LP (ZT00-03: t(158.67) = -3.05, p = 0.005). For the duration of REM bouts, there was a
nested interaction (time of day within photoperiod, F(6, 132.64) = 3.99, p = 0.001) and main
effects of treatment (F(2, 59.13) = 10.66, p < 0.001) and photoperiod (F(1,105.96) = 7.72,
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Fig 8. FAAH Inhibition with AM3506 Increases NREM Sleep Time and Stability while Decreasing REM Sleep. A, Diagram of experimental protocol for
recording sleep after administration of the long-lasting FAAH inhibitor AM3506. B, Quantification of NREM sleep time and architecture for the AM3506
experiment (N = 9). C, Quantification of REM sleep time and architecture. In all graphs, the grey shaded region denotes the dark photoperiod. Symbols
represent mean±SEM for 3 Hr time bins. Asterisks denote significant difference from vehicle baseline. All injections administered at onset of dark photoperiod
(ZT 12:00).
doi:10.1371/journal.pone.0152473.g008

p = 0.006). Overall, REM bouts were longer on the recovery day (t(60.507) = 2.74, p = 0.016),
but AM3506 reduced REM bout duration across the DP (t(73.75) = -2.70, p = 0.017), specifically during the middle of the DP (ZT15-21: t(170.06)  -2.61, p  0.020). Finally, for the
number of REM bouts, there was a nested interaction (time of day within photoperiod, F(6,
142.95) = 5.23, p < 0.001) and main effects of treatment (F(2, 46.33) = 4.39, p = 0.018) and
photoperiod (F(1, 120.03) = 84.76, p < 0.001). The number of REM bouts during the LP was
reduced by AM3506 and on the recovery day (t(55.64)  -2.80, p  0.014), specifically during
the third quarter of the LP (ZT06-09: t(139.96)  -2.68, p  0.017).
EEG Power Spectral Measurements. The results of power spectral analysis of the EEG
from the AM3506 experiment were very similar to those obtained following CP47 and JZL
administration (S7 Fig). Specifically, increasing AEA tone with AM3506 had modest effects on
delta and theta bandwidths, but it reduced gamma power during NREM and REM epochs.
Thus, the attenuation of gamma oscillations, particularly during sleep, seems to be a consistent
effect of increased eCB signaling.

Blockade of CB1 Fragments NREM Sleep and Substantially Alters
Power Spectral Features of the EEG
Sleep Measurements. To determine if eCB/CB1 signaling is necessary for the normal circadian fluctuation in NREM and REM sleep, we performed experiments with the full, selective
CB1 antagonist/inverse agonist AM281. Following AM281 administration, there was a substantial fragmentation of NREM sleep and a loss of REM, particularly when this drug was
administered prior to the LP (Fig 9). Again, given that eCBs exhibit a circadian fluctuation that
differs by brain region, it was not easy to predict a priori an optimal time to administer the
drug, so two separate experiments were performed where AM281 was given at opposite points
in the circadian phase, immediately before either the LP or DP. In both experiments, two doses
of AM281, 0.5 mg/kg (low) and 5.0 mg/kg (high), were administered sequentially on consecutive days following a baseline day when vehicle was given (Fig 10A).
When AM281 was administered prior to the DP (Fig 10B, top row), NREM sleep time was
affected by an overall interaction (treatment x time of day within photoperiod, F(18, 198.82) =
10.27, p < 0.001) with a main effect of photoperiod (F(1, 169.19) = 836.77, p < 0.001). Only
the high dose of AM281 produced effects on NREM sleep time, and the magnitude of these
effects was small. Specifically, there was an increase in NREM sleep time during the first
quarter of the DP (t(261.07) = 2.93, p = 0.007) and a decrease during the second quarter
(t(261.09) = -3.20, p = 0.003). The effect on NREM bout duration was more pronounced with a
significant overall interaction (treatment x time of day within photoperiod, F(18, 201.36) =
7.20, p < 0.001) and main effects of both treatment (F(2, 69.38) = 3.86, p = 0.026) and photoperiod (F(1, 163.20) = 86.17, p < 0.001). Following administration of high dose AM281, there
was an overall reduction in NREM bout duration (t(72.79) = -2.64, p = 0.020) with a significant
reduction during the second quarter of the DP (ZT15-18: t(205.68) = -3.02, p = 0.006). The
number of NREM bouts was also affected by an overall interaction (F(18, 204.63) = 3.46,
p < 0.001) with main effects of both treatment (F(2, 61.58) = 3.30, p = 0.043) and photoperiod
(F(1, 173.11) = 25.90, p < 0.001). However, this result was largely driven by an increased
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Fig 9. Example EEG/EMG Traces on Different Time Scales Following Vehicle or AM281 Administration. EEG and EMG traces are from the same
subject at the same stage of the circadian cycle after administration of either vehicle (A, A’, and left column of C) or 5 mg/kg AM281 (B, B’, and right column
of C). Data are from experiment with AM281 administration before the LP. Panels A and B show a 2 Hr 15 min window from ZT 00:15–02:30, roughly 15–30
min after drug administration, coinciding with peak effects observed on sleep. Panels A’ and B’ show a 15 min long segment expanded from the region in A
and B highlighted by the dashed orange box. Panel C shows representative 18 sec long data segments corresponding to NREM and wake obtained following
vehicle and AM281 administration. These data segments were taken from the segments shown in A and B. The color-coded hypnogram shown at the bottom
of A, B, A’, and B’ represents consecutive 2 sec epochs shown as wake (red), NREM (blue), REM (green), and unclassified (grey). Note the loss of REM
sleep and fragmentation of NREM following AM281 administration. Black traces depict EEG, red traces depict EMG. A and B are identically scaled. A’ and B’
are identically scaled. All traces in C are identically scaled.
doi:10.1371/journal.pone.0152473.g009

number of NREM bouts during the first quarter of the DP following high dose AM281
(ZT612-15: t(181.59) = 4.81, p < 0.001). Thus, administration of AM281 prior to the DP yields
subtle effects on sleep time but decreases the stability of NREM bouts.
REM sleep was disrupted by AM281, but the effect size was small as baseline REM is normally
very low during the DP, when mice are most active (Fig 10B, bottom row). For the percent of
time spent in REM, there was a nested interaction (time of day within photoperiod, F(6, 187.08) =
16.15, p < 0.001) and main effects of both treatment (F(2, 85.82) = 4.28, p = 0.017) and photoperiod (F(1, 149.93) = 377.93, p < 0.001). Overall, 5 mg/kg AM281 decreased REM sleep (t(89.77) =
-2.92, p = 0.009), particularly during the third quarter of the DP (ZT18-21: t(241.64) = -2.88,
p = 0.009). REM bout duration was affected by an overall interaction (treatment x time of day
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Fig 10. Blockade of CB1 Has Minimal Effects on NREM Sleep Time but Fragments NREM, Resulting in Reduced REM Sleep. A, Schematic overview
of experimental paradigm. B, Effect of administering different doses of AM281 at the onset of the DP (ZT 12:00, N = 12). C, Effect of administering different
doses of AM281 at the onset of the LP (ZT 00:00, N = 9). B & C, Measures of NREM (top row) and REM (bottom row) sleep time and architecture are shown.
In all graphs, grey shaded regions denote the the DP. Asterisks (*) denote significant pair-wise comparisons between drug conditions and measures
obtained during vehicle baseline. Symbols represent means±SEM across all subjects for each 3 Hr time bin.
doi:10.1371/journal.pone.0152473.g010

within photoperiod, F(12, 176.73) = 2.60, p = 0.003), nested interaction (time of day within photoperiod, F(6, 169.25) = 6.37, p < 0.001), and main effect of photoperiod (F(1, 151.57) = 24.16,
p < 0.001). The 0.5 mg/kg dose of AM281 increased REM bout duration during the second quarter of the DP (ZT15-18: t(179.07) = 3.04, p = 0.005). There was no effect of AM281 on the number
of REM bouts.
When AM281 was administered prior to the LP, overall sleep time did not change substantially, but there was a profound fragmentation of NREM (Fig 10C, top row). For NREM sleep
time, there was an overall interaction (treatment x time of day within photoperiod, F(18,
146.08) = 8.76, p < 0.001), a secondary interaction (treatment x photoperiod, F(2, 102.87) =
3.31, p = 0.040) and main effects of both treatment (F(2, 81.59) = 3.97, p = 0.023) and photoperiod (F(1, 122.15) = 383.92, p < 0.001). When delivered at the onset of the LP, AM281
increased overall NREM sleep time (t(84.01) = 2.74, p = 0.015), but a comparison between photoperiods found that NREM sleep time was only increased during the DP (low dose: t(91.65) =
2.38, p = 0.039; high dose: t(91.65) = 2.84, p = 0.011). More specifically, there was a significant
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increase in NREM following high dose AM281 during the first 3 Hr of the DP (ZT12-15: t
(191.99) = 3.15, p = 0.004), which was the same point in the circadian cycle when NREM sleep
time was increased in the experiment where AM281 was delivered before the DP. For NREM
bout duration, there was an overall interaction (treatment x time of day within photoperiod, F
(18, 141.98) = 4.74, p < 0.001), a secondary interaction (treatment x photoperiod, F(2, 82.68) =
12.61, p < 0.001), and main effects of both treatment (F(2, 59.88) = 9.86, p < 0.001) and photoperiod (F(1, 109.96) = 31.83, p < 0.001). High dose AM281 substantially reduced NREM bout
duration (t(62.07) = -4.42, p < 0.001), particularly during the LP (t(69.68) = -6.23, p < 0.001).
More specifically, NREM bout duration was reduced for the first 3 Hr of the LP following low
dose AM281 (ZT00-03: t(176.12) = -2.82, p = 0.011) and for the first 9 Hr following high dose
AM281 (ZT00-09: t(176.12)  -3.46, p  0.001). The number of NREM bouts was affected in
the opposite manner. There was an overall interaction (treatment x time of day within photoperiod, F(18, 144.093) = 3.266, p < 0.001), a secondary interaction (treatment x photoperiod, F
(2, 78.77) = 13.65, p < 0.001), and main effects of both treatment (F(2, 53.14) = 19.99,
p < 0.001) and photoperiod (F(1, 113.94) = 148.145, p < 0.001). High dose AM281 increased
the number of NREM bouts (t(63.61) = 6.79, p < 0.001) particularly during the first 9 Hr of the
LP (ZT00-09: t(159.32)  4.22, p < 0.001), and both doses increased the number of NREM
bouts during the second quarter of the DP (ZT15-18: t(159.32)  2.31, p  0.045). Thus, blockade of CB1 receptors greatly fragments NREM sleep, but opposing effects on NREM bout duration and the number of NREM bouts result in subtle changes in total sleep time.
In addition to the effects on NREM sleep, REM sleep time was significantly reduced following AM281 administration prior to the LP (Fig 10C, bottom row). For the percent of time
spent in REM sleep, there was a secondary interaction (treatment x photoperiod, F(2, 95.51) =
36.30, p < 0.001), nested interaction (time of day within photoperiod, F(6, 143.275) = 11.15,
p < 0.001), and main effects of both treatment (F(2, 74.2) = 21.38, p < 0.001) and photoperiod
(F(1, 116.42) = 68.40, p < 0.001). Both low and high dose AM281 reduced REM sleep during
the LP (t(84.01)  -4.22, p < 0.001). Low dose AM281 reduced REM sleep during the first 6 Hr
of the LP (ZT00-06: t(190.28)  -3.30, p  0.002), and high dose AM281 reduced REM at all
times during the LP (ZT00-12: t(190.28)  -3.40, p  0.002). For REM bout duration, there was a
secondary interaction (treatment x photoperiod, F(2, 81.71) = 7.10, p = 0.001), nested interaction
(time of day within photoperiod, F(6, 139.18) = 5.34, p < 0.001), and a main effect of treatment
(F(2, 56.07) = 3.35, p = 0.042). The high dose of AM281 reduced REM bout duration during the
LP (t(64.52) = -4.05, p < 0.001), particularly during the first 9 Hr of the LP (ZT00-09: t(156.05) 
-2.31, p  0.044). For the number of REM bouts, there was an overall interaction (treatment x
time of day within photoperiod, F(12, 133.54) = 1.85, p = 0.046), secondary interaction (treatment
x photoperiod, F(2, 68.89) 7.463, p = 0.001), nested interaction (time of day within photoperiod,
F(6, 127.15) = 3.99, p = 0.001), and main effects of both treatment (F(2, 46.46) = 6.39, p = 0.004)
and photoperiod (F(1, 99.89) = 59.86, p < 0.001). The number of REM bouts were reduced by
high dose AM281 during the LP (t(54.99) = -4.49, p < 0.001) and increased by low dose AM281
during the DP (t(54.65) = 2.44, p = 0.036). At the high dose, AM281 reduced the number of REM
bouts across most of the LP (ZT00-06 & 09–12: t(162.69)  -2.67, p = 0.002), while low dose
AM281 decreased the number of REM bouts during the second quarter of the LP (ZT03-06: t
(162.62) = -3.30, p = 0.002) and increased REM bouts during the third quarter of the DP (ZT1821: t(157.68) = 2.51, p = 0.026). Thus, blockade of CB1 signaling fragments NREM and decreases
REM sleep, suggesting that this receptor is necessary for NREM stability.
EEG Power Spectral Measurements. Given that blockade of endocannabinoid signaling
through CB1 fragments NREM sleep, we hypothesized that power spectral features associated
with sleep might be disrupted after acute administration of CB1 antagonists. Administration of
AM281 before the LP had large effects on power spectral features of the EEG across vigilance
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states, but the nature of these effects was different across states (Fig 11A–11C). Notably, the
power of low frequencies (< 8 Hz) was consistently increased, and high frequencies (gamma,
> 30 Hz) were much less affected by CB1 blockade. These effects lasted for most of the day,
and a similar time course was observed in experiments where AM281 was administered before
the DP (S8 Fig), suggesting that this effect is not modulated by circadian processes.
As for we did for CP47, AM3506, and JZL184 we quantified power spectral bandwidths
(delta, theta, and gamma) in 3 Hr time bins over the entire recording (Fig 11D–11F). During
wake epochs (Fig 11D) there was a significant interaction (treatment x time of day within photoperiod, F(24, 229.63) = 5.26, p < 0.001) with main effects of both treatment (F(3, 73.99) =
42.19, p < 0.001) and photoperiod (F(1, 154.27) = 127.39, p < 0.001) for delta power. Only the
5.0 mg/kg dose significantly elevated wake delta relative to vehicle (t(53.52) = 7.21, p < 0.001),
and comparisons at individual time points found that this effect lasted for 18 Hr after drug
administration (ZT00-18: t(83.70) > 3.13, p  0.007). Wake theta power was also modulated
by a significant interaction (F(24, 228.72) = 3.23, p < 0.001) and main effects of both treatment
(F(3, 69.952) = 20.74, p < 0.001) and photoperiod (F(1, 157.78) = 13.20, p < 0.001). Again,
only the high dose of AM281 significantly elevated theta power over the circadian cycle (t
(50.532) = 5.35, p < 0.001), and theta power was increased over the first 18 Hr of the recording
period (ZT00-18: t(80.45) > 3.97, p < 0.001). Analysis of wake gamma power also found an
overall interaction (F(24, 227.65) = 8.013, p < 0.001) with a main effect of photoperiod (F(1,
143.48) = 89.70, p < 0.001), but no pair-wise comparisons between treatment conditions and
the vehicle baseline reached significance.
AM281 also altered EEG power spectra during NREM epochs (Fig 11E). For NREM delta
power, there was a significant overall interaction (F(24, 229.40) = 9.84, p < 0.001) with a main
effect of treatment (F(3, 80.45) = 28.89, p < 0.001). 5 mg/kg AM281 produced an overall
increase in NREM delta power (t(58.23) = 5.54, p < 0.001) with pair-wise differences noted
across the vast majority of the recording (ZT00-21: t(88.09)  2.53, p  0.039). There was also
an overall interaction for NREM theta power (F(24, 235.54) = 6.31, p < 0.001) with main
effects of both treatment (F(3, 148.62) = 35.06, p < 0.001) and photoperiod (F(1, 135.42) =
5.438, p = 0.21). 5 mg/kg AM281 increased the overall power in the theta bandwidth during
NREM sleep (t(118.00) = 5.01, p < 0.001) with specific pair-wise comparisons over the majority of the recording (ZT00-21: t(150.13)  2.86, p  0.014). Finally, analysis of NREM gamma
found an overall interaction (F(24, 233.59) = 14.55, p < 0.001) with main effects of both treatment (F(3, 121.33) = 7.128, p < 0.001) and photoperiod (F(1, 127.916) = 93.21, p < 0.001), but
there were no significant differences between AM281 and vehicle.
The CB1 antagonist also affected EEG spectral content during REM (Fig 11F). For REM
delta power, there was an overall interaction (F(24, 217.83) = 1.68, p = 0.028) with a main effect
of treatment (F(3, 54.98) = 7.64, p < 0.001). 5.0 mg/kg AM281 increased delta power during
REM sleep epochs across the day (t(40.91) = 2.82, p < 0.022), but this was mainly due to
increased REM delta during the first 9 Hr (ZT00-09: t(76.78)  3.54, p  0.002). For REM
theta power, there was a secondary interaction (treatment x photoperiod, F(3, 146.49) = 9.23,
p < 0.001) with main effects of both treatment (F(3, 51.66) = 19.22, p < 0.001) and photoperiod (F(1, 219.58) = 18.05, p < 0.001). Overall, 5.0 mg/kg AM281 increased REM theta power
(t(39.91) = 5.23, p < 0.001), particularly during the first 15 Hr of the recording (ZT00-15: t
(85.58)  3.92, p  0.001). There was a treatment x photoperiod interaction for REM gamma
power (F(3, 168.32) = 3.61, p = 0.015) with a main effect of photoperiod (F(1, 196.66) = 8.13,
p = 0.005). Overall, REM gamma was augmented by the high dose of AM281 during the light
photoperiod (t(51.71) = 3.12, p = 0.009), but there were no differences at specific time points.
Thus, blockade of CB1 receptors produces broadband changes in the EEG waveform that are
particularly evident in lower frequencies irrespective of vigilance state.
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Fig 11. Blockade of CB1 Receptors Produces Broadband Changes in EEG Power Spectral Features. Results are from experiment where AM281 was
administered at the onset of the LP. A—C, Average of power spectra for each photoperiod and for each vigilance state across different days of the
experiment. Solid lines indicate mean of all subjects as a function of frequency, and shaded regions surrounding lines denotes standard error of the mean. A,
Power spectra from wake epochs. B, Power spectra from NREM epochs. C, Power spectra from REM epochs. D–F, Average power in specified bandwidths
in each state for 3 Hr epochs over the day. Data from each vigilance state are color coded with wake in red (D), NREM in blue (E), and REM in green (F). Gray
backgrounds indicate the DP. Asterisks (*) denote significant pair-wise comparisons between drug conditions and measures obtained during vehicle
baseline. Symbols represent means±SEM across all subjects (N = 9) for each 3 Hr time bin.
doi:10.1371/journal.pone.0152473.g011

eCB Signaling is Not Necessary for Sleep Homeostasis but is Required
for the Stability of Rebound Sleep
Measures of EEG delta and theta power are frequently used as an index of sleep drive [44, 50,
51], and according to this interpretation, the large increase in NREM delta power following
administration of AM281 may be indicative of augmented sleep homeostatic drive. Thus, we
sought to test this possibility by administering AM281 following 6 Hr of total sleep deprivation
(TSD) using a rotating disc paradigm (Fig 12A & S1 Fig). Measurements of sleep during the deprivation period clearly show that this method was successful in achieving TSD for 6 Hr (Fig 12B).
Examination of the percent of time subjects spent in NREM sleep (Fig 12C, top) found an
overall interaction (group x time of day within photoperiod within experimental phase, F(24,
213.06) = 10.34, p < 0.001) with main effects of experimental phase (F(1, 112,24) = 8.26,
p < 0.005) and photoperiod (F(1, 165.42) = 187.28, p < 0.001). In general, subjects engaged in
more NREM sleep following sleep deprivation (t(112.24) = 2.88, p = 0.005), indicating a significant NREM rebound. Compared to baseline, the vehicle group spent significantly more time in
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Fig 12. Endocannabinoid Signaling Is Necessary for the Rebound in NREM Duration Following Sleep Deprivation, but Blockade of CB1 Has only a
Weak Effect on the Rebound in Total Sleep Time. A, Schematic overview of sleep deprivation experimental paradigm. B, Time course of NREM sleep time
across all days of sleep deprivation experiment. Horizontal red bar on the Sleep Dep day indicates when sleep deprivation took place. Vertical dotted lines
denote boundaries between experimental phases. Blue symbols/lines show AM281 group (N = 9) while the vehicle group (N = 11) is depicted in black.
Downward facing arrows () indicate time of drug administration. C, Comparisons of total NREM sleep time (top), NREM bout duration (middle), and the
number of NREM bouts (bottom) on the first baseline day (vehicle administration all groups) and first day of recovery (vehicle or AM281 administration).
Asterisks (*) denote significant pair-wise comparisons within-groups between drug conditions and measures obtained during vehicle baseline. Daggers (†)
denote significant pair-wise comparisons between groups on the recovery day. In B & C, Grey shaded regions indicate the DP, and symbols/bars represent
means±SEM across all subjects for each 3 Hr time bin.
doi:10.1371/journal.pone.0152473.g012

NREM during the first 3 Hr of recovery (ZT06-09: t(286.99) = 2.40, p = 0.017) and during the
first 3 Hr of the DP (ZT12-15: t(286.99) = 3.08, p = 0.002). Similarly, the AM281 group had
increased NREM sleep during the first 3 Hr of the DP (ZT12-15: t(286.99) = 1.99, p = 0.47).
There were no differences in the amount of NREM sleep between the vehicle and AM281 treatment groups during either baseline or recovery. Additionally, there was no difference between
treatment groups in the recovery of the sleep deficit induced by the 6 Hr TSD protocol (S9 Fig).
Thus, both groups displayed an augmentation of NREM sleep time following 6 Hr sleep deprivation, and the two groups did not differ in regards to the total amount of sleep obtained during recovery from sleep deprivation.
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In contrast, there were significant between-group differences for NREM architecture during
recovery from sleep deprivation. For NREM bout duration (stability; Fig 12C, middle), there
was an overall interaction (group x time of day within photoperiod within experimental phase,
F(24, 213.74) = 8.66, p < 0.001) with main effects of treatment group (F(1, 76.81) = 7.14,
p = 0.009) and photoperiod (F(1, 158.63) = 37.26, p < 0.001). The AM281 group had reduced
NREM stability compared to the vehicle group (t(76.81) = -2.67, p = 0.009), with specific differences evident at two time points of recovery (ZT06-09: t(256.30) = -3.63, p < 0.001; ZT00-03:
t(256.30) = -2.47, p = 0.014). There were no between-group differences during the baseline
recordings. Relative to their own baseline, the vehicle group had increased NREM stability
during the first 3 Hr of recovery (ZT06-09: t(265.32) = 3.95, p < 0.001), but the AM281
treated mice did not show increased NREM stability following TSD. Rather, the AM281 group
had decreased NREM stability during the second half of the recording (ZT18-21 & 00–03:
t(265.32)  -1.99, p  0.048). For the number of NREM bouts (Fig 12C, bottom), there was
an overall interaction (group x time of day within photoperiod within experimental phase,
F(24, 220.93) = 2.95, p < 0.001) and a main effect of photoperiod (F(1, 174.17) = 17.77,
p < 0.001). There were no differences between groups during baseline, but the AM281 group
had significantly more NREM bouts than the vehicle group during the first three hours of
recovery (ZT06-09: t(169.85) = 2.16, p = 0.032). Relative to their own baseline, the vehicle
group increased the number of NREM bouts during the first quarter of the DP (ZT12-15:
t(177.13) = 2.20, p = 0.029). These findings show that AM281 blocks the increase in NREM stability during recovery from TSD and increases the number of NREM bouts to compensate.
REM sleep was also affected by TSD with reduced REM early in recovery in both the
AM281 and vehicle groups (S10 Fig). Late in the recovery, there was increase in REM sleep in
the AM281 treated group due to an increase in the number of REM bouts. Consistent with our
previous experiments, blockade of CB1 receptors produced a large increase in low frequency
oscillations that occluded any changes due to sleep deprivation (S11 Fig). However, wake theta
power did increase during the sleep deprivation period (S11 Fig, panel B). Thus, power spectral
results cannot be used as an index of homeostatic drive in this experiment as they are confounded by the baseline effects of CB1 antagonism.

Discussion
The major findings of this work are that eCB signaling through the CB1 receptor is necessary
and sufficient for the stability of NREM sleep. Direct activation of CB1 with CP47 or increasing
eCB tone with JZL or AM3506 augmented the time spent in NREM primarily due to increased
NREM bout length. This suggests that increasing eCB signaling stabilizes the NREM state.
Notably these effects were biphasic, where the initial increase in sleep and NREM stability gave
way to a secondary reduction and destabilization of NREM bouts suggesting that homeostatic
regulation of sleep remained intact. Further support for the role of eCBs in regulating NREM
stability comes from experiments with the CB1 antagonist AM281, where blockade of CB1
reduced the duration of NREM bouts. Importantly, this effect was largely offset by a concomitant increase in the number of NREM bouts resulting in minimal changes in overall sleep time.
Again, the opposing effects of reduced NREM bout duration and number suggest homeostatic
regulation of sleep remains intact in the absence of CB1 signaling. However, CB1 blockade consistently resulted in substantial broadband changes to EEG power spectra, particularly in low
frequency bandwidths that are often used as correlates of sleep drive. To test the involvement
of eCB signaling in sleep homeostatic processes, we administered AM281 immediately prior to
a recovery from TSD. Blockade of CB1 during recovery from TSD did not occlude the rebound
in NREM sleep time following TSD, but it did completely block the increased stability (bout
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duration) of NREM sleep. Unfortunately, the baseline effects of CB1 antagonism on EEG
power spectra hobbled our attempts to use this as a metric of sleep drive. Thus, the major conclusion from this work is that eCBs regulate sleep stability, but eCB signaling is not necessary
for sleep homeostasis.

Validity and Robustness of State-Scoring Algorithm
In order to perform the series of experiments described herein, we needed to find a way to
score mouse polysomnographic data in an accurate and timely manner, so we developed and
validated the state-space based approach. Our method was heavily influenced by previous
reports, but we modified and extended this work, in part by automating the state-assignment
process after state-space coordinates have been defined. Discrete fourier analysis is the basis of
this approach, because the state-space coordinates are derived from power spectral ratios similar to those used by others [36, 38, 39, 52, 53]. The use of power spectral ratios (effectively normalizing the FFT) to define state-space coordinates, as opposed to raw power spectral values
[54], means that our method of state-scoring is robust to changes in the FFT, and this is evidenced by our experimental results. Activating CB1/eCB signaling with CP47, JZL, or AM3506
produced only modest effects on power spectral measurements, but these drugs had large
biphasic effects on measures of sleep time. Importantly, the effects of these drugs on sleep and
EEG power spectra were not temporally aligned. In contrast, CB1 blockade consistently produced broadband changes in EEG power spectra that were most evident for low frequency
bandwidths, and these effects were evident irrespective of the time of day of drug administration or if CB1 was blocked following TSD. However, CB1 antagonism did not produce substantial effects on total sleep time and the magnitude of effects on sleep architecture varied with
time of drug administration. Thus, while CB1 antagonism consistently and substantially alters
EEG power spectra, the time course of these effects are not aligned with changes in the sleep
score or even sleep architecture. Consequently, the various data sets presented here show large
changes in sleep in the absence of substantial changes in state-dependent EEG power spectra
(direct and indirect CB1 agonists) and large changes in power spectra in the absence of substantive changes in sleep time (CB1 antagonism). Therefore, we conclude that in addition to
performing comparably to human scoring, our vigilance state scoring algorithm is robust to
cannabinoid pharmacological manipulations that alter EEG power spectra.

The Biphasic Effects of Augmented eCB Signaling
The early facilitation of NREM sleep seen in the present study following activation of CB1 is
largely in agreement with earlier findings [6–11, 13–15, 29, 32], but the secondary (wake promoting/sleep fragmenting) effect of CP47 and JZL to reduce NREM sleep at a time of day when
mice normally engage in most of their daily sleep is a novel finding. It should be mentioned
that JZL had lower magnitude effects (change from vehicle) on NREM when it was administered before the LP, and did not produce substantial fragmentation of sleep during the subsequent DP. It is unclear why a secondary process was not evident in this experiment, but the
acute augmentation of sleep stability was, in this case, synchronized with the normal time of
day when mice are inactive. Thus, there was no perturbation in the circadian timing or homeostatic regulation of NREM and wake as in experiments where JZL, CP47, and AM3506 were
administered before the DP.
Based on several observations, we hypothesize that the sleep fragmentation during the secondary phase of CP47, JZL, and AM3506 effects is due to a rapid reduction in CB1 signaling.
First, JZL selectively increases 2-AG levels via inhibition of MAGL, and both CP47 and 2-AG
are highly potent, full agonists at the CB1 receptor [55–57]. In contrast, as an irreversible
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inhibitor of FAAH, AM3506 increases N-acylethanolamine transmitters for several days [49],
and AEA is only a weakly efficacious agonist at CB1 [58]. This discrepancy could explain the
difference in the magnitude of effects seen between these drugs. On the other hand, the lack of
any effect of URB597 even during the first few hours of the recording is surprising, and it is
possible that the early induction of sleep by AM3506 could be due to off-target augmentation
of 2-AG. However, administration of exogenous AEA increases NREM sleep [13, 14], and
administration of THC, a partial agonist at CB1, also increases NREM sleep (unpublished
observation). Thus, partial activation of CB1 with endogenous N-acylethanolamines is likely to
have hypnogenic effects. Second, following acute activation, CB1 receptors are rapidly downregulated on a time scale compatible with the biphasic effects of CP47 and JZL [59, 60]. As
these compounds are slowly eliminated in the hours following injection, receptor function will
be decreased compared to baseline. Although data on diurnal expression of CB1 are extremely
limited, a few studies have provided evidence that CB1 accumulates in brain and neuroendocrine tissue during the DP [61, 62]. Thus, it is possible that diurnal fluctuations in CB1 expression could account for the blunted biphasic effects seen with JZL administration before the LP.
Third, NREM fragmentation was also observed in the present study following administration
of CB1 antagonists, and CB1 knockout mice also have fragmented sleep [24, 25].

On the Timing of Drug Administration
Although CB1 blockade consistently reduced NREM bout duration, the effects were greatest
when AM281 was administered at the onset of the LP. Similarly, JZL had differential effects on
sleep depending on the circadian timing of drug administration. When JZL was administered
either before the LP or the DP, it increased NREM sleep time and bout duration, but the magnitude of these effects was blunted when the drug was given before the LP. Consequently, the
timing of maximal effects for activation and inhibition of eCB signaling peaks at opposite poles
of the circadian cycle, suggesting that eCB signaling interacts with or is controlled by circadian
processes. These are not mutually exclusive possibilities, and there is evidence supporting both
mechanisms. First, cannabinoids alter the light-induced phase-shift in activity in free running
rodents [63, 64], suggesting that CB1 can influence entrainment to photic stimulation. Additionally, eCB levels fluctuate over the circadian period in a brain-region dependent manner
[33, 34], suggesting that eCB signaling may be under circadian regulation. In fact, levels of
AEA and 2-AG are lowest in cortical and hypothalamic tissues at the onset of the DP [33], and
in the present work, administration of CB1 antagonists at this time point produced smaller
effects on sleep architecture. Thus, our findings provide evidence that changing levels of the
molecular components of the eCB system have functional consequences for eCB regulation of
vigilance states.

eCBs and EEG Power Spectra
NREM delta power has been used as an index for sleep homeostatic drive because of the correlation of this measure with the difference in cumulative time awake versus asleep [44, 50, 51].
However, as Davis et al [65] point out, some pharmacological manipulations can dissociate
alterations in delta power and changes in vigilance states, thus confounding NREM delta
power as a metric of sleep homeostatic drive. This situation is clearly applicable to the current
dataset, where CB1 antagonists increased delta power across all vigilance states without changing total sleep time. On the contrary, CB1 antagonists fragment NREM sleep, and this may
lead one to speculate that the augmentation of delta is a response to poor sleep quality, and
therefore, an increase in sleep drive. In fact, sleep fragmentation protocols are associated with
increasing homeostatic sleep drive [66–68]. However, evidence from the current dataset argues
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against the hypothesis that the CB1 antagonist-induced increase in delta power is indicative of
an increase in sleep homeostatic processes. First, the time course for augmented delta does not
reflect a gradual increase that one would expect if homeostatic sleep drive were building over
time with reduced sleep quality. Second, the rebound in total NREM sleep following 6 Hr sleep
deprivation was not occluded by CB1 antagonists. Third, blockade of CB1 did not alter the rate
of recovery from sleep deprivation.
It should be noted that we did not normalize our power spectral data as in other reports [17,
28, 29, 32], and our presentation of raw power spectral results may explain some discrepancies
between our findings and those of others. It is not clear why other researchers have not observed
the large augmentation of delta and theta power following administration of CB1 antagonists
reported here. In fact, several reports have observed reduced delta and theta power following
administration of CB1 antagonists [19, 28] while others have concluded that these drugs have little or no effect on the EEG power spectrum [29, 32]. We can only speculate that the variability in
methods used to normalize power spectral bandwidths has contributed to these inconsistencies.
Although we observed no changes in low-frequency oscillations following drugs that activate
eCB signaling (JZL, AM3506, CP47), gamma oscillations were consistently reduced, particularly
during NREM and REM sleep. This result is consistent with previous reports suggesting reduced
gamma power is a robust effect of increased CB1 activation [69–73]. Another consistent effect of
cannabinoid agonists is to facilitate high-voltage spindles/spike wave discharges (HVS) [74–76],
but in the present study, power spectral analysis found no changes in the HVS bandwidth. This is
not surprising given that spindles are rare in C57 mice under baseline conditions [77, 78], so at
3–12 Hr time bins used here, spindle events would only account for a small fraction of the
NREM epochs. Thus, it is highly likely that any changes would be averaged out with the analysis
performed here. In all cases where cannabinoids have been reported to augment spindles and
their respective power spectral correlates [74–76], some prior detection method has been implemented to isolate epochs containing these events before comparing power spectral features across
drug conditions. Consequently, no conclusions regarding cannabinoid-induced changes in the
incidence of spindles can be derived from the present results.

eCB Signaling and Sleep
Previous reports of CB1 antagonist effects in animal studies of sleep indicated either subtle augmentation of wake at the expense of NREM [15, 19, 28, 29] or no effect [13, 31, 32]. The subtle
differences observed with respect to CB1 antagonist effects on sleep time across these studies
are likely due to different doses and times of administration. Additionally, most of these studies
used relatively short recordings (4–8 Hr). In the reports indicating increased wake time following administration of CB1 antagonists, the arousing properties of these drugs were only
observed when summating across the entire recording. On the other hand, fragmentation of
NREM has not been reported, but only a few studies have examined metrics of sleep architecture following administration of CB1 antagonists [29, 32]. Studies in CB1 KO mice have found
significantly reduced NREM bout duration with an increased number of NREM bouts [24, 25].
REM sleep is consistently reduced following administration of CB1 antagonists [28, 29, 32, 79,
80], and reduced REM sleep is frequently associated with NREM fragmentation [67, 68]. In the
present study, reductions in REM sleep time were associated with time points where there was
noticeable fragmentation of NREM. Thus, it is likely that NREM fragmentation is a common
outcome of CB1 antagonism, and this may give rise to reduced REM.
Importantly, a large reduction in REM sleep was seen following JZL administration before
the LP. This finding was not as evident when this drug was administered prior to the DP, likely
due to a floor effect as REM is very infrequent the DP. However, some impairment of REM was
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seen in all experiments in the present study with eCB/CB1 system activation and by others
with THC administration [81], suggesting that suppression of REM is a consistent effect of
globally increasing eCB signaling. Nevertheless, the similarity between the effect of JZL and
AM281 to reduce REM is striking. In contrast to the NREM fragmentation evoked by AM281,
facilitating eCB/CB1 signaling stabilizes NREM sleep, and the similar suppression of REM seen
with these two opposite manipulations indicates that an optimal level of NREM stabilization
must be achieved to allow for REM to emerge. On the neurobiological level, it is possible that
the REM suppressing effects of CB1 antagonism and activation arise from different circuit elements controlling vigilance states. This would not be surprising for the eCB system, considering its molecular constituents are widespread throughout structures known to control sleepwake transitions and considering CB1-activation reduces neurotransmission at both excitatory
and inhibitory synapses. However, all drug administrations were performed systemically, so no
specific conclusions about neurobiological loci can be drawn from the results presented herein.
According to the influential two-process model, sleep timing is regulated by interactions
between homeostatic and circadian processes, where homeostatic control of sleep is defined as
a mechanism that increases the propensity to sleep as a function of the amount of time spent
awake [44, 51]. Changes in the amount of sleep arise from modulation of one of these two processes. Our data do not support a role for eCB signaling in sleep homeostasis. First, CB1 activation causes a biphasic response in NREM sleep time, increasing sleep during the DP and
reducing it during the LP. This reduction in sleep time during the LP (secondary response) is
the expected homeostatic response to increased sleep during the DP. Second, blockade of CB1
signaling does not substantially alter sleep time. While the duration of NREM bouts is reduced
by CB1 antagonism, the compensatory increase in the number of bouts argues for an intact
homeostatic mechanism. Finally, there was not a robust effect of CB1 blockade on rebound
sleep time or the amount of sleep recovered following TSD. Consequently, we conclude that it
is unlikely that eCB signaling is an essential component of sleep homeostatic machinery.

Relevance and Future Directions
In both rodents and humans, chronic cannabinoid administration produces down-regulation
of CB1 signaling [82, 83], and although sleep disturbances are a central feature of cannabis
withdrawal in humans [84], there is marked paucity of objective studies describing exactly how
sleep is disrupted much less a mechanism for these disruptions [85]. Interestingly, insomnia
and poor sleep quality were commonly reported adverse effects in clinical trials with the CB1
antagonist rimonabant, but again, no objective measures of sleep were obtained [22, 23]. The
rimonabant trial and trials with other CB1 antagonists were terminated due to the increased
depression, anxiety, and suicidality that was associated with these drugs, so it is unlikely that
any data pertaining to how CB1 antagonists affect human sleep will be forthcoming in the near
future. Nevertheless, the self-reports of sleep disturbances from these clinical trials are interesting considering the association between insomnia and depression [86]. Our findings demonstrate that eCB signaling is necessary and sufficient for the control of sleep stability, but this
neurotransmitter system is not necessary for sleep homeostasis.

Supporting Information
S1 Data. Zip File Containing Data Relevant to This Manuscript.
(ZIP)
S1 Fig. Sleep Deprivation Apparatus. A, Exploded schematic view of structural components
of the sleep deprivation chambers labelled with dimensions in inches. B, Photograph of an
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assembled device and a schematic of a top down view of the chamber. Note that the rotation
described in the schematic implies rotation of the chamber floor/disc suspended beneath the
clear acrylic chamber wall. Also note the commutator and tether in the photograph. Polysomnographic activity can be recorded in these chambers during the sleep deprivation. C, Schematic overview of assembled system including electronic control components: break-our board
(BoB), Arduino, TTL controlled relay to control power circuit to motors, voltage regulator, and
computer running custom control software written in MATLAB.
(PDF)
S2 Fig. Vehicle Solution Does Not Alter Sleep Parameters in C57BL/6J Mice. Data are from
experiment with CP47 (N = 9), where subjects were administered a saline injection i.p. the day
prior to the vehicle injection. The vehicle data depicted here are the same as those depicted in
Fig 4. A, NREM sleep time or architecture. Top graph: Percent time in NREM was not affected
by the vehicle solution. Middle graph: The duration of NREM bouts was not affected by vehicle
injection. Bottom graph: The number of NREM bouts was not affected by the vehicle solution.
B, REM sleep time and architecture. Top graph: The percent time in REM was not affected by
vehicle injection. Middle graph: The duration of REM bouts was not affected by vehicle injection. Bottom graph: For the number of REM bouts, there was an overall interaction (treatment
x time of day within photoperiod, F(6,98.77) = 2.63, p = 0.021), nested interaction (time of
day within photoperiod, F(6, 95.49) = 6.56, p < 0.001), and a main effect of treatment
(F(1, 74.92) = 82.37, p < 0.001). Overall, the vehicle solution did not alter the number of REM
bouts when data were collapsed across the day or when comparisons were made with data collapsed within either LP or DP. However, there was a slight reduction in the number of REM
bouts at one point in the LP (ZT06-09: t(82.02) = -2.10, p = 0.039). Given the small effect size,
limited to only one measure of REM architecture in a very restricted timeframe many hours
after the injection, we conclude that the vehicle solution used in this study has little or no effect
on sleep in C57BL/6 mice. C-E, There were no obvious changes in EEG power spectra following vehicle administration. C, Power spectra from wake epochs. D, Power spectra from NREM
epochs. E, Power spectra from REM epochs. In A & B, Grey shaded regions indicate the DP,
and symbols/bars represent means±SEM across all subjects for each 3 Hr time bin.
(PDF)
S3 Fig. Percent Agreement Between Automated and Human Scoring of Data by Vigilance
State. To compute percent agreement by vigilance state, each human’s score and the computer’s score were compared against a template derived from human scored data. This meant that
for each human there were two possible templates, and these values were averaged together
yielding one human:human percent agreement score per human scorer per each of 5 data files
used (the data file with corrupt EMG channel used in overall percent agreement, Fig 1C, was
excluded for this analysis as it was unscorable). Thus, for each data file there were three
human:human measures and three computer:human measures. The state-specific percent
agreement was calculated as the fraction of epochs where the scorer and template agreed that
epochs were or were not a target state over the total number of epochs (% agreement = 100% x
[agree State + agree not State]/total number of epochs). For each state (wake, NREM, and
REM) a two-way repeated measures ANOVA was performed with data file as a repeated factor
and scoring comparison (human:human vs. computer:human) as a between-groups factor. A,
Results for percent agreement for wake epochs. There was an interaction between scoring type
and datafile (F(4,16) = 3.82, p = 0.023) and a main effect of data file (F(4,16) = 21.92,
p < 0.001). However, there was a only a slight reduction in percent agreement for data file
number 5 in the human:computer (t(20) = 4.14, p = 0.003). B, Results for percent agreement
for NREM epochs. There was only a main effect of data file (F(4, 16) = 28.53, p < 0.001). C,
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Results for percent agreement for REM epochs. There was only a main effect of data file (F(4,
16) = 33.18, p < 0.001). D, Shows data collapsed across scorers and the results of a paired comparison by data file. Grey, connected points superimposed on the bar graph indicate mean
human:human and computer:human agreement for each data file. A paired t-test was performed for each vigilance state. Percent agreement was not significantly different for human:
human vs human:computer scored data for wake (t(4) = 1.94, p = 0.12), NREM (t(4) = 1.09, p
0.34), or REM (t(4) = 0.77, p = 0.48).
(PDF)
S4 Fig. MAGL Inhibition with JZL184 Administration Before the LP Attenuates Gamma
Frequency Oscillations During Sleep. A-C, Average power spectra for epochs of different vigilance states across the entire LP (left hand) and DP (right hand). Solid lines denote means and
shaded region around lines denotes SEM. A, Wake. B, NREM. C, REM. D-F, Change over the
day in summated power in different frequency bandwidths from the power spectra: delta (left
hand column), theta (middle column), and gamma (right hand column). D, Wake epochs. Left
panel: For wake delta, there was an overall interaction (treatment x time of day within photoperiod, F(24, 261.30) = 2.08, p = 0.003), nested interaction (time of day within photoperiod, F(6,
242.10) = 9.33, p < 0.001), and a main effect of photoperiod (F(1, 134.75) = 6.88, p = 0.010).
The only time point that significantly deviated from vehicle was during the first 3 Hr of the
recovery day, when there was an increase in delta power (t(215.67) = 2.86, p = 0.018). Middle
panel: No effect of JZL184 on wake theta power. Right panel: For wake gamma power, there
was a nested interaction (time of day within photoperiod, F(6, 253.19) = 6.08, p < 0.001) and
main effects of both treatment (F(4,67.43) = 3.21, p = 0.018) and photoperiod (F(1, 179.51) =
115.90, p < 0.001). Specifically, 16 mg/kg JZL reduced gamma power during the first 3 Hr of
the LP (ZT 00–03: t(57.18) = -2.68, p = 0.038). E, NREM epochs. Left panel: For NREM delta
power, there was no effect of JZL treatment. Middle panel: For NREM theta power, there was
an overall interaction (treatment x time of day within photoperiod, F(24, 268.23) = 1.64,
p = 0.033), a nested interaction (time of day within photoperiod, F(6, 238.31) = 20.36,
p < 0.001), and a main effect of photoperiod (F(1, 159.84) = 85.90, p < 0.001). However, there
were no specific time points where JZL184 significantly altered NREM theta power relative to
vehicle. Right panel: For NREM gamma power, there was an overall interaction (treatment x
time of day within photoperiod, F(24, 267.36) = 2.46, p < 0.001), a nested interaction (time of
day within photoperiod, F(6, 234.97) = 31.18, p < 0.001), and main effects of both treatment (F
(4, 163.42) = 22.79, p < 0.001) and photoperiod (F(1, 126.56) = 230.95, p < 0.001). Overall,
JZL had dose-dependent effects on NREM gamma, with decreases observed following 8.0 (t
(145.58) = -3.45, p = 0.003) and 16.0 mg/kg doses (t(94.93) = -4.97, p < 0.001). 8.0 mg/kg JZL
decreased NREM gamma power for 18 Hr following drug administration (ZT 00–18: t(179.23)
 -2.71, p  0.030), and 16.0 mg/kg JZL reduced NREM gamma across the entire recording
(ZT 00–00: t(116.56)  -2.97, p  0.015). F, REM epochs. Left panel: JZL had no effect on
REM delta power. Middle panel: JZL had no effect on REM theta power. Right panel: For REM
gamma, there was an overall interaction (treatment x time of day within photoperiod, F(24,
236.78) = 1.81, p = 0.014), a secondary interaction (treatment x photoperiod, F(4, 235.193) =
4.82, p = 0.001), a nested interaction (time of day within photoperiod, F(6, 217.40) = 15.30,
p < 0.001), and main effects of both treatment (F(4, 96.44) = 14.58, p < 0.001) and photoperiod (F(1, 121.40) = 77.38, p < 0.001). There was an overall dose-dependent effect of JZL on
REM gamma power, with reduced gamma following both 8.0 (t(80.55) = -2.97, p = 0.015) and
16.0 mg/kg doses (t(49.88) = -4.32, p < 0.001). The 8.0 mg/kg dose reduced REM gamma
across all time points in the first 15 Hr following administration (ZT 00–15: t(113.90)  -2.58,
p  0.044), while the 16.0 mg/kg dose decreased gamma power for 18 Hr after administration
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(ZT 00–18: t(67.41)  -3.12, p  0.011). Symbols/Bars represent mean±SEM for 3 hr time bins
(N = 8). Grey background in graphs shows dark photoperiod. Asterisks denote significant difference from vehicle baseline. All injections administered at onset of LP (ZT 00:00).
(PDF)
S5 Fig. Direct Activation of CB1 with CP47,497 Attenuates Gamma Frequency Oscillations
During Sleep. A-C, Average power spectra for epochs of different vigilance states across the
entire DP (left hand) and LP (right hand). Solid lines denote means and shaded region around
lines denotes SEM. A, Wake. B, NREM. C, REM. D-F, Change over the day in summated
power in different frequency bandwidths from the power spectra: delta (left hand column),
theta (middle column), and gamma (right hand column). D, Wake Epochs. Left panel: CP47
had no effect on wake delta power. Middle panel: For wake theta power, there was a significant
overall interaction (drug x time of day within photoperiod, F(15, 180.83) = 9.73, p < 0.001)
with a significant reduction in wake theta at only a single time point during the dark photoperiod (ZT 15–18: t(186.39) = -2.29, p = 0.047). Right panel: For wake gamma, there was a significant overall interaction (drug x time of day within photoperiod, F(15, 179.99) = 3.04,
p < 0.001) with a main effect of photoperiod (F(1, 135.02) = 6.86, p = 0.010). However, there
was not a difference at any specific time point between low or high dose CP47 and vehicle. E,
NREM Epochs. Left panel: For NREM delta there was an overall interaction (drug x time of
day within photoperiod, F(15, 179.22) = 3.07, p < 0.001). However, there were no pair-wise differences at any time point between high or low dose CP47 and vehicle. Middle panel: For
NREM theta power, there was an overall interaction (F(15, 180.85) = 2.79, p = 0.001) with
main effect of photoperiod (F(1, 157.14) = 50.99, p < 0.001). However, there were no pair-wise
difference between drug treatment conditions and vehicle. Right panel: For NREM gamma,
there was an overall interaction (drug x time of day within photoperiod, F(15, 181.48) = 3.50,
p < 0.001), secondary interaction (drug x photoperiod, F(2, 184.76) = 8.82, p < 0.001) with
main effects of drug treatment (F(2, 175.98) = 7.13, p < 0.001) and photoperiod (F(1, 174.89) =
11.39, p = 0.001). Specifically, 1.0 mg/kg CP47 reduced NREM gamma power during the first 9
Hr of the dark photoperiod (ZT12-21: t(191.79) = -2.38, p = 0.037). F, REM Epochs. Left
panel: There was no effect of CP47 treatment on REM delta power. Middle panel: For REM
theta power, there was an overall interaction (drug x time of day within photoperiod, F(15,
164.20) = 2.55, p = 0.002). High dose CP47 reduced REM theta power only during the first 3
Hr of recording (ZT12-15: t(150.16) = 3.14, p = 0.004). Right panel: For REM gamma, there
was an overall interaction (drug x time of day within photoperiod, F(15, 167.92) = 6.02,
p < 0.001) with a main effect of photoperiod (F(1, 134.36) = 14.73, p < 0.001). Specifically,
high dose CP47 reduced REM gamma power during the first 6 Hr of the dark photoperiod (ZT
12–18: t(172.91) = -3.20, p  0.003). Symbols/Bars represent mean±SEM for 3 hr time bins
(N = 9). Grey background in graphs shows dark photoperiod. Asterisks denote significant difference from vehicle baseline. All injections administered at onset of DP (ZT 12:00).
(PDF)
S6 Fig. URB597 Does Not Produce Substantial Effects on Sleep When Administered Systemically. A, Diagram of experimental protocol for recording sleep after administration of the
reversible FAAH inhibitor, URB597. B, Effect of URB597 on NREM sleep time and architecture. Left Graph: There was no effect of URB on NREM sleep time. Middle Graph: For NREM
bout duration, there was a nested interaction (time of day within photoperiod, F(22,609.62) =
3.04, p < 0.001) and main effects of treatment (F(4, 312.20) = 56.45, p < 0.001) and photoperiod (F(1,365.61) = 80.16, p < 0.001). 10.0 mg/kg URB produced and overall increase in
NREM bout duration (t(303.24) = 3.40, p = 0.003), specifically during the third hour of the DP
(ZT14-15: t(1002.87) = 2.82, p = 0.020). Right Graph: For the number of NREM bouts, there
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was a nested interaction (time of day within photoperiod, F(22,690.70) = 1.60, p = 0.041) and
main effects of both treatment (F(4,198.00) = 2.97, p = 0.021) and photoperiod (F(1,253.69) =
88.28, p < 0.001). Overall, 10.0 mg/kg URB reduced the number of NREM bouts (t(194.74) =
-2.84, p = 0.020), but there were no differences at specific time points. C, Effect of URB597 of
REM sleep time and architecture. Left Graph: There was no effect of URB on REM sleep time.
Middle Graph: For REM bout duration, there was a nested interaction (time of day within photoperiod, F(22,478.80) = 2.31, p = 0.001) and main effects of drug treatment (F(4,249.61) =
3.80, p = 0.005) and photoperiod (F(1,302.99) = 11.14, p = 0.001). Overall, 10.0 mg/kg URB
increased REM bout duration, specifically during the fifth hour of the DP (ZT16-17: t(726.45)
= 2.54, p = 0.045). Right Graph: For the number of REM bouts, there was a nested interaction
(time of day within photoperiod, F(22,266.50) = 4.84, p = 0.001), and main effects of treatment
(F(4, 266.50) = 4.84, p = 0.001) and photoperiod (F(1,318.73) = 152.30, p < 0.001). Overall,
10.0 mg/kg URB reduced the number of REM bouts (t(263.14) = -2.90, p = 0.016), but there
were several specific time points throughout the day when 10.0 mg/kg URB decreased the
number of REM bouts (ZT17-18, 04–05, 09–10: t(955.91)  -2.54, p  0.045). Symbols/Bars
represent mean±SEM for 1 Hr time bins (N = 10). Grey background in graphs shows dark photoperiod. Asterisks denote significant difference from vehicle baseline.
(PDF)
S7 Fig. Long-lasting FAAH Inhibition with AM3506 Attenuates Gamma Frequency Oscillations During Sleep. A-C, Average power spectra for epochs of different vigilance states
across the entire DP (left hand) and LP (right hand). Solid lines denote means and shaded
region around lines denotes SEM. A, Wake. B, NREM. C, REM. D-F, Change over the day in
summated power in different frequency bandwidths from the power spectra: delta (left hand
column), theta (middle column), and gamma (right hand column). D, Wake epochs. Left
panel: For wake delta power, there was an overall interaction (drug x time of day within photoperiod, F(12, 182.27) = 2.47, p = 0.005) and a secondary interaction (drug x photoperiod,
F(2, 185.16) = 3.62, p = 0.029) with a main effect of photoperiod (F(1, 176.67) = 34.22,
p < 0.001). Specifically, there was increased wake delta power during the first half of the dark
photoperiod on the recovery day (ZT 12–18: t(191.85)  2.94, p  0.007). Middle panel: For
wake theta power, there was an overall interaction (drug x time of day within photoperiod,
F(12, 180.96) = 2.05, p = 0.022), but there were no pair-wise differences at any time point on
either the drug or recovery days and vehicle. Right panel: No effect of AM3506 treatment on
wake gamma power. E, NREM epochs. Left panel: For NREM delta power, there was an overall
interaction (drug x time of day within photoperiod, F(12, 178.50) = 3.88, p < 0.001) with a
main effect of photoperiod (F(1, 115.69) = 6.88, p = 0.010). On the recovery day, NREM delta
was elevated at one point during the dark photoperiod (ZT 15–18: t(151.37) = 2.55, p = 0.024).
Middle panel: No effect of AM3506 on NREM theta. Right panel: For NREM gamma power,
there was a secondary interaction (drug x photoperiod, F(2, 185.23) = 3.54, p = 0.031) and a
nested interaction (time of day within photoperiod, F(6, 180.37) = 8.35, p < 0.001) with a main
effect of drug treatment (F(2, 171.77) = 9.94, p < 0.001). Overall, AM3506 reduced NREM
gamma (t(155.32) = -3.45, p = 0.001), and relative to vehicle, AM3506 specifically reduced
NREM gamma across the first 18 Hr of the experiment (ZT 12–06: t(170.04)  -2.42,
p  0.033). F, REM epochs. Left panel: No effect of AM3506 on REM delta power. Middle
panel: For REM theta, there was a significant overall interaction (drug x time of day within
photoperiod, F(12, 157.56) = 1.96, p = 0.031) with a main effect of photoperiod (F(1, 104.31) =
6.78, p = 0.011). Compared to vehicle, REM theta was increased during the first 3 Hr immediately following administration of AM3506 (t(63.88) = 3.17, p = 0.005). Right panel: For
REM gamma power, there was an overall interaction (drug x time of day within photoperiod,
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F(12, 166.38) = 2.09, p = 0.020), a secondary interaction (drug x photoperiod, F(2, 172.23) =
3.29, p = 0.039) with main effects of drug (F(2, 148.36) = 8.64, p < 0.001) and photoperiod
(F(1, 146.71) = 19.90, p < 0.001). Overall, REM gamma power was reduced following AM3506
administration (t(125.06) = -2.67, p = 0.017) with specific reduction in REM gamma during
the first 9 Hr of the experiment (ZT 12–21: t(143.63)  -3.10, p  0.005). Symbols/Bars represent mean±SEM for 3 Hr time bins (N = 9). Grey background in graphs shows dark photoperiod. Asterisks denote significant difference from vehicle baseline. All injections administered
at onset of dark photoperiod (ZT 12:00).
(PDF)
S8 Fig. Power Spectral Features of EEG are Altered by Administration of the CB1 Antagonist AM281 Before the Dark Photoperiod. A—C, Power spectra from different vigilance
states averaged over 12 Hr light/dark photoperiods. Dark lines represent group means and
shaded regions surrounding the lines represent SEM. A, Wake. B, NREM. C, REM. D–F,
Quantification of delta (0–4 Hz), theta (4–8 Hz), and gamma (30-60Hz) bandwidths of power
spectra across the three vigilance states. D, Wake epochs. Left panel: For delta power, there
was a significant overall interaction (drug x time of day within photoperiod, F(12, 232.82) =
2.05, p = 0.021) with a main effect of drug treatment (F(2, 61.15) = 12.80, p < 0.001). 5.0 mg/kg
AM281 significantly increased delta power during wake epochs across most of the experiment
(ZT 12–21 & 00–09; t(144.52)  2.71, p  0.015). Middle panel: For wake theta power, there
was a nested interaction (time of day within photoperiod, F(6, 237.52) = 3.78, p = 0.001) with a
main effect of drug treatment (F(2, 72.91) = 7.53, p < 0.001). Theta power was increased at one
time point during the dark photoperiod (ZT 15–18: t(159.69) = 2.18, p = 0.049) and the first
half of the light photoperiod (ZT 00–06: t(159.69)  2.87, p  0.009). Right panel: There was
no effect of treatment on power in the gamma bandwidth. E, NREM epochs. Left panel: For
NREM delta power, there was a significant overall interaction (drug x time of day within photoperiod, F(12, 243.32) = 2.77, p = 0.002), a secondary interaction (drug x photoperiod, F(2,
248.67) = 6.84, p = 0.001), a nested interaction (time of day within photoperiod, F(6, 232.06) =
30.63, p < 0.001), and main effects of both drug treatment (F(2, 104.70) = 35.00, p < 0.001)
and photoperiod (F(1, 156.74) = 45.51, p < 0.001). Specifically, high dose AM281 increased
NREM delta power across most time bins (ZT 12–21: t(195.82)  2.89, p  0.009). Middle
panel: For NREM theta power, there was a significant overall interaction (drug x time of day
within photoperiod, F(12, 247.79) = 2.40, p = 0.006), a nested interaction (time of day within
photoperiod, F(6, 238.8) = 11.47, p < 0.001), and main effects of both photoperiod (F(1,
187.29) = 58.41, p < 0.001) and treatment (F(2, 189.81) = 19.12, p < 0.001). Pair-wise comparisons found that high dose AM281 increased NREM theta power across much of the day starting 3 Hr after drug administration (ZT 15–21: t(250.10)  2.32, p  0.042). Right panel: For
NREM gamma, there was an overall interaction (F(12, 248.00) = 5.11, p < 0.001), a nested
interaction (time of day within photoperiod, F(6,241.11) = 10.37, p < 0.001), and a main effect
of photoperiod (F(1, 198.44) = 83.52, p < 0.001). Following AM281 administration, NREM
gamma power was increased at only one time point during the dark photoperiod (ZT 06–09: t
(255.10) = 2.60, p = 0.020). F, REM epochs. Left panel: For REM delta power, there was a secondary interaction (drug x photoperiod, F(2, 167.31) = 7.24, p = 0.001), a nested interaction
(time of day within photoperiod, F(6, 204.83) = 4.16, p = 0.001), and main effects of drug treatment (F(2, 61.28) = 14.18, p < 0.001) and photoperiod (F(1, 195.42) = 38.71, p < 0.001). Specifically, AM281 increased REM delta across all time points in the dark photoperiod (ZT12-00:
t(172.89) = 3.20, p  0.003). Middle panel: For REM theta power, there was an overall interaction (drug x time of day within photoperiod, F(12, 211.73) = 2.20, p = 0.013), a nested interaction (time of day within photoperiod, F(6, 208.14) = 2.52, p = 0.023), and a main effect of drug
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treatment (F(2, 79.84) = 9.51, p < 0.001). There were several time points over the day when
AM281 administration increased REM theta power (ZT 15–03: t(164.93)  2.42, p  0.033).
Right panel: There was no effect of AM281 treatment on REM gamma power. Symbols/Bars
represent mean±SEM for 3 hr time bins (N = 12). Grey background in graphs shows dark photoperiod. Asterisks denote significant difference from vehicle baseline. All injections administered at onset of DP (ZT 12:00).
(PDF)
S9 Fig. Blockade of CB1 Does Not Alter Recovery of Sleep Following 6 Hr TSD. To determine if sleep homeostatic mechanisms were altered by administration of the CB1 antagonist
immediately following 6 Hr of acute TSD, we determined the sleep deficit incurred during TSD
and computed the recovery from this deficit. A, First the cumulative NREM sleep time was calculated for each subject in both groups over sequential 3 Hr bins across three phases of the
experiment: baseline vehicle administration, sleep deprivation, and the recovery day immediately following sleep deprivation. B, Second, each subject’s baseline cumulative sleep was subtracted from each of these three curves. The baseline day is only shown here to demonstrate
this normalization. C, The sleep debt incurred by each animal after sleep deprivation was taken
as the last bin of the baseline normalized cumulative sleep on the deprivation day. This value
was separately calculated for each subject and was subtracted from each point of the baseline
normalized cumulative sleep plot for the recovery day (open symbols panel B). This yielded the
two curves depicted in panel C for the recovery from sleep debt incurred during TSD. A twoway repeated measures ANOVA was performed on the NREM recovery data shown in panel C
with treatment group as a between-groups factor and time of day as a within-subjects repeated
measure. There was a significant main effect of time of day (F(7, 126) = 51.62, p < 0.001), but
there was neither an interaction (F(7, 126) = 1.35, p = 0.23) nor a main effect of treatment (F(1,
18) = 0.75, p = 0.40), suggesting that both groups recovered similarly from TSD. In panels A
and B, the red arrows denote the two time bins when the sleep deprivation device was activated. There was generally lower overall sleep for most of sleep deprivation day in both groups,
even prior to activation of the rotor. However, this is not surprising given that the subjects had
just been placed into the deprivation chambers and were likely habituating to the new environment. Symbols/Bars represent mean±SEM for 3 Hr time bins. Grey background in graphs
shows dark photoperiod. Injections were delivered on baseline and recovery days half-way
through the LP (ZT 06:00). On the baseline day, both groups received a vehicle injection. On
the recovery day, the vehicle group (N = 11) received another vehicle injection, while the
AM281 group (N = 9) received a 5.0 mg/kg injection of AM281.
(PDF)
S10 Fig. Treatment with AM281 Results in a Late Rebound in REM. A, Diagram of experimental protocol repeated here for clarity with different color coding to indicate measures
reflect REM sleep parameters. B, Overall fluctuation in REM sleep throughout the entire experiment. Downward facing arrows denote times at which injections were given. The red horizontal line indicates the time at which the sleep deprivation chambers were activated. C,
Comparisons within and between treatment groups across the first baseline and recovery days.
Top Graph: Percent time in REM sleep. There was a significant overall interaction (treatment
group x time of day within photoperiod within experimental phase, F(24, 270) = 7.01,
p < 0.001), a secondary interaction (treatment group x photoperiod within experimental
phase, F(3, 270) = 3.56, p = 0.015), a tertiary interaction (treatment group x experimental
phase, F(1, 270) = 6.71, p = 0.010), and a main effect of photoperiod (F(1, 270) = 32.26,
p < 0.001). For the vehicle group, there was significantly less REM sleep overall on the recovery
day compared to baseline (t(270) = -2.64, p = 0.009), but there was not an overall difference
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between groups for the amount of REM on either the baseline or recovery days. However, the
AM281 group had significantly more REM sleep than vehicle treated mice towards the end of
the recovery day (ZT 21–06: t(98.63)  2.01, p  0.047). Compared to their baseline sleep,
both vehicle and AM281 treated mice had significantly less REM during the first 3 Hr of the
recording (ZT 06–09: t(270)  -3.13, p  0.002), but the AM281 group went on to exhibit a
REM rebound late in the recording (ZT 21–06: t(270)  2.12, p  0.035), while the vehicle
group continued to have less REM than their baseline (ZT 00–03: t(270) = -2.51, p = 0.013).
Middle Graph: REM bout duration. There was no effect of either sleep deprivation or AM281
treatment on REM bout duration in this experiment. This is possibly because the estimates of
REM bout duration were taken from a small number of REM bouts for each subject following
sleep deprivation. Bottom graph: For the number of REM bouts, there was an overall interaction (treatment group x time of day within photoperiod within experimental phase, F(24, 270) =
6.78, p < 0.001), a secondary interaction (treatment group x photoperiod within experimental
phase, F(3, 270) = 9.94, p < 0.001), a tertiary interaction (treatment group x experimental
phase, F(1, 270) = 4.20, p = 0.041), and a main effect of photoperiod (F(1, 270) = 11.22,
p = 0.001). However, the AM281 group had fewer REM bouts than vehicle group during the
DP on the baseline day (t(40.83) = -2.86, p = 0.007). Specifically, on the baseline day the
AM281 group had fewer REM bouts than the vehicle group, during the first 9 Hr of the DP
(ZT12-21: t(160.70) = -2.34, p = 0.020) and significantly more REM bouts during the first 3 Hr
of the subsequent LP (ZT00-03, t(160.70) = 2.21, p = 0.029). Consequently, the accentuated
baseline circadian fluctuation in REM in the AM281 group should be taken into account when
interpreting between-group differences during recovery. Relative to their own baselines, both
groups had a reduction in REM bouts during the first 3 Hr of the recovery (ZT06-09: t(270) 
-2.29, p = 0.023). For the vehicle group, this reduction in the number of REM bouts continued
into the DP (ZT18-21: t(270) = -4.07, p < 0.001), while for the AM281 group, the number of
REM bouts increased above baseline levels late in the recovery (ZT00-06: t(270)  3.14,
p  0.002). Late in the recovery day, the AM281 group had significantly more REM bouts compared to vehicle treated mice at the same time points where the AM281 group had more REM
bouts than its own baseline (ZT00-06: t(270)  4.03, p < 0.001). Additionally, considering
there were baseline differences between groups at only one of these time points (ZT00-03), it is
likely that this late augmentation in the number of REM bouts reflects a real phenomenon and
is not a reflection of a pre-existing group difference. Nevertheless, obtaining a measure where
baseline differences do not exist between groups would provide more confidence that another,
uncontrolled factor is not involved in this process. Green symbols/lines show AM281 group
(N = 9) while the vehicle group (N = 11) is depicted in black. Downward facing arrows (#) indicate time of drug administration. Asterisks ( ) denote significant pair-wise comparisons
within-groups between drug conditions and measures obtained during vehicle baseline. Daggers (†) denote significant pair-wise comparisons between groups on the recovery day. Pound
symbols (#) denote significant pair-wise comparisons between groups on the baseline day. The
legend on the bottom right corresponds to panel C. In B & C, Grey shaded regions indicate the
DP, and symbols/bars represent means±SEM across all subjects for each 3 Hr time bin
(PDF)
S11 Fig. Blockade of CB1 During Recovery from TSD Significantly Augments Low Frequency Power Spectral Features, Confounding Attempts to Use These as Indices of Sleep
Homeostatic Drive. A, Diagram of experimental protocol for sleep deprivation. B, Wake theta
power during sleep deprivation. Horizontal red bar indicates sleep deprivation session during
first 6 Hr of the LP. C, Wake epochs. Left panel: For wake delta, there was an overall interaction (treatment group x time of day within photoperiod within experimental phase, F(12,
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259.47) = 12.27, p < 0.001) and a secondary interaction (treatment group x experimental
phase, F(1, 192.08) = 16.66, p < 0.001). For the first 6 Hr following TSD, wake delta was
increased by AM281 administration relative to delta power measurements in the vehicle group
(ZT06-12: t(35.02)  3.20, p  0.003). Additionally, within-group comparisons found that
AM281 elevated wake delta across the first 12 Hr of recovery from TSD (ZT06-18: t(255.42) 
2.09, p  0.038). In contrast, wake delta power was reduced in the vehicle treated group but
only during the last 3 Hr of the recovery (ZT03-06: t(255.42) = -2.04, p = 0.042). Middle panel:
For wake theta, there was an overall interaction (treatment group x time of day within photoperiod within experimental phase, F(12, 259.47) = 12.27, p < 0.001) and a secondary interaction
(treatment group x experimental phase, F(1, 185.67) = 6.26, p = 0.013). There were no pairwise differences between groups during baseline or recovery. However, treatment with AM281
increased wake theta relative to baseline during the first 12 Hr of recovery (ZT06-18: t(252.32)
 2.18, p  0.030). For the vehicle group, there were no pair-wise differences in wake theta
between baseline and recovery. Right panel: For wake gamma, there was a nested interaction
(time of day within photoperiod within experimental phase, F(12, 255.50) = 13.77, p < 0.001)
and a main effect of experimental phase (F(1, 139.37) = 9.85, p = 0.002). Across treatment
groups, there was an overall reduction of wake gamma power during recovery from TSD relative to baseline (t(139.37) = -3.14, p = 0.002). D, NREM epochs. Left panel: For NREM delta,
there was an overall interaction (treatment group x time of day within photoperiod within
experimental phase, F(12, 255.42) = 8.84, p < 0.001), secondary interaction (treatment x experimental phase, F(1, 156.93) = 25.84, p < 0.001), and a main effect of experimental phase (F(1,
156.93) = 6.37, p = 0.013). Relative to the vehicle group, AM281 administration during recovery from TSD increased NREM delta power across the first 15 Hr of the recording (ZT06-21: t
(38.44)  2.60, p  0.013). Within-groups comparisons between recovery and baseline found
increased NREM delta power following AM281 administration after TSD across the majority
of the recording (ZT06-00: t(233.13)  2.18, p  0.030). For the vehicle group, NREM delta
during recovery was reduced relative to baseline measures during the first 9 Hr of the DP
(ZT12-21: t(233.13)  -2.27, p  0.024). Middle panel: For NREM theta power, there was an
overall interaction (treatment group x time of day within photoperiod within experimental
phase, F(12, 263.39) = 5.07, p < 0.001) and a secondary interaction (treatment group x experimental phase, F(1, 238.82) = 18.25, p < 0.001). Between groups comparisons on the recovery
day found increased theta power in the AM281-treated group (ZT06-21: t(29.42)  3.04,
p  0.005), but there were no differences between groups during baseline. Within groups comparisons found elevated NREM theta in the AM281 group during recovery relative to baseline
(ZT06-21: t(277.23)  2.84, p  0.005). In contrast, NREM theta was reduced at several time
points during recovery in the vehicle-treated group (ZT09-21: t(277.23)  -2.01, p  0.045).
Right panel: For NREM gamma power, there was an overall interaction (treatment group x
time of day within photoperiod within experimental phase, F(12, 264.25) = 2.73, p < 0.002).
There were no pair-wise differences between groups during baseline or recovery. However, for
the AM281 group, NREM gamma was increased relative to baseline for the first 6 Hr of the DP
(ZT12-18: t(281.46)  2.44, p  0.015). E, REM Epochs. Left panel: For REM delta power,
there was a secondary interaction between treatment group and experimental phase (F(1,
85.32) = 6.01, p = 0.016). There were no differences between groups during either baseline or
recovery phases of the experiments. However, for the AM281 group, there was an overall
increase in REM delta during recovery relative to baseline (t(86.08) = 2.80, p = 0.006). There
was no difference between baseline and recovery for the vehicle treated group. Middle panel:
For REM theta power, there was an overall interaction (treatment group x time of day within
photoperiod within experimental phase, F(12, 216.66) = 1.83, p = 0.045) with main effects of
treatment group (F(1, 28.36) = 18.34, p < 0.001) and experimental phase (F(1, 59.83) = 4.26,
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p = 0.043). There were no differences between treatment groups during baseline, but REM
theta was elevated at all time points of the recovery day relative to the vehicle group (ZT 06–06:
t(106.40)  1.99, p  0.049). Within-groups comparisons between recovery and baseline
found increased REM theta during the first 9 Hr of recovery in the AM281 group (ZT 06–15: t
(170.25)  2.31, p  0.022). There were no differences in REM theta between recovery and
baseline recordings for the vehicle treated group. Right panel: There was no effect of TSD or
AM281 treatment on REM gamma power. For B-D: Grey shaded regions denote dark photoperiod. Open symbols with dotted lines indicate data from the recovery day 1 while closed symbols with solid lines represent data from the baseline day 1. Asterisks ( ) denote significant
pair-wise comparisons within-groups between drug conditions and measures obtained during
vehicle baseline. Daggers (†) denote significant pair-wise comparisons between groups on the
recovery day. Symbols/bars represent means±SEM across all subjects for each 3 Hr time bin.
For AM281 group N = 9, and for the vehicle group N = 11.
(PDF)
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Therapeutic Benefits of Cannabis: A Patient Survey
Charles W. Webb MD and Sandra M. Webb RN, BSN
Abstract

Clinical research regarding the therapeutic benefits of cannabis (“marijuana”)
has been almost non-existent in the United States since cannabis was given
Schedule I status in the Controlled Substances Act of 1970. In order to discover
the benefits and adverse effects perceived by medical cannabis patients,
especially with regards to chronic pain, we hand-delivered surveys to one
hundred consecutive patients who were returning for yearly re-certification
for medical cannabis use in Hawai‘i.
The response rate was 94%. Mean and median ages were 49.3 and
51 years respectively. Ninety-seven per cent of respondents used cannabis
primarily for chronic pain. Average pain improvement on a 0-10 pain scale was
5.0 (from 7.8 to 2.8), which translates to a 64% relative decrease in average
pain. Half of all respondents also noted relief from stress/anxiety, and nearly
half (45%) reported relief from insomnia. Most patients (71%) reported no
adverse effects, while 6% reported a cough or throat irritation and 5% feared
arrest even though medical cannabis is legal in Hawai‘i. No serious adverse
effects were reported.
These results suggest that Cannabis is an extremely safe and effective
medication for many chronic pain patients. Cannabis appears to alleviate
pain, insomnia, and may be helpful in relieving anxiety. Cannabis has shown
extreme promise in the treatment of numerous medical problems and deserves
to be released from the current Schedule I federal prohibition against research
and prescription.

Introduction
Research into the therapeutic benefits of cannabis has been
severely limited by the federal Schedule I classification, which
essentially prohibits any ability to acquire or to provide cannabis
for studies investigating possible therapeutic effects. Limited
studies have been done in Canada and in Europe, as well as
several in California.
Hawai‘i is one of twenty states (plus the District of Columbia) which allow certifications for use of medical cannabis.
The authors have been certifying patients for use of medical
cannabis in Hawai‘i for more than four years. In an attempt to
discover the perceived benefits and adverse effects of medical
cannabis, we conducted a survey of medical cannabis patients.
Methods
Sample Selection
Between July of 2010 and February of 2011, we hand-delivered
questionnaires to one hundred consecutive patients who had
been certified for the medical use of cannabis for a minimum
of one year and were currently re-applying for certification.
Survey Design and Administration
The subjects were verbally instructed to complete the
questionnaire in the office at the time of re-certification or
were provided a stamped and addressed envelope so they
could complete the questionnaire at home. All patients were
instructed to remain anonymous and to answer the questions
as honestly as possible.

A universal pain scale was used to assess pain before and
after treatment (0 = no pain, 10 = worst pain ever). Open-ended
questions were asked to ascertain the following:
(1)
			
(2)
			

“Any adverse effects you have had from using medical
cannabis?”
“Does medical cannabis help you with any other
problems? If so, what?”

The purpose of the last question was to explore benefits outside the parameters of the state of Hawai‘i’s medical cannabis
qualifying conditions.
Results
The overall response rate was 94%. The mean age was 49.3
years and the median age was 51. No data was collected on sex
or race/ethnicity. Almost all respondents (97%) used medical
cannabis primarily for relief of chronic pain.
Average reported pain relief from medical cannabis was
substantial. Average pre-treatment pain on a zero to ten scale
was 7.8, whereas average post-treatment pain was 2.8, giving
a reported average improvement of 5 points. This translates to
a 64% average relative decrease in pain.
Other reported therapeutic benefits included relief from
stress/anxiety (50% of respondents), relief of insomnia (45%),
improved appetite (12%), decreased nausea (10%), increased
focus/concentration (9%), and relief from depression (7%).
Several patients wrote notes (see below) relating that cannabis
helped them to decrease or discontinue medications for pain,
anxiety, and insomnia. Other reported benefits did not extend
to 5% or more of respondents.
Six patients (6%) wrote brief notes relating how cannabis
helped them to decrease or to discontinue other medications.
Comments included the following: “Medical cannabis replaced
my need for oxycodone. Now I don’t need them at all.” “I do
not need Xanax anymore.” “In the last two years I have been
able to drop meds for anxiety, sleep, and depression.” “I’ve cut
back 18 pills on my morphine dosage.”
A majority (71%) reported no adverse effects, while 6%
reported a cough and/or throat irritation and 5% reported a
fear of arrest. All other adverse effects were less than 5%. No
serious adverse effects were reported.
Discussion
According to the Institute of Medicine, chronic pain afflicts 116
million Americans and costs the nation over $600 billion every
year in medical treatment and lost productivity.1 Chronic pain is
a devastating disease that frequently leads to major depression
and even suicide.2 Unfortunately, the therapeutic options for
chronic pain are limited and extremely risky.
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Spurred by efforts to encourage physicians to become more
pro-active in treating chronic pain, US prescription opioids
(synthetic derivatives of opium) have increased ten-fold since
1990.3 By 2009 prescription opioids were responsible for almost
half a million emergency department visits per year.4 In 2010
prescription opioid overdoses were responsible for well over
16,000 deaths.5 A 2010 article in the New England Journal of
Medicine addressing this problem is aptly titled “A Flood of
Opioids, a Rising Tide of Deaths.”3 Drugs such as OxyContinR
are so dangerous that the manufacturer’s boxed warning states
that “respiratory depression, including fatal cases, may occur
with use of OxyContin, even when the drug has been used
as recommended and not misused or abused.”6 Clearly safer
analgesics are needed.
The Hippocratic Oath reminds to “first, do no harm.” It cannot be over-emphasized that there has never been a death from
overdose attributed to cannabis.7 In fact, no deaths whatsoever
have been attributed to the direct effects of cannabis.7 Cannabis has a safety record that is vastly superior to all other pain
medications.
Many physicians worry that cannabis smoke might be as dangerous as cigarette smoke; however, epidemiologic studies have
found no increase in oropharyngeal or pulmonary malignancies
attributable to marijuana.8-10 Still, since smoke is something
best avoided, medical cannabis patients are encouraged to use
smokeless vaporizers which can be purchased on-line or at local
“smoke-shops.” In states that (unlike Hawai‘i) allow cannabis
dispensaries, patients can purchase “vapor pens,” analogous
to e-cigarettes and fully labeled regarding doses of THC and
other relevant cannabinoids.
Tests have proven that smoke-free vaporizers deliver THC
as well or even more efficiently than smoking, and that most
patients prefer vaporizers over smoking.11 Like smoking, vaporizers allow patients to slowly titrate their medicine just to effect,
analogous to IV patient-controlled analgesia (PCA) that has
been so successful in hospital-based pain control. This avoids
the unwanted psychoactive side-effects often associated with
oral medication such as prescription MarinolR (100% THC in
oil) capsules which tend to be slowly and erratically absorbed
and are often either ineffectually weak or overpoweringly
strong.12,13 Because inhaled cannabis is rapid, reliable, and
titratable, most patients strongly prefer inhaled cannabis over
MarinolR capsules.14
While the relative safety of cannabis as medication is easily
established, the degree of efficacy is still being established. The
reported pain relief by patients in this survey is enormous. One
reason for this is that patients were already self-selected for success: they had already tried cannabis and found that it worked
for them. For this sample, the benefits of cannabis outweighed
any negative effects. The study design may therefore lend itself
to over-estimating the benefits and under-estimating the negative side-effects if extrapolated to the general population.
Another reason that the reported pain relief is so significant
is that cannabis has been proven effective for many forms of

recalcitrant chronic pain. A University of Toronto systematic
review of randomized controlled trials (RCT’s) examining
cannabinoids in the treatment of chronic pain found that fifteen
of eighteen trials demonstrated significant analgesic effect of
cannabinoids and that there were no serious adverse effects.15
While opioids are generally considered to have little benefit
in chronic neuropathic pain, several RCT’s have shown that
cannabinoids can relieve general neuropathic pain,16 as well as
neuropathic pain associated with HIV and with multiple sclerosis (MS). 17,18 One study found that cannabis had continuing
efficacy at the same dose for at least two years. 19
Even low dose inhaled cannabis has been proven to reduce
neuropathic pain. In a randomized, double-blind, placebocontrolled crossover trial involving patients with refractory
neuropathic pain, Ware, et al, found that therapeutic blood levels
of THC (mean 45 ng/ml achieved by a single inhalation three
times a day) were much lower than those necessary to produce
a cannabis euphoria or “high”(> 100 ng/ml). 19
Cannabis is relatively non-addicting, and patients who stop
using it (eg, while traveling) report no withdrawal symptoms.
One author (Webb C.) worked for 26 years in a high volume
emergency department where he never witnessed a single visit
for cannabis withdrawal symptoms, whereas dramatic symptoms
from alcohol, benzodiazepine, and/or opioid withdrawal were
a daily occurrence.
So why is cannabis still held hostage by the DEA as a Schedule
I substance? On June 18, 2010, the Hawai‘i Medical Association
passed a resolution stating in part that:
“Whereas, 1) Cannabis has little or no known withdrawal syndrome
and is therefore considered to be minimally or non-addicting; and
Whereas, 2) Cannabis has many well-known medical benefits
(including efficacy for anorexia, nausea, vomiting, pain, muscle
spasms, and glaucoma) and is currently recommended by thousands of physicians; and
Whereas 3) Cannabis has been used by millions of people for
many centuries with no history of recorded fatalities and with no
lethal dosage ever discovered; and
Whereas, Cannabis therefore fulfills none of the required three
criteria (all of which are required) to maintain its current restriction as a Schedule I substance…

The Hawai‘i Medical Association recommends that Medical
Cannabis be re-scheduled to a status that is either equal to or
less restrictive than the Schedule III status of synthetic THC
(MarinolR), so as to reduce barriers to needed research and to
humanely increase availability of cannabinoid medications to
patients who may benefit.”20
Medical cannabis remains controversial mainly because the
federal government refuses to recognize cannabis as an accepted medication. To this we would echo the words of Melanie
Thernstrom in her excellent book The Pain Chronicles,2 “How
could treating pain be controversial?” one might ask, “ Why
wouldn’t it be treated? Who are the opponents of relief?”
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Conclusions
Cannabis is an extremely safe and effective medication for
many patients with chronic pain. In stark contrast to opioids
and other available pain medications, cannabis is relatively
non-addicting and has the best safety record of any known pain
medication (no deaths attributed to overdose or direct effects
of medication). Adverse reactions are mild and can be avoided
by titration of dosage using smokeless vaporizers.
 	 More research needs to be pursued to discover degrees of
efficacy in other areas of promise such as in treating anxiety,
depression, bipolar disorder, autism, nausea, vomiting, muscle
spasms, seizures, and many neurologic disorders. Patients
deserve to have cannabis released from its current federal
prohibition so that scientific research can proceed and so that
physicians can prescribe cannabis with the same freedom accorded any other safe and effective medications.
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Who Are Medical Marijuana Patients?
Population Characteristics from Nine
Califomia Assessment Clinics^
Craig Reinarman, Ph.D.*; Helen Nunberg, M.D., M.P.H.**;
Fran Lanthier, M.A.*** & Tom Heddleston, M.A.***

Abstract — Marijuana is a currently iilegal psychoactive drug that many physicians believe has substantial therapeutic uses. The medical literature contains a growing number of studies on cannabinoids
as well as case studies and anecdotal reports suggesting therapeutic potential. Fifteen states have passed
medical marijuana laws, but little is known about the growing population of patients who use marijuana medicinally. This article reports on a sample of 1,746 patients from a network of nine medical
marijuana evaluation clinics in Califomia. Patienu completed a standardized medical history form;
evaluating physicians completed standardized evaluation forms. From this data we describe patient
characteristics, self-reported presenting symptoms, physician evaluations, other treatments tried, other
drug use, and medical marijuana use practices. Pain, insomnia, and anxiety were the most common
conditions for which evaluating physicians recommended medical marijuana. Shifts in the medical
marijuana patient population over time, the need for further research, and the issue of diversion are
discussed.
Keywords — anxiety, cannabis therapeutics, insomnia, medical marijuana, pain

prescribed for therapeutic use in American medical practice for a variety of conditions from the mid-nineteenth
century into the twentieth. Marijuana was admitted to
the United States Pharmacopoeia in 1850 and listed in
the National Formulary and the US Dispensatory. Major
pharmaceutical companies including Lilly, BurroughsWellcome, and Parke-Davis produced cannabis-based
therapeutic agents (Brecher et al. 1972).
In 1936, the Federal Bureau of Narcotics advocated a
law prohibiting its use, which Congress passed in 1937,
against the advice of the American Medical Association
(Grinspoon & Bakalar 1993:9-11). This law, along with
increased prescribing of aspirin and barbiturates, pushed
cannabis out of the United States Pharmacopoeia and
common medical practice by 1942.
After nonmedical cannabis use spread in the 1960s,
the number of Americans reporting lifetime prevalence
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increased sharply. Recent estimates from the National
Survey on Drug Use and Health show that 102,404,000
Americans have used this drug, 41 % of the population aged
12 and over, or about half the adult population (SAMHSA
2010). This widespread use led to a gradual rediscovery
of the therapeutic uses of cannabis, albeit largely without
physician involvement.
Alongside the spread of nonmedical use, in 1964 scientists determined the precise chemical structure of delta-9
tetrahydrocannabinol (THC), thought to be the most significant psychoactive ingredient in cannabis (Gaoni &
Mechoulam 1964), This stimulated research in the clinical pharmacology of cannabinoids. Many physicians in
clinical practice also recognized the therapeutic potential
of cannabis (Irvine 2006; Charuvastra, Freidmann & Stein
2005), specifically, for example, for pain (Woolridge et al.
2005), as an antiemetic for chemotherapy patients (Doblin
& Kleiman 1991), or for symptoms of AIDS (Abrams
et al. 2003). More recently a broader medical literature documenting the therapeutic properties of endogenous
cannabinoids has developed (e.g., NicoU & Alger 2004;
Lehmann et al, 2002; Hall, Degenhart & Currow 2001),
Numerous case reports in the medical literature also have
suggested that cannabis has therapeutic potential for a variety of conditions. But rigorous experimental research that
might determine more precisely the therapeutic efficacy
of cannabis for specific conditions has been blocked by
the Drug Enforcement Administration (see Zeese 1999;
Alliance for Cannabis Therapeutics v. Drug Enforcement
Administration 1994).
This combination of increasing therapeutic use and
federal government opposition ultimately led to passage of
new state laws providing for the medical use of cannabis
upon physician recommendation. Since 1996, 15 U,S.
states and the District of Columbia have passed such
laws: California, Alaska, Oregon, Washington, Nevada,
Colorado, Maine, Montana, Michigan, and Washington,
DC by ballot initiative; Rhode Island, New Mexico,
Vermont, Hawaii, and New Jersey by state legislation.
The first of these laws was California's Proposition
215, the Compassionate Use Act, passed in 1996 {San
Francisco Chronicle 1996). This act made it legal under
state law for patients to possess and use cannabis if recommended by their physicians. Numerous medical and scientific associations endorsed medical use of cannabis and/or
supported further research into its therapeutic potential. These included the American College of Physicians
(2008), the American Public Health Association (1995), the
British Medical Association (1997), the Canadian Medical
Association (2005), and the Institute of Medicine of the
National Academy of Sciences (1999).
Such elections and endorsements notwithstanding, the
Bush Administration's Office of National Drug Control
Policy threatened to revoke the licenses of physicians
who recommended cannabis to patients. One physician
Journal of Psychoactive Drugs

challenged this policy and the U.S, Court of Appeals ruled
(in Conant v, Walters) in 2002 that it unconstitutionally
infringed physicians' First Amendment rights to freedom
of speech with their patients (McCarthy 2004), Subsequent
legislation and case law have left medical marijuana (MM)
patients and their physicians in legal limbo:
• In 2003, the California legislature passed SB 420
to provide specific implementation guidelines for
Proposition 215, including how counties should handle MM patient ID cards,
• Most drug law enforcement is done by local
police who enforce state, not federal, drug laws.
In 2005, The California Attorney General ruled
that Proposition 215 is the legitimate will of the
voters and is therefore valid under the California
Constitution for purposes of state law enforcement.
He advised the Highway Patrol and other state law
enforcement agencies that under California law MM
patients were legally entitled to possess and use
cannabis for therapeutic purposes (Hoge 2005),
• In 2006, Bush administration Attorney General
Gonzales sought to invalidate state MM laws, and
the U,S, Supreme Court ruled {Gonzales v. Raich
2006) that the Compassionate Use Act—its legitimate electoral provenance notwithstanding—neither
supersedes nor invalidates federal laws that prohibit
marijuana use (see Mikos 2009 for a legal analysis of
the states' neglected power to legalize behavior that
is criminalized under federal law),
• In 2008 the Supreme Court denied without comment
an appeal by two California counties that had refused
to implement Proposition 215 {County of San Diego
V, San Diego NORML 2008), thereby letting stand a
lower court ruling that upheld SB 42O's provisions
regarding counties issuing MM identification cards.
• In 2009, Attorney General Eric Holder issued a policy stating that federal drug control agencies would
no longer raid MM dispensaries if they operated
within state and local laws (Moore 2009).
• That policy notwithstanding, the DEA has continued
to raid MM dispensaries in California into 2011 (e,g,,
Blankstein 2009).
Within this grey area between conflicting state and
federal laws, the number of patients who have received recommendations for medical marijuana from physicians has
continued to grow, albeit by how much remains unknown.
Over 1,000 MM dispensaries, delivery services, and cooperatives are said to be operating in California to meet
the demand (NORML 2007), A rough estimate of the
number of MM patients in California can be extrapolated
from Oregon figures. Unlike California's Compassionate
Use Act, Oregon's MM law set up an Oregon Medical
Marijuana Program that requires centralized record keeping. As of July, 2009, some 2,983 Oregon-licensed physicians had approved 20,307 applications for MM (Oregon
i 29
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Department of Human Services 2008). The population of
California is 9.7 times that of Oregon (U.S. Census 2007),
which yields a crude estimate of 196,978 MM patients
in California. This is likely an underestimate because the
California statute affords greater latitude to physicians
regarding the conditions for which they can recommend
MM (", . . any other illness for which marijuana provides
relief"). Americans for Safe Access (2008), a MM patient
advocacy group, has estimated that there are well over
200,000 physician-sanctioned MM patients in California.
Despite their growing numbers, however, the ambiguous legal status of MM patients renders them a half-hidden
population whose characteristics are not well documented,
with the partial exception of the San Francisco Bay Area
(O'Connell & Bou-Matar 2007; Reiman 2007a). Medical
marijuana will likely continue to be a contentious issue,
but across fifteen states and the District of Columbia several
hundred thousand people are using marijuana as a medicine
recommended by physicians, and yet little is known about
them as a patient population.
We intend this study as a modest contribution toward
filling this gap. It presents data on the demographic characteristics, presenting symptoms, physician evaluations,
conventional treatments tried, and MM use practices of
patients from a network of MM assessment clinics in
California,

conventional and alternative medical treatments tried, drug
use history, and MM use practices; and (2) a physician evaluation form using International Classification of Diseases
codes (ICD-9), Each patient received and signed an extensive informed consent form noting confidentiality, which
was approved by the clinics' IRB.
Most prior studies of MM patients are based on small,
symptom-specific samples. Initially, the population of MM
patients in the San Francisco Bay Area were people with
HIV/AIDS and cancer (e.g., Harris, Mendelson & Jones
1998), Later, physicians began to recommend cannabis to
patients with chronic pain, mood disorders and other psychiatric conditions (Gieringer 2002). The data reported
here describe what is among the largest and most symptomatically and demographically diverse samples of medical cannabis patients to date (cf., O'Connell & Bou-Matar
2007).
RESULTS
As Table 1 indicates, the MM patients are three-fourths
male and three-fifths White. Compared to the US Census
of California, the patients in this sample are on average
somewhat younger, report slightly more years of formal
education, and are more often employed. The comparison
also indicates that women. Latinos, and Asian Americans
are underrepresented. Given the limitations of our data, we
can offer only informed speculation as to why.
The underrepresentation of women may be in part
an epidemiological artifact of the gender distribution of
certain kinds of injuries (e.g., workplace, sports, and motorcycle accidents). It may also have to do with the double
stigma women face in seeking MM—for using an illicit
drug and for violating gender-specific norms against illegal behavior in general. Moreover, as with alcohol use,
pregnant women and women considering pregnancy are
likely to have health concerns and many may fear that MM
could put them in jeopardy if discovered by child protection
agencies.
Given the high poverty rate among Latinos and their
concentration in the manual labor end of the occupational
structure. Latinos are exposed to equal or greater risks
of work-related injuries and to no less epidemiologic risk
of other conditions for which MM is sometimes used. It
seems likely that their under-representation has to do with
the undocumented status of many Latinos in California.
The undocumented often avoid contact with government
agencies for fear of apprehension by law enforcement,
for beyond arrest and incarceration this carries the risk of
deportation. Such fears reduce the likelihood of Latinos
accessing health care in general and MM in particular.
Asian Americans are also underrepresented, but this may
be because they have lower prevalence of marijuana use
than other racial/ethnic groups and/or because they have
their own venerable traditions of herbal medicine.

METHODS
These data were drawn from 1,746 consecutive
admissions to nine MM assessment clinics operating in
California in July, August, and September 2006. These
assessment clinics are not dispensaries and are not connected to dispensaries. They were located throughout the
state—in the north and south, coast and central valley,
and large and small cities: Modesto, Oakland, Sacramento,
Hollywood, San Diego, Santa Cruz, Ukiah, San Francisco,
and Santa Rosa. They charged $100 to $125 for an assessment. At the time our sample was drawn, these assessment
clinics had evaluated over 54,000 MM patients. Without
a comprehensive patient database or representative household surveys, there is no way to determine precisely how
representative this sample is of the overall population of
MM patients. Moreover, there is a large albeit unknown
number of people who use marijuana medicinally but who
have not sought physician recommendations or official
patient ID cards, perhaps because of the expense of the
assessment. '
Evaluating physicians interviewed potential patients
and evaluated their patient medical histories for purposes of
recommending MM and issuing patient identification cards
under the Compassionate Use Act and SB 420, The evaluation instruments were (1) a basic patient-administered
medical history questionnaire covering demographics, presenting symptoms or conditions, brief medical history.
Journal of Psychoactive Drugs.
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TABLE 1

TABLE 2

Demographic Characteristics of California Medical
Marijuana Patients Compared to California
Census 2000, Age 18 and Over {n = 1746}

Patient Self-Reports of Therapeutic Benefits from
Medicinal Marijuana*
Percent

Female
Male
White
Latino
African American
Native American
Asian/Pacific Islander
Other
18-24 Years Old
25-34 "
35-44"
45-54 "
55>"
<High School
High School Graduate
Some College
College Graduate>
Employed
Health Insurance

MM
Patients
27.1%
72.9%
61.5%
14.4%
11.8%
4.5%
4.2%
4.3%
17.9%
27.5%
21.3%
20.4%
12.6%
8.8%
42.2%
27.1%
23.8%
64.8%
73.4%

To Relieve:
Pain
Muscle Spasms
Headaches
Anxiety
Nausea/Vomiting
Depression
Cramps
Panic Attacks
Diarrhea
Itching
To Improve:
Sleep
Relaxation
Appetite
Concentration/Focus
Energy
To Prevent:
Medication Side Effects
Anger
Involuntary Movements
Seizures
As Substitute for:
Prescription Medication
Alcohol

U.S. Census
2000-California
50.7%
49.3%
59.5%
32.4%
6.7%
1.0%
11.2%

~17.1%
15.4%
16.2%
12.8%
18.4%

*
*
*
57.5%
*

'Data not available in California Census.

African-Americans, conversely, are over-represented
in this sample. This does not appear to stem from their
prevalence of marijuana use, for representative national
surveys show that Blacks generally do not have significantly higher prevalence of marijuana use than Whites
(SAMHSA 2005). African-Americans may be more likely
to seek MM for any of several reasons: because they
are disproportionately poor, more often lack health insurance, are significantly less likely to be prescribed other
medication for pain (Pletcher et al. 2008) or to receive
treatment for cancer (Gross et al. 2008), and because
African-Americans are a growing proportion of HIV/AIDS
cases. Some of these same reasons may help to explain why
Native Americans are also ovcrrcpresented, although their
proportion of both this sample and the general population
is too small to judge representativeness accurately.
In their medical history questionnaires, patients were
asked "Which of the following best describe the therapeutic benefit you receive from medicinal cannabis? (Check
the most important)." Patients typically reported more than
one therapeutic benefit (mean — 3). Early studies showed
most patients used MM to relieve symptoms of HIV/AIDS
(Woolridge et al. 2005) or cancer, and it is likely that the
majority of patients in our sample who reported "nausea"
were cancer patients receiving chemotherapy. However,
Table 2 suggests that cancer and AIDS patients are now a
Journal of Psychoactive Drugs

82.6
41.1
40.7
.•^7.8

27.7
26.1
19.0
16.9
5.0
2.8

70.7
55.1
37.7
22.9
15.9
22.5
22.4
6.2
3.2
50.9
13.0

*N = 1,745; patients could report more than one benefit in more than
one category.

significantly smaller proportion of the total (e.g., "to relieve
nausea/vomiting" 27.7%, "to improve appetite" 37.7%)
and that the MM patient population has become more
diverse since the Compassionate Use Act was passed in
1996 (cf. Ware, Adams & Guy 2005, on MM use in the
UK, and Grotenherman 2002 on MM use in Germany).
Instead, relief of pain, muscle spasms, headache, and
anxiety, as well as to improve sleep and relaxation were
the most comtnon reasons patients cited for using MM.
Chronic pain also topped the list of maladies for which MM
was used in another California clinical sample (Reiman
2007b).
Table 3 shows the ICD-9 diagnostic codes most frequently recorded by evaluating physicians. Pain from back
and neck injuries was the most frequently coded. This
appears consistent with a nationally representative Medical
Expenditure Panel Survey, which found a 19.3% increase
in the prevalence of spine problems between 1997 and
2005 (Martin et al. 2008). Back and neck pain was followed in frequency by sleep disorders (also increasing),
anxiety/depression, muscle spasms, and arthritis. Fully
half of this sample reported using MM as a substitute
131
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TABLE 3

TABLE 5

Conditions Most Frequentlyr Recorded by
Physicians As Reasons for Approving Medical
Marijuana Patient identification Cards*

Medical Marijuana Patients' Self-Reported
Current Nonmedical Drug Use, Compared to 2006
National Survey on Drug Use And Health
(SAMHSA 2007)

Back/Spine/Neck Pain
Sleep Disorders
Anxiety/Depression
Muscle Spasms
Arthritis
Injuries (Knee, Ankle, Foot)
Joint Disease/Disorders
Narcolepsy
Nausea
Inflamtnation (Spine, Nerve)
Headaches/Migraines
Eating Disorders

Percent
30.6%
15.7%
13.0%
9.5%
8.5%
4.5%
4.4%
3.7%
3.4%
2.9%
2.7%
1.1%

ICD-9 Codes
[722.1-724.2]
[307.42, 327.0]
[300.0,311.0]
[728.85]
[715.0,721.2,721.2]
[959.7]
[716.1-719.49]
[347.0]
[787.02]
[724.4]
[784.0, 346.0, 346.2]
[783.0]

Tobacco
Alcohol
Cocaine
Methamphetatnine
Heroin
Other Opiates

TABLE 4

N
1383
850
633
389
366
338
269
209
208

•N = 1746; patients could report multiple other treatments.

1.9
0.5
0.3
**

Table 6 presents data on patients' medical marijuana
use practices. Amoutits used per week varied from three
grams or less (40.1%) to seven or more grams (23.3%).
Two-thirds (67%) reported using MM daily while onefourth (26%) reported using less than once a week. Half
(52.9%) reported using one or two times per day while one
in ten (10%) reported using three or more times per day.
Patients consumed MM primarily in the evenings (52.3%)
or prior to sleep (56.1%). More than two in five (42.3%)
reported that when they used depended on their medical symptoms. Patients ingested MM predominantly by
smoking (86.1%), although one-fourth (24.4%) reported
ingesting orally and nearly a fourth (21.8%) reported using
a vaporizer. These latter figures suggest that at least some of
the time, many MM patients are choosing modes of ingestion that reduce the perceived risk of harms from smoking
(Tan et al. 2009; Hashibe et al. 2006).

for prescription drugs, consistent with other studies (e.g.,
Reiman 2007a).
Table 4 indicates that the MM patients in the sample
had tried a variety of other treatments, conventional and
alternative, for the conditions for which they were seeking a MM identification card. Four in five (79.3%) reported
having tried other medications prescribed by their physicians (almost half were opiates); about half (48.7%) had
tried physical therapy; over a third (36.3%) had tried chiropractic; nearly one-fourth (22.3%) reported having had
surgery for their condition.
Table 5 compares patient responses to the drug use
questions to those in the 2006 National Survey on Drug
Use and Health (SAMHSA 2007). Prevalence of tobacco
Journal of Psychoactive Drugs

0.3
0.4
0.1
1.2

use was somewhat higher than in the general population, but prevalence of alcohol use was significantly lower.
Many patients reported that they valued MM because it
allowed them to reduce their alcohol use. It is possible that
self-reports on a self-administered instrument will underestimate illicit drug use, particularly if patients felt that
admitting illicit drug use could reduce their chances of
obtaining a MM identification card. Rigorous assessments
of the reliability of such data must await further research,
but limitations aside, these data suggest low prevalence of
other illicit drug use among MM patients. While it is true
that the great majority of our respondents had used marijuana recreationally, in response to a separate question over
two-fifths (41.2%) reported that they had not been using it
recreationally prior to trying it for medicinal purposes.

Other TVeatment Modalities Tried for the Medical
Condition(s) for Which Patients Seek Medical
Marijuana*
%
79.3%
48.7
36.3
22.3
21.0
19.4
15.4
12.0
11.9

NSDUH'
25.0%
61.9

Note: Participants were asked "Do you currently use . . ."; answers
are percent responding "yes." N = 1745; patients could report more
than one drug. Of smokers, 65.5% used ten or less cigarettes/day; of
drinkers, 58.7% used</= one or less drinks/day.
•NSDUH figures for "past month" prevalence used as a proxy for
"current use".
**Data not available in comparable form.

*N = 1746; some patients reported multiple symptoms and/or
conditions.

Prescription Medication
Physical Therapy
Chiropractic
Surgery
Counseling
Acupuncture
Therapeutic Injection
Homeopathy
Other Types of Treatment

M M Patients
29.4%
47.5
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Further Research
Like other medicines, marijuana's therapeutic efficacy
varies across conditions and patient groups. This variation
seems more likely when supplies remain illicit because
standardized dosages or other quality controls are more difficult to achieve. To gain maximum therapeutic potential
across the growing range of conditions for which MM is
being recommended, more systematic research is needed.
Longitudinal, case control, and double-blind studies are
required to rigorously assess marijuana's therapeutic efficacy for specific patient groups, conditions, and diseases.
With regard to shifts in the patient population, it also would
be very useful to have follow-up studies of patients accessing the assessment clinics in our sample and others drawn
from similar assessment clinics.

TABLE 6
Medical Marijuana Use Practices
Frequency of Medical Marijuana Use (N = 1583)^
Daily
67.0%
<Once A Week
26.0%
<Once A Month
7.0%
On Days Used, Frequency per Day (N = 1574)
1 To 2 Times Per Day
52.9%
2 To 3 Times Per Day
29.0%
>3 Times Per Day
10.0%
Time Of Day Typically Used (N = 1745)
Prior To Sleep
56.1%
Evenings
52.3%
Depends on Symptoms
42.3%
Mornings
25.7%
Afternoons
20.1%
After Work
12.4%
6.5%
Middle of the Night
All Day
5.3%
Mode of Ingestion (N = 1745)
Smoke
86.1%
Oral Ingestion
24.4%
Vapor
21.8%
Topical
2.8%
Amount Used per Week (N = 1431)
40.1%
0-3 Grams
4—7 Grams
36.5%
>7 Grams
23.3%

(1065)
(409)
(109)
(833)
(457)
(284)
(979)
(913)
(739)
(448)
(350)
(217)
(114)
(93)

Diversion
Critics have argued that some MM patients are "gaming the system" to get marijuana for nonmedical use.
Neither our data nor any other data we are aware of allow
any clear-cut, empirical estimate of the scale of such diversion. Given the widespread nonmedical use marijuana in
Ihe general population (102,404,000 Americans report lifetime prevalence; see SAMHSA 2010) and the risk of arrest
(847,864 Americans were arrested for marijuana offenses
in 2008, 754,224 or 88.96% of them for possession alone;
EBI 2009), it seems likely that at least some MM patients
use MM dispensaries as sources of supply for nonmedical
use.
Defining and measuring such diversion, however, is
complicated at best. Given the high prevalence of nonmedical use, it is not surprising that most MM patients in our
sample reported having used it recreationally before using
it therapeutically. But as noted above, two-fifths had not
been using marijuana recreationally prior to trying it for
medicinal purposes. Their self-reported rales of other illicit
drug use are slightly lower than those found among the general population, and their levels of educational attainment
and rate of employment are comparable to the California
population. Our data have clear limitations, but they contain no obvious signs that MM patients differ from the
general population.
Nor is drug diversion unique to medical marijuana.
A significant albeit unknown proportion of other patients
obtain prescriptions for numerous drugs through legal
medical channels that they then use for nonmedical purposes, for example, Valium and other benzodiazepines
(Haafkens 1997), Ritalin and other stimulants prescribed
for ADHD, and Oxycontin and other opiates prescribed
for pain.
The diversion issue will likely become more important as the line between medical and nonmedical drug
use is increasingly blurred (Murray, Gaylin & Macklin
1984). Beyond the spread of MM, Prozac and other SSRItype antidepressants, for example, are often prescribed

(1503)
(426)
(380)
(49)
(574)
(523)
(334)

•Total n = 1745, but N's vary across questions because patients could
choose more than one response and because not all responded to each
question.

DISCUSSION
Rediscovery of Medicinal Utility and Diversifying
Patient Population
Compared to earlier studies of MM patients, these data
suggest that the patient population has evolved from mostly
HIV/AIDS and cancer patients to a significantly more
diverse array. The diffusion of marijuana as a medicine
may have been slower than that of other medicines in conventional clinical practice because the flow of information
from physician to patient is impeded by MM's ambiguous
legal status. Thus, information about the potential therapeutic utility of cannabis is spread mostly via word of
mouth and other informal means. This suggests that the
patient population is likely to continue evolving as new
patients and physicians discover the therapeutic uses of
cannabis. Ironically, this trend toward increasing therapeutic uses is bringing marijuana back to the position it
held in the U.S. Pharmacopeia prior to its prohibition in
1937,
Journal of Psychoactive Drugs
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for patients who do not meet DSM criteria for clinical
depression but who simply feel better when taking it. Such
"cosmetic psychopharmacology" (Kramer 1993) is likely
to grow as new psychiatric medications come to market.
The line between medical and nonmedical drug use has
also been blurred by performance enhancing drugs such
as steroids, so-called "smart drugs" that combine vitamins
with psychoactive ingredients, and herbal remedies like ma
huang (ephedra) available in health food stores (Burros &
Jay 1996).
These examples suggest that despite the best intentions
of physicians and law makers, much drug use does not fit
into two neat boxes, medical and nonmedical, but rather
exists on a continuum where one shades into the other as

patients' purposes shift to suit situational exigencies in
their health and their daily lives. It is not clear where a
border line between medical and nonmedical marijuana or
other drug use might be drawn nor how it might be effectively policed (see Reinarman & Levine 1997: 334^4),
NOTE
1, We are grateful to one anonymous reviewer for
pointing out that the cost of these assessments may well
have prevented some potential MM patients—including
many impoverished HIV/AIDS patients—from obtaining
ID cards, which may have affected the demographics of this
sample.
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CASE REPORTS

Effectiveness of Cannabidiol Oil for Pediatric Anxiety and
Insomnia as Part of Posttraumatic Stress Disorder: A Case Report
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ABSTRACT
Introduction: Anxiety and sleep
disorders are often the result of posttraumatic stress disorder and can contribute
to an impaired ability to focus and to
demonstration of oppositional behaviors.
Case Presentation: These symptoms
were present in our patient, a ten-yearold girl who was sexually abused and
had minimal parental supervision as a
young child under the age of five. Pharmaceutical medications provided partial
relief, but results were not long-lasting,
and there were major side effects. A
trial of cannabidiol oil resulted in a
maintained decrease in anxiety and a
steady improvement in the quality and
quantity of the patient’s sleep.
Discussion: Cannabidiol oil, an increasingly popular treatment of anxiety
and sleep issues, has been documented
as being an effective alternative to pharmaceutical medications. This case study
provides clinical data that support the
use of cannabidiol oil as a safe treatment
for reducing anxiety and improving
sleep in a young girl with posttraumatic
stress disorder.

INTRODUCTION

Cannabidiol (CBD) oil is a naturally occurring constituent of industrial hemp and
marijuana, which are collectively called
cannabis. CBD oil is 1 of at least 85 cannabinoid compounds found in cannabis
and is popular for its medicinal benefits.
After tetrahydrocannabinol (THC), CBD
oil is the second-most-abundant component of cannabis. Other names for CBD oil
include CBD-rich hemp oil, hemp-derived
CBD oil, or CBD-rich cannabis oil. Considered to be generally safe, CBD has been
used medicinally for decades. However,
CBD is not medical marijuana and should
be distinguished from high-CBD strains

Perm J 2016 Fall;20(4):16-005
http://dx.doi.org/10.7812/TPP/16-005

of medical marijuana, which do contain
THC, such as “Charlotte’s Web.”
The most abundant compound in cannabis, THC is also a cannabinoid. The
THC component induces the psychoactive effect, “high.” A cannabis plant has
different amounts of CBD and THC
depending on the strain and thus provides
different recreational or medicinal effects.
The cannabinoid profile of industrial hemp
or medical marijuana is ideal for people
looking for the medical benefits of CBD
without the “high” of the THC.
The mechanism of action of CBD is
multifold.1-3 Two cannabinoid receptors
are known to exist in the human body:
CB1 and CB2 receptors. The CB1 receptors are located mainly in the brain and
modulate neurotransmitter release in a
manner that prevents excessive neuronal
activity (thus calming and decreasing
anxiety), as well as reduces pain, reduces
inflammation, regulates movement and
posture control, and regulates sensory
perception, memory, and cognitive function. a2 An endogenous ligand, anandamide, which occurs naturally in our
bodies, binds to the CB1 receptors through
the G-protein coupling system. CBD has
an indirect effect on the CB1 receptors
by stopping the enzymatic breakdown of
anandamide, allowing it to stay in the system longer and provide medical benefits.4
CBD has a mild effect on the CB2 receptors, which are located in the periphery in
lymphoid tissue. CBD helps to mediate the
release of cytokines from the immune cells
in a manner that helps to reduce inflammation and pain.2
Other mechanisms of action of CBD
include stimulation of vanilloid pain receptors (TRPV-1 receptor), which are known
to mediate pain perception, inflammation, and body temperature.5 In addition,
CBD may exert its anti-anxiety effect by

activating adenosine receptors which play
a significant role in cardiovascular function
and cause a broad anti-inflammatory effect
throughout the body.5 At high concentrations, CBD directly activates the 5-HT1A
serotonin receptor, thereby conferring an
antidepressant effect.6 Cannabidiol has
been found to be an antagonist at the potentially new third cannabinoid receptor,
GPR55, in the caudate nucleus and putamen, which if stimulated may contribute
to osteoporosis.7
Since the 1940s, a considerable number
of published articles have dealt with the
chemistry, biochemistry, pharmacology,
and clinical effects of CBD.8 The last decade has shown a notable increase in the
scientific literature on CBD, owing to its
identification for reducing nausea and
vomiting, combating psychotic disorders,
reducing inflammation, decreasing anxiety and depression, improving sleep, and
increasing a sense of well-being.9-12 Findings presented at the 2015 International
Cannabinoid Research Society at its 25th
Annual Symposium reported the use of
CBD as beneficial for kidney fibrosis and
inflammation, metabolic syndrome, overweight and obesity, anorexia-cachexia syndrome, and modification of osteoarthritic
and other musculoskeletal conditions.13-16
Although studies have demonstrated the
calming, anti-inflammatory, and relaxing
effects of CBD, clinical data from actual
cases is minimal. This case study offers
evidence that CBD is effective as a safe
alternative treatment to traditional psychiatric medications for reducing anxiety
and insomnia.17

CASE PRESENTATION

A ten-year-old girl presented in January 2015 for a reevaluation of behaviors
related to her diagnosis of posttraumatic
stress disorder (PTSD) secondary to sexual

Scott Shannon, MD, ABIHM, is an Assistant Clinical Professor of Psychiatry
at the University of Colorado School of Medicine in Fort Collins. E-mail:
scottshannon@cowisp.net. Janet Opila-Lehman, ND, is a Naturopathic Physician
at the Wholeness Center in Fort Collins, CO. E-mail: j.opila.lehman@gmail.com.
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abuse. Her chief issues included anxiety,
insomnia, outbursts at school, suicidal
ideation, and self-destructive behaviors.
Her grandmother, who has permanent
custody of the patient and her younger
brother, accompanied her.
Our patient had been seen for an initial
evaluation in January 2012 and received
a diagnosis of PTSD secondary to sexual
abuse on the basis of her history, clinical
observations, and behaviors (Table 1).

Her father had died 6 months earlier in a
motor vehicle accident, and our patient’s
maternal grandparents became her permanent guardians. Before her father’s death,
our patient had no supervision from her
father and very little supervision from her
mother. An 11-year-old boy had molested
her when she was 3 years old. Her medical history included her mother having
methadone addiction, alcoholism, bipolar
disorder, and depression. Her mother used

marijuana her entire pregnancy with the
girl. The patient presented in January 2012
as displaying aggressive, disobedient, impulsive, and sexually inappropriate behaviors. She also demonstrated low self-esteem
and anxiety and had poor sleep (restless,
interrupted, and unable to sleep alone).
Workup during 2012 included laboratory studies, which ruled out a thyroid
dysfunction and an iron or vitamin D
deficiency. The patient was started on a

Table 1. Timeline
Date
January 31,
2012

Presentation
New evaluation: 7.5-year-old girl. History
of sexual abuse and neglect. Issues:
Insomnia, sexual behaviors. Diagnosis:
PTSD secondary to sexual abuse.

Medications
None

Supplements
Melatonin, 1 mg/night

February 20,
2012

Sleeping 2-3 hours/night. Started counseling;
Cooperative and good behavior at counseling
session. Anxious, traumatized.

Clonidine, 0.05
mg (half tablet) at
bedtime

Inositol, 3 g 3 times/d; EPA fish
oil, 500 mg/d

February 22,
2012

Did not do well with clonidine because of
hallucinations, so she discontinued that
treatment. Behavior still very rough; sleep
poor.
Good summer. In play therapy. Overall
better sleep and energy with imipramine
therapy. Patient’s 6-year-old brother also
now in therapy.
Returned for evaluation and treatment after
3 years. Suicidal ideation; cut self on leg;
defiant and stubborn. Had psychotherapy
3 years straight twice a month. Sleeps with
brother; can’t sleep alone.
Hard to manage. Has outbursts at school.

Started
imipramine
therapy, 25 mg
at bedtime
Imipramine,
25 mg at bedtime

August 8,
2012a
January 21,
2015

February 16,
2015
March 16,
2015
April 14, 2015
May 26, 2015
July 22, 2015

August 24,
2015

Better overall. Started animal-assisted
therapy.
Sleeping better with CBD treatment. Getting
biofeedback. Has stomachaches. Mood is
more at ease.
“Ghosts” waking patient up at night.
Sleeping better; able to sleep in own room
3-4 nights/wk.
Sleeping well. Handling school well.

Off all
medications for
past 18 months

Other
February 14, 2012, laboratory values:
TSH, 2.46 mIU/L (reference range, 0.474.68 mIU/L); ferritin: 21 ng/mL (reference
range, 10-150 ng/mL).
February 16, 2012, laboratory values:
Vitamin D3: 39 ng/mL (reference range,
20-50 ng/mL)
Eye movement desensitization and
reprocessing therapy recommended
March 7, 2012: ECG was normal

Melatonin, 5 mg; St John’s
wort, 450 mg twice/d;
magnesium, 300 mg/d;
diphenhydramine, 25 mg/night
Magnesium and St John’s
wort: stopped treatment; EPA
fish oil, 750 mg/d;
diphenhydramine, 25 mg/night
EPA fish oil, 750 mg/d;
diphenhydramine, 25 mg/night
EPA fish oil, 750 mg/d;
diphenhydramine, 25 mg/night
EPA fish oil, 750 mg/d
EPA fish oil, 750 mg/d

EPA fish oil, 750 mg/d

February 11, 2015: Normal cortisol and
DHEA levels
Started a regimen of CBD oil, 25 mg
(1 capsule)/d at 6 pm
CBD oil, 25 mg (1 capsule)/d at 6 pm
CBD oil, 25 mg (1 capsule)/d at 6 pm
CBD liquid, 12 mg (in 4 sublingual sprays)/
night; 12 mg more (in 4 sublingual sprays)
during the day as needed for anxiety,
typically 3 or 4 times/wk
CBD oil, 25 mg (1 capsule)/night; CBD
liquid, 6-12 mg (in 2-4 sublingual sprays)
as needed for anxiety, typically 2 or 3
times/wk

a
There were additional visits in 2012 with no substantial changes.
CBD = cannabidiol; DHEA = dehydroepiandrosterone; ECG = electrocardiogram; EPA = eicosapentaenoic acid; PTSD = posttraumatic stress disorder; TSH = thyroid stimulating
hormone.
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regimen of 1 mg/night of melatonin, which
helped her sleep duration. Three grams of
inositol 3 times a day and 500 mg/d of
eicosapentaenoic fish oil were also helpful
in reducing her anxiety. A trial of clonidine was implemented, which resulted in
hallucinations and thus was discontinued.
The patient was switched to a regimen of
25 mg of imipramine at bedtime to decrease her anxiety, which appeared to be
helpful. Counseling sessions were started.
The patient continued psychotherapy for
3 years, but she was not seen again in our
clinic until the return visit in January
2015, when she was not receiving any of
her medications and supplements.
CBD oil can be an effective
compound to reduce anxiety and
insomnia secondary to PTSD.

At the patient’s return in January 2015,
she demonstrated the same prominent
symptoms as at her initial presentation.
At that time, the initial treatment included the following supplements and
medications to assist with her sleep and
anxiety: melatonin, 5 mg/night; magnesium, 300 mg/d; and diphenhydramine
(Benadryl), 25 mg/night. Our patient
demonstrated slight gains but was still having outbursts at school and was reportedly
difficult to manage at home. In addition,
her underlying anxiety continued.
Cannabidiol oil was explored as a potential additional treatment to help her
insomnia and anxiety, but we deferred
for two months while we waited for a
response from other interventions. The
grandmother preferred reducing the pharmacologic load given her granddaughter’s
failure to respond long term to psychiatric
medications.
In March 2015, CBD oil was recommended as a potential additional treatment
to help her insomnia and anxiety, and
her grandmother provided full informed
consent. Our patient was administered the
Sleep Disturbance Scale for Children18 and
the Screen for Anxiety Related Disorders
(SCARED)19 before taking the CBD oil
and each month afterward for the next 5
months. Test scores on the Sleep Disturbance Scale for Children and Screen for
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Anxiety Related Disorders demonstrated
an improvement (Table 2).
A trial of CBD supplements (25 mg)
was then initiated at bedtime, and 6 mg
to 12 mg of CBD sublingual spray was
administered during the day as needed for
anxiety. A gradual increase in sleep quality
and quantity and a decrease in her anxiety
were noted. After 5 months, the patient
was sleeping in her own room most nights
and handling the new school year with no
difficulties. No side effects were observed
from taking the CBD oil.

DISCUSSION

Studies repeatedly recognize the prevalence of an anxiety-provoked sleep disorder after a traumatic experience.20 Our
patient was definitely experiencing this
phenomenon, which was aggravated by
daily stressful activities.
The main finding from this case study
is that CBD oil can be an effective compound to reduce anxiety and insomnia
secondary to PTSD. A review of the literature suggests some benefits from the
use of CBD because of its anxiolytic and
sleep-inducing effects.9 Animal studies
support use of this treatment and report
that “CBD may block anxiety-induced
[rapid eye movement] sleep alteration via
its anxiolytic effect on the brain.”21
The strength of this particular case is
that our patient was receiving no pharmaceutical medications (other than nonprescription diphenhydramine) but only
nutritional supplements and the CBD
oil to control her symptoms. Her scores
on the sleep scale and the anxiety scale
consistently and steadily decreased during
a period of 5 months (see Table 2). She
Table 2. Patient’s clinical progress in
sleep and anxiety
Date of visit
March 16, 2015
May 25, 2015
July 22, 2015
August 24, 2015
September 22, 2015

Sleep scale
scorea
59
42
41
37
38

SCARED
scoreb
34
24
19
16
18

A score of more than 50 is considered indicative of
a sleep disorder on the Sleep Disturbance Scale for
Children.
b
A SCARED score over 25 indicates a high probability
of a childhood anxiety disorder.
SCARED = Screen for Anxiety Related Disorders.
a

was ultimately able to sleep through the
night most nights in her own room, was
less anxious at school and home, and displayed appropriate behaviors. The patient’s
grandmother (her caregiver) reported: “My
granddaughter’s behaviors are definitely
better being on the CBD. Her anxiety is
not gone, but it is not as intense and she is
much easier to be around. She now sleeps
in her own room most of the time, which
has never happened before.”
Further study will need to be conducted
to determine the permanency of our patient’s positive behaviors and how long she
will need to continue taking the CBD oil.
We do not have a reasonable foundation
to recommend dosing from the scientific
literature. However, in our experience,
this supplement given 12 mg to 25 mg
once daily appears to provide relief of
key symptoms with minimal side effects.
Our patient did not voice any complaints
or discomfort from the use of CBD. We
routinely asked about headache, fatigue,
and change in appetite or agitation in addition to conducting a routine psychiatric
evaluation. Although CBD is considered
generally safe,17 the long-term effects are
yet to be studied.
The ultimate goal is to gradually taper
her off the use of CBD oil and transition
our patient into lifelong coping strategies
such as yoga, meditation, and various other
therapeutic activities. v
a

GW Pharmaceuticals is the founder of the Cannabinoid
Research Institute, directed by Philip Robson, MD.
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Marijuana and Medicine
Scientific data indicate the potential therapeutic value of cannabinoid drugs,
primarily [tetrahydrocannabinol], for pain relief, control of nausea and
vomiting, and appetite stimulation; smoked marijuana, however, is a crude
[tetrahydrocannabinol] delivery system that also delivers harmful substances.
— Joy JE, Watson SJ Jr, Benson JA Jr. Marijuana and medicine: Assessing the science base.
Washington, DC: National Academies Press; 1999.
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Question 5
Letters of support provided by physicians with knowledge of the
disease or condition.

DocuSign Envelope ID: D6D51530-0821-4177-A1BA-100C86A3772A

To Whom It May Concern,
We, the undersigned physicians, support adding insomnia to the qualifying conditions list under Ohio’s
Medical Marijuana Control Program.
After a thorough review of the available science, research and information on treating insomnia with
medical marijuana, we believe it to be an effective treatment, and that the benefits outweigh the risks.
Sleep is vital to a person’s health. Diseases such as insomnia, which prevent a patient from getting a full
nights rest, can lead to serious issues including heart disease, high blood pressure, and mental illness.
Successful treatment of insomnia when it is diagnosed is vital to the ongoing health of patients suffering
from it.
The causes of insomnia are varied, and successful treatment of the disease must take that into account.
It’s important that physicians be able to utilize a range of treatment options based on a patient’s unique
circumstances.
We believe the evidence supports medical marijuana as a treatment option for insomnia, and we ask
that the State Medical Board of Ohio add insomnia as a qualifying condition under Ohio’s Medical
Marijuana Control Program.
Sincerely,

Daniel Neides
MD
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To Whom It May Concern,
We, the undersigned physicians, support adding insomnia to the qualifying conditions list under Ohio’s
Medical Marijuana Control Program.
After a thorough review of the available science, research and information on treating insomnia with
medical marijuana, we believe it to be an effective treatment, and that the benefits outweigh the risks.
Sleep is vital to a person’s health. Diseases such as insomnia, which prevent a patient from getting a full
nights rest, can lead to serious issues including heart disease, high blood pressure, and mental illness.
Successful treatment of insomnia when it is diagnosed is vital to the ongoing health of patients suffering
from it.
The causes of insomnia are varied, and successful treatment of the disease must take that into account.
It’s important that physicians be able to utilize a range of treatment options based on a patient’s unique
circumstances.
We believe the evidence supports medical marijuana as a treatment option for insomnia, and we ask
that the State Medical Board of Ohio add insomnia as a qualifying condition under Ohio’s Medical
Marijuana Control Program.
Sincerely,

Cynthia Taylor
do

