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Foreword

Hypersomnia

Teofilo Lee-Chiong Jr, MD

Consulting Editor

Hypersomnia is conventionally defined as an inabil-
ity to consistently attain and sustain wakefulness
and alertness necessary to meet the demands
and accomplish the tasks of daily living. This defini-
tion, however, posesmajor challenges to a clinician
who attempts to establish its presence and grade
its severity. Needless to say, it is essential to
distinguish among hypersomnia in which alertness
mechanisms fail, leading to potentially dangerous
sleep attacks; weak alerting systems in which a
sleepy person has to put extra effort to stay awake;
and overactive sleep-promoting processes.

Foremost among these dilemmas are applying
parametersofwhat isconsidered“pathologicsleep-
iness” for a person across time as well as between
persons. Similar to sleep deprivation, hypersomnia
is associated with significant intra- and interindi-
vidual variability in performance deficits and sub-
jective impairment. Vulnerability to occupational,
academic, and social consequences also differs
based, in large measure, to daily tasks that have to
be accomplished and the subjective demands on
living that have to be met. Thus, what could be
considered clinically inconsequential hypersomnia
for a specific individual at a specific period of time
may be critical either for the same person at
a different time period or for other individuals.

Second, hypersomnia can manifest in various
ways, such as frequent napping, sleep attacks,
microsleep episodes, automatic behavior, or

hyperactivity (the latter particularly among chil-
dren). Depending on cultural perceptions, employer
expectations, career ambitions, domestic appre-
hensions, personal agenda, and demand charac-
teristics, a pattern of hypersomnia can be regarded
as “normal” or “problematic.” Equally pertinent are
the perception of hypersomnia’s permanence or
temporariness, its underlying physiologic origin(s),
and the availability, effectiveness, and ease of
therapy.

Last, our current tools to identify excessive
sleepiness and to distinguish it from fatigue, weak-
ness, or lassitude are neither sensitive nor specific
enough to be applicable across all situations, indi-
viduals, occupations, or life stages at all times.

I would like to propose a new screening ques-
tionnaire for hypersomnia—the North America
Predictor of Sleepiness (NAPS) scale. This is a
six-item tool that addresses diverse facets of ex-
cessive sleepiness, namely, introspective-general
(i), introspective-temporal (ii), introspective-goal
oriented (iii), manifest-objective (iv), manifest-
descriptive (v), and physiologic-self-report (vi).

i. Have you felt that your daytime functioning is
affected by sleepiness?

ii. Do you feel sleepier now than in the past?
iii. Have you taken steps to improve your alertness?
iv. Do you fall asleep frequently without wanting to

do so?

Sleep Med Clin 7 (2012) xv–xvi
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v. Have you been told that you appear excessively
sleepy?

vi. Would you fall asleep within 8 minutes if al-
lowed to do so during the daytime?

A positive response to any of these questions
should prompt a more thorough evaluation into the
presence, severity, and cause of excessive sleepi-
ness. I hope you find this questionnaire helpful.

Teofilo Lee-Chiong Jr, MD
Division of Sleep Medicine

National Jewish Health
University of Colorado Denver School of Medicine

1400 Jackson Street, Room J221
Denver, CO 60206, USA

E-mail address:
Lee-ChiongT@NJC.ORG
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Preface

Hypersomnia

Alon Y. Avidan, MD, MPH

Guest Editor

“Sleep Medicine is at the stage of where we
stand on the rock of knowledge and continue
to look into the abyss of the unknown.”
Modified from “A naturalist in Borneo”

—By Robert Walter

I am honored and delighted to serve as guest editor
for the Sleep Medicine Clinics issue focusing on
hypersomnia. The term hypersomnia is applied
clinically to describe a state of pathological or inap-
propriate somnolence (sleepiness) and is inter-
changeable with excessive daytime sleepiness.
Discussion of all causes of hypersomnia in sleep
medicine would have been very challenging in
a single issue and for this reason I have narrowed
the focus to hypersomnia related to central ner-
vous system (CNS) causes. The issue is organized
according to a parallel scheme provided by the
second edition of the International Classifications
of Sleep Disorders (ICSD-2).1 The ICSD-2 defines
hypersomnia of central origin as a category of hy-
persomnia not due to a sleep-related breathing
disorder, a circadian rhythm sleep disorder, or
other causes of disturbed nocturnal sleep. While
other sleep disorders may be present, they must
first be properly treated prior to establishing diag-
noses in this category.

Patients with hypersomnia continue to chal-
lenge sleep experts for a number of reasons.
Some of these may be related to nomenclature
used to describe hypersomnia, while others are
related to diagnostic tests for sleepiness, health
care infrastructure used to care for these patients,
and access to pharmacotherapy that is sometimes
hindered.

CHALLENGES IN THE CARE OF PATIENTS WHO
COMPLAIN OF HYPERSOMNIA

1. Nomenclature: Not all patients with clinically
significant “hypersomnia” present to the sleep
disorders clinic complaining of this precise
symptom. In 2000, Ron Chervin published
an interesting study demonstrating that, when
clinically significant hypersomnia is present,
patients may choose a variety of words to de-
scribe their problem—in particular, sleepiness,
fatigue, tiredness, or lack of energy.2

2. Education: Given the high prevalence of sleep
disorders in the primary clinic setting and
ever-expanding knowledge about sleep disor-
ders, one would have expected a parallel evolu-
tion in teaching about sleep disorders during
medical school and residency. Unfortunately
this has not been the case as most graduating
physicians receive about 2 hours of sleep
during the medical school curriculum, which is
unlikely to meet the needs of the practicing
physician. Physicians are not taught about fa-
tigue management in their own lives while
they practice in a culture that traditionally has
not fostered adequate sleep. This is on the
trajectory of change as the Accreditation Coun-
cil for Graduate Medical Education contem-
plates the benefits of altering physician work
hours.3

3. Clinical infrastructure: Patients with hypersom-
nia are routinely asked to adapt to a clinic in-
frastructure that does not always cater to their
needs. Patients who complain about excessive
sleepiness are asked to arrive for consultation

Sleep Med Clin 7 (2012) xvii–xx
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during operating hours that may not be appro-
priate for them. For example, scheduling pa-
tients with narcolepsy to arrive to an 8 AM

appointment may lead to missed appointments
due to severe sleepiness. We have also en-
countered sleepy patients who fall asleep in
the waiting room, never remembering to sign
in when they arrive, leading staff to assume
the patient has canceled the visit.

4. Testing: Subjective and objective assessments
of hypersomnia are not perfect. The most
universally used test for the subjective assess-
ment of excessive sleepiness, the Epworth
Sleepiness Scale, does not correlate well with
the gold standard test—the multiple sleep
latency test (MSLT).4 As discussed in this issue,
finding sleep onset REM periods, or very short
sleep latencies, on MSLTs is not always indica-
tive of narcolepsy.5 On occasions, we may
have to “undiagnose” patients who were previ-
ously told they have narcolepsy as testing was
conducted during a week of sleep deprivation,
or in some who were abruptly taken off their
antidepressants a few days prior to testing.
Similarly, the absence of pathologically short
sleep latencies or SOREMPs does not always
“rule out” narcolepsy.

5. The practice of and care for the patient with hy-
persomnia differs among clinics:
a. The use of polysomnogram and MSLT in the

diagnosis of CNS hypersomnia: Sleep clini-
cians sometime encounter patients who
were previously diagnosed with narcolepsy
based on clinical grounds alone. While the
ICSD-2 allows for the diagnosis of narco-
lepsy with cataplexy based on the presence
of hypersomnia with bone fide cataplexy, all
patients with suspected narcolepsy should
have a polysomnogram with a follow-up
MSLT. The MSLT should not follow positive
airway pressure titration or be conducted
while on CNS-acting medications (unless
other compelling reasons arise). Similarly,
the MSLT may not be conducted following
sleep studies using “split night protocols.”

b. Hypocretin assay: The measurement of ce-
rebrospinal fluid hypocretin, while it can be
used as an alternative to the MSLT, is not
universally available in most sleep disorders
clinics.

c. Analeptics: PatientswhoareprescribedCNS
stimulant medication need to be screened
and followed up carefully. Certain med-
ications (like modafinil and armodafinil)
have the potential to induce the hepatic cyto-
chrome (P450) system and render steroidal
contraceptive treatment ineffective. Women

of childbearing agewhoareprescribed these
agents must be counseled about this poten-
tial interaction.

6. Patient advocacy: We are not only our patient’s
physicians, but also their advocates. The care of
patients with hypersomnia should not be limited
to diagnosis and treatment. After all, we have all
needed to write letters of medical necessity for
patients with narcolepsy who were told that
our prescribed treatment was not approved.
It is our duty to use these as opportunities
to educate our colleagues, whether they are
trainees, pharmacists, or insurance administra-
tors who may need additional information and
education about the condition. I have seen
these efforts bear fruit after providing the prior
authorization officers information and review
papers about the condition. We may be asked
to complete short-term disability forms for
a patient with narcolepsy who lost his job after
falling asleep at the wheel and was instructed
to avoid driving. These issues are just as impor-
tant as determining howmanySOREMPs are on
the patient’s MSLT.

Hypersomnia is a unique point of intersection
of many specialties in sleep medicine: it draws
on the neurophysiologists to explain its neuro-
physiology; the psychiatrists to differentiate it
from depression; the pediatrician to recognize it
early in life; the psychologist, social worker, and
all other sleep specialists to confirm diagno-
sis, entertain multidisciplinary management strat-
egies, and provide ongoing costumer service for
sufferers.
When beginning work on this issue, I have

enlisted the help of outstanding and distinguished
authorities in sleep medicine. The author list
illustrates the rich geographic and multidisciplin-
ary diversity that reflects the field itself. While
many are neurologists, some are psychiatrists,
neurophysiologists, psychologists, pediatricians,
geriatricians, and pulmonologists. This is an inter-
national group of authors further pointing to the
fact that hypersomnia is a global disorder in a
society that is facing more frequent sleep depriva-
tion and more frequent sleep disturbances.
The issue begins with a discussion of the neuro-

anatomy and neurophysiology of sleepiness and
wakefulness by Ronald Szymusiak and Irma Gvilia
fromUCLA. Their reviewprovides evidence that hy-
persomnia is due to a dysfunction in one or more of
the ascending arousal systems located in the
rostral brainstem, posterior hypothalamus, and
basal forebrain. Imran Ahmed, Shelby Harris, and
Michael Thorpy from the Albert Einstein College
of Medicine discuss the differential diagnosis of
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hypersomnia in patients who present to the clinic
with the chief complaint of excessive daytime
sleepiness. Neil Freedman from the NorthShore
University Healthcare System presents the
measurement of sleep and describes their utility,
limitations, and potential indications in clinical and
research settings. Seiji Nishino, Carl Deguzmana,
Wataru Yamadera, and Shintaro Chiba from Stan-
ford University, and Takashi Kanbayashi fromAkita
University, deliver a window into the neurochem-
istry of excessive sleepiness and an updated
review of surrogate biomarkers for hypersomnia.

The next several articles in this issue provide
the reader with the spectrum of clinical disor-
ders, comorbidities, consequences, and manage-
ments of hypersomnia. Sebastiaan Overeem from
Radboud University Nijmegen, Paul Reading from
The James Cook University Hospital, and Claudio
Bassetti from University Hospital, Inselspital, Bern
provide an appraisal of the narcolepsies focusing
on clinical aspects and diagnostic approaches.
Idiopathic hypersomnia is discussed next by
Tony Masri and Clete Kushida from Stanford
University and Carmella Gonzales from Case
Western Reserve University, who report on
the etiology, clinical features, and management.
Claudio Bassetti returns with an assessment of
primary and secondary neurogenic hypersomnias
focusing on clinical spectrum, pathophysiology,
differential diagnosis, and management guided
with images drawn from clinical practice. I then
consider several important comorbidities encoun-
tered in patients with hypersomnia, specifically
focusing on those in narcolepsy where data
are more plentiful. Hypersomnia in children is
described by Suresh Kotagal from the Mayo
Clinic, listing the causes and consequences of
excessive sleepiness. Kotagal also touches on
the challenges of assessment of sleepiness in
children due to limited data. Hypersomnia in older
patients is evaluated by Marcia Braun, Pamela
Cines, and Nalaka Gooneratne from the University
of Pennsylvania, focusing on the assessment of
sleepiness in this population and consideration
of a multimodal therapeutic approach. One of
the rarest but distinguishable forms of hyper-
somnias is Kleine–Levin syndrome, a fascinating
form of recurrent hypersomnia, presented by
Michel Billiard from Gui de Chauliac Hospital.
Christer Hublin and Mikael Sallinen from Helsinki
University discuss a pervasive cause of ex-
cessive sleepiness, the phenomenon of behavior-
ally induced insufficient sleep. Deirdre Conroy,
Danielle Novick, and Leslie Swanson from the
University of Michigan examine behavioral man-
agement of hypersomnia reviewing psychological
and behavioral interventions that might be

effective as primary treatment or in combination
with pharmacological treatment. Thomas Roth
from Henry Ford Hospital offers a review of the ar-
mamentarium used in the pharmacotherapy of
excessive sleepiness discussing the historical
perspective of the stimulants and indication for
the various medications used to manage hyper-
somnia. Meeta Goswami from Albert Einstein
College of Medicine touches on an important,
yet sometimes neglected area of consider-
ation—that of quality-of-life issues facing patients
suffering from hypersomnia. Peter Buchanan,
Arlie Loughnan, and Ronald Grunstein from the
University of Sydney appropriately conclude this
issue with a discussion on one of the most chal-
lenging issues to address when caring for patients
complaining of hypersomnia—inappropriate situ-
ational sleepiness and the law. Metaphorically
perhaps, as we conclude the visit of the patient
with hypersomnia, it is incumbent on us to dis-
cuss the risk of hypersomnia given the risk to
patient and public alike.

Iwould like toconcludeby thankingKatieHartner
Editor ofSleepMedicine Clinics, aswell as all of the
authors for their outstanding contributions. I have
had the pleasure of working with many of them as
colleagues and friends in this ever-evolving and
exciting field. While this issue is not meant to be
used as a textbook on narcolepsy or hypersomnia,
it is intended to serve as a practical review of the
data regarding etiology, diagnosis, and treatment
approach to patients who complain of this chronic
debilitating, but fortunatelymanageable, condition.

Alon Y. Avidan, MD, MPH
Sleep Disorders Center and

Department of Neurology
University of California, Los Angeles

710 Westwood Boulevard
Room 1-169 RNRC

Los Angeles, CA 90095-6975, USA

E-mail address:
avidan@mednet.ucla.edu
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Neurophysiology and
Neurochemistry of
Hypersomnia
Ronald Szymusiak, PhDa,b,c,*, Irma Gvilia, PhDa,b,d

Generalized electroencephalographic (EEG) and
behavioral activation during waking emerges from
the collective activity of multiple, neurochemically
specified ascending arousal systems located in
the rostral brainstem, posterior hypothalamus,
and basal forebrain. Hypersomnia can be a conse-
quence of dysfunction in one or more of these
arousal systems. Experimental and clinical lesions
of the rostral brainstem frequently destroy as-
cending projections of brainstem cholinergic,
monoaminergic, and/or glutamatergic neurons,
causing disturbance of consciousness ranging
from hypersomnia to coma, depending on lesion
size and location. Hypocretin-containing neurons
in the lateral hypothalamus exert powerful acti-
vating effects on the EEG and behavior through
excitatory connections with monoaminergic and

cholinergic nuclei in the hypothalamus and brain-
stem. Loss of hypocretin neurons is central to the
pathophysiology of narcolepsy. Hypocretin defi-
ciency may also contribute to hypersomnia in
advanced Parkinson disease and in traumatic brain
injury that involves the posterior hypothalamus.
Reduced histamine in cerebrospinal fluid has
been identified as a correlate of excessive sleepi-
ness, both in combination with hypocretin defi-
ciency in narcolepsy/cataplexy syndrome, and in
disorders such as idiopathic hypersomnia when
hypocretin function is preserved. The pharma-
cology of brain dopamine systems demonstrate
a potent role for this neurotransmitter in regulating
generalized brain activation, and dopamine defi-
ciency may contribute to sleepiness in Parkinson
disease. Although deficits in arousal seem to be
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KEYWORDS

� Excessive sleepiness � Monoamines � Hypocretin � Orexin � Cytokines

KEY POINTS

� Hypersomnia can be a consequence of dysfunction in 1 or more of the arousal systems in the rostral
brainstem, posterior hypothalamus, and basal forebrain.

� Reduced HA neurotransmission has been identified as a potential cause of excessive sleepiness,
both in combination with hypocretin (HCT) deficiency in narcolepsy/cataplexy syndrome, and in
disorders such as idiopathic hypersomnia, in which HCT function is preserved.

� The pharmacology brain dopamine (DA) systems show a potent role for this neurotransmitter in
regulating generalized brain activation. It seems likely that DA deficiency contributes to excessive
sleepiness in Parkinson disease (PD), but direct causal links are difficult to establish because of
comorbid sleep disorders and the sleep-promoting effects of some DA receptor agonists used to
treat PD.

Sleep Med Clin 7 (2012) 179–190
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a central component of many clinical disorders
associated with hypersomnia, increased expres-
sion of sleep-promoting cytokines, both in the
periphery and in the brain, are likely mediators of
excessive sleepiness accompanying acute infec-
tion and chronic inflammation.

OVERVIEW OF THE REGULATORY
MECHANISMS OF AROUSAL AND SLEEP

Since the pioneering studies of Morruzzi and Ma-
goun,1 global brain activation during waking has

been believed to be achieved by an ascending
arousal system located in the rostral brainstem
reticular formation that broadly targets the fore-
brain. It is now understood that a network of
chemically defined neuronal systems, located in
the brainstem and hypothalamus, function to
promote both behavioral and electrographic
aspects of arousal (Fig. 1). This network includes
monoaminergic neurons in the rostral pons,
midbrain, and posterior hypothalamus, cholinergic
neurons in the brainstem and basal forebrain,
dopaminergic neurons in the ventral tegmentum

Fig. 1. (A, B) Sagittal view of the human brain indicating the location of arousal-regulatory neuronal groups as
described in text. ACh, acetylcholine; BF, basal forebrain; DA, dopamine; LC, locus coeruleus; LDT, laterodorsal
tegmentum; NE, norepinephrine; PPT, pedunculopontine tegmentum; SN, substantia nigra; VTA, ventral
tegmental area; 5HT, serotonin; Raphe, dorsal andmedian raphe nuclei. Orexin is referred to as HCT in text. (Adap-
ted from Espana RA, Scammell TE. Sleep neurobiology for the clinician. Sleep 2004;27:811–20; with permission.)
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and periaqueductal gray (PAG) and hypocretin
(HCT)-containing (orexin-containing) neurons in
the lateral hypothalamus (reviewed in Refs.2–5).
Collective activity in arousal systemsduringwaking
imparts a tonic background level of activation that
is reflected in low voltage, fast frequency cortical
electroencephalographic (EEG) patterns. Neuronal
activity in these systems is characterized by high
levels of tonic or phasic discharge during waking
and quiescence during sleep.3,5,6 Neurons in
some arousal systems (eg, cholinergic) show
increased discharge during waking and rapid eye
movement (REM) sleep and minimum activity
during non-REM sleep. Others (eg, monoamin-
ergic) show discharge rates during REM sleep that
are as low as or lower than rates observed during
non-REM sleep (REM-off discharge pattern).
What is common to all of the arousal systems is
a rapid decline in neuronal activity just before, or
at the time of, sleep onset.

Brain mechanisms that generate sleep must
achieve a coordinated inhibition of arousal-
regulatory neuronal groups. Transitions from
wakefulness to sleep are accomplished through
interactions among 3 cellular and neurochemical
mechanisms: (1) a system of sleep-promoting
neurons located in the preoptic hypothalamus, (2)
endogenous sleep-regulatory substances, and (3)
the circadian timing system.

The anatomic distribution of sleep-regulatory
neurons has been determined by visualization of
the protein product of the c-fos gene, a marker of
neuronal activity, in the brains of animals that are
asleep during the 1 to 2 hours before they are killed.
This approach identified 2 subregions of the pre-
optic area that contain high densities of sleep-
active neurons: the ventrolateral preoptic area
(VLPO) and the median preoptic nucleus
(MnPN).7,8 VLPO and MnPN neurons show in-
creased discharge rates during non-REM and
REM sleep compared with waking.9,10 These
neurons synthesize the inhibitory neurotransmit-
ter g-aminobutyric acid (GABA).11,12 GABAergic
(GABA-mediated) neurons in the preoptic area
participate in regulating homeostatic increases in
sleep amount and sleep depth that occur as
a consequence of sustained waking.3 VLPO and
MnPN neurons send direct axonal projections to
monoaminergic nuclei, to brainstem cholinergic
areas, and toHCTneurons.2,3Mechanismsof sleep
induction by preoptic area neurons, thus, entail GA-
BAergic inhibitionofarousal systems.Lesionsof the
preoptic area suppress sleep and suppress EEG
slow-wave activity (SWA) during sleep (Fig. 2).13,14

A second feature of sleep-wake control is the
contribution of endogenous sleep regulatory
substances that exert inhibitory effects on arousal

systems or activate sleep-regulatory neurons.
Adenosine, a product of brain metabolism, is the
most extensively studied sleep regulatory sub-
stance. Adenosine levels in the brain are increased
as a consequence of waking brain activity.6,15,16

The sleep generating effects of adenosine entail
A1 adenosine receptor-mediated inhibition of
arousal systems, including basal forebrain cholin-
ergic neurons.6,15 Adenosine may also activate
sleep regulatory neurons in the preoptic area, as
a result of A1 receptor-mediated disinhibition and
A2A receptor-mediated excitation of preoptic
neurons.17,18

Several cytokines, including, interleukin 1b (IL1)
and tumor necrosis factor a (TNF), are also sleep-
promoting and augment EEG SWA during sleep,
the latter being a reliable marker of sleep depth.19

Antagonism of IL1 and TNF can disrupt normal
sleep and impair homeostatic responses to sleep
deprivation. Expression of IL1 and TNF is increased
in multiple brain regions in response to waking
neuronal activity.19,20 Cellular mechanisms of
cytokine-mediated sleep generation are not com-
pletely understood, but may involve a combination
of arousal system inhibition and activation of pre-
optic neurons.21–25 Additional, well-characterized
endogenous somnogens include prostaglandin D2

and growth hormone-releasing hormone.19 Both

Fig. 2. Sagittal view of human diencephalon and
brain stem, indicating descending projection from
sleep regulatory neurons in the VLPO and MnPN,
MnPN and VLPO neurons are identified as being sleep
active, both from electrophysiologic recordings and
from sleep-related c-fos expression. MnPN neurons co-
localize sleep-related c-Fos and markers of GABAergic
neurons. VLPO neurons are GABAergic and also
express the inhibitory neuropeptide galanin. Activa-
tion of MnPN and VLPOGABAergic neurons is a critical
short-latency event in switching from wakefulness to
sleep, because these neurons can orchestrate rapid
and powerful inhibition of cholinergic, monoamin-
ergic, and HCTergic arousal systems via descending
monosynaptic projections to the neuronal groups.
(Adapted from Espana RA, Scammell TE. Sleep neuro-
biology for the clinician. Sleep 2004;27:811–20; with
permission.)
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substances activate sleep-regulatory neurons in the
preoptic hypothalamus.26,27

The temporal organization of sleep and wakeful-
ness is controlled by the master circadian oscil-
lator in the suprachiasmatic nucleus (SCN) of the
hypothalamus (reviewed in Refs.4,28,29). Output of
the SCN actively promotes waking during certain
times of the day (ie, during the night in diurnal
species and during the day in nocturnal species).
The mechanism of this SCN-dependent alerting
seems to be excitation of a subset of the arousal
systems through secretion of neurohormones by
the SCN and via an excitatory multisynaptic
pathway originating in the SCN that targets arousal
systems.28 During sustained waking driven by the
SCN, homeostatic pressure for sleep accumulates
through increased expression of endogenous
sleep factors (eg, adenosine and cytokines) that
occur as a result of waking brain activity. At the
end of the active period, when SCN output begins
to decline, activity in arousal systems declines as
a result of diminution of clock-dependent alerting
and to increased arousal-suppressing effects of
sleep factors. The increase in activity of GABAer-
gic neurons in the MnPN and VLPO is a critical,
short-latency event in switching from wakefulness
to non-REM sleep, because these neurons can
orchestrate rapid and powerful inhibition of several
key arousal systems via their direct synaptic
projections to these systems (see Fig. 2).
Given current knowledge of brain mechanisms

that regulate sleep and waking, hypersomnia
can result from deficits in 1 or more of the arousal
systems or through excessive activation of sleep-
promoting systems. What is known about brain
abnormalities in clinical disorders with hypersom-
nia suggests that arousal deficiency is a common
culprit. What follows is a review of the neurophys-
iology, functional anatomy, and neurochemistry
of brain arousal systems that have been impli-
cated in excessive sleepiness in human disorders.
Chronically increased production of the endoge-
nous somnogens IL1 and TNF has been impli-
cated in hypersomnia associated with infection
and chronic inflammatory disease, and the mech-
anisms of action of these 2 neuromodulators are
also discussed.

Hypersomnia as a Consequence of
Brainstem Lesions

Morruzi and Magoun1 were the first to show that
electrical stimulation of the rostral brainstem retic-
ular core, and not of the primary sensory pathways,
evoked generalized neocortical EEG activation
from a background of EEG SWA. Experimental
lesions of the rostral pontine and midbrain reticular

formation in cats yielded persistent EEG SWA and
behavioral immobility, which indicates coma.30 By
tracing degenerating axons from brainstem lesion
sites that resulted in coma, it was shown that
arousal pathways bifurcated into dorsal and ventral
ascending components at the midbrain/dience-
phalic junction.31 The dorsal pathway targeted
the thalamus and the ventral pathway innervated
the hypothalamus and basal forebrain. The
rostral-most component of the ascending reticular
activating system (RAS) involved projections from
the thalamus, lateral hypothalamus, and basal
forebrain to the neocortex (reviewed in Ref.5).
Subsequent clinical observations confirmed that
damage of the oral pontine and midbrain reticular
formation, or damage to the oral pontine teg-
mentum alone, results in hypersomnia or coma (re-
viewed in Ref.32).

Subsequent anatomic and neurochemical
studies showed that ascending pathways from
the rostral pontine andmidbrain reticular core con-
tained axons from noradrenalin (NA)-containing
neurons in the locus coeruleus (LC), serotonin
(5HT)-containing neurons in the dorsal raphe
nucleus (DRN) and acetylcholine (ACH)-containing
neurons in the laterodorsal tegmental and pedun-
culopontine tegmental nuclei (LDT/PPT; reviewed
in Ref.5). The activity of LC and DRN neurons is
strongly sleep-wake state-dependent, with maxi-
mum discharge rate observed during wakefulness
and dramatically reduced discharge rates during
non-REM and REM sleep.33 Discharge of LDT/
PPT neurons is correlated with activated EEG
patterns, showing high rates of discharge during
waking and REM sleep and reduced activity during
non-REM sleep.34 Given the ability of ACH, 5HT,
and NA to activate thalamocortical neurons and
to activate neurons in the lateral hypothalamus
and basal forebrain, ascending arousal influences
originating from the rostral brainstem reticular for-
mation were attributed to cholinergic and mo-
noaminergic neurons (reviewed in Refs.5,28,35).
However, lesions that selectively target each of
these neurochemical systems individually have
only modest effects on amounts of waking and
sleep and on the EEG.
Recently, glutamatergic neurons in the parabra-

chial nucleus and the adjacent precoeruleus area
of the rostral pontine tegmentum have been identi-
fiedasacomponent of the ventralRAS,withprojec-
tions targeting the basal forebrain.36 Cell specific
lesions of the parabrachial-precoeruleus complex
in rats cause arousal deficits ranging from hyper-
somnia to coma depending on lesion size.
The RAS contains important ascending

cholinergic, monoaminergic, and glutamatergic
components. With the possible exception of the

Szymusiak & Gvilia182



glutamate-containing neurons in the parabrachial
nucleus, selective loss of 1 neurochemical compo-
nent in experimental animals can have only small
effects on global sleep-wake amounts, suggesting
that brainstem damage encompassing multiple
neurochemical cell types is required to produce
persistent hypersomnia. Clinical lesions of the
rostral brainstem typically affect multiple neuro-
chemical systems, causing deficits ranging from
hypersomnia to coma depending on lesion size
and location.

Hypersomnia Because of HCT (Orexin)
Insufficiency

Reduced HCT signaling is central to the patho-
physiology of human narcolepsy and has been
implicated in neurologic/neurodegenerative disor-
ders associated with excessive sleepiness. The
HCTs are excitatory neuropeptides (HCT-1 and
HCT-2; also known as orexin-A and orexin-B)
synthesized by neurons located in the posterior
lateral hypothalamus and in the adjacent dorsome-
dial hypothalamus (see Fig. 1B).37,38 HCT neurons
have widespread projections to the neocortex,
hypothalamus, brainstem, and spinal cord.39

Among the targets of HCT neurons are several
nuclei implicated in generalized brain arousal/acti-
vation, including histamine (HA) neurons in the tu-
beromammillary nucleus (TMN), dopamine (DA)
neurons in the ventral tegmental area (VTA), NA
neurons in the LC, 5HT neurons in DRN, and ACH
neurons in the LDT/PPT (see Fig. 1B). HCT evokes
excitatory responses among neurons in these
nuclei, and the HCT system has the ability to
promote global brain activation through these
excitatory connections37,40–43 HCT neurons are
most strongly activated during waking, particularly
during waking associated with intense motor
activity and during reward-seeking behaviors.44–46

Discharge rates of HCT neurons during quiet
waking and non-REM and REM sleep are greatly
reduced compared with active waking states.44,45

Consistent with known activity patterns, levels of
HCT in cerebrospinal fluid (CSF) are increased
during times of day when waking predominates
(ie, during the dark phase in rats).47,48 Microinjec-
tions of HCT peptides into several forebrain and
brainstem nuclei promote wakefulness and
suppress non-REM and REM sleep.41,49,50 Selec-
tive optogenetic activation of HCT neurons can
evoke short-latency awakenings from sleep.51

Systemic administration of HCT receptor antago-
nists increases total sleep time.52

Experimental HCT deficiency in dogs and mice
results in a narcolepsylike syndrome that includes
cataplexy and excessive sleepiness. Canine

narcolepsy occurs in dogs with a mutation of the
HCT-2 receptor.53 Mice lacking HCT peptides or
HCT receptors show cataplexy and increased
time spent asleep in the active (dark) phase of
the light-dark cycle.54,55 Human narcolepsy/cata-
plexy syndrome is associated with severe loss
(85%–95%) of HCT immunopositive neurons in
the lateral hypothalamus56,57 and low or undetect-
able levels of HCT peptides in the CSF.58 Severity
of daytime sleepiness is correlated with CSF levels
of HCT-1 in patients with narcolepsy-cataplexy.59

In cases of symptomatic narcolepsy with exces-
sive sleepiness, most were found to have reduced
CSF levels of HCT.60 Loss of HCT neurons has
been observed in other disorders associated with
excessive sleepiness, including Parkinson disease
(PD), multiple system atrophy, and traumatic brain
injury that involves the posterior hypothalamus (re-
viewed in Ref.61).

HA Insufficiency and Hypersomnia

The only group of HA-containing neurons in the
brain is located in the TMN, adjacent to the
mammillary bodies in the ventral-posterior hypo-
thalamus (see Fig. 1A). HA neurons project widely
to other hypothalamic nuclei, to the limbic telen-
cephalon and neocortex.62 HA neurons show tonic
levels of discharge during waking, greatly reduced
discharge rate during non-REM sleep, and near-
cessation of discharge during REM sleep.63,64

The TMN receives a dense projection from
GABA/galanin-containing neurons in the VLPO.65

VLPO neurons are activated during sleep, and
the sleep-related suppression of HA neuronal
activity is mediated by inhibitory inputs from the
VLPO.7,9,66 Administration of HA or H1 receptor
agonist increases cortical activation and wakeful-
ness and suppresses sleep.67 H1 receptor antag-
onists have sleep-promoting effects.68–70 HA
neurons express an H3 inhibitory autoreceptor,
and administration of H3 agonists promotes
sleep, whereas H3 antagonists are alerting.71

Mice with deletion of the histidine decarboxylase
gene, a gene that codes for an HA-synthesizing
enzyme, show relatively normal amounts of spon-
taneous sleep-wake, but have impaired ability to
sustain wakefulness when exposed to a novel
environment.72

Recent findings support a mechanistic role for
HA deficiency in clinical syndromes associated
with excessive sleepiness. HA levels in CSF are
reduced in HCT-deficient narcolepsy with cata-
plexy.59,73 Excitatory inputs from HCT neurons to
the TMN are believed to be important in driving
HA neuronal activity in the intact brain,70 and
reduced CSF levels of HA in narcolepsy can be
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viewed as a consequence of reduced HCT
signaling. However, CSF levels of HA are also
significantly reduced in HCT nondeficient narco-
lepsy with cataplexy, in HCT nondeficient narco-
lepsy without cataplexy, and in idiopathic
hypersomnia.73,74 Hence, reduced HA signaling
may be contributory to symptoms of excessive
sleepiness in several disorders independent of
loss of HCT function.

DA Neurotransmission and Arousal

DA has been implicated in several important
waking brain functions, including motor activity,
motivation, and reward.75 Acute and chronic phar-
macologic manipulation of DA signaling in the
brain can have a profound impact on sleep and
arousal.4 DA deficiency in PD is associated with
symptoms of disturbed nocturnal sleep and
excessive daytime sleepiness.76

The largest concentration of DA neurons in the
brain is located in the substantia nigra (SN) and
VTA in the ventral midbrain, just dorsal to the cere-
bral peduncles (see Fig. 1).77 These DA neurons
innervate the frontal cortex, striatum, thalamus,
and limbic system. State-dependent activity of
DA neurons differs from the other monoaminergic
arousal systems, such as HA. Discharge of DA
neurons in the SN is not strongly sleep-wake
state-dependent.78 DA neurons in the VTA do
show a wake/REM active discharge pattern,
although the activity of these neurons is not as
strongly state-dependent as other wake/REM
active neuronal populations.79 However, DA
neurons in the VTA discharge high-frequency
bursts of action potentials in waking and REM
sleep, and burst firing augments DA release from
axon terminals.79 Release of DA in the frontal
cortex is higher during waking than during sleep.80

Other DA neurons implicated in the regulation of
arousal are located in themidline ventral PAG in the
midbrain. These DA neurons have been shown to
be more active during waking compared with
sleep; activity duringREMsleep has not been char-
acterized.81DAneurons in thePAGproject to hypo-
thalamic and basal forebrain regions implicated in
sleep-wake regulation. Selective lesions of DA
neurons in the PAG cause an arousal deficit.81

Sleepiness is a common adverse effect of anti-
psychotic drugs that function as DA receptor
antagonists.82,83 The actions of DA agonists on
sleep and arousal are complex. DA released from
presynaptic terminals is removed from the synaptic
cleft through reuptake by the membrane-bound
DA transporter (DAT).84 Compounds in clinical
use for the treatment of excessive sleepiness
bind to and suppress the activity of the DAT,

thereby suppressing DA reuptake and enhancing
DA signaling. Alerting drugs that act at the DAT
include amphetamine and modafanil.84–87 In rats,
selective D1 DA receptor agonists can promote
wakefulness, whereas D2 agonists can cause
sleepiness through activation of autoinhibitory D2
receptors that suppress release of DA.88 The
effects of D2 agonists on sleep in rats are biphasic,
with low doses causing increased sleep and higher
doses promoting arousal.
Daytime sleepiness is a common finding in PD,

occurring in approximately 30% of patients.89

Daytime sleepiness in PD is correlated with age
and disease progression. The contribution of DA
deficiency to excessive sleepiness in PD is contro-
versial. The well-established associations of
increased DA signaling with activated brain states
and the alerting effects of drugs that block the DAT
suggest that chronic DA deficiency should lead to
increased sleepiness. However, there are multiple
causes of daytime sleepiness in PD that cannot be
directly linked to insufficient DA-mediated
arousal.89,90 These causes include nocturnal sleep
disturbance as a result of painful dystonia and
nocturia, and comorbid sleep disorders such as
restless legs, REM sleep behavior disorder, and
sleep apnea. In addition, drug-induced sleepiness
may occur in patients treated with DA receptor
agonists, either alone or in combination with levo-
dopa.76,89 As disease progresses, there may be
loss of additional neuronal systems implicated in
arousal, including HCT neurons in the lateral hypo-
thalamus.91,92 It seems that central DA deficiency
is one of several factors contributing to hypersom-
nia in PD.

Cytokines and Hypersomnia Associated with
Immune System Activation

Cytokines are immune signaling molecules that
are synthesized and released by cells in the
peripheral immune system during infection.
Several cytokines have been shown to alter sleep
when administered to experimental animals, but
IL1 and TNF have been studied most extensively
(reviewed in Ref.25). One mechanism by which
increased levels of cytokines in the periphery are
detected by the brain is through cytokine-
mediated activation of the vagus nerve. Systemic
administration of IL1 evokes an increase in IL1
mRNA in the hypothalamus, an effect blocked by
vagotomy.93 Peripheral IL1 and TNF can also be
detected directly from blood to brain at the cir-
cumventricular organs. IL1 and TNF act through
specific receptors located in several brain regions
including hypothalamus, brainstem, hippo-
campus, and neocortex.94 In addition to synthesis
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by cells of the peripheral immune system, IL1 and
TNF are synthesized and released in the brain.95,96

Cells that are immunoreactive for IL1 and TNF
(neurons and glia) are located in the hypothal-
amus, brainstem, hippocampus, and cortex.

There is considerable evidence in support of the
hypothesis that IL1 and TNF function as endoge-
nous sleep regulators. Administration of IL1 and
TNF by various routes increases non-REM sleep in
several species of laboratory animals (reviewed in
Refs.19,25) Non-REM sleep induced by IL1 and
TNF is frequently associated with increased EEG
SWA. In most instances, cytokine administration
acutely suppresses REM sleep. Blocking the
actions of IL1 or TNF with antibodies, antagonists,
or soluble receptors reduces amounts of sponta-
neous sleep and suppresses recovery sleep after
sleep deprivation.19,25 Sleep deprivation increases
IL1 mRNA expression in the hypothalamus and
brainstem of rats.97 Knockout mice lacking IL1
receptors and TNF receptors have reduced non-
REM sleep time compared with wild-type mice.98

Diurnal rhythms of cytokine production are consis-
tent with sleep-promoting functions. IL1 and TNF
mRNA levels in rats are maximal around the time
of lights-on, the beginning of the major rest period
of theday in thisspecies.99 Inhumans,plasma levels
of IL1 peak at the time of habitual sleep onset.100

The mechanisms through which IL1 and TNF
increase sleep are not completely understood,
but probably involve actions in multiple brain
regions. One mechanism involves suppression of
arousal, because IL1 has been shown to inhibit
activity in subcortical wake-active neuronal popu-
lations. Local perfusion of IL1 into cholinergic
regions of the rat basal forebrain caused reduc-
tions in discharge rate in 79% of wake-active
neurons recorded.101 Local microinjection of IL1
into the rat DRN increases sleep.23 In brainstem
slices containing the DRN, application of IL1
inhibits 5HT neurons by enhancing GABAergic
postsynaptic potentials.24 IL1 inhibits putative
cholinergic neurons in the LDT/PPT recorded in
rat brainstem slices.102 Microinjection of IL1 into
the LDT/PPT in vivo suppresses REM sleep. Inhibi-
tion of brainstem cholinergic neuronal activity is
a mechanism by which IL1 can both reduce
ascending activation of the thalamus and cortex
and suppress the generation of REM sleep by
brainstem circuits.6

In addition to inhibiting ACH-mediated and 5HT-
mediated arousal, IL1 can have excitatory effects
on preoptic sleep regulatory neurons. Local perfu-
sion of IL-1 activates a subset of sleep-active
neurons recorded in the lateral preoptic area of
rats.101 Sleep induced by intracerebroventricular
infusion of IL1 during the dark phase in rats is

accompanied by increased c-Fos expression in
the MnPN.22

Sleep-promoting actions of IL1 and TNF are not
confined to subcortical sites. In the neocortex,
waking neuronal activity drives the production of
cytokines, establishing a link between local
changes in the sleep EEG and previous waking
activity. Expression of TNF and IL1 is increased
in the rat somatosensory cortex in response to
intense whisker stimulation.103,104 Both neurons
and astrocytes are potential sources of cytokines
in neocortex.20 Application of IL1105 and TNF106

directly to the cortex evokes ipsilateral increases
in EEG SWA during non-REM sleep. Antagonism
of TNF within the neocortex locally suppresses
SWA during sleep.107 Hence, IL1 and TNF can
deactivate cortex and promote sleep oscillations
in the EEG via suppression of subcortical acti-
vating inputs to the cortex originating in the brain-
stem and basal forebrain, as well as through local
actions in the neocortex.

Cytokines are implicated in pathologic sleep
and are a key component of the mechanisms by
which sleep is increased in response to infec-
tion.25,108 Most preclinical studies of infection
and sleep use bacterial cell wall components
such as lipopolysaccharide and muramyl dipep-
tide to activate the immune system, because these
provide better temporal control over the immune
response than can be achieved with replicating
pathogens.25 These endotoxins evoke strong
innate immune responses and cause upregulation
of proinflammatory cytokine mRNAs, including IL1
and TNF mRNAs, in the periphery and in brain.109

When endotoxins are administered to mice, rats,
and rabbits, they cause increases in non-REM
sleep and suppression of REM sleep (reviewed in
Ref.110). Endotoxin-induced changes in sleep in
rats and rabbits are attenuated by IL1 receptor
antagonists.111 In humans, high doses of endo-
toxin that evoke fever and neuroendocrine res-
ponses cause fragmentation of sleep, but lower
doses that are not fever-producing cause in-
creases in non-REM sleep.112 Increased TNF
production is hypothesized to underlie these
endotoxin-induced changes in sleep.

Chronic inflammatory diseases such as rheuma-
toid arthritis and human immunodeficiency virus
infection are associated with sleep fragmentation,
sleepiness, and fatigue.113–115 Increased circu-
lating levels of TNF in these disorders have been
hypothesized to underlie sleep abnormalities.
Symptoms of disturbed sleep and fatigue in fibro-
myalgia have been attributed to chronic upregula-
tion of cytokines.116 Increased production of TNF
has been linked to excessive daytime sleepiness
in obstructive sleep apnea syndrome (reviewed
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in Ref.108). Levels of TNF are increased in narco-
leptic patients compared with controls matched
for age, sex, and body mass index (calculated as
weight in kilograms divided by the square of height
in meters).117 In human traumatic brain injury, IL1
and TNF levels are acutely increased in brain,
peaking within 1 to 3 days of trauma (reviewed in
Ref.118). Neuroinflammatory responses can be
more persistent in certain types of diffuse brain
injury,119,120 and chronically increased cytokine
levels in brain may contribute to posttraumatic hy-
persomnia observed in some patients.121

SUMMARY

Generalized activation in the awake brain emerges
from the collective activity of multiple, neurochemi-
cally specified ascending arousal systems located
in the rostral brainstem, posterior hypothalamus,
and basal forebrain (see Fig. 1). Hypersomnia can
be a consequence of dysfunction in 1 or more of
these arousal systems. Experimental and clinical
lesions of the rostral brainstem often destroy
ascending projections of brainstem cholinergic,
monoaminergic, or glutamatergic neurons, cau-
sing disturbance of consciousness, ranging from
excessive sleepiness to coma, depending on
lesion location and size. Neurons located in the
posterior lateral hypothalamus that contain the
HCT peptides exert powerful activating effects on
the EEG and behavior through monosynaptic
excitatory connections with monoaminergic and
cholinergic nuclei (see Fig. 1B). Selective loss of
HCT peptides or HCT receptors in mice and dogs
yields a narcolepsy phenotype, including exces-
sive sleepiness and cataplexy. Loss of HCT
neurons is central to the pathophysiology of human
narcolepsy. HCT deficiency may also contribute to
hypersomnia in advanced PD and in traumatic
brain injury that involves the posterior hypothal-
amus. Reduced HA neurotransmission has been
identified as a potential cause of excessive sleepi-
ness, both in combination with HCT deficiency in
narcolepsy/cataplexy syndrome, and in disorders
such as idiopathic hypersomnia, in which HCT
function is preserved. The pharmacology of DA
indicates a potent role for this neurotransmitter in
regulating generalized brain activation. It seems
likely that DA deficiency contributes to excessive
sleepiness in PD, but direct causal links are difficult
to establish because of comorbid sleep disorders
and the sleep-promoting effects of some DA
receptor agonists used to treat PD. Although
arousal deficiency seems to be a central compo-
nent of many important clinical disorders associ-
ated with hypersomnia, increased expression of
sleep-promoting cytokines, both in the periphery

and in the brain, are likely mediators of excessive
sleepiness accompanying acute infection and
chronic inflammation.
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Differential Diagnosis
of Hypersomnias
Imran Ahmed, MDa,b,*, Shelby Harris, PsyDa,b,
Michael Thorpy, MDa,b

The term hypersomnia is used to identify disorders
that are associated with excessive sleepiness,
such as idiopathic hypersomnia or narcolepsy.
Sleepiness is considered excessive when there is
an increased amount of sleep or an increased
drive toward sleep during the wake period, making
a person unable to sustain wakefulness or alert-
ness in situations in which it is required. Patients
who have excessive sleepiness tend to have invol-
untary sleep episodes that occur during activities
such as when relaxing in front of the television,
when sitting quietly reading, at social events, or
while having a conversation or driving. The hyper-
somnias share a common feature in that they
either shorten or fragment the major sleep period,
or are a manifestation of central nervous system

(CNS) dysfunction. This article discusses disor-
ders including the hypersomnias that should be
considered when evaluating individuals with
excessive sleepiness (Box 1).

BISS

The normal average sleep duration in adults is
about 7.5 to 8.0 hours. Banks and Dinges estimate
about 30% of the adult US population sleep less
than 7 hours per night and this prevalence seems
to be increasing.1 Excessive sleepiness as a result
of a shortened sleep time is characteristic of indi-
viduals with BISS, who have less than their biolog-
ically determined sleep requirement. This disorder
is classified by the International Classification of
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KEYWORDS

� Hypersomnia � Narcolepsy � Idiopathic hypersomnia � Recurrent hypersomnia
� Kleine-Levin syndrome � Menstrual-related hypersomnia
� Behaviorally induced insufficient sleep syndrome

KEY POINTS

� Excessive sleepiness can occur with several disorders: self-inflicted as in insufficient sleep
syndrome; secondary to sleep fragmentation as in obstructive sleep apnea; as a result of a central
cause as in narcolepsy; as a result of a comorbid medical condition as in Parkinson disease; or as
a result of medications.

� Overnight polysomnography with or without a multiple sleep latency test can be a useful adjunct to
a thorough history in helping to arrive at the diagnosis.

� Treatment of these disorders usually requires stimulants; treatment of symptoms associated with
these disorders, such as cataplexy, may require additional medications.

� OSA, on the other hand, is initially treated nonpharmaceutically (eg, continuous positive airway pres-
sure or other device).
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Sleep Disorders, Second Edition (ICSD-2) under
the category of hypersomnias of central origin.
BISS occurs when patients deprive themselves
of sleep because of some personal or societal
commitments. These patients tend to oversleep
on weekends or days off when their commitments

are less important. The diagnosis requires
evidence for the presence of sleepiness that is
present almost daily for at least 3 months. Poly-
somnography, although not necessary for the
diagnosis, shows a reduced sleep latency (<10
minutes) and a sleep efficiency of at least 90%.

Box 1
Differential diagnosis of excessive sleepiness

Sleep-related breathing disorders

Obstructive sleep apnea (OSA)

Hypersomnias of central origin

Behaviorally induced insufficient sleep syndrome (BISS)

Idiopathic hypersomnia with long sleep time

Idiopathic hypersomnia without long sleep time

Narcolepsy with cataplexy

Narcolepsy without cataplexy

Narcolepsy caused by a medical disorder

Recurrent hypersomnia, Kleine-Levin syndrome (KLS)

Recurrent hypersomnia, menstrual-related hypersomnia

Hypersomnia caused by a medical condition

Hypersomnia caused by a drug or substance

Other

Long sleeper

Hypersomnia caused by a medical condition

Brain tumors (especially when involving hypothalamus)

Depression

Dementia

Genetic disorders (eg, Niemann-Pick type C disease, myotonic dystrophy)

Hypothyroidism

Infections (eg, infectious mononucleosis, Lyme disease, human immunodeficiency virus [HIV])

Parkinson disease

Posttraumatic hypersomnia

Toxic/metabolic (eg, hepatic encephalopathy, pancreatic insufficiency)

Hypersomnia caused by a drug or substance

Alcohol

Antidepressants

Antiepileptics

Antihistamines

Antihypertensives

Antipsychotics

Anxiolytics

Dopaminergic medications

Hypnotics

Pain medications
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The sleep latency on the multiple sleep latency
test (MSLT) should be less than 8 minutes, and
sleep-onset rapid eye movement (REM) periods
(SOREMPs) may or may not be present (Box 2).
Insufficient sleep has been associated with higher
risks of obesity and metabolic disorders as well as
impairments in executive functioning.2–4

Epidemiology

BISS equally affects both males and females and
may likely be more prevalent in the adolescent
population.

Treatment

Patients with BISS should adhere to proper sleep
hygiene and avoidance of sleep deprivation. The
associated symptoms of BISS improve with return
of the patient’s normal sleep duration.

LONG SLEEPER

Long sleeper is not actually considered a hyper-
somnia; however, it is presented here as it can
cause sleepiness, similar to BISS, if the total
night’s sleep needs are not met. It is a normal
variant; characterized in adults who consistently
sleep 10 or more hours. The sleep pattern is
usually present since childhood (where the sleep
duration is 2 hours longer than age-appropriate
norms). If the individual’s nightly sleep needs are

met, there is no complaint regarding quality of
sleep, daytime sleepiness, abnormal mood, or
daytime functioning.5

SLEEP-RELATED BREATHING DISORDERS

Sleep-related breathing disorders such as OSA or
upper airway resistance syndrome (UARS) have
been associated with EDS. OSA involves repetitive
episodes of cessation of breathing (apneas) or
partial upper airway obstruction (hypopneas) that
last a minimum of 10 seconds.6–8 These events
are often associated with reduced blood oxygen
saturation, snoring, and sleep disruption. Five or
more respiratory events (apneas or hypopneas)
per hour of sleep are required for diagnosis.
UARS has been included by the ICSD-2 under
the heading of obstructive sleep apnea (OSA)
disorders. It usually presents with EDS but does
not meet the standard criteria (in terms of desatu-
rations, apneas, or hypopneas) for OSA syndrome
(OSAS). Frequent arousals are noted in UARS,
which are attributed to increased respiratory effort
(respiratory effort-related arousals), and are best
seen using esophageal balloon manometry.

One popular hypothesis for the association
between EDS andOSA is the observation that sleep
fragmentation can occur with these disorders. In
a study of patients with OSA (evaluated with poly-
somnograms and MSLTs and compared with
normalhealthy individualswithnosleepcomplaints),
the total number of arousals correlated significantly
with the severity of sleepiness.9 Oksenberg and
colleagues10 found a direct correlation with sleep
fragmentation and excessive sleepiness in sleepy
patients with OSA when compared with nonsleepy
patients with OSA; however, this direct correlation
is contradicted by another study.11 Accordingly, it
is likely that other factors, in addition to sleep frag-
mentation, play a role in the pathophysiology of the
sleepiness seen in OSA and UARS. It has been
suggested that inflammation, intermittent hypoxia,
and comorbid medical conditions contribute to the
EDS seen in patients with OSA.

Certain cytokines that cause sleepiness have
been noted to be increased in patients with OSA.
Vgontzas and colleagues12 found increased levels
of interleukin 6 and tumor necrosis factor a in slee-
py patients with OSA. In addition, these investiga-
tors reported that certain cytokine antagonists
improve sleepiness in these patients.

Patients with OSA or UARS often have associ-
ated oxygen desaturations that occur during
sleep. Mediano and colleagues13 showed the
association between intermittent hypoxemia
during sleep and daytime sleepiness. A possible
explanation for this relationship is the probable

Box 2
Diagnostic criteria for BISS

1. Three months or more of almost daily sleep-
iness manifesting as either excessive daytime
sleepiness (EDS) or behavioral abnormalities
(more common in prepubertal children), sug-
gesting sleepiness

2. Themajor sleep period is less than what is ex-
pected from age-adjusted normative data

3. The major sleep period is longer than usual
when the patient is allowed to sleep without
environmental interruptions or internal obli-
gations to awaken

4. Nocturnal polysomnogram is not required;
however, if performed, shows a sleep latency
of less than 10 minutes with a sleep effi-
ciency of greater than 90%

5. AnMSLTisnot required;however, ifperformed,
it shows a mean sleep latency of less than 8
minutes. The SOREMPs are variable in number

Adapted from the ICSD II with permission from the
American Academy of Sleep Medicine, Darien, Illinois,
USA. 2012.
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hypoxic injury to the neurons responsible for
wakefulness.
Many medical or psychiatric disorders (eg,

depression or Parkinson disease) have been asso-
ciated with excessive sleepiness. When these
disorders are comorbid with OSA, the sleepiness
is often more prominent. These disorders are dis-
cussed later in this article.

Epidemiology

The prevalence of OSA is estimated to be about
4% in men and about 2% in women when it is
defined by an apnea-hypopnea index of greater
than 5 that is associated with EDS.5

Treatment

With the understanding that there may be multiple
pathophysiologies of the EDS seen in patients with
OSA, it is logical to presume that treatment
requires a multifaceted approach. The standard
treatment of OSA includes continuous positive
airway pressure (CPAP) or bilevel positive airway
pressure therapy, oral appliance use, and upper
airway surgery (eg, uvulopalatopharyngoplasty).
Recently, Provent therapy, a pressure-limiting
device that is inserted in the nares, has also shown
efficacy in selected patients.14 However, often
some degree of sleepiness persists even after
optimal treatment of OSA. These treatment
options improve sleepiness either by eliminating
or minimizing sleep fragmentation as well as
improving cerebral oxygenation; however, other
pathophysiologic mechanisms may play a promi-
nent role in the residual EDS. Accordingly,
treatment should also include treatment of co-
morbidities, exercise, and a weight loss regime.
Wake-promoting medications such as modafinil
and armodafinil have shown efficacy in treatment
of this residual EDS15 and are currently the only
medications approved by the US Food and Drug
Administration (FDA) for the treatment of residual
EDS in patients with OSA, provided that patients
are on CPAP treatment of their OSA and are not
sleep deprived.
Disorders such as narcolepsy (with or without

cataplexy), idiopathic hypersomnia (with and
without long sleep time), and recurrent hypersom-
nia are associated with excessive sleepiness as
a result of a suspected CNS abnormality.16–19

Accordingly, these disorders are identified as the
hypersomnias of central origin by the ICSD-2.

NARCOLEPSY

The ICSD-2 identifies 3 different subtypes of
narcolepsy: narcolepsy with cataplexy, narcolepsy

without cataplexy, and narcolepsy caused by
a medical disorder. Each of these narcolepsy
subtypes shares the symptom of excessive sleep-
iness and can also manifest symptoms of sleep
paralysis, hypnagogic hallucinations, automatic
behaviors, and fragmented or disrupted nighttime
sleep. Cataplexy is present in all patients with
narcolepsy with cataplexy and can be present in
patients with narcolepsy caused by a medical
disorder.
Sleep paralysis usually occurs during sleep-

wake transitions and is characterized by brief
loss of voluntary muscle control with an inability
to move or speak, but with retention of awareness
during the event. Unlike cataplexy, these episodes
are not provoked by intense emotion or stress;
however, they are often associated with fearful
hypnopompic or hypnagogic hallucinations. Sleep
paralysis episodes usually last about 1 to 10
minutes, terminating spontaneously or when
someone touches the patient.20

Hypnagogic and hypnopompic hallucinations
are prominent dreamlike states that occur when
falling asleep (hypnagogic), or when awaking
from sleep (hypnopompic).21 These hallucinations
can be either visual or auditory, and less often
tactile or vestibular. They can vary widely in
complexity from simple forms and sounds, such
as basic geometric figures or the ringing of a tele-
phone, to more complex images and tones, such
as people or musical compositions.
Certain activities such as driving, walking, cook-

ing a meal, or even talking on the phone can be
performed automatically without continuous high-
er executive functioning. These simple or complex
routine tasks performed by individuals who remain
unaware of the activity are termed automatic
behaviors. Automatic behaviors commonly occur
in individuals with excessive sleepiness, including
narcolepsy.
Narcolepsy with cataplexy21,22 (Box 3) requires

the presence of EDS for at least 3 months in
conjunction with a definite history of cataplexy.
Cataplexy is a sudden onset of muscle atonia or
hypotonia that is typically provoked by emotion.
Episodes can include jaw sagging, head drooping,
garbled speech, upper or lower extremity weak-
ness, or blurred vision; however, the diaphragm,
middle ear, and ocular muscles are unaffected.23

Diagnosis is often confirmed by many experts by
nocturnal polysomnography followed by an
MSLT, but these tests are not absolutely neces-
sary to confirm the diagnosis.23 The nocturnal pol-
ysomnogram should be performed to exclude
other sleep disorders, such as OSA, and to docu-
ment at least 6 hours of sleep. The MSLT, which
can not only confirm the diagnosis but is helpful
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to show severity of the sleepiness, should show
a mean sleep latency of less than or equal to 8
minutes with 2 or more SOREMPS. Cerebrospinal
fluid (CSF) hypocretin-1 measurements of less
than 110 pg/mL or one-third of mean normal
control values can also help in confirming the diag-
nosis but are limited in availability and are usually
performed for research purposes.

Narcolepsy without cataplexy is diagnosed
when there is daytime sleepiness and possibly
other associated features of narcolepsy, including
sleep paralysis, hypnagogic hallucinations, and
automatic behaviors; however, cataplexy is not
present (Box 4). Nocturnal polysomnography
with a positive MSLT is required for the diagnosis;
CSF hypocretin levels are not useful, because they
can often be normal. Narcolepsy caused by
a medical condition is the diagnosis applied to
a patient with sleepiness who has a significant
neurologic or medical disorder (eg, tumor, neuro-
sarcoidosis, Niemann-Pick type C) that accounts
for the daytime sleepiness or cataplexy.

Epidemiology

Narcolepsy can begin at any age from infancy
(rarely) to as late as old age, but it most commonly
occurs within the first 2 decades of life. It affects
bothmen andwomen equally, with an approximate
prevalence of 1 in 2000 people (0.05%) in the
United States.24 In addition, there is an approxi-
mately 1% to 2% risk of a first-degree relative

developing narcolepsy with cataplexy.25 The prev-
alence of narcolepsy without cataplexy or narco-
lepsy caused by a medical condition in the
general population is not known; however, it is esti-
mated that about 10% to 50% of the narcolepsy
population has narcolepsy without cataplexy.5

Pathophysiology

It is suspected that patients with the HLA marker
DQB1*0602 (and likely other currently unknown
genetic links) may possess a genetic susceptibility
for some event or trigger that leads to the develop-
ment of narcolepsy. These triggersmay include envi-
ronmental factors such as infections, head trauma, or
even a change in sleeping habits, all of which have
been associated with the onset of narcolepsy.25–28

The excessive sleepiness in narcolepsy with
cataplexy is related to the loss of hypocretin-
containing neurons located in the perifornical and
lateral hypothalamus, whereas cases of narco-
lepsy without cataplexymay be caused by a partial
loss of these neurons.29–31 An autoimmune
process may be responsible for the loss of the hy-
pocretin neurons; however, specific antibodies to
hypocretin and hypocretin receptors have not
been found.32–35 On the other hand, antistrepto-
coccal antibodies in patients with recent onset of
narcolepsy have been reported, suggesting that
infection may be an inciting event that initiates an
autoimmune process.27,36 Additional support to
the autoimmune hypothesis came in 2010, when
increased Tribbles homologue 2 (Trib2)-specific
antibody levels were identified in patients with
narcolepsy. Trib2 is an autoantigen that has been

Box 4
Diagnostic criteria for narcolepsy without
cataplexy

1. Three months or more of almost daily EDS

2. Cataplexy is not present or only atypical cat-
alexylike episodes are present

3. Polysomnography followed by MSLT is
required for diagnosis.

a. The polysomnography shows the absence
of other causes of sleepiness (eg, OSA)
and at least 6 hours of sleep.

b. The MSLT should show a sleep latency of
less than or equal to 8 minutes with 2 or
more SOREMPs

4. CSF studies for evaluation of hypocretin
levels are not applicable in these patients

Adapted from the ICSD II with permission from the
American Academy of Sleep Medicine, Darien, Illinois,
USA. 2012.

Box 3
Diagnostic criteria for narcolepsy with
cataplexy

1. Three months or more of almost daily EDS

2. Cataplexy is present

3. Polysomnography followed by MSLT is not
necessary, but is useful for confirmation of
diagnosis.

a. The polysomnography shows the absence
of other causes of sleepiness (eg, OSA)
and at least 6 hours of sleep.

b. The MSLT should show a sleep latency of
less than or equal to 8 minutes with 2 or
more SOREMPs

4. CSF studies are not necessary but are useful
for confirmation of diagnosis; they should
show a CSF hypocretin-1 level of less than
or equal to 110 pg/mL or one-third of mean
normal control values

Adapted from the ICSD II with permission from the
American Academy of Sleep Medicine, Darien, Illinois,
USA. 2012.
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found in hypocretin neurons of a transgenic mouse
model. Preliminary studies found that titers of
Trib2-specific antibodies were highest in patients
soon after narcolepsy onset, decreased within
the first 3 years of the disorder, and then stabilized
at levels higher than that of the control groups.37

More work is still needed to establish a causal
pathogenic role of these antigens and antibodies.
In 2009, low CSF histamine levels were identified
in patients with narcolepsy,38 and they may have
a role in the pathophysiology of narcolepsy.
Narcolepsy caused by a medical condition is the

diagnosis applied to patients with sleepiness who
have a significant neurologic or medical disorder
that accounts for the daytime sleepiness or cata-
plexy. Some of these disorders involve the hypo-
thalamus, including tumors, neurosarcoidosis,
infarcts, or multiple sclerosis (MS) with hypotha-
lamic plaques. Multiple system atrophy, Parkinson
disease, and head trauma are also known to be
responsible for narcolepsy in some patients. In
addition, certain genetic disorders, such as
Niemann-Pick type C disease or Coffin-Lowry
syndrome, have been shown to cause narcolepsy
in children (especially those less than 5 years of
age). If definite cataplexy cannot be documented
clinically, then a polysomnogram followed by an
MSLT must show the absence of other causes of
sleepiness, and show a mean sleep latency of
less than 8 minutes and 2 or more SOREMPs.
Other REM sleep phenomena, such as sleep
paralysis and hypnagogic hallucinations, may or
may not be present.

Treatment

The treatment of the hypersomnias of central
origin is typically symptom directed, because
there is no known cure for any of these disorders.
Rarely, narcolepsy in CNS inflammatory disorders
has responded to antiinflammatory treatment.
Nonpharmacologic management with proper

sleep hygiene and avoiding sleep deprivation is
the cornerstone of management; it should be
encouraged in all patients with excessive sleepi-
ness. In narcolepsy, strategic scheduling of 2 or
3 brief naps during the day may help alleviate
some of the EDS.
Pharmacologic management of EDS is mainly

with wake-promoting medications such as stimu-
lants (eg, amphetamines and methylphenidate)
and other agents, such as modafinil, armodafinil,
or sodium oxybate. Cataplexy is often managed
withmedications, such as tricyclic antidepressants
(TCAs) or norepinephrine reuptake inhibitors,
which have REM sleep-suppressant properties or
increase aminergic (especially by blocking the

norepinephrine transporter) activity.39 Sodiumoxy-
bate is highly efficacious for the treatment of
cataplexy in narcolepsy and is currently the only
FDA-approved medication for its management.
Sodium oxybate has also been shown to

improve the fragmented sleep seen in patients
with narcolepsy by increasing slow wave sleep,
decreasing light sleep (stage N1 sleep), and
decreasing the number of arousals. Several other
sleep-promoting medications have also been
used to manage the fragmented sleep seen in
patients with narcolepsy with varying success.

IDIOPATHIC HYPERSOMNIA

Idiopathic hypersomnia is characterized by
constant daytime sleepiness despite adequate
amount of total nocturnal sleep; it may be associ-
ated either with a long major sleep period (idio-
pathic hypersomnia with long sleep time) or
without a long major sleep period (idiopathic hy-
persomnia without long sleep time). Sleep drunk-
enness (sleep inertia after awakening) may also
occur after sleep periods40 but usually patients
report awakening from sleep unrefreshed. In addi-
tion, these patients often have an irresistible urge
to take prolonged naps (up to 3 to 4 hours in dura-
tion) during the day, which are also typically unre-
freshing, Some associated clinical features are
similar to narcolepsy, including hypnagogic hallu-
cinations, sleep paralysis, and automatic behav-
iors; however, cataplexy is not present. Some
patients may also experience autonomic abnor-
malities. In 1997, Bassetti and Aldrich41 identified
symptoms of orthostatic hypotension, headaches,
syncope, and Raynaud-type phenomenon in
patients with idiopathic hypersomnia.5 There is
also a higher incidence of anxiety, depression,
and generalized fatigued in these patients.42

Idiopathic hypersomnia (Boxes 5 and 6) is diag-
nosed by overnight polysomnography and MSLT
performed to rule out other sleep disorders, and
to confirm the diagnosis. Polysomnography gener-
ally rules out other causes of excessive sleepiness
and shows a decreased sleep-onset latency, with
a normal or increased total sleep duration. The
percentage of slow wave sleep can also be
increased and the sleep efficiency is generally
greater than 85%. TheMSLT, by definition, reveals
a mean sleep latency of less than 8 minutes with
less than 2 SOREMPs. However, a mean sleep
latency of greater than 8 minutes should not
necessarily preclude this diagnosis.42 In patients
with idiopathic hypersomnia with long sleep time,
a 24-hour continuous polysomnogram without
any induced arousals may help in documenting
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a prolonged major sleep episode as well as any
daytime sleep episodes.

The formal diagnostic criteria of idiopathic hyper-
somnia require that complaints of EDS be present
for at least 3 months and that other causes of
excessive sleepiness, such as sleep deprivation,
medications or substances, sleep-disordered
breathing, periodic leg movement disorder, narco-
lepsy, and any underlying psychiatric or medical
disorders, be ruled out. In idiopathic hypersomnia
without long sleep time, there is a history of
a nocturnal sleep period for more than 6 hours but
less than 10 hours. In contrast, idiopathic hyper-
somnia with long sleep time has a prolonged sleep
time of more than 10 hours, with a history of diffi-
culty in awakening in the morning or from naps.

Epidemiology

The prevalence of idiopathic hypersomniawas esti-
mated to be about 0.005%of the population,43 with
an age of onset usually between the second and
fourth decades of life. There is no sex predilection;
however, a genetic predisposition is suggested,
with a possible autosomal-dominant pattern of
inheritance.44,45 Although narcolepsy is associated
with specific HLA haplotypes, recent studies have
not found any association between idiopathic hy-
persomnia and specific HLA markers.44,45

Pathophysiology

The pathophysiology of idiopathic hypersomnia is
not well understood, and thus far no animal
models are available to explain the neurochemical
basis of this condition. As in narcolepsy, CSF
histamine levels are diminished, implicating
a possible common pathway between the patho-
physiology of these 2 disorders.38

Treatment

As in narcolepsy, there is no known cure for idio-
pathic hypersomnia; however, spontaneous re-
covery has been reported in some patients.5,46

Wake-promoting medications, similar to narco-
lepsy, are used to treat the excessive sleepiness
seen in these patients. Sodium oxybate has not
been FDA approved for the treatment of excessive
sleepiness in idiopathic hypersomnia nor has it
been shown to be efficacious in these patients.

RECURRENT HYPERSOMNIAS

The recurrent hypersomnias consist of 2 disorders:
KLS and menstrual-related hypersomnia. Both
disorders result in recurrent episodes of EDS. The
better characterized of the 2 is KLS. This disorder
is distinguished by the presence of recurring
episodes of excessive sleepiness with associated
cognitive (impairedmemory, attention, andconcen-
tration, as well as apathy and hallucinations) and
behavioral (hyperphagia, hypersexuality, aggres-
siveness, delusions, and irritability) abnormalities
that last up to several weeks at a time and recur at
least once during the year (Box 7). The symptoms
are typically triggered by an event such as a flu-
like illness or other infection, sleep deprivation, al-
cohol consumption, anesthesia exposure, or head
trauma. The excessive sleepiness is typically prev-
alent during the early part of an episode, whereas
cognitive abnormalities and apathy aremore preva-
lent toward the end of episodes. In between symp-
tomatic periods, the patient has normal sleep,
cognition, and behaviors. In most cases, KLS is
self-limitedand resolves after about 30yearsof age.

Box 5
Diagnostic criteria for idiopathic hypersomnia
with long sleep time

1. Three months or more of almost daily EDS

2. Major sleep period of greater than 10 hours

3. Difficulty awaking from major sleep period
or from naps

4. Polysomnogram shows a short sleep latency
with a sleep period of more than 10 hours
in the absence of other causes of daytime
sleepiness

5. If an MSLT is performed after polysomno-
gram, it should show a mean sleep latency
of less than 8 minutes with less than 2
SOREMPs

Adapted from the ICSD II with permission from the
American Academy of Sleep Medicine, Darien, Illinois,
USA. 2012.

Box 6
Diagnostic criteria for idiopathic hypersomnia
without long sleep time

1. Three months or more of almost daily EDS

2. Major sleep period of greater than 6 hours
but less than 10 hours

3. Polysomnogram shows a normal sleep
period of more than 6 hours, but less than
10 hours in the absence of other causes of
daytime sleepiness

4. An MSLT should be performed after poly-
somnogram and show a mean sleep latency
of less than 8 minutes with less than 2
SOREMPs

Adapted from the ICSD II with permission from the
American Academy of Sleep Medicine, Darien, Illinois,
USA. 2012.
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The symptoms initially begin with a few hours of
fatigue and headache and subsequently progress
to periods involving excessive amounts of sleep
lasting between 14 and 21 hours. These prolonged
sleep periods can occur during either the night or
the day, with no clear circadian pattern. Between
sleep periods, patients typically experience
behavioral and cognitive abnormalities. As these
symptoms wane, the patient develops insomnia,
which can last from 1 to several days.
Aside from the memory, attention, and concen-

tration disturbances, other cognitive abnormalities
experienced by patients with KLS include confu-
sion, hallucinations, and feelings of unreality or
apathy. Feelings of apathy often predominate
over the other cognitive impairments. Patients
occasionally indicate that they do not necessarily
have difficulty performing tasks, but rather do not
have any interest in performing them. With the
feeling of unreality, patients often report that they
do not know whether what they are experiencing
is part of a dream or an actuality. In a series of
108 patients, Arnulf and colleagues47 identified
that this derealization occurred in every patient.
There are multiple behavioral abnormalities seen

in patients with KLS; however, unlike the excessive
sleepiness and cognitive abnormalities, the behav-
ioral abnormalities are not present in all patients.
Hypersexuality is more common in male patients
and manifests as frequent masturbation and inap-
propriate sexual behaviors. Hyperphagia or binge
eating on awakening from the long sleep periods
is typically present in more than half the patients.47

Irritability and aggressiveness can occur in some
patients when they are aroused from the middle
of their sleep episode. Other symptoms, including
a depressed mood, anxiety, regressed behaviors,
headache, photophobia, and phonophobia, can
also be present to varying degrees.

Epidemiology

KLS is a rare disorder that has an age of onset that
ranges from 9 years to older than 35 years, with

a male/female ratio of about 4:1; it more commonly
occurs during the teenage years. It also seems to
be more prominent among people of Ashkenazi
Jewish descent. However, the exact prevalence
of KLS remains unknown.

Pathophysiology

The cause of KLS is unknown. Investigations to
determine the pathophysiology of KLS have
yielded inconsistent findings. Single-photon emis-
sion computed tomography studies have shown
hypoperfusion of the thalamus, hypothalamus,
temporal, or frontal areas in some patients.48 In
a European study, Dauvilliers and colleagues49

suggested an association with the HLA genotypes
DRB1*0301-DQB1*0201, and DRB1*0701-DQB1*
0202; however, a larger American study did not
confirm these findings.47

Menstrual-related hypersomnia is also classified
as a recurrent hypersomnia. It is typified by cyclic
episodes of excessive sleepiness that is by defini-
tion associated with the menstrual cycle. In
contrast to KLS, it is not so well defined and
studied; however, the sleepiness usually begins
a few days before menses and lasts for about
a week.23 Some patients have been reported to
sleep continuously for days, with minimal awaken-
ings formicturition and eating. Behavioral changes,
including irritability and aggressiveness, have been
described to occur before the onset of the sleepi-
ness in some patients.23,50 The duration of this
disorder is unknown.

Epidemiology

Menstrual-related hypersomnia is believed to be
considerably less frequent than KLS; however,
similar to KLS, the true prevalence is unknown.
The disorder seems to affect mostly adolescents,
although older patients have been identified.50,51

Pathophysiology

The pathophysiology of menstrual-related hyper-
somnia is unknown. However, it is believed that
the excessive sleepiness seen in this condition is
associated with ovulatory rather than anovulatory
cycles.50–52

Treatment

Nonpharmacologic management with proper
sleep hygiene is once again suggested. In addi-
tion, monitoring and regulating eating and drinking
behaviors during symptomatic episodes of KLS is
prudent. Pharmacologic management with wake-
promoting medications, such as modafinil and ar-
modafinil, have limited benefit in patients with KLS;

Box 7
Diagnostic criteria for recurrent hypersomnia

1. Recurrent episodes of sleepiness that is
between 2 and 28 days’ duration

2. Attacks occur at least once a year

3. There is no sleepiness and normal cognitive
function as well as behaviors between
episodes

Adapted from the ICSD II with permission from the
American Academy of Sleep Medicine, Darien, Illinois,
USA. 2012.
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however, amphetamines and methylphenidate
may be helpful. Amantadine, when taken at the
onset of an attack, has been noted to abort the
symptomatic period in KLS,50,53 and the behav-
ioral and cognitive abnormalities can respond to
risperidone, benzodiazepines, or lithium.50,53 For
menstrual-related hypersomnia, use of oral contra-
ceptives has been shown to result in remission in
some patients.

HYPERSOMNIA CAUSED BY MEDICATIONS
AND DRUGS

Many medications exist that can lead to hyper-
somnia, either when they are being used or when
the user is in withdrawal. A thorough evaluation
of the medications (both prescribed and over-
the-counter) that a patient has used can help the
clinician quickly spot a potential culprit for symp-
toms of hypersomnia. Box 8 lists the ICSD-2 defi-
nition of hypersomnia due to drug or substance.

Hypnotics

Drugs that may be used to treat insomnia include
benzodiazepine receptor agonists (BZRAs),melato-
nin receptoragonists, andhistamineH1antagonists.

The sedating properties of these medications is
helpful for the treatment of insomnia, but residual
sedation during the morning and daytime hours
can be seen with the use of some of these drugs.
The severity of daytime sleepiness depends on the
pharmacokinetic properties of the medication:
BZRAs with long half-lives or BZRAs used in high
doses result in more residual sleepiness. Although
BZRAs with short half-lives do not affect daytime
performance, zopiclone has shown daytime impair-
ments upwards of 11 hours later,54 and zolpidem
has been shown to impair driving abilities when
given 4 to 5 hours before driving.55

Antidepressants

TCAs (amitryptyline, doxepine, trazodone, mirta-
zapine, and trimipramine) seem to be the most
sedating of the antidepressants prescribed. Seda-
tion is a frequently reported side effect of TCAs, so
they are commonly prescribed off-label in low
doses as a treatment of insomnia. Although selec-
tive serotonin reuptake inhibitors and selective
norpinephrine reuptake inhibitors are most often
seen to produce insomnia as a side effect, some
have reported sedation, sleep disruption, and
REM sleep suppression.56

Anxiolytics

Medications commonly prescribed to treat anxiety
include BZRAs, buspirone, and antidepressants.
Antiepileptic drugs, b-antagonists, and atypical an-
tipsychotics are also occasionally used. Although
the pharmacologic profiles of anxiolytic benzodiaz-
epines are similar to those used for insomnia, the
half-lives of these medications are typically long,
and when used during the daytime often lead to
daytime sedation more frequently than with hy-
pnotics. The risk of daytime sedation may lessen
with repeated use and increased tolerance.57,58

Antipsychotics

Although no controlled studies exist that evaluate
daytime sleepiness related to antipsychotics,
medications with a strong antagonism of serotonin
(5-HT2), a1, or H1 receptors seem to be the most
sedating. In the older class of antipsychotics (often
labeled typical), thioridazine and chlorpromazine
are seen to increase sleepiness more than halo-
peridol. In the newer atypical class, clozapine is
believed to be most sedating, with olanzapine
and quetiapine often being used off-label as
hypnotics in patients with insomnia.

Antihistamines

Classic antihistamines have been divided into 2
groups (first-generation and second-generation)

Box 8
Diagnostic criteria for hypersomnias due to
drug or substance

Hypersomnia due to drug or substance (abuse;
ICSD-2 definition)

a. The patient has a complaint of sleepiness or
excessive sleep.

b. The complaint is believed to be secondary to
current use, recent discontinuation, or
previous prolonged use of drugs.

c. The hypersomnia is not better explained by
another sleep disorder,medical or neurologic
disorder, mental disorder, or medication use.

Hypersomnia due to drug or substance (medica-
tions; ICSD-2 definition)

a. The patient has a complaint of sleepiness or
excessive sleep.

b. The complaint is associated with current use,
recent discontinuation, or previous pro-
longed use of a prescribed medication

c. The hypersomnia is not better explained by
another sleep disorder, medical or neuro-
logic disorder, mental disorder, or substance
use disorder.

Adapted from the ICSD II with permission from the
American Academy of Sleep Medicine, Darien, Illinois,
USA. 2012.
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based on sedation. First-generation H1 antihista-
mines include chlorpheniramine, diphenhydra-
mine, cyprophetadine, doxylamine, hydroxyzine,
meclizine, and promethazine. These H1 antagonist
medications cross the blood-brain barrier and
affect 5-HT transmission. Most over-the-counter
drugs marketed as hypnotics or analgesic-
hypnotics contain diphenhydramine, with some
using doxylamine. When used acutely, these
medications have been shown to increase seda-
tion. However, tolerance to these effects has
been noticed after 4 days of consistent use.59

Compared with the first-generation antihista-
mines, the second-generation group (fexofena-
dine, desloratadine, cetirizine, levocetirizine,
loratadine) are more selective on the H1 receptor
and do not penetrate the CNS so strongly. As
a result, they generally do not cause sedation
(with the exception of cetirizine).

Antiepileptics

Daytime sleepiness is common in this class of
medications because they typically exert partic-
ular effects on g-aminobutyric acid. The older anti-
epileptics seem to be more sedating than the
newer ones, with phenobarbital, carbamazepine,
and phenytoin seeming to create the most daytime
sleepiness. Because of their complexmechanisms
of action, the newer class of antiepileptic drugs are
often used to treat disorders other than epilepsy,
including bipolar disorder, restless legs syndrome,
migraine, fibromyalgia, neuropathic pain, schizo-
phrenia, anxiety, and insomnia. Fifteen percent to
25% of patients using gabapentin and pregabalin
report symptoms of sedation,60,61 with tiagabine
and topiramate creating less overall sleepiness
than others in the class.

Antihypertensive Drugs

This class of medication has both insomnia and
sedation reported as side effects. Sedation is
highly common in a2 agonists, including clonidine
and methyldopa, with tolerance often increasing
over time. Carvedilol and labetolol (b-antagonists
with vasodilating properties) and prazosin and ter-
azosin (a1 antagonists) have all been linked to
sedation and fatigue.

Dopamine Agonists

Although daytime sleepiness is a common
complaint in patients with Parkinson disease,
sleepiness is likely a result of a combination of
issues, including disease progression, comorbid
sleep, and medical issues as well as medications.
Levodopa/carbidopa and dopamine agonists are
the most common treatments for Parkinson

disease. Ergot agonists (pergolide, apomorphine)
and nonergot agonists (pramipexole, ropinirole,
rotigotine) seem to both be associated with
daytime sleepiness and sleep attacks.62,63

Pain Medications

Hypersomnia is a common side effect of opioid
medications, with the degree of sleepiness varying
based on dosage, age, severity of underlying
disease, and length of usage.64 Central sleep
apnea is commonly observed in patients with
chronic opioid use, further increasing sleepiness.
Used primarily in the treatment of acute migraine,
triptans (especially eletriptan, rizatriptan, and zol-
mitriptan) are also linked to sedation. Most skeletal
muscle relaxants lead to sedation as a result of
their effects on the CNS, although the severity
depends on the range of half-lives. No formal
studies exist that research the effect of skeletal
muscle relaxants on daytime alertness.

Alcohol

Alcohol presents with sedative or stimulant
effects, depending on the quantity and time in-
gested. Alcohol is stimulating in low doses, but is
sedating at high doses and after peak plasma
concentration.65 Alcohol is commonly used as
a sleep aid, with lower doses creating faster sleep
latencies. However, in the last two-thirds of the
night, sleep becomes disrupted as a result of
alcohol withdrawal. This disrupted, lighter sleep
for the remainder of the night can lead to daytime
sleepiness the next day. Hypersomnia is more
pronounced when alcohol consumption is coupled
with sleep deprivation or sleep restriction.

HYPERSOMNIA CAUSED BY MEDICAL
CONDITION
Hypersomnia Secondary to Metabolic or
Endocrine Disorders

Hypersomnia has been observed in patients with
hepatic encephalopathy, hypothyroidism, hyper-
prolactinemia, Cushing syndrome, menopause,
acromegaly, and diabetes (Box 9). Although
sleep-related breathing disorders and periodic
leg movement disorders are often seen in endo-
crine disorders, hypersomnia has occasionally
been reported in endocrine disorders when
another comorbid sleep disorder is not present.
Changes in sleep architecture are often seen in
these patients, with OSAS often being the primary
culprit for daytime sleepiness. In all patients with
endocrine disorders (or patients receiving hor-
mone replacement therapy), the clinician should
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thoroughly evaluate for the presence of any sleep-
related breathing disorders.

Patients with hypothyroidism are often seen with
comorbid OSAS, although most patients with
OSAS do not have hypothyroidism. These patients
tend to report hypersomnia, attention/concentra-
tion problems, fatigue, snoring, and decreased
sex drive. Sleepiness in obesity has gained
significant attention because high rates of sleep-
disordered breathing are commonly seen in over-
weight and obese individuals. Recently, however,
daytime sleepiness has been observed in obese
individuals without another primary sleep disorder.
Sleepiness in this population can also be related to
metabolic factors and depression in addition to
sleep-disordered breathing.66

Hypersomnia Secondary to Infectious
Disorders

Although limited research exists that examines the
effect of infectious diseases on the CNS and sleep,
some limited reports of hypersomnia secondary to
infectious disease have been documented.67,68

HIV, Whipple disease, infectious mononucleosis,
Guillain-Barré syndrome, Lyme disease, and neu-
rocysticercosis (a parasitic infection of the CNS
that develops by ingesting the eggs of a water-
borne tapeworm and foods contaminated with
feces) have all been associated with daytime
sleepiness as a result of the infection itself or the
medications used to treat them. Both viral and
bacterial meningitis have been found to create
disordered nocturnal sleep and associated day-
time sleepiness as a result of cerebral edema or
hydrocephalus. In many instances, hypersomnia
may develop months after the initial infection.
The effect of the Gambian form of human African
trypanosomiasis on sleep architecture has been
studied. In the meningoencephalitic phase of the
virus, autoantibodies against nervous structures
damage both sleep and wakefulness, creating
circadian dysregulation and SOREMPs.68 A care-
ful history of patients presenting with daytime
sleepiness and infectious disease aids in the
determination of a proper differential diagnosis.

Hypersomnia Associated with Neurologic
Causes

Intrinsic hypersomnia has been noted in patients
with neurodegenerative disorders such as Parkin-
son disease or Alzheimer disease. Occasionally,
daytime sleepiness may be caused by other
factors such as medications, sleep-disordered
breathing, and periodic leg movements.

Chronic sleepiness and insomnia have been re-
ported in patients with acute stroke. Subthalamic,
pontine, mesencephalic, and thalamic lesions are
believed to disrupt the ascending reticular acti-
vating system, leading to symptoms of hypersom-
nia. Hemispheric strokes are associated with
daytime sleepiness because of their ability to
reduce total sleep time and sleep efficiency.68

Hypothalamic strokes can lead to hypersomnia
by disrupting the hypocretin-producing neurons.
As a result, numerous strokes often have symp-
toms that appear to be narcolepsy.69,70 In addi-
tion to intrinsic hypersomnia that is seen in
stroke, studies have reported that upwards of
two-thirds of these patients suffer from comorbid
sleep-disordered breathing, another common
cause for daytime sleepiness.69,71

Brain tumors, especially those affecting the thal-
amus, hypothalamus, and brainstem, have been
linked to sleepiness. Craniopharyngioma, a benign
tumor that develops near the pituitary gland, has
been extensively studied for its symptoms of hy-
persomnia.72,73Other tumors that havebeen linked
to hypersomnia include pilocytic astrocytoma,
adenomas in the pituitary gland, hemispheric

Box 9
Hypersomnia caused by a medical condition

a. The patient has a complaint of excessive
sleepiness present almost daily for at least 3
months.

b. A significant underlying medical or neuro-
logic disorder accounts for the daytime
sleepiness.

c. If an MSLT is performed, the mean sleep
latency is less than 8 minutes with no more
than 1 SOREMP after polysomnographic
monitoring performed over the patient’s
habitual sleep period, with a minimum total
sleep time of 6 hours.

d. The hypersomnia is not better explained by
another sleep disorder, mental disorder,
medication use, or substance use disorder.

Note: If patientshave severemedical orneurologic
illness, conducting and interpreting the results of
nocturnal polysomnography or the MSLT may be
impossible. Abnormal polysomnographic results
should be interpreted within the clinical context.
In addition, mean sleep latency on MSLT of less
than 8 minutes can be found in up to 30% of the
general population. A clinically significant
complaint of EDS is more important than is short
sleep latency on MSLT in the diagnosis of hyper-
somnia caused by a medical condition.

Adapted from the ICSD II with permission from the
American Academy of Sleep Medicine, Darien, Illinois,
USA. 2012.
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tumors, brainstem gliomas, subependymoma, and
hemispheric tumors.
Hypersomnia has been reported in some

patients with MS, particularly in those with lesions
in the brainstem, ganglia, and thalamus. Hyper-
somnia in MS can also be related to several symp-
toms that are seen in nearly half of patients,
including insomnia, fatigue, depression, periodic
limb movements, and pain. Interferon, a common
medication used to manage MS, has been seen
to lead to disrupted nocturnal sleep and associ-
ated daytime sleepiness.
Conflicting data exist linking epilepsy to hyper-

somnia, with some reporting daytime sleepiness
in nearly 25% of patients studied.74,75 Many
factors seem to influence the severity of hyper-
somnia in this population, with uncontrolled
epilepsy and nocturnal frontal lobe epilepsy having
the most impact. Other sleep-disrupting disorders
such as insomnia, depression, and sleep-
disordered breathing are all commonly seen in
this population. As noted earlier, many antiepi-
leptic medications can also lead to hypersomnia.
Several genetic disorders have been linked to

hypersomnia. Arnold-Chiari malformations, Norrie
disease, Niemann-Pick type C, myotonic dys-
trophy, and Prader-Willi syndrome have all been
associated with hypersomnia, although in many
instances, sleep-disordered breathing may be the
main culprit.

SUMMARY

When evaluating a patient for excessive sleepi-
ness, one should consider the various causes.
Excessive sleepiness can occur with several disor-
ders. It can be self-inflicted as in insufficient sleep
syndrome; it can be secondary to sleep fragmenta-
tion as in OSA; it can have a central cause as in
narcolepsy; it can be caused by a comorbid
medical condition as in Parkinson’s disease; or it
can be caused by medications. Overnight poly-
somnography with or without an MSLT can be
a useful adjunct to a thorough history in helping to
arrive at the diagnosis. The treatment of these
disorders usually requires stimulants or other
wake-promoting agents; however, other symp-
toms associated with these disorders, such as
cataplexy, may require additional medications.
On the other hand, OSA is initially treated nonphar-
maceutically (eg, CPAP or other device).
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Physical Examination of the
Patient with Hypersomnia
Douglas B. Kirsch, MDa,b,*, Maryann C. Deak, MDa,b

As medical technology has evolved, many fields of
medicine have placed less reliance on physical
examination skills to aid in diagnosis. In this regard,
some sleep medicine specialists pay little at-
tention to physical examination findings, anecdot-
ally claiming, “The examination won’t change my
testing or treatment recommendations.” However,
in some sleep patients, careful physical assess-
ment may result in alteration of physician advice.
This article reviews the physical examination find-
ings linkedwith sleepdisorders causing hypersom-
nia, aiding physicians in their ability to effectively
manage their patients.

DEFINITION AND CAUSES OF HYPERSOMNIA

Hypersomnia, also commonly referred to as exces-
sive daytime sleepiness (EDS), is defined as “the
inability to stay awake and alert during the major
waking episodes of the day, resulting in unintended
lapses into drowsiness or sleep.”1 This symptom is
commonly observed in theUnitedStates; polls per-
formed by the National Sleep Foundation (NSF)

have suggested that more than 30% of the
surveyed population has daytime sleepiness that
interferes with their quality of life.2 Moreover, hy-
persomnia may have significant consequences,
particularly when combined with operation of a
motor vehicle. Unfortunately, drowsy driving is a
common occurrence; 52% of polled subjects had
driven while drowsy in a recent NSF poll.3 Not all
patients will use the words “daytime sleepiness”
to describe their symptoms; some will use other
terminology, such as “drowsiness,” “tendency to
fall asleep,” and “decreased alertness.”4

The most common reason for daytime sleepi-
ness in the general population is behaviorally-
induced insufficient sleep. According to the NSF’s
Sleep in America 2011 poll, 39% of subjects self-
reported less than 7 hours per night on typical
work or school days.5 In a sleep clinic referral pop-
ulation, EDS is the most common presenting com-
plaint; although, in contrast, obstructive sleep
apnea (OSA) is the most common cause of hyper-
somnia.6 Several other causes of hypersomnia
exist; selected sleep disorders causing daytime
sleepiness are listed in Box 1.
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KEY POINTS

� Hypersomnia is a common symptom of many medical disorders, including several sleep
disorders.

� Although patients with hypersomnia may not always have examination abnormalities, certain
sleep disorders have specific physical findings that an experienced clinician should be comfort-
able evaluating.

� In combination with an appropriate clinical-history taking, a sleep-specific physical examination
will lead to more appropriate diagnostic testing and patient management.
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THE PHYSICAL EXAMINATION
General

Across a broad range of patents with a complaint
of hypersomnia, there are few specific examina-
tion abnormalities. As noted, many of these
patients may not have an underlying medical
condition and may solely suffer from insufficient
sleep. However, there are several sleep disorders
that may cause sleepiness, some of which have
physical examination findings that are more
specific to the condition. Patients with hypersom-
nia may fall asleep in the waiting room (Fig. 1) or
may be visibly drowsy while speaking with a clini-
cian (drooping eyelids, head nodding, difficulty in
focusing).

OSA

Patients with OSA commonly have physical exam-
ination findings that signal the clinician to consider
the diagnosis, particularly in combination with an
appropriate clinical history. Table 1 reviews the
basic outline of the examination of a patient with
OSA.

Demographics
The patient’s sex, age, and race are often ascer-
tained before they walk into the clinic. There is evi-
dence that suggests men of all ages have a higher
risk for OSA. Early studies pointed toward at least
a fivefold risk increase in men compared with
women. However, as research trials began to in-
clude more women, the risk increase for male
gender dropped to a two to three times risk in-
crease for men compared with women.7,8 As
women reach menopause with the resultant hor-
mone shift, their risk for OSA seems to increase
significantly.9 Studies have demonstrated that
prevalence of OSA does not seem dramatically
different between racial groups; however, in Asian
populations, obesity seems to be a less common
risk factor for OSA than in non-Asian populations.10

Considering the vital signs
Typically, patients entering a medical office will
have their vital signs checked. These may include
height and weight (body mass index [BMI]),
temperature, pulse rate, blood pressure, and oxi-
metry. Of particular relevance to patients with
OSA are the BMI and blood pressure.
The BMI is an estimate of body fat and defined

by body weight in kilograms divided by the square
of their height in meters. The classification by the
World Health Organization categorizes a BMI of
25.0 to 29.9 as overweight, 30.0 to 34.9 as class
I obesity, 35.0 to 39.9 as class II obesity, and
greater than 40.0 as class III obesity.11

Obesity is one of the strongest predictive factors
for a diagnosis of OSA. The adult population has
been increasing in weight, particularly in devel-
oping countries (Fig. 2). Data from the Center for
Disease Control demonstrates a vast worsening
of obesity across the United States (Fig. 3,
Table 2). One estimate suggested that 60% of
the adult population in industrialized nations are
overweight (BMI�25 kg/m2) and 30% are obese
(BMI�30 kg/m2).12

Patients with obesity have a much higher risk of
developing OSA. In one study, patients who were
overweight or obese accounted for more than
70% of subjects with OSA.13 Several large studies
have suggested that approximately 25% of adults
with a BMI between 25 kg/m2 and 28 kg/m2 have
at least mild OSA (apnea-hypopnea index [AHI]

Box 1
Selected sleep disorders causing hypersomnia

Idiopathic hypersomnias (with or without long
sleep time)

Narcolepsy with or without cataplexy

Periodic limb movement disorder

Recurrent hypersomnias

Sleep-disordered breathing

Adjustment sleep disorder

Behaviorally induced insufficient sleep
syndrome

Environmental sleep disorder

Advanced sleep type

Delayed sleep type

Irregular sleep-wake type

Jet lag type

Shift work type

Fig. 1. A sleepy patient in a clinic waiting room. (From
Kryger MH. Atlas of Clinical Sleep Medicine: Elsevier;
2009; with permission.)
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�5).14 The landmark paper by Young and
colleagues8 reviewed data from the Wisconsin
Sleep Cohort and suggested that BMI was one
of the largest risk factors for occurrence of OSA.
Recent data from the pediatric literature demon-
strates that children who are obese have a higher
prevalence of OSA when compared with a control
population in a general pediatric clinic.15

Thus, measurement of BMI is an essential part
of the evaluation of the patient with hypersomnia,
as it may suggest risk for OSA before the physician
even sees the patient. Other obesity-related
factors that have been measured and linked to
OSA include waist circumference (measured at
the narrowest point between the last costal arch
and the iliac crest) and waist-to-hip ratio (hip
circumference was measured as the greatest
circumference at the level of the trochanters).16

Another essential vital sign in evaluation of the
sleep apnea patient is blood pressure. As AHI
increases, so does the risk for the presence of hy-
pertension after 4 years, independent of other
possible cofounders.17 In addition, cross-sectional
analysis of subjects included in the Sleep Heart
Health Study (SHHS) suggested that those people
with an AHI greater than or equal to 30 events per
hour had 1.37-fold increased odds of hypertension
compared with those without OSA (AHI<1.5 per
hour) after adjusting for several confounders.18

Although other recent data from the SHHS suggests
a trend rather than clear statistical significance,19

few clinicians would argue that there is a an associ-
ation between OSA and hypertension.

Finally, although rarely abnormal in a general
clinic population, respiratory rate and oximetry
may provide valuable information.When abnormal,
these respiratory vital signs may suggest hypo-
ventilation (at times related to obesity) or underlying
pulmonary conditions. OSA alone is unlikely to be
a primary cause of these abnormalities.

Neck
Though more commonly part of the evaluation
from a gentleman’s tailor for appropriately fitting
dress shirts, measurement of the neck circumfer-
ence is a worthwhile part of the examination for
OSA (Fig. 4).20 Neck circumferences of more
than 17 in in men and more than 16 in in women
has been correlated with increased risk for a diag-
nosis of OSA.21 A neck circumference greater than
40 cm seems predictive of OSA with a 61% sensi-
tivity and 93% specificity regardless of gender.22

An adjusted neck circumference is an alternate
method of assessing OSA risk. Adjusted neck
circumference is defined as neck circumference

Fig. 2. Obese patients have a significantly higher risk
of developing OSA. (From Kryger MH. Atlas of Clinical
Sleep Medicine: Elsevier; 2009; with permission.)

Table 1
Examination of OSA

Factor Sampled Aspects to Consider

Demographics Age, sex, race

Vital signs Blood pressure, Body mass index

Neck Neck circumference, thyroid abnormality

Nasal examination Nasal polyps, septal abnormality

Oropharyngeal examination Mallampati score, hard palate structure, palate length, uvula
size, tonsil size

Dental examination Overbite or overjet; gnathic status

Cardiopulmonary examination Lung sounds, heart sounds, presence of edema

Neurologic examination Muscle weakness, myotonia

Endoscopic evaluation Retropalatal assessment

Imaging Evaluation of airway size

Syndromes Down syndrome, craniofacial syndromes
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(measured in centimeters) plus presence of hyper-
tension (4 cm is added) plus habitual snoring (3 cm
is added) plus reports of choking or gasping most
nights (3 cm is added). Patients with an adjusted
neck circumference of more than 48 cm have
a 20-fold increased risk of having sleep apnea.23

Beyond circumferential measurement, palpation
of the neck may occasionally provide clues to the
diagnosis. Findings of an enlarged thyroid gland or
swollen lymph nodes could potentially have an
impact on airway patency. Goiters, which may be

related to euthyroid or hypothyroid state, may
play a role in OSA.24

Nasal examination
As early as Hippocrates, nasal abnormalities (in
association with other symptoms) were associated
with restless sleep.25 Abnormalities to nasal
breathing may affect sleep because the nose
contributes to approximately two-thirds of the
total airflow resistance.26 Participants in a popula-
tion-based sample who reported nasal congestion

Fig. 3. Obesity trends among United States adults. (From Behavioral Risk Surveillance System. Atlanta (GA):
Centers for Disease Control.)

Table 2
2010 State obesity rates (obesity is defined by BMI ‡30 kg/m2)

State % State % State % State %

Alabama 32.2 Illinois 28.2 Montana 23.0 Rhode Island 25.5

Alaska 24.5 Indiana 29.6 Nebraska 26.9 South Carolina 31.5

Arizona 24.3 Iowa 28.4 Nevada 22.4 South Dakota 27.3

Arkansas 30.1 Kansas 29.4 New Hampshire 25.0 Tennessee 30.8

California 24.0 Kentucky 31.3 New Jersey 23.8 Texas 31.0

Colorado 21.0 Louisiana 31.0 New Mexico 25.1 Utah 22.5

Connecticut 22.5 Maine 26.8 New York 23.9 Vermont 23.2

Delaware 28.0 Maryland 27.1 North Carolina 27.8 Virginia 26.0

District of Columbia 22.2 Massachusetts 23.0 North Dakota 27.2 Washington 25.5

Florida 26.6 Michigan 30.9 Ohio 29.2 West Virginia 32.5

Georgia 29.6 Minnesota 24.8 Oklahoma 30.4 Wisconsin 26.3

Hawaii 22.7 Mississippi 34.0 Oregon 26.8 Wyoming 25.1

Idaho 26.5 Missouri 30.5 Pennsylvania 28.6 —

Data from Centers for Disease Control. Available at: http://www.cdc.gov/obesity/data/trends.html.
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due to allergy were 1.8 times more likely to have
moderate to severe sleep-disordered breathing
than were those without nasal congestion due to
allergy.27 Therefore, an evaluation of the nasal
airway is a valuable component of the physical
examination of the patient with possible OSA.

Congestion of the nasal airway may have
several causes: congenital, traumatic, infectious,
or neoplastic. A simple method of assessing nasal
congestion is the “sniff test.” Asking the patient to
manually occlude one side of the nose and then
inhale through the other allows an audible assess-
ment of nasal airflow that repeated on the alternate
side. A brief internal evaluation with a nasal spec-
ulum may then identify obvious abnormalities on
the fully or partially occluded side, such as a septal
deviation or enlarged turbinates.

The internal nasal valve area is the narrowest
portion of the nasal airway, thus assessment of
this region is valuable. The Cottle test entails first
assessing the collapsibility of the nasal passage
via a sniff test. Next, the physician gently moves
the patient’s cheek near the nose laterally from
the midline. If there is significant improvement in
nasal airflow during the maneuver, at least partial
obstruction of the nasal valve is likely occurring.28

Oropharyngeal examination
It is common sense that an evaluation the oropha-
ryngeal space should lead to better understanding
of the patient’s risk of nocturnal airway closure.
However, a single standardized metric for narrow-
ing of the upper airway has not been fully deter-
mined. The size of the airway is determined by
both bony and soft tissue structures and is likely
related both to congenital or genetic and acquired
factors. Box 2 reviews some of the oropharyngeal
findings in OSA.

Bony structures The hard palate may contribute to
airway crowding if it is narrowed or if bony out-
growths, such as torus palatinus, are large. An
increased pharyngeal narrowing ratio (the ratio
between the airway cross section at the hard palate
level and the narrowest cross section from the hard
palate to the epiglottis) has been observed in
patients with OSA.29

Soft tissues The soft palate and tonsils are partic-
ularly relevant to patency of the upper airway
during sleep. Gauging the size of the oropharynx
during sleep is difficult to predict while the patient
is in the wake state. An anesthesiologist-
designed assessment for the difficult-to-intubate
airway, the Mallampati score, has been adopted
by sleep specialists to help gauge risk for
a patient having OSA.30 The Mallampati score is
determined by visually inspecting the oropharynx
while the patient extends their tongue without
phonating. Phonation may elevate the soft palate,
leading to an underestimation of the Mallampati
score.

The Mallampati score is defined as follows:

Class I soft palate, fauces, uvula, and poste-
rior and anterior pillars are visible (Fig. 5)

Class II soft palate, fauces, and uvula are
visible (Fig. 6)

Class III soft palate, fauces, and only base of
uvula are visible (Fig. 7)

Class IV soft palate is not visible (Fig. 8).

Fig. 4. Measurement of the neck circumference should
be part of the physical examination for a patient with
possible OSA. (From Kryger MH. Atlas of Clinical Sleep
Medicine: Elsevier; 2009; with permission.)

Box 2
Some oropharyngeal findings in OSA

Nasal turbinate hypertrophy

Septal deviation

High and narrow hard palate

Elongated low-lying uvula

Redundant and low-lying soft palate

Crowding of the oropharynx with enlarged
tonsils and adenoids

Prominent tonsillar pillars

Macroglossia

Narrow maxilla

Narrow mandible

Overjet and retrognathia

Crossbite

Dental malocclusion

Data from Guilleminault C, Abad V. Obstructive sleep
apnea syndromes. Med Clin N Am 2004;88:611–30.
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A higher Mallampati score has been associated
with increased risk for OSA. On average, for every
1-point increase in the Mallampati score, the odds
of having OSA (AHI�5) increased more than
twofold (odds ratio [per 1-point increase] 5 2.5)
and the AHI increased by more than 5 events per
hour.31

An alternate palate position scale was devel-
oped by Friedman and colleagues32 that assessed
the size of the upper airway and attempted to
better model which surgical intervention for OSA
would be most likely to be successful.

Fig. 5. Mallampati class I airway. (From Kryger MH.
Atlas of Clinical Sleep Medicine: Elsevier; 2009; with
permission.)

Fig. 6. Mallampati class II airway. (From Kryger MH.
Atlas of Clinical Sleep Medicine: Elsevier; 2009; with
permission.)

Fig. 7. Mallampati class III airway. (From Kryger MH.
Atlas of Clinical Sleep Medicine: Elsevier; 2009; with
permission.)

Fig. 8. Mallampati class IV airway. (From Kryger MH.
Atlas of Clinical Sleep Medicine: Elsevier; 2009; with
permission.)
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“The Friedman Palate Position is based on
visualization of structures in the mouth with
the mouth open widely without protrusion of
the tongue.

Palate grade I allows the observer to visualize
the entire uvula and tonsils.

Grade II allows visualization of the uvula but
not the tonsils.

Grade III allows visualization of the soft palate
but not the uvula.

Grade IV allows visualization of the hard
palate only.”

The primary difference in the scales is that the
tongue is not protruded in the Friedman palate
assessment—a grading scale that has also been
referred to as a Modified Mallampati Scale. In
combining palate grade, tonsil size, and BMI,
Friedman created a staging system in an attempt
to determine best surgical practices for treating
OSA. Lower staging on the Friedman system was
demonstrated to predict successful treatment of
OSA via uvulopalatopharyngoplasty only.32

The uvula may also inform the examiner about
the upper airway. Swelling and/or erythema at
the edge of the soft palate or affecting the uvula
may suggest snoring. A long or wide uvula may
also contribute to airway crowding and possible
sleep apnea.

Size of the adenotonsillar tissue is another factor
in assessment of the airway crowding. Particularly
in children ages 2 to 8 years old, the tonsils and
adenoids may be a large contributor to OSA.33

However, although large tonsils may contribute to
airway crowding in adults, soft tissue hypertrophy
seems to play a less prominent role in the develop-
ment of OSA. A standard grading of adenotonsillar
tissue in children and adults is as follows:

Tonsil size 0 denotes surgically removed
tonsils.

Tonsil size 1 implies tonsils hidden within the
pillars (Fig. 9).

Tonsil size 2 implies the tonsils extending to
the pillars (see Fig. 9).

Tonsil size 3 tonsils are beyond the pillars but
not to the midline (Fig. 10).

Tonsil size 4 implies tonsils extend to the
midline (Fig. 11).32

Tongue volume and position likely affect airway
patency and they have been correlated with OSA
in cephalometric studies.24 Gradation of tongue
size has not been well described, although tongue
“scalloping” (in which the impressions of the teeth
of the mandible are easily visible when the tongue

is extended) implies that either the tongue is large
or the lower jaw is small.

Dental examination
Evaluation of dental and jaw structure is not a skill
typically used by many physicians; however,
certain aspects of this practice should be
commonplace for physicians performing a sleep
assessment.

The finding of retrognathia (posteriorly posi-
tioned jaw) (Fig. 12) or micrognathia (undersized
jaw) may have a large impact on the physician’s

Fig. 9. A patient with a tonsil classification 1 on the
right side and 2 on the left side. (From Kryger MH.
Atlas of Clinical Sleep Medicine: Elsevier; 2009; with
permission.)

Fig. 10. A patient with a tonsil classification 3. (From
Kryger MH. Atlas of Clinical Sleep Medicine: Elsevier;
2009; with permission.)
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assessment of risk for OSA. Many non-sleep
physicians assume that OSA is a disease solely
related to obesity; however, these jaw findings
are a common cause of significant sleep-
disordered breathing in patients without an
elevated BMI. Assessment of jaw position is best
performed looking at the patient’s face from the
side while the patient is looking straight ahead in
the natural head posture (the upright position of
the head of a standing or sitting patient, while it
is balanced by the postcervical and masticatory-
suprahyoid-infrahyoid muscle groups, with the
eyes directed forward so that the visual axis is
parallel to the floor).34 Men may grow facial hair
(beards or goatees) to mask recessed or small
jaws. Jaw structure variants shift the patient’s
tongue superiorly and posteriorly and, therefore,
likely lead to airway impingement. Frequency of

abnormal mandibular position may have a racial
or ethnic relationship. In some Asian populations,
retrognathia or micrognathia may be one of the
most significant risk factors for OSA.24

Teeth locationmaybea clue to the position of the
jaw. Increased levels of overbite and overjet may
guide the physician to a suspicion of a retroposi-
tioned mandible. Overbite presents as the vertical
overlap of the maxillary central incisors over the
mandibular central incisors. Overjet is the hori-
zontal displacement between the maxillary central
incisors and the mandibular central incisors.35

Teeth crowding, particularly on the mandible may
also point toward a small lower-jaw structure.

Cardiopulmonary examination
Evaluation of the heart and lungs are unlikely to
help predict the presence of OSA. However, find-
ings related to asthma or chronic obstructive
pulmonary disease may be relevant to a patient’s
nocturnal breathing. In asthma, patient examina-
tion finding may include wheezing, increased
respiratory rate, prolonged expiratory phase, use
of accessory muscles, and cyanosis.36 Signs
related to chronic obstructive pulmonary disease
consist of a barrel chest with increased anterior-
posterior diameter, increased respiratory rate,
accessory respiratory muscle use, diminished
breath sounds, crackles and wheezes, and/or
cyanosis in severe cases.37

OSA over the long term may have many effects
on the heart. Also, poor heart function may affect
nocturnal breathing. For instance, congestive heart
failure may be linked to both OSA and central sleep
apnea.38 Findings linked with congestive heart
failure may include rales, S3 gallop, hypotension,
peripheral edema (Fig. 13), jugular venous disten-
sion, and a positive hepatojugular reflex,39,40

Pulmonary hypertension, a possible effect of
OSA, may cause: increased second heart sound
(P2 portion) intensity, murmurs from pulmonary
and tricuspid insufficiency, distended neck veins,
pulsatile liver, peripheral edema, pleural effusion
and ascites.41

Neurologic examination
On face value, the neurologic examination may not
seem to be valuable in the OSA evaluation. How-
ever, in some cases, the findings of neurologic
disease may be germane to a diagnosis of sleep-
disordered breathing. Patients with strokes have
a higher prevalence of nocturnal apnea (central or
obstructive), so findingsof prior strokes (eg,muscle
weakness, sensory changes, and languagedifficul-
ties) may be useful.42 Neuromuscular syndromes,
such as post-poliomyelitis, amyotrophic lateral
sclerosis, or muscular dystrophies have been

Fig. 11. A patient with a tonsil classification 4. (From
Kryger MH. Atlas of Clinical Sleep Medicine: Elsevier;
2009; with permission.)

Fig. 12. A patient with retrognathia, a common
anatomic jaw finding in OSA. (From Kryger MH. Atlas of
Clinical SleepMedicine: Elsevier; 2009; with permission.)
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associated with sleep-disordered breathing.
Therefore, testing of the bulbar muscles, chest
wall muscles, and skeletal muscles may lead
toward a better assessment of risk for OSA and hy-
poventilation.24 Patients with myotonic dystrophy
may have both obstructive and central apneas
during the night, but also have an increased risk
for daytime sleepiness including sleep-onset rapid
eye movement (REM) periods on multiple sleep
latency testing.43 Physical signs of myotonic
dystrophy may include myotonia, muscle wasting
and weakness, dysarthria, ptosis, and cataracts.44

Nasopharyngeal endoscopy
Although many noninvasive sleep physicians do
not use this form of assessment, otolaryngologists
perform it frequently on patients referred to them
for an evaluation of snoring and possible OSA.
Nasal endoscopy has ostensibly been used to pre-
dict surgical outcomes for OSA; however, the data
regarding its utility in that regard has been
mixed.45

This procedure snakes a thin fiberoptic tube
down the nose to observe the retropharyngeal
and hypopharyngeal spaces as well as evaluating
possible abnormalities of the nose (septal devia-
tion, polyps, and narrowing with inspiratory
collapse at the level of the nasal valve).45 Typically,
this procedure is performed while the patient is
awake and alert in the seated position, although
in a few centers, the patients are sedated to better
assess the airway while the patient is “sleeping.”46

In theory, determining the potential sites of airway
collapse (palatal, retrolingual, both palatal and ret-
rolingual), could determine the best options for
intervention, particularly from a surgical viewpoint.
However, visualization of the airway alone has not
been highly predictive of surgical success, even

with the addition of simulated snoring.47 Use of the
Müeller maneuver (inspiration at end-expiration
against a closed nasal-oral airway) during nasal en-
doscopy was initially thought to be predictive of
siteof collapseduring sleep; however, themaneuver
has not reliably reflected location of obstruction.47

Part of the variability may be because of the subjec-
tive assessment of the airway and the effect of
patient effort on the Müeller maneuver.

Imaging
Cephalometric radiographs Cephalometric radio-
graphs are the simplest form of imaging the
upper airway. However, because the view is only
two-dimensional, there are some limitations in
understanding the true airway size. A standard
cephalometric radiograph will evaluate primarily
the skeletal anatomy, although some aspects of
the soft tissue are also visible. Typically, the radio-
graph is performed in a standardized position with
the subject seated, teeth opposed, eyes directed
forward and at end expiration. Skeletal landmarks
and their associated plane angles can give
a more in-depth understanding of determinants of
the upper airway size.45

There are a variety of findings that have been re-
ported in cephalometric studies, in different races,
genders, and weight groups. Some reported
differences are observed in Box 3.

CT and MRI scanning CT scanning and MRI have
also been used to evaluate the airway. The advan-
tage to CT scanning is the ability to obtain images
quickly and quietly. However, the CT scan is limited
in resolution quality, which can limit detailed obser-
vation of the airway. When comparing apneic
patients to control patients with a CT scan, the
upper airway tends to be smaller, particularly in
the retropalatal region.48

Fig. 13. Ankle edema may suggest poor cardiac func-
tion, which may also correlate with sleep-disordered
breathing. (From Kryger MH. Atlas of Clinical Sleep
Medicine: Elsevier; 2009; with permission.)

Box 3
Selected cephalometric findings in patients
with OSA

Longer soft palate

Reduced minimum palatal airway widths

Increased thickness of the soft palate

Increased pharyngeal length

A retroposition of the mandible or the maxilla

Micrognathia

An increased midfacial height

Differences in hyoid bone position

Data from Stuck BA, Maurer JT. Airway evaluation in
obstructive sleep apnea. Sleep Med Rev 2008;
12:411–36.
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MRI scans are much more detailed in quality, al-
though the loud noise of the machine and prolonged
imaging time challenges researchers attempting to
evaluate the sleeping patient. In comparing awake
patients to controls with volumetric MRI, the greatest
odds ratios for the development of sleep apnea were
associated with increased volume of the lateral
pharyngeal walls, tongue, and total soft tissue.49

Specific syndromes
Down syndrome is one of the more common chro-
mosomal conditions to be associated with sleep-
disordered breathing (Fig. 14). Depending on the
study, the prevalence of sleep disordered
breathing in patient’s with Down syndrome is
between 57% and 100%.50 This finding can be ex-
plained by several observable factors: obesity,
midfacial and mandibular hypoplasia, an abnor-
mally small upper airway with superficially posi-
tioned tonsils and relative tonsillar and adenoidal
encroachment, an increased incidence of lower
respiratory tract anomalies, and generalized hypo-
tonia with resultant collapse of the airway during
inspiration.51

Other diagnoses that may be related to OSAwith
resultant specific findings include Prader-Willi
syndrome, neuromuscular disorders (such as
Duchenne muscular dystrophy), and Chiari malfor-
mations. Craniofacial anomalies, such as in achon-
droplasia, craniofacial dystoses, and Pierre Robin
sequence also have a high prevalence of OSA.50

Narcolepsy and Other Central Hypersomnias

A diagnosis of narcolepsy is based on clinical
features elicited from a patient’s history, such as
sleepiness, cataplexy, sleep paralysis, hypnagogic
or hypnopompic hallucinations, and disturbed
nighttime sleep, in combination with objective
testing with either polysomnography followed by
mean sleep latency testing or hypocretin-1 levels
in cerebrospinal fluid.1 Physical examination,

including neurologic examination, is often unre-
markable in patients with narcolepsy. However,
an understanding of physical examination features
that may be present remains an important element
of diagnosis of narcolepsy.
Certain general physical examination features

are common in narcolepsy but are not specific
for the disorder. General signs of sleepiness may
be present on examination such as yawning,
ptosis, reduced activity, lapses in attention, and
head nodding.52 Narcolepsy generally manifests
in the teens and twenties, and patients are
commonly in this age range at first presentation.53

However, narcolepsy can develop in young child-
hood or after age 40. Patients with narcolepsy
have an increased incidence of obesity54 and non-
insulin dependent diabetes mellitus.55

The presence of cataplexy is characteristic of
narcolepsy associated with hypocretin deficiency
and can help distinguish narcolepsy from other
causes of EDS.56 Cataplexy is a sudden loss of
muscle strength that occurs in response to emotion,
mostly commonly laughter or anger.53 Cataplexy
has a wide range of clinical manifestations. Most
commonly, episodes are mild and may consist of
brief episodes of knee buckling, mild neck or jaw
weakness, or arms falling to the side (Fig. 15).56 In
more severe cases, episodes may consist of gener-
alized weakness and last several minutes. Patients
maintain consciousness, although sleep may occur
during prolonged episodes. Muscle function of the
respiratory and extraocular muscles is preserved,
although ptosis and blurred vision have been
described. Rarely, prolonged episodes (ie, status
cataplecticus) can occur, often associated with
abruptwithdrawal fromanticataplecticmedications.

Fig. 14. A patient who has the typical facial findings
of Down syndrome. (From Kryger MH. Atlas of Clinical
Sleep Medicine: Elsevier; 2009; with permission.)
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Fig. 15. Muscle groups affected in cataplexy. Most
patients experiencepartial episodes consistingofunbuck-
ling at the knees or legs. It is rare that episodes ge-
neralize to compromise posture and cause the patient
to fall. (Data fromAnic-Labat S, Guilleminault C, Kraemer
HC, et al. Validation of a cataplexy questionnaire in 983
sleep-disordered patients. Sleep 1999;22(1):77. From
Kryger MH. Atlas of clinical sleep medicine. Philadelphia:
Elsevier; 2010.)
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Although cataplexymay not be seen during physical
examination of a patient with narcolepsy, clinicians
must be able to recognize cataplexy and may
consider trying to elicit it when considering the diag-
nosis (telling a joke, startling the patient).

Although the presence of cataplexy is a useful
diagnostic tool because it occurs almost exclu-
sively in narcolepsy, only about 60% of patients
with narcolepsy have cataplexy.53 In narcolepsy
without cataplexy and idiopathic hypersomnia,
there are no pathognomonic features that can
potentially manifest on physical examination.

Recurrent Hypersomnia

Kleine-Levin syndrome
Kleine-Levin syndrome (KLS) is an uncommon
disorder that is associated with periodic episodes
of hypersomnia, as well as cognitive and behav-
ioral disturbances such as hyperphagia and hyper-
sexuality. On clinical presentation, over 80% of
KLS patients are in the second decade of life, and
the mean age of onset is 17 years.57 Additionally,
almost 70% of patients are male. Physical ex-
amination abnormalities can be seen in KLS during
episodes of hypersomnia. However, in between
episodes of hypersomnia, physical and neurologic
examinations are normal, without evidence of
behavioral or cognitive abnormalities.58

Although neurologic examination does not
reveal evidence of focal abnormality in KLS, cogni-
tive and behavioral abnormalities are seen during
episodes of hypersomnia.58 Possible cognitive
abnormalities seen on examination may include
speech difficulties, such as incoherent speech or
use of short sentences with limited vocabulary,
and confusion.57 On psychiatric examination, de-
pressive symptoms are common. Hallucinations,
delusions, and feelings of derealization have also
been described. Behaviorally, these patients
spend an average of 18 hours per day asleep. Pa-
tients are irritable and sometimes aggressive if
awakened from sleep. Increased food intake
occurs in 75% of the patients, sometimes causing
significant weight gain.57 Increased sexual drive
occurs in almost half of patients. Medical examina-
tion is generally normal during episodes of hyper-
somnia, with rare signs of autonomic dysfunction.

Sleep-Related Movement Disorders

Restless legs syndrome
Restless legs syndrome (RLS) can be associated
with fatigue and, in some cases, hypersomnia.59

Diagnosis of RLS is based on four essential diag-
nostic criteria elicited from a patient’s history.60 In
idiopathicRLS, there are no specific physical exam-
ination findings. Physical examination findings in

secondary RLS can represent the underlying cause
of thedisorder such asuremia, neuropathy, or preg-
nancy. In patients with possible neuropathy symp-
toms, a brief sensory screen may be performed
via testing of the distal and proximal areas of the
legs using light touch, pinprick, and vibration.

Thoughusedprimarily for research, thesuggested
immobilization test objectively evaluates limbmove-
ments while the patient has their legs outstretched
and attempts to keep still. Periodic limbmovements
of wakefulness are measured over the course of
60 minutes via electromyography of the anterior ti-
bialis muscles of both legs. Patients with RLS typi-
cally have more leg movements than controls.61

Periodic limb movement disorder
Diagnosis of periodic limb movement disorder is
based on finding it on a sleep study, in conjunction
with the presence of insomnia or symptoms of fa-
tigue or hypersomnia.1 There are generally no
specific examination findings in periodic limb
movement disorder.

Parasomnias

Parasomniasmay cause sleep disruption, although
these disorders are rarely a cause of hypersomnia.
Non-REM parasomnias are not associated with
particular physical examination findings. REM
Behavior Disorder (RBD) may be associated with
abnormalities on neurologic examination.

RBD
A diagnosis of RBD is based on the presence of
REM sleep without atonia on polysomnography,
in conjunction with a history or polysomnographic
documentation of dream enactment behavior.1

RBD is frequently a manifestation of a-synucleino-
pathies such as Parkinson disease or Lewy body
dementia, although RBD may be idiopathic. RBD
often precedes the development of the associated
neurodegenerative disorder by an average of 10
years, although intervals of up to 50 years have
been described.62 As a result, physical examina-
tion and neurologic examination may be unre-
markable in RBD on presentation. However, even
before clear manifestation of motor, cognitive, or
autonomic dysfunction that may accompany a-
synucleinopathies, subtle abnormalities have
been seen on detailed neurologic testing.63

Patients with idiopathic RBDmay display evidence
of early Parkinson disease, including abnormalities
in color vision and olfactory discrimination, as well
as subtle deficits in motor and gait speed.63

Circadian Rhythm Disorders

There are no specific physical examination find-
ings in circadian rhythm disorders. The diagnosis
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of these disorders is based on a patient’s history
and it may involve sleep diaries, actigraphy, or sali-
vary or urinary melatonin levels. In some cases,
blindness may lead to circadian rhythm distur-
bance, including symptoms of daytime sleepiness.

Secondary Hypersomnia

In any evaluation of a patient with hypersomnia, it
is important to consider that hypersomnia may be
secondary to a medical or neurologic condition. A
wide range of disorders can result in sleepiness,
including head trauma, stroke, hypothalamic dis-
orders, toxic-metabolic disorders such as he-
patic encephalopathy, endocrine disorders such
as hypothyroidism, and genetic disorders such

as myotonic dystrophy. Evidence of an underlying
disorder may be apparent on comprehensive
physical examination. Box 4 lists selected medical
causes of EDS.

SUMMARY

Hypersomnia is a common symptom of many
medical disorders, including several sleep dis-
orders. Although patients with hypersomnia may
not always have examination abnormalities, cer-
tain sleep disorders have specific physical findings
that an experienced clinician should be comfort-
able evaluating. In combination with an appro-
priate clinical history taking, a sleep-specific
physical examination will lead to more appropriate
diagnostic testing and patient management.
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Objective and Subjective
Measurement of Excessive
Sleepiness
Neil Freedman, MD*

Symptoms of daytime sleepiness are common in
normal individuals as well as in those with various
sleep disorders. Several formal objective and
subjective measures of daytime sleepiness have
been devised to quantify the degree of an individ-
ual’s sleepiness, help differentiate normal states
from abnormal states, and monitor the response
to various interventions. This article reviews
several commonly used and referenced instru-
ments including

� Multiple sleep latency test (MSLT),
� Maintenance of wakefulness test (MWT),
� Epworth sleepiness scale (ESS), and
� Stanford sleepiness scale (SSS).

Other alternative modalities used to assess
sleepiness, including the Oxford sleep resistance
(OSLER) test, the Karolinska sleepiness scale
(KSS), and psychomotor vigilance test (PVT) are
also discussed in this article.

MULTIPLE SLEEP LATENCY TEST

MSLT is the most commonly used and experimen-
tally validated objective test of daytime sleepiness
and is currently the standard for objectively quan-
tifying sleepiness.1–4 It is a sensitive test of
daytime sleepiness in different types of sleep
deprivation (partial, complete, acute, and chronic)
and in a variety of pathologic conditions.5–9 This
test is also used to document the presence or
absence of sleep-onset rapid eye movement sleep
periods (SOREMPs), which is helpful in supporting
the diagnosis of narcolepsy or idiopathic hyper-
somnia in the proper clinical setting.3,10

The standard MSLT protocol uses 4 to 5 20-
minute nap opportunities that occur at 2-hour
intervals throughout the day in a sleep-inducing
environment.3 Patients are instructed to try and
fall asleep during each trial and are kept awake in
between nap trials. Several parameters are monitored
during the study, including electroencephalography
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KEY POINTS

� There is much debate concerning which of many objective and subjective tests of daytime sleepiness
is best for use in clinical practice.

� Objective and subjective tests likely assess different dimensions of sleepiness, and aside from using
the multiple sleep latency test (MSLT), which is indicated as part of the evaluation of patients with
suspected narcolepsy or idiopathic hypersomnia, the best test for a given situation remains to be
defined.

� Typically, a combination of subjective and objective testing with clinical history is necessary to best
determine the degree and clinical significance of a given patient’s daytime sleepiness.
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(EEG) (central and occipital leads), right and left
electrooculography, chin electromyography, and
electrocardiography (Fig. 1). Because the MSLT
results may be affected by influences that inc-
rease homeostatic and REM sleep drives, an
overnight sleep study is required on the night
before the MSLT to objectively document the
amount of sleep on the preceding night as well as
to assess for causes that might result in sleep
fragmentation.
The timing of when the MSLT should be per-

formed must take into account the patient’s usual
sleep schedule, with the first nap typically begin-
ning 1.5 to 3 hours after the patient’s habitual
wake up time. The sleep latency of each nap is
calculated as the time from lights out at beginning
of each nap session to the first 30-second epoch
of any stage of sleep, including stage N1 sleep.
The REM latency is defined as the time from the
beginning of the first epoch scored as sleep to
the first epoch of REM sleep.1,3,4 If non-rapid eye
movement (NREM) sleep occurs during the initial
20-minute period of a given session, the nap trial
is allowed to continue for an additional 15 minutes
of clock time to allow for the onset of REM sleep.
Each nap session is terminated if one of the
following events occurs: (1) No sleep is observed
after 20 minutes or (2) 15 minutes after the onset
of NREM sleep. The mean sleep latency (MSL) is

calculated by averaging the sleep latencies across
all nap sessions.3,11

Under proper testing conditions, the MSLT is
a reliable test for both the MSL and documentation
of SOREMPs.12 The MSLT has a high test-retest
reliability for the MSL (correlation coefficient [r] 5
0.97) in normal individuals, a high inter-rater and
intra-rater reliability for both the MSL (r 5 0.85–
0.90) and SOREMPs (r 5 0.91) in normal and clin-
ical populations, and the test results tend not to be
affected by testing interval or degree of sleepi-
ness.2,4,11 The five nap protocol is the recommen-
ded standard. The protocol may be reduced to
four sessions if two of more sleep onset REM
periods occur during the first four nap sessions.
A minimum of 4 nap sessions must be performed
because there is a significant reduction in the
test-retest reliability for the MSL when less than
4 nap sessions are performed.13

Stringent adherence to the proper MSLT
protocol and procedures must be followed to
ensure accurate results.3 A subject’s baseline
sleep-wake schedule must be taken into account,
because the sleep latency and propensity to go
into REM sleep vary depending on the phase of
the subject’s circadian clock.6,14,15 Medications
such as stimulants, depressants, antidepressants,
and other REM suppressants should be strictly
avoided for at least 2 weeks before testing

Fig. 1. Thirty second epoch representing the recommended MSLT montage. As defined by the AASM practice
parameters, the standard MSLT montage should include central and occipital leads, right and left electrooculog-
raphy (EOG) leads, chin electromyography (EMG) and electrocardiography (ECG). (Data from Littner MR, Kushida
C, Wise M, et al. Practice parameters for clinical use of the multiple sleep latency test and the maintenance of
wakefulness test. Sleep 2005;28(1):113–21.)
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because these compounds may influence the
ability to fall asleep as well as attain REM sleep.
Depending on a particular patient’s motivation
(ie, disability from or ability to continue in a specific
occupation), spot drug screening may be required
to ensure valid results.

Strict adherence to the proper MSLT protocol is
also critical as changes in the state of physiologic
arousal may significantly affect MSLT results. As
an example, Bonnet and Arand studied a group
of normal subjects who underwent the MSLT after
either a 5-minute walk or a 15-minute period of
resting in bed and watching television before
each nap session.16 Sleep latencies were signifi-
cantly increased in the group of patients who
walked before the MSLT in both sleep-deprived
and non-sleep-deprived conditions, despite
similar homeostatic and circadian influences.
These data imply that measured sleepiness is
influenced by a combination of sleep drive and
physiologic arousal, which may act independently
of each other. These results and the results of
other tests emphasize the importance of adhering
to the proper MSLT protocol because factors
other than sleepiness (eg, the level of physiologic
arousal and sleep/wake state pathophysiology)
may influence the MSLT results.17,18

Finally, a patient’s underlying sleep complaint
must also be taken into account when interpreting
MSLT results. Several studies have demonstrated
that patients with primary insomnia have signifi-
cantly longer MSL values on the MSLT than those
of matched normal controls.19–22 Because the
MSL is affected by factors that increase homeo-
static sleep drive, these findings are somewhat
paradoxic in that patients with insomnia tend to
sleep for fewer hours per night than normal individ-
uals. It is likely that patients with primary insomnia
have increased levels of physiologic arousal that
impair their ability to initiate sleep, resulting in
longer sleep latencies. Thus, in this patient popula-
tion, the increased MSL compared with that of
normal individuals reflects a combination of both
their drive for sleep as well as their increased level
of physiologic arousal.

With regard to the assessment of objective
sleepiness, the concept of MSLT is relatively
straight forward. In the absence of confounding
influences, the sleepier the subject, the faster he
or she will fall asleep as reflected in a shorter
MSL. A central question that needs to be ad-
dressed is what defines a normal MSL on the
MSLT? The mean sleep latency on the MSLT
was previously interpreted as normal if the mean
sleep latency was greater than 10 minutes, consis-
tent with pathologic sleepiness if the value was
less than 5 minutes, and in a gray zone if the value

was between 5 and 10 minutes.1,23 These recom-
mendations were based on results from normal
individuals measured at baseline and those
measured after total sleep deprivation.

Information gathered from the 2005 American
Academy of Sleep Medicine (AASM) practice
parameters literature review regarding the clinical
use of the MSLT, as well as more recent population
baseddata, have changed thewayMSLT results are
interpreted with regard to the assessment of objec-
tive sleepiness.3,24 Normative data demonstrate
that there is a wide spectrum of normal values for
the MSL on both the 4 and 5 nap protocols, with
MSL values for the 4 nap protocol being 10.4 � 4.3
minutes and the 5 nap protocol being 11.6 � 5.2
minutes. Based on these data, normal MSL values
on the 4 and 5 nap protocols range from 1.8 to 19
minutes and 1.2 to 20 minutes, respectively. There
is also significant overlap between normal and path-
ologic states, such as narcolepsy and idiopathic hy-
persomnia, such that the MSL value does not
adequately discriminate between normal and ab-
normal sleepiness (Fig. 2). While most of the narco-
lepsy patients (about 90%) have anMSLof less than
8 minutes on the MSLT, 30% of the general popula-
tionalsohasanMSLvalueof less than8minutesand
16%of normal individuals have anMSL value of less
than 5 minutes (Fig. 3).24 Finally, 39% to 42% of all
patients with idiopathic hypersomnia have an MSL
of greater than 8 minutes.25,26 Given these results,
the AASM practice parameters recommend that
the MSL should not be the sole criteria for deter-
mining the presence or absence of excessive sleep-
iness, thus certifying a diagnosis or a response to
treatment.

In patients with idiopathic hypersomnia, the
International Classification for Sleep Disorders
Second Edition defines a threshold MSL value of
less than or equal to 8minutes as one of the criteria
for the diagnosis of both idiopathic hypersomnia
with long sleep time and idiopathic hypersomnia
without long sleep time.27 As noted previously,
studies of patients with these disorders would
suggest that many of these patients have MSL
values above this threshold. As a group, the MSL
is 6.2� 3minutes.3More recent studies of patients
with idiopathic hypersomnia demonstrate that
approximately 40% of all patients have an MSL of
greater than 8 minutes.25,26 In those individuals
with idiopathic hypersomnia with long sleep time,
71% have MSL values greater than 8 minutes and
54% have values greater than 10 minutes.25 These
data call into question the application of the 8-
minute MSL threshold as a strict diagnostic crite-
rion in this patient population, because using this
threshold may result in a missed diagnosis in
many patients with the disease.
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Finally, several studies assessing driving risk
using both actual driving and driving simulators
have demonstrated a poor correlation between
MSL values on the MSLT and risk of accidents in

real world settings. As noted previously, the MSL
on the MSLT should not be used to predict safety
in real world settings, because the data do not
support using the MSLT for this purpose.3 In

Fig. 3. Distribution of MSL values on the MSLT for a population of normal individuals. The graph represents data
from618middleagednormal individuals fromsoutheasternMichiganwhohadno sleepcomplaints andhadnormal
overnightpolysomnograms. Fifty six percentofnormal individuals hadMSLvaluesof >10minutes and thirtypercent
hadMSL values of <8minutes. These data are consistent with other studies demonstrating a wide spectrum ofMSL
values in normal individuals and significant overlap with pathologic states, such as narcolepsy, which are in part
defined byMSL values of less than 8minutes. (Data fromDrake C, Roehrs T, Breslau N, et al. The 10-year risk of veri-
fied motor vehicle crashes in relation to physiologic sleepiness. Sleep 2010;33(6):745–52.)

Fig. 2. Comparison of normal mean sleep latency (MSL) values for the 4 and 5 nap MSLT protocols with patho-
logic states (narcolepsy and idiopathic hypersomnia) and prior definitions of normal and abnormal MSL values.
There is a wide spectrum of normal values for the MSL in both the 4 and 5 nap protocols and significant overlap
between normal individuals and pathologic states. The data demonstrate that the MSL on the MSLT does not
discriminate normal from abnormal well. The data also show that and our previous threshold definition of
normal (ie, MSL >10 minutes) was not valid. (Data from Littner MR, Kushida C, Wise M, et al. Practice parameters
for clinical use of the multiple sleep latency test and the maintenance of wakefulness test. Sleep
2005;28(1):113–21.)
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general, there are no subjective or objective tests
that accurately predict a sleepy individual’s ability
to safely operate a motor vehicle. A combination of
clinical judgment and close follow-up is recom-
mended to reduce the risk of future problems.

Given the wide spectrum of normal values in the
MSL and significant overlap between normal indi-
viduals and pathologic sleepiness states such as
narcolepsy and idiopathic hypersomnia, the utility
of the MSLT in the diagnosis of narcolepsy is not
only based on the MSL but also on the presence
of SOREMPs. SOREMPs are common in patients
with narcolepsy, with most patients having at least
2 SOREMPs during the MSLT (Fig. 4). In patients
with narcolepsy, the sensitivity and specificity for
2 or more SOREMPs is 0.78 and 0.93, respec-
tively.3,12 Many patients with narcolepsy who
have a false-negative result with less than 2 SOR-
EMPs on initial testing will have more than or equal
to 2 SOREMPs on repeat testing.28 The presence
and or absence of SOREMPs is helpful in differen-
tiating narcolepsy without cataplexy from idio-
pathic hypersomnia, because SOREMPs are
common in patients with narcolepsy and un-
common in patients with idiopathic hypersomnia.
In fact, SOREMPsduring a standardMSLTare typi-
cally absent in most patients (92%) with idiopathic
hypersomnia.25,26

Thepresenceof2ormoreSOREMPsonlysupport
a diagnosis of narcolepsy in the proper clinical
setting, as SOREMPs are not specific to this patient
population (Box1). In fact,population-basedstudies
have demonstrated that 3% to 17% of the general
population and up to 25%of patients with untreated
severe obstructive sleep apnea (OSA) may also
demonstrate 2 or more SOREMPs on a standard
MSLT.29–32 These data highlight the importance of
following the prescribed MSLT protocol, knowing

your patient population, and interpreting the results
in the context of the entire clinical presentation.

Given the limitations of the MSL value on the
MSLT and the high prevalence of SOREMPs in
patients with narcolepsy, the MSLT is only indi-
cated as part of the evaluation of patients with sus-
pected narcolepsy or idiopathic hypersomnia.3 It is
not indicated for the assessment of other patient
populations or for predicting safety in real world
situations. A key point is that the MSLT is not diag-
nosticof anythingby itself, butonly supportsadiag-
nosis of narcolepsy or idiopathic hypersomnia in
the proper clinical context. Its main utility in the
assessment of patients with excessive daytime
sleepiness in the absence of cataplexy is differenti-
ating patients with narcolepsy without cataplexy
from those with idiopathic hypersomnia, as the
presence of 2 or more SOREMPs is common in
patients with narcolepsy and uncommon in
patients with idiopathic hypersomnia.

MAINTENANCE OF WAKEFULNESS TEST

The MWT is a daytime polysomnographic proce-
dure that objectively measures the ability of
a subject to remain awake. This test is used in
association with the clinical history to assess an
individual’s ability to maintain wakefulness for
a defined period of time. It has questionable utility
in clinical practice as its results do not consistently
predict an individual’s safety while driving or in the
work place in real world situations.3

The MWT protocol has several differences from
the MSLT protocol. Unlike the MSLT, which has
a well-defined standard protocol, the MWT has
several described protocols, none of which are
universally accepted.3,33,34 In clinical practice, the
AASM practice parameters recommend that the

Fig. 4. Hypnogram from 5 consecutive MSLT nap trials. Sleep stages are represented on the vertical axis and indi-
vidual MSLT naps and start times are represented on the horizontal axis. Multiple sleep onset REM periods (SOR-
EMPs) are demonstrated throughout the protocol with SOREMPs being observed on each of the 5 nap trials.

Measurement of Excessive Sleepiness 223



40-minute 4 trial protocol be performed in clinical
practice. The 40-minute protocol is recommended
to avoid a ceiling effect that may be present in
normal individuals using protocols of lesser
duration. Twenty-minute protocols have been
described and may be used in a research setting
at the discretion of the investigator.33 Each test
consists of 4 discrete 40-minute trials conducted
at 2-hour intervals, commencing 1.5 to 3hours after
awakening from a night of sleep. During the MWT,
the subject is placed in a semirecumbent position
with a dim light behind their head and instructed
to remain awake, as opposed to theMSLT in which
the subject is lying flat and instructed to fall asleep.
Performing polysomnography on the night before
theMWT isoptional, as is theuseof certainmedica-
tions that may affect the ability to fall asleep or
remain awake. Finally, the definition of trial termina-
tion on the MWT differs from the MSLT. A given
MWT trial is terminated after 40minutes of no sleep
or after unequivocal sleep occurs, which is defined
by 3 consecutive epochs of stage N1 sleep or 1
epoch of any other stage of sleep.
Similar to the MSLT, the sleep latency on the

MWT is calculated for each trial, and an MSL is
calculated for all 4 trials at the end of the day. So
what is a normal MSL on the MWT? Using limited
pooled normative data from 5 studies for the 40-
minute protocol, normal individuals demonstrate
an MSL of 30.4 � 11.2 minutes. These data are
not normally distributed, with 43% of normal indi-
viduals being able to remain awake for 40 minutes
on all 4 trials. Using 2 standard deviations from the
mean, an MSL of less than 8 minutes is considered
abnormal. Values between 8 and 40 minutes are
considered to be of uncertain significance, and
being able to remain awake for 40 minutes on all
4 tests is considered to be most representative
of normal.3 There are limited normative data using
other protocols of shorter duration. Using a 20-
minute protocol, normal individuals demonstrate
an MSL of 18.1 � 3.6 minutes, with a lower limit
of normal being 10.8 minutes.35,36

Untreated patients with narcolepsy demonstrate
an MSL of 6.0 � 4.8 minutes using the 20-minute
protocol.34 Fifteen percent of the patients with
narcolepsy have an MSL of more than 12 minutes,
but unlike normal individuals, only 1.5% of narco-
leptics are able to remain awake for 20 minutes on
all 4 trials. Little normative data are available for
other clinical patient populations.
Although theMWT is indicated to assess an indi-

vidual’s ability to remain awake for a defined period
of time and assess a response to a given therapy, it
has questionable use in clinical practice. There is
no established threshold MSL value or magnitude
of change among sequential tests that has been
demonstrated to be clinically significant or consis-
tently predict safety in the work place or while
driving.3 Studies in patients with narcolepsy as-
sessing the effects of various stimulants on wake-
fulness have demonstrated improvements in the
MSL ranging from 2 to 10 minutes.37–40 Studies
evaluating the use of modafinil and armodafinil in
patients with OSAwith residual daytime sleepiness
despite the use of continuous positive airway
pressure (CPAP) have demonstrated objective
improvements in the MSL on the MWT, ranging
from 1.1 to 1.9 minutes compared with base-
line.41,42 These results demonstrate that the range
of improvement in various clinical populations is
relatively small. The relevance of these findings
remains unclear as mentioned previously, as there
is no threshold value of improvement that has been
determined to be clinically significant.
TheMSL on theMWTdemonstrates consistently

greater values at baseline when compared with the
MSL on the MSLT in normal individuals and in
various clinical populations.43,44 These results
highlight the importance of understanding the con-
cept that the tendency to fall asleep as measured
by the MSLT and the ability to stay awake as
measured by the MWT represent 2 distinct physio-
logic processes.44 These differences may in part
be secondary to the directions given before each
test.45 Before performing theMSLT, subjects are in-
structed to try to fall asleep, whereas before the
MWT, subjects are instructed to try to stay awake.
Thus, patient motivation and expectations can influ-
ence test results.
Responses to interventions meant to improve

alertness are also consistently different when
comparing the MWT with the MSLT. Under similar
testingconditions, theMSLon theMWTconsistently
demonstrates statistically significant improvements
in response to interventions meant to improve alert-
ness as opposed to the MSL on the MSLT, which
tends to show little change with similar interven-
tions.44,46 This difference in response to interven-
tions that are meant to improve alertness between

Box 1
Differential diagnosis of sleep onset REM
periods

Narcolepsy

Sleep deprivation

Untreated obstructive sleep apnea

Rebound from REM suppressing agents

Delayed sleep phase syndrome

Normal variant (3% to 17% of population)
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the MWT and MSLT is related to the different physi-
ologic processes that each test is measuring. The
consistent improvement in MSL values on the
MWT to various interventions focused on improving
wakefulness make the MWT the more commonly
used measurement assay in research protocols.

As is the case with the MSL on the MSLT, the
predictive value of the MSL from the MWT in real
world situations is not established. The MSL on
the MWT shows little correlation with the severity
of OSA as defined by the respiratory disturbance
index.47 Most patients with severe OSA are able
to remain awake for 40 minutes on all 4 trials.
The ability of the MSL on the MWT to predict
safety in the work place or while driving under
research and real world conditions has not been
consistently established.3,48,49 Given that normal
values and clinically significant threshold values
for change for the MSL on the MWT are not well
defined, the MSL on the MWT should not be
used to determine the presence or severity of
excessive sleepiness, response to treatment, or
ability to predict safety in real world situations.

In clinical practice, theMWThas little utility as the
MSL on the MWT has little correlation with driving
safety, and like the MSL on the MSLT, the predic-
tive value of theMSL on theMWT in real world situ-
ations has not been established.3 Its utility in
research lies in its ability tomeasure different phys-
iologic tendencies from theMSLT. Specifically, the
MWT consistently demonstrates more robust
improvements to interventions that increase alert-
ness when compared with the MSLT. The utility of
the MWT in research has its limitations because
normal values and threshold values that define clin-
ically significant improvement are not clear.

OSLER TEST

The Oxford Sleep Resistance (OSLER) test is
a simplified version of the MWT.50 Similar to the
MWT, subjects are asked to lie in a semirecumbent
position in a quiet and darkened room for
a maximum testing time of 40 minutes per session.
A total of 4 sessions are conducted at 2-hour inter-
vals. Instead of determining the onset of sleep by
EEG criteria, the presence of sleep is assessed
behaviorally. Subjects sit in front of a light emitting
diode screen that flashes a light regularly at 3-
second intervals. The subjects are instructed to
touch a button every time they see the light flash.
The test is terminated after 7 consecutive flashes
(21 seconds) without a response. The 21-second
threshold was chosen because it corresponds
to the minimal sleep duration generally used to
score 1 epoch of sleep when using standard
sleep scoring rules.51 Priest and colleagues51

demonstrated that the OSLER test has a sensitivity
and specificity of 85% and 94%, respectively, for
detecting sleep ofmore than 3 seconds in duration.
An MSL is calculated in a fashion similar to that of
the MWT. The MSLs on the MWT and OSLER test
are highly correlated in both normal individuals
and in clinical populations, although most studies
evaluating the OSLER test have been performed
in relatively small samples.52,53

Compared to theMWT, the OSLER test offers the
advantages of simplicity, lower cost, automatic
reading, and lower technical requirements for
personnel. One disadvantage is the inability to
detect the presence of REM sleep during daytime
naps. This is not a significant disadvantage; as
similar to the MWT, the main purpose of the OSLER
test is to assess an individual’s ability to remain
awake for a defined period of time, and it is not
used as part of the evaluation for suspected narco-
lepsy. The OSLER test is currently not widely used
in clinical medicine, although it is increasingly being
used in research protocols given its ease of use and
excellent correlation with the MWT.54–57 Further
testing in larger samples of normal subjects and
different diseasepopulations are required toconfirm
its validity and reliability.

PSYCHOMOTOR VIGILANCE TESTING

PVT has become one of the most widely used
measuresofbehavioral alertness in researchproto-
cols.58–60 The PVT assesses sustained or vigilant
attention by measuring response times to visual
or auditory stimuli that occur at random intervals.
Subjects sit in front of a screen for 10-minute
testing periods and are instructed to respond to
stimuli that occur at random intervals. Response
times to stimuli are calculated within trials and
across testing periods that occur throughout the
day. The PVT has been shown to be a valid and
sensitive measure of both acute and chronic sleep
loss. Studies have demonstrated that varying
degrees of sleep deprivation result in reliable
changes in PVT performance, with a high test-
retest reliability that is consistently above 0.8.58

Ongoing total and chronic partial sleep deprivation
result in an overall slowing of responses. In
response to sleep deprivation there is a steady
increase in errors of omission, characterized by
lapses of attention with absent or late responses
to stimuli and a modest increase in errors of
commission, characterized by “false starts” or
responses that occur without stimuli.

EPWORTH SLEEPINESS SCALE

The ESS was first published in 1991 and was de-
signed to measure subjective sleep propensity as
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it occurs in ordinary life situations.61 It is currently
the most-used subjective test of daytime sleepi-
ness in clinical practice. The questionnaire de-
scribes 8 situations as follows:

� Sitting and reading,
� Watching television,
� Sitting inactively in a public place,
� Riding as a passenger in a car for 1 hour
without a break,

� Lying down to rest in the afternoon when
circumstances permit,

� Sitting and talking with someone,
� Sitting quietly after lunch without alcohol,
and

� Sitting in a car as the driver while stopped
for a few minutes in traffic.

The participant scores the likelihood of falling
asleep in each situation on a scale of 0 to 3:

� 0 5 would never doze,
� 1 5 slight chance of dozing,
� 2 5 moderate chance of dozing, and
� 3 5 high chance of dozing.

The total ESS score can range from 0 through
24, with higher scores correlating with increasing
degrees of subjective sleepiness (Fig. 5).

What value defines the threshold of normal and
abnormal on the ESS? In its original description,
a score of greater than 10 was determined to be

consistent with excessive daytime sleepiness.
This cutoff between normal and abnormal subjec-
tive sleepiness was derived from the original
study’s control group data, which demonstrated
a mean ESS score of 5.9 � 2.2.61 In the original
description, individual ESS scores of greater than
16 were seen only in individuals with narcolepsy,
idiopathic hypersomnia, and in patients with
moderate to severe OSA. Primary snorers, patients
with insomnia, and patients with periodic limb
movements demonstrated ESS scores that were
not significantly different from that of controls.61

ESS results may be affected by several factors
other than sleep duration and underlying sleep
disorder. Gander and colleagues62 demonstrated
that Epworth values of greater than 10 were inde-
pendently associated with male gender, lower
socioeconomic status, and greater body mass
index in certain populations. Data from the Sleep
Heart Health Study (SHHS) have shown that while
men have higher Epworth scores than age-
matched women, younger age (age �65 years)
has been associated with significantly lower
scores.63 Ethnicity may also affect Epworth
results, with African Americans demonstrating
higher scores when compared with age-matched
Caucasians.64 In a follow-up report by Johns65

evaluating the reproducibility of the ESS in normal
individuals (87 healthy medical students), the
mean ESS score was 7.4 � 3.9. In the SHHS
that evaluated 1824 subjects with a mean age of

Fig. 5. Epworth sleepiness scale. (Data from Johns M. A new method of measuring daytime sleepiness: the
Epworth sleepiness scale. Sleep 1991;14(6):540–5.)
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65 � 11 years, the mean ESS in patients without
OSA (respiratory disturbance index [RDI] <5) was
7.2 � 4.3. Using 2 standard deviations above the
mean, the upper limits of normal in these patient
groups would range from 15.2 to 15.8, respec-
tively.63 Thus, defining normal depends on several
factors and using a cutoff threshold of 10 for
everyone may not be valid.

It should be emphasized that there is significant
controversy as to the validity of the ESS.66–68

Although in its original descriptions61,69 the ESS
demonstrated a strong correlation (�0.514;
P<.01) with results of the mean sleep latency
test, subsequent studies have demonstrated that
the ESS has little or no correlation to MSL values
on the MSLT.67,68,70 One group demonstrated
that the sleep propensity as measured by the
MSLT was significantly related to only 3 of the 8
items (sitting inactive in a public place, sitting
quietly after lunch, and sitting in a car stopped
for a few minutes in the traffic) on the ESS.69 Using
these 3 items from the ESS, the correlation
between the MSLT and ESS was significant, with
an r 5 0.64. Further research has also demon-
strated weak correlations with considerable
discordant results between the MWT and the
ESS in patients with sleep apnea and narco-
lepsy.71,72 The reasons for the lack of strong asso-
ciation between the ESS and sleep latency on the
MSLT and MWT are unclear, but it is likely that
these tests measure different, but complimentary
aspects of sleepiness.

One of the main reasons for this discrepancy
between the ESS and objective measures of
sleepiness was the lack of large scale
population-based studies assessing the relation-
ship between the ESS and the results of the
MSLT. Punjabi and colleagues73 used a popula-
tion-based sample from the Wisconsin Sleep
Cohort Study to better assess this question.
They demonstrated that individuals with interme-
diate (6–11) and high (>12) ESS scores had
a 30% and 69% increased risk for sleep onset
during the 4 naps of the MSLT, respectively.
They concluded that the ESS was moderately
associated with objective sleep tendency. These
findings help to confirm the validity of the ESS as
a measure of sleep propensity.

Most of the studies assessing the reliability of
the ESS have been done in normal individuals
who have normal ESS scores (�10) at base-
line.65,69 These studies in normal individuals
have demonstrated that the results are reproduc-
ible over durations of up to 5 months and across
various cultures. Data evaluating the reliability in
patients with untreated OSA have demonstrated
conflicting results. Nguyen and colleagues74

evaluated a large group of patients with untreated
OSA who had Epworth testing at their initial eval-
uation and an average of 75 days later. Although
the mean difference for the entire group between
testing periods was only 0.08, the Bland-Altman
analysis demonstrated significant individual vari-
ability in results across the spectrum of Epworth
scores that was not associated with the severity
of disease as defined by the RDI. Forty percent
of the patients demonstrated discrepancies in
results of greater than or equal to 3 and 23%
demonstrated discrepancies in results of greater
than or equal to 5 between testing periods. Other
data in patients with untreated OSA have demon-
strated variability in the Epworth results depend-
ing on the method of test administration.75

Specifically, administration of the test by a physi-
cian resulted in values that were significantly lower
than those obtained during self-administration.
Because many studies in various clinical popula-
tions use changes in Epworth scores as a primary
outcome measurement, results from Nguyen,
Kaminska, and others call in to question the repro-
ducibility of the Epworth value, as well as whatmay
represent clinically and statistically significant
changes after a given intervention.

The utility of the ESS in clinical practice,
especially in patients with OSA, is also of question-
able value. Data from the SHHS have consistently
demonstrated that although there is a dose-
dependent increase in ESS values with increasing
severity of OSA, the minority of patients with OSA
demonstrate subjective sleepiness as defined by
an ESS score of greater than 10.63 Only 35% of
patients with severe OSA, as defined by an RDI
of greater than 30, have Epworth scores of greater
than 10. Even when subjective sleepiness is
defined more broadly as having an Epworth score
greater than 10 or feeling sleepy or unrested, most
patients with untreated OSA do not demonstrate
significant subjective sleepiness across the spec-
trum of disease severity.76 Thus, the ESS is not
a reliable screening tool for OSA because it is
neither sensitive nor specific for the diagnosis. In
patients with OSA, responses to treatment with
CPAP that are based on the Epworth score may
also show individual variability that is not necessarily
dependent of nightly CPAP compliance.77,78 Al-
though these studies have demonstrated a dose-
dependent improvement in subjective sleepiness
in association with greater nightly CPAP compli-
ance, a substantial minority of patients show im-
provement with little nightly CPAP use (�2 hours)
and a significant proportionof patientswhouse their
CPAP for 7 hours or greater per night continue to
demonstrate abnormal subjective sleepiness as
defined by the Epworth scale.

Measurement of Excessive Sleepiness 227



STANFORD SLEEPINESS SCALE

Among the subjective measures of sleepiness, the
SSS is the best validated.79 Respondents choose
1 of 7 statements that best describe their current
state of sleepiness (Fig. 6). The list of statements
includes the following:

� Feeling active and vital, alert, wide awake;
� Functioning at a high level, but not at peak,
able to concentrate;

� Relaxed, awake, not at full alertness,
responsive;

� A little foggy, not at peak, let down;
� Fogginess, beginning to lose interest in re-
maining awake, slowed down;

� Sleepiness, prefer to be lying down, fighting
sleep, woozy;

� Almost in reverie, sleep onset soon, losing
struggle to remain awake.

The advantages of the SSS are that it (1) can be
administered at multiple times throughout the day
and night, (2) correlates with standard measures of
performance, and (3) reflects the effect of sleep loss.
Although the SSS is the best-validated subjec-

tive measure of sleepiness, its utility in clinical
practice is limited. Although the SSS has been
demonstrated to be a valid measure of subjective
sleepiness in individuals undergoing acute total
sleep deprivation, its ability to accurately measure
changes that occur with chronic partial sleep
deprivation has been called in to question. Van
Dongen and colleagues60 demonstrated that
although chronic partial sleep restriction over
a 14-day period resulted in cumulative dose-
dependent deficits in neurocognitive performance,

subjective sleepiness ratings as assessed by the
SSS showed little change over time, suggesting
that subjects were largely unaware of these in-
creasing deficits. Other disadvantages of the SSS
include the absence of normal reference values,
a response spectrum that may not be linear to
a given degree of sleep loss, and its inability to
differentiate sleep-deprived normal subjects from
those individuals with sleep disorders. Finally,
SSS has limited utility in clinical practice because
it only conveys information about a patient’s state
of sleepiness at single points in time.

KAROLINSKA SLEEPINESS SCALE

The KSS developed at the Karolinska Institute in
Sweden, is a subjective measure of sleepiness
that is somewhat similar to the SSS.80 Respon-
dents choose 1 of 9 statements that best describe
their current state of sleepiness from 1 5 “very
alert” to 9 5 “very sleepy, great effort to stay
awake”. The KSS has been validated against
EEG, and behavioral parameters and scores of
greater than or euqal to 7 are considered patho-
logic.80,81 Studies have demonstrated that its
sensitivity to sleepiness is similar to the SSS. The
KSS has similar limitations to the SSS and thus
has limited utility in clinical practice.

SUMMARY

There is much debate concerning which of many
objective and subjective tests of daytime sleepi-
ness is best for use in clinical practice. The
following is an overview of the tests reviewed in

Fig. 6. Stanford sleepiness scale. (Data from Hoddes E, Zarcone V, Smythe H, et al. Quantification of sleepiness:
a new approach. Psychophysiology 1973;10:431–6.)
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this article, their limitations, and potential indica-
tions in clinical practice and research settings:

� The MSLT is indicated to help support
a diagnosis of narcolepsy or idiopathic hy-
persomnia in the proper clinical setting,
although the utility of this test is mainly
based on the presence of SOREMPs and
not the MSL. It is not indicated in the
evaluation of other patient populations nor
do the results predict safety in real world
situations.

� The utility of the MWT is limited in clinical
practice; as like the MSLT, its results do
not predict safety in real world situations.
Its utility in research lies in its ability to
measure different physiologic tendencies
from the MSLT. Specifically, the MWT
consistently demonstrates more robust
improvements to interventions that in-
crease alertness when compared with the
MSLT. The utility of the MWT in research
has its limitations, as normal values and
threshold values that define clinically signif-
icant improvement are not clear.

� The OSLER test is a modified version of the
MWT that measures the sleep onset via
behavioral outcomes. The MSL results
correlate highly with the MWT in normal
individuals and clinical populations. Given
its ease of use and lower cost, it is being
used more frequently in clinical research.
Further testing in larger samples of normal
subjects and different disease populations
is required to confirm its validity and reli-
ability. Like the MWT, its utility is limited in
clinical practice.

� PVT assesses sustained or vigilant atten-
tion by measuring response times to visual
or auditory stimuli that occur at random
intervals. The PVT has been shown to be
a valid and reliable measure of both acute
and chronic sleep loss. Its use is mainly
limited to research settings.

� The ESSmeasures subjective sleepiness as
it applies to everyday life, and it is currently
the most used subjective test of daytime
sleepiness in clinical practice. Its utility in
clinical practice has limitations, as normal
values may vary by population, and its
results may be affected by several factors.
Its utility in the diagnosis and management
of patients with OSA is also limited, as it is
neither sensitive nor specific for the diag-
nosis, with most patients across the spec-
trum of disease severity having Epworth
values of less than 10.

� The SSS is the best-validated subjective
measure of sleepiness, especially in individ-
uals subjected to acute total sleep depriva-
tion. It has limited use in clinical practice as
it only conveys information about a patient’s
state of sleepiness at a single point in time.
Other limitations include the absence of
normal reference values, a response spec-
trum that may not be linear to a given degree
of sleep loss, questionable validity in the
measurement of the effects of chronic partial
sleep deprivation, and its inability to differen-
tiate sleep-deprived normal subjects from
those individuals with true sleep disorders.

� The KSS demonstrates a sensitivity to
subjective sleepiness that is similar to the
SSS. The KSS has similar limitations to
the SSS and thus has limited utility in clin-
ical practice.

� None of the described tests accurately
predict safety in real world situations, and
they do not accurately differentiate sleepi-
ness in normal individuals from sleepiness
in patients with various sleep disorders.

� The correlation of results between objective
and subjective tests of sleepiness is in
many cases inconsistent. The discrep-
ancies in results may be because of several
confounding factors, including individual
responses and perceptions.

� Objective and subjective tests likely assess
different dimensions of sleepiness, and
aside from using the MSLT, which is indi-
cated as part of the evaluation of patients
with suspected narcolepsy or idiopathic hy-
persomnia, the best test for a given situa-
tion remains to be defined.

� Typically, a combination of subjective and
objective testing in combination with the
clinical history is necessary to best deter-
mine the degree and clinical significance
of a given patient’s daytime sleepiness.
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Neurochemistry and
Biomarkers of Narcolepsy and
Other Primary and Secondary
Hypersomnias
Seiji Nishino, MD, PhDa,*, Carl Deguzmana,
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Takashi Kanbayashi, MD, PhDb

INTRODUCTION

This article discusses the neurochemistry and
biomarkers of hypersomnia (or excessive daytime
sleepiness [EDS]). Although no systematic epi-
demiologic study has been conducted, available
data suggest that hypersomnia (both primary and
secondary) is common but underdiagnosed; both
types of hypersomnia significantly reduce the
quality of life of the subjects. Narcolepsy-cata-
plexy, narcolepsy without cataplexy, and idiopathic

hypersomnia (a primary hypersomnia not associ-
ated with rapid eye movement [REM] sleep abnor-
malities) are 3 major primary hypersomnias,1 but
substantial clinical overlap among these disorders
has been noted, because each disorder is currently
diagnosed mostly by sleep phenotypes and not
by biologic/pathophysiologic tests. Similarly, sec-
ondary hypersomnia is a heterogeneous disease
entity and the biologic/pathophysiologic mecha-
nisms underlying the secondary hypersomnia are
mostly unknown.
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KEY POINTS

� The recent progress for understanding the pathophysiology of EDS owes itself to the discovery of
hypocretin ligand deficiency in human narcolepsy.

� The hypocretin deficiency can be clinically detected by CSF hypocretin-1 measures, and low CSF
hypocretin-1 levels have been included in the 2nd revision of the International Classifications of
Sleep Disorder as a positive diagnosis for narcolepsy-cataplexy.

� The pathophysiology of symptomatic EDS likely overlaps with that of primary hypersomnia,
including recently identifying MS/NMO cases with bilateral symmetric hypothalamic damage.

� The pathophysiology of idiopathic hypersominia is largely unknown, but hypocretin deficiency is not
likely be involved in this condition.

� Decreased histaminergic neurotransmission is observed in narcolepsy and idiopathic hypersomnia,
regardless of hypocretin-deficient status.

� Although much progress was made regarding the pathophysiology of EDS, the new knowledge is
not yet incorporated for the development of new treatments.
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Recent progress in understanding the path-
ophysiology of EDS has stemmed from the
discovery of narcolepsy genes (ie, hypocretin
receptor and peptide genes) in animals in 1999
and the subsequent discovery (in 2000) of hypo-
cretin ligand deficiency (ie, loss of hypocretin
neurons in the brain) in idiopathic cases of human
narcolepsy-cataplexy. The hypocretin deficiency
can be clinically detected by cerebrospinal fluid
(CSF) hypocretin-1 measures; low CSF hypocre-
tin-1 levels are seen in more than 90% of patients
with narcolepsy-cataplexy. Because the speci-
ficity of the CSF finding is also high (no hypocretin
deficiency was seen in patients with idiopathic
hypersomnia), low CSF hypocretin-1 levels have
been included in the second revision of the Inter-
national Classifications of Sleep Disorder (ICSD)
as a positive diagnosis for narcolepsy-cataplexy.
Narcolepsy-cataplexy is tightly associated with

human leukocyte antigen (HLA)DQB1*0602.Hypo-
cretin deficiency in narcolepsy-cataplexy is also
tightly associated with HLA positivity, suggesting
an involvement of immune-mediated mechanisms
for the loss of hypocretin neurons. However, the
specificity of HLA positivity for narcolepsy-cataplexy
is lower than that of low CSF hypocretin-1 levels,
because up to 30% of the general population shares
this HLA haplotype. Therefore, lowCSF hypocretin-1
level is the first biomarker established for a prototyp-
ical hypersomnia, narcolepsy-cataplexy.
The prevalence of primary hypersomnia, such as

narcolepsy and idiopathic hypersomnia, is not high
(0.05% and 0.005%, respectively), but the preva-
lence of symptomatic (secondary) hypersomnia
may be much higher. For example, several million
subjects in the United States suffer from chronic
brain injury, 75% of those people have sleep prob-
lems, and about half claim sleepiness.2 Symptom-
atic narcolepsy has also been reported, but the
prevalence of symptomatic narcolepsy is smaller,
and only about 120 cases of symptomatic narco-
lepsy have been reported in the literature in the
past 30 years. The meta-analysis of these symp-
tomatic cases indicates that hypocretin deficiency
may also partially explain the neurochemicalmech-
anisms of EDS associatedwith symptomatic cases
of narcolepsy and EDS.3

Anatomic and functional studies show that the
hypocretin systems integrate and coordinate the
multiple wake-promoting systems, such as mono-
amine and acetylcholine systems, to keep people
fully alert,4 suggesting that an understanding of
the roles of hypocretin peptidergic systems in
sleep regulation in normal and pathologic condi-
tions is important, because alternations of these
systems may also be responsible for narcolepsy
and for other less defined hypersomnia.

Histamine is one of these wake-active mono-
amines, and low CSF histamine levels are also
found in narcolepsy with hypocretin deficiency.5,6

Because hypocretin neurons project and excite
histamine neurons in the posterior hypothalamus,
it is conceivable that impaired histamine neuro-
transmission may mediate sleep abnormalities in
hypocretin-deficient narcolepsy. However, low CSF
histamine levels were also observed in narcolepsy
with normal hypocretin levels, and, in idiopathic hy-
persomnia, decreased histamine neurotransmission
may be involved in a broader category of EDS
than in hypocretin-deficient narcolepsy.6 Because
CSF histamine levels are normalized in patients
with EDS treated with wake-promoting com-
pounds, low CSF histamine levels may be a new
state marker for the hypersomnia of central origin,
and functional significances of this finding should
be studied further.6

Greater knowledge about the neurochemistry
and biomarkers of EDS will likely lead to the devel-
opment of new diagnostic tests as well as new
treatments and management of patients with hy-
persomnia of various causes.

NEUROBIOLOGY OF WAKEFULNESS

To help in the understanding of the neurochemistry
of hypersomnia, this article discusses current
understanding of the neurobiology of wakefulness.
Sleep/wake is a complex physiology regulated by
brain activity, and multiple neurotransmitter
systems such as monoamines, acetylcholine,
excitatory and inhibitory amino acids, peptides,
purines, and neuronal and nonneuronal humoral
modulators (ie, cytokines and prostaglandins)7

are likely to be involved. Monoamines are perhaps
the first neurotransmitters recognized to be in-
volved in wakefulness,8 and the monoaminergic
systems have been the most common pharmaco-
logic targets for wake-promoting compounds in
the past years. Nevertheless, most hypnotics
target the g-aminobutyric acid (GABA)–ergic
system, a main inhibitory neurotransmitter system
in the brain.9

Cholinergic neurons also play critical roles
in cortical activation during wakefulness (and
during REM sleep).7 Brainstem cholinergic
neurons originating from the laterodorsal and
pedunculopontine tegmental nuclei activate
thalamocortical signaling, and cortex activation
is further reinforced by direct cholinergic pro-
jections from the basal forebrain. However,
currently no cholinergic compounds are used in
sleep medicine, perhaps because of the complex
nature of the systems and prominent peripheral
side effects.

Nishino et al234



Monoamine neurons, such as norepinephrine
(NE)-containing locus coeruleus neurons, sero-
tonin (5-HT)-containing raphe neurons, and hista-
mine-containing tuberomammillary neurons (TMN)
are wake-active and act directly on cortical and
subcortical regions to promote wakefulness.7 In
contrast with the focus on these wake-active
monoaminergic systems, researchers have often
underestimated the importance of dopamine (DA)
in promoting wakefulness. Most likely, this is be-
cause the firing rates of midbrain DA-producing
neurons (ventral tegmental area [VTA] and sub-
stantia nigra) do not have an obvious variation ac-
cording to behavioral states.10 In addition, DA is
produced by many different cell groups,11 and
which of these promote wakefulness remains un-
determined. Nevertheless, DA release is greatest
during wakefulness,12 and DA neurons increase
discharge and tend to fire bursts of action po-
tentials in association with significant sensory
stimulation, purposive movement, or behavioral
arousal.13 Lesions that include the dopaminergic
neurons of the VTA reduce behavioral arousal.14

Recent work has also identified a small wake-
active population of DA-producing neurons in the
ventral periaqueductal gray that project to other
arousal regions.15 People with DA deficiency
from Parkinson disease are often sleepy,16 and
DA antagonists (or small doses of DA autoreceptor
[D2/3] agonists) are frequently sedating. These
physiologic and clinical findings show that DA
also plays a role in wakefulness.

Wakefulness (and various physiologies associ-
ated with wakefulness) is essential for the survival
of creatures and thus is likely to be regulated by
multiple systems, each having a distinct role.
Some arousal systems may have essential roles
for cortical activation, attention, cognition, or neu-
roplasticity during wakefulness, whereas others
may only be active during specific times to promote
particular aspects of wakefulness. Some of the
examples may be motivated-behavioral wakeful-
ness orwakefulness in emergency states.Wakeful-
ness may thus likely be maintained by many
systems with differential but coordinated roles.
Similarly, the wake-promoting mechanism of
some drugs may not explained by a single neuro-
transmitter system.

BASIC SLEEP PHYSIOLOGY AND SYMPTOMS
OF NARCOLEPSY

To help understanding the neurochemistry of hy-
persomnia, basic sleep physiology and symptoms
of narcolepsy are briefly discussed. Because
narcolepsy is a prototypical EDS disorder and
because the major pathophysiology of narcolepsy

(ie, deficient in hypocretin neurotransmission) has
recently been revealed, a discussionof neurochem-
ical aspects of narcolepsy contributes to a general
understandings of neurochemistry in EDS.

Patients with narcolepsy manifest symptoms
specifically related to dysregulation of REM sleep.7

In the structured, cyclic process of normal sleep, 2
distinct states (REM and 4 stages using the previ-
ously standardized Rechtschaffen and Kales sleep
stages: S1, S2, S3, S4 of non-REM [NREM] sleep]
alternate sequentially every 90 minutes in a cycle
repeating 4 to 5 times per night.8 As electroen-
cephalogram signals in humans indicate, NREM
sleep, characterized by slow oscillation of thala-
mocortical neurons (detected as cortical slow
waves) and muscle tonus reduction, precedes
REM sleep, when complete muscle atonia occurs.
Slow wave NREM predominates during the early
phase of normal sleep, followed by a predomi-
nance of REM during the later phase.8

Sleep and wake are highly fragmented in narco-
lepsy, and affected individuals cannot maintain
long bouts of wake and sleep. Normal sleep phys-
iology is currently understood as dependent on
coordination of the interactions of facilitating sleep
centers and inhibiting arousal centers in the brain,
such that stable sleep and wake states are
maintained for specific durations.8 An ascend-
ing arousal pathway, running from the rostral
pons and through the midbrain reticular forma-
tion, promotes wakefulness.8,9 As discussed
earlier, this arousal pathway may be composed
of neurotransmitters (acetylcholine, NE, DA, excit-
atory amino acids), produced by brainstem and
hypothalamic neurons (hypocretin/orexin and
histamine), and also linked to muscle tonus control
during sleep.8,9 Although full alertness and cortical
activation require coordination of these arousal
networks, effective sleep requires suppression of
arousal by the hypothalamus.9 Patients with
narcolepsy may experience major neurologic mal-
function of this control system.

Narcoleptics exhibit a phenomenon, termed
short REM sleep latency or sleep onset REM
period (SOREMP), in which REM sleep is entered
more immediately on falling asleep than is normal.7

In some cases, NREM sleep is completely by-
passed and the transition to REM sleep occurs
instantly.7 SOREMPs are not observed in idio-
pathic hypersomnia.

Moreover, intrusion of REM sleep into wakeful-
ness may explain the cataplexy, sleep paralysis,
and hypnogogic hallucinations that are sym-
ptomatic of narcolepsy. However, although
sleep paralysis and hypnogogic hallucinations
manifest in other sleep disorders (sleep apnea
syndromes and disturbed sleep patterns in
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normal populations),10 cataplexy is pathognomic
for narcolepsy.7 As such, identifying the unique
pathophysiologic mechanism of cataplexy
emerged as potentially crucial to describing the
mechanisms underlying narcolepsy overall.

DISCOVERY OF HYPOCRETIN DEFICIENCY
AND POSTNATAL CELL DEATH OF
HYPOCRETIN NEURONS

The significant roles, first of hypocretin deficiency,
and, subsequently, of postnatal cell death of hypo-
cretin neurons as the major pathophysiologic
processes underlying narcolepsy with cataplexy
emerged from a decade of investigation, using
both animal and human models. In 1998, the
simultaneous discovery by 2 independent re-
search groups of a novel hypothalamic peptide
neurotransmitter (variously named hypocretin
and orexin) proved pivotal.11,12 These neurotrans-
mitters are produced exclusively by thousands of
neurons that are localized in the lateral hypothal-
amus (LHT) and project broadly to specific cere-
bral regions and, more densely, to others.13

Within a year, Stanford researchers, using posi-
tional cloning of a naturally occurring familial
canine narcolepsy model, identified an autosomal
recessive mutation of hypocretin receptor (Hcrtr)

2, responsible for canine narcolepsy, character-
ized by cataplexy, reduced sleep latency, and
SOREMPs.14 This finding coincided with the
simultaneous observation of the narcolepsy
phenotype, characterized by cataplectic behavior
and sleep fragmentation, in hypocretin ligand–
deficient mice (prepro-orexin gene knockout
mice).15 Together, these findings confirmed hy-
pocretins as principal sleep-modulating neuro-
transmitters and prompted investigation of the
involvement of the hypocretin system in human
narcolepsy.
Although screening of patients with cataplexy

failed to implicate hypocretin-related gene mu-
tation as a major cause of human narcolepsy,
narcoleptic patients did exhibit low CSF hypocre-
tin-1 levels (Fig. 1).16 Postmortem brain tissue of
narcoleptic patients, assessed through immuno-
chemistry, radioimmunologic peptide assays,
and in situ hybridization, revealed hypocretin pep-
tides loss and undetectable levels of hypocretin
peptides or preprohypocretin RNA (see Fig. 1).
Melanin-concentrating hormone neurons, normal
to the same brain region,17 were observed in-
tact, thus indicating that damage to hypocretin
neurons and production is selective in narcolepsy,
rather than being caused by generalized neuronal
degeneration.

Fig. 1. Hypocretin deficiency in narcoleptic subjects. (A) CSF hypocretin-1 levels are undetectably low in most
narcoleptic subjects (84.2%). Note that 2 HLA DQB1*0602-negative and 1 familial case have normal or high
CSF hypocretin levels. (B) Preprohypocretin transcripts are detected in the hypothalamus of control (b) but not
in narcoleptic subjects (a). Melanin-concentrating hormone (MCH) transcripts are detected in the same region
in both control (d) and narcoleptic (c) sections. f and fx, fornix. Scale bar represents 10 mm (a–d). (Data from
Peyron C, Faraco J, Rogers W, et al. A mutation in a case of early onset narcolepsy and a generalized absence
of hypocretin peptides in human narcoleptic brains. Nat Med 2000;6(9):991–7.)
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As a result of these findings, a diagnostic test
for narcolepsy, based on clinical measurement of
CSF hypocretin-1 levels for detecting hypocretin
ligand deficiency, is now available.1 Although
CSF hypocretin-1 concentrations of more than
200 pg/mL almost always occur in controls and
patients with other sleep and neurologic disorders,
concentrations less than 110 pg/mL are 94%
predictive of narcolepsy with cataplexy (Fig. 2).18

Because this represents a more specific assess-
ment than the multiple sleep latency test (MSLT),
CSF hypocretin-1 levels less than 110 pg/mL are
indicated in the International Classification of
Sleep Disorders, second edition (ICSD-2), as diag-
nostic of narcolepsy with cataplexy.1

Moreover, separate coding of narcolepsy with
cataplexy and narcolepsy without cataplexy in
the ICSD-2 underscores how discovery of specific
diagnostic criteria now informs understanding

of the nosology of narcolepsy; narcolepsy with
cataplexy, as indicated by low CSF hypocretin-1,
seems etiologically homogenous and distinct
from most patients with narcolepsy without cata-
plexy, exhibiting normal hypocretin levels.18 More-
over, the potential of hypocretin receptor agonists
(or cell transplantation) in narcolepsy treatment
is currently being explored for the hypocretin
ligand deficient narcolepsy, and CSF hypocretin-1
measures may be useful in identifying appropriate
patients for a novel therapeutic option, namely hy-
pocretin replacement therapy.

Soon after the discovery of human hypocretin
deficiency, researchers identified specific sub-
stances and genes, such as dynorphin and neu-
ronal activity-regulated pentraxin (NARP),19 and,
most recently, insulinlike growth factor binding
protein 3 (IGFBP3),20 which colocalize in neurons
containing hypocretin. These findings underscored

Fig. 2. CSF hypocretin-1 levels in individuals across various control and sleep disorders. Each point represents the
crude concentration of hypocretin-1 in a single person. The cutoffs for normal (>200 pg/mL) and low (<110 pg/mL)
hypocretin-1 concentrations are shown. Also noted is the total number of subjects in each range, and the
percentage HLA-DQB1*0602 positivity for a given group in a given range is parenthetically noted for certain
disorders. Note that control carrier frequencies for DQB1*0602 are 17% to 22% in healthy control subjects
and secondary narcolepsy, consistent with control values reported in white people. In other patient groups,
values are higher, with almost all hypocretin-deficient narcolepsy being HLA DQB1*0602 positive. The median
value in each group is shown as a horizontal bar. (Data from Mignot E, Lammers GJ, Ripley B, et al. The role
of cerebrospinal fluid hypocretin measurement in the diagnosis of narcolepsy and other hypersomnias. Arch
Neurol 2002;59(10):1553–62.)
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selective hypocretin cell death as the cause of hy-
pocretin deficiency (as opposed to transcription/
biosynthesis or hypocretin peptide processing
problems) because these substances are also defi-
cient in postmortem brain LHT of hypocretin-
deficient narcoleptic patients.19,20 In view of the
generally late onsets of sporadic narcolepsy
compared with those of familial cases, these find-
ings suggest that postnatal cell death of hypocretin
neurons constitutes the major pathophysiologic
process in human narcolepsy with cataplexy.
Because neurons containing dynorphin, NARP,

and IGFBP3, are also located outside the LHT
(and colocalize with other neurotransmitters), it is
unlikely that measurements of these substances
can be used for biomarkers for narcolepsy.21

CONSIDERATIONS FOR THE
PATHOPHYSIOLOGY OF NARCOLEPSY WITH
NORMAL HYPOCRETIN LEVELS

There are debates about the pathophysiology of
narcolepsy with normal hypocretin levels. More
than 90% patients with narcolepsy without cata-
plexy show normal CSF hypocretin levels, but
they show apparent REM sleep abnormalities (ie,
SOREMPs). Furthermore, even if the strict criteria
for narcolepsy-cataplexy are applied, up to 10%
of patients with narcolepsy-cataplexy show normal
CSF hypocretin levels. Considering that occurrence
of cataplexy is tightly associated with hypocretin
deficiency, impaired hypocretin neurotransmission
is still likely involved in narcolepsy with normal
CSF hypocretin levels. Conceptually, there are 2
possibilities to explain these mechanisms: specific
impairment of hypocretin receptors and their down-
stream pathway and partial/localized loss of hypo-
cretin ligand (but still exhibit normal CSF levels). A
good example for the first is Hcrtr 2 mutated narco-
leptic dogs, which exhibit normal CSF hypocretin-1
levels,22 but have narcolepsy. Thannickal and
colleagues23 recently reported on a patient with
narcolepsy without cataplexy (HLA typing was
unknown) who had an overall loss of 33% of hypo-
cretin cells compared with normal, with maximal
cell loss in the posterior hypothalamus. This result
favors the second hypothesis, but studies with
more cases are needed.

IDIOPATHIC HYPERSOMNIA, HYPOCRETIN
NONDEFICIENT PRIMARY HYPERSOMNIA

With the clear definition of narcolepsy (cataplexy
and dissociated manifestations of REM sleep),
it became apparent that some patients with hyper-
somnia suffer from a different disorder. Bedrich
Roth24 was the first in the late 1950s and early

1960s to describe a syndrome characterized by
EDS, prolonged sleep, and sleep drunkenness,
and the absence of sleep attacks, cataplexy, sleep
paralysis, and hallucinations. The terms indepen-
dent sleep drunkenness and hypersomnia with
sleep drunkenness were initially suggested,24 but
they are now categorized as idiopathic hypersom-
nia with and without long sleep time.1 Idiopathic
hypersomnia should not be considered synony-
mous with hypersomnia of unknown origin.
In the absence of systematic studies, the preva-

lence of idiopathic hypersomnia is unknown. Noso-
logic uncertainty causes difficulty in determining
the epidemiology of the disorder. Recent reports
from large sleep centers reported the ratio of idio-
pathic hypersomnia to narcolepsy to be 1:10.25

The age of onset of symptoms varies, but it is
frequently between 10 and 30 years. The condition
usually develops progressively over several weeks
or months. Once established, symptoms are
generally stable and long lasting, but spontaneous
improvement in EDS may be observed in up to
one-quarter of patients.25

The pathogenesis of idiopathic hypersomnia is
unknown. Hypersomnia usually starts insidiously.
EDS is occasionally first experienced after tran-
sient insomnia, abrupt changes in sleep-wake
habits, overexertion, general anesthesia, viral ill-
ness, or mild head trauma.25 Despite reports of
an increase in HLA DQ1, 11 DR5, and Cw2, and
DQ3, and of a decrease of Cw3, no consistent
findings have emerged.25

The most recent attempts to understand the
pathophysiology of idiopathic hypersomnia relate
to the potential role of the hypocretins. However,
most studies suggest normal CSF levels of hypo-
cretin-1 in idiopathic hypersomnia.18,26

NOSOLOGIC AND DIAGNOSTIC
CONSIDERATIONS OF MAJOR PRIMARY
HYPERSOMNIAS

Narcolepsy-cataplexy, narcolepsy without cata-
plexy, and idiopathic hypersomnia are diagnosed
mostly by sleep phenotypes, especially by occur-
rences of cataplexy and SOREMPs (Fig. 3).
Discovery of hypocretin deficiency in narcolepsy-
cataplexy was a breakthrough but also brought
a new nosologic and diagnostic uncertainty of
the primary hypersomnias. Up to 10% of patients
with narcolepsy-cataplexy show normal CSF hy-
pocretin-1 levels (see Fig. 3). As discussed earlier,
altered hypocretin neurotransmissions may still be
involved in some of these cases. However, up to
10% of patients with narcolepsy without cataplexy
instead show low CSF hypocretin-1 levels, sug-
gesting a substantial pathophysiologic overlap
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between narcolepsy-cataplexy and narcolepsy
without cataplexy, and the hypocretin-deficient
status (measured in CSF) does not completely
separate these 2 disease conditions (see Fig. 3).
Similarly, concerns about the nosology of narco-
lepsy without cataplexy and idiopathic hypersom-
nia should also be addressed. Because patients
with typical cases of idiopathic hypersomnia
exhibit unique symptoms, such as long hours of
sleep, no refreshment from naps, and general
resistance to stimulant medications, the patho-
physiology of idiopathic hypersomnia may be dis-
tinct from that of narcolepsy without cataplexy.
However, current diagnostic criteria are not
specific enough to diagnose these disorders,
especially because the test-retest reliability of
numbers of SOREMPs during MSLT have not
been systematically evaluated.

HOW DOES HYPOCRETIN LIGAND
DEFICIENCY CAUSE THE NARCOLEPSY
PHENOTYPE?

Because hypocretin deficiency is a major patho-
physiologic mechanism for narcolepsy-cataplexy,

this article includes a discussion of how the hypo-
cretin ligand deficiency can cause the narcolepsy
phenotype.

Hypocretin/Orexin System and Sleep
Regulation

Hypocretins/orexins were discovered by 2 inde-
pendent research groups in 1998. One group
called the peptides hypocretin because of their
primary hypothalamic localization and similarities
with the hormone secretin.12 The other group
called the molecules orexin after observing that
central administration of these peptides increased
appetite in rats.11

Hypocretins/orexins (hypocretin-1 and hypocre-
tin-2/orexin A and orexin B) are cleaved from a
precursor preprohypocretin (prepro-orexin) pep-
tide).11,12,27 Hypocretin-1 with 33 residues con-
tains 4 cysteine residues forming 2 disulfide
bonds. Hypocretin-2 consists of 28 amino acids
and shares similar sequence homology, especially
at the C-terminal side, but has no disulfide bonds
(a linear peptide).11 There are 2 G-protein–coupled
hypocretin receptors, Hcrtr 1 and Hcrtr 2, also

Fig. 3. Nosologic and diagnostic considerations of major primary hypersomnias. Narcolepsy-cataplexy, narcolepsy
without cataplexy, and idiopathic hypersomnia are diagnosed by occurrences of cataplexy and sleep onset REM
period (SOREMP). Pathophysiology-based marker, low CSF hypocretin levels are included in the ICSD-2 for the
positive diagnosis for narcolepsy-cataplexy. However, up to 10% of patients with narcolepsy-cataplexy show
normal CSF hypocretin levels. In contrast, up to 10% of patients with narcolepsy without cataplexy show low
CSF hypocretin-1 levels. These results suggest a substantial pathophysiologic overlap between narcolepsy-
cataplexy and narcolepsy without cataplexy. Similarly, a substantial overlap likely exist between narcolepsy
without cataplexy and idiopathic hypersomnia, because these disorders are diagnosed by the occurrences of SOR-
EMP (2 or more). However, test-retest reliability of detecting number of SOREMPs in these conditions has not
been systematically evaluated.
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called orexin receptor 1 and 2 (OX1R and OX2R),
and distinct distribution of these receptors in the
brain is known. Hcrtr 1 is abundant in the locus co-
eruleus (LC), whereas Hcrtr 2 is found in the TMN
and basal forebrain. Both receptor types are found
in the midbrain raphe nuclei and mesopontine
reticular formation.4

Hypocretin-1 and hypocretin-2 are produced
exclusively by a well-defined group of neurons
localized in the LHT. The neurons project to the
olfactory bulb, cerebral cortex, thalamus, hypo-
thalamus, and brainstem, particularly the LC,
raphe nucleus, and to the cholinergic nuclei (the
laterodorsal tegmental and pedunculopontine
tegmental nuclei) and cholinoceptive sites (such
as pontine reticular formation) thought to be
important for sleep regulation.13,27

A series of recent studies have now shown that
the hypocretin system is a major excitatory system
that affects the activity of monoaminergic (DA, NE,
5-HT, and histamine) and cholinergic systems with
major effects on vigilance states.27,28 It is thus
likely that a deficiency in hypocretin neurotrans-
mission induces an imbalance between these
classic neurotransmitter systems, with primary
effects on sleep-state organization and vigilance.
Manymeasurable activities (brain and body) and

compounds manifest rhythmical fluctuations over
a 24-hour period. Whether or not hypocretin tone
changes with zeitgeber time was assessed by
measuring extracellular hypocretin-1 levels in the
rat brain CSF across 24-hour periods, using
in vivo dialysis.29 The results show the involvement
of a slow diurnal pattern of hypocretin neurotrans-
mission regulation (as in the homeostatic and/or
circadian regulation of sleep). Hypocretin levels
increase during, and are highest at the end of,
the active periods, and the levels decline with the
onset of sleep. Furthermore, sleep deprivation
increases hypocretin levels.29

Recent electrophysiologic studies have shown
that hypocretin neurons are active during wakeful-
ness and reduce the activity during slow wave.30

The neuronal activity during REM sleep is the
lowest, but intermittent increases in the activity
associated with body movements or phasic
REM activity are observed.30 In addition to this
short-term change, the results of microdialysis
experiments also suggest that basic hypocretin
neurotransmission fluctuates across the 24-hour
period and slowly builds up toward the end of
the active period. Adrenergic LC neurons are
typical wake-active neurons involved in vigilance
control, and it has recently been shown that basic
firing activity of wake-active LC neurons also
significantly fluctuates across various circadian
times.31

Several acute manipulations such as exercise,
low glucose use in the brain, and forced wakeful-
ness increase hypocretin levels.28,29 It is therefore
hypothesized that a buildup/acute increase of hy-
pocretin levels may counteract the homeostatic
sleep propensity that typically increases during
the daytime and during forced wakefulness.32

Hypocretin/Orexin Deficiency and Narcoleptic
Phenotype

Human studies have shown that the occurrence of
cataplexy is closely associated with hypocretin
deficiency.18 Furthermore, the hypocretin defi-
ciency was already observed at early stages of
the disease (just after the onset of EDS), even
before the occurrences of clear cataplexy. Occur-
rences of cataplexy are rare in acute symptomatic
cases of EDS associated with a significant hypo-
cretin deficiency3; it seems that a chronic and
selective deficit of hypocretin neurotransmission
may be required for the occurrence of cataplexy.
The possibility of involvement of a secondary
neurochemical change for the occurrence of
cataplexy cannot be ruled out. If some of
these changes are irreversible, hypocretin supple-
ment therapy may only have limited effects on
cataplexy.
Sleepiness in narcolepsy is most likely caused

by the difficulty in maintaining wakefulness as
normal people do. The sleep pattern of narcolep-
tics is also fragmented; they exhibit insomnia
(frequent wakening) at night. This fragmentation
occurs across 24 hours, and, thus, the loss of hy-
pocretin signaling is likely to play a role in this vigi-
lance stage stability,33 but other mechanisms may
also be involved in EDS in narcoleptics. One of the
most important characteristics of EDS in narco-
lepsy is that sleepiness is reduced, and patients
feel refreshed after a short nap, but this does not
last long and they become sleepy within a short
period of time. Hypocretin-1 levels in the extracel-
lular space and in the CSF of rats significantly fluc-
tuate across 24 hours, and build up toward the end
of the active periods.32 Several manipulations
(such as sleep deprivation, exercise, and long-
term food deprivation) are also known to increase
hypocretin tonus.29,32 Thus, the lack of this hypo-
cretin buildup (or increase) caused by circadian
time and by various alerting stimulations may
also play a role for EDS associated with hypocre-
tin-deficient narcolepsy.
Mechanisms for cataplexy and REM sleep

abnormalities associated with impaired hypocretin
neurotransmission have been studied. Because
hypocretin strongly inhibits REM sleep and local
application of hypocretin activates both brainstem
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REM-inactive LC and raphe neurons and REM-
active cholinergic neurons, as well as local
GABAergic neurons, disfacilitation of (REM-inac-
tive) monoaminergic neurons and disinhibition
of (REM-active) cholinergic neurons mediated
through disfacilitation of inhibitory GABAergic inter
neurons associated with impaired hypocretin
neurotransmission are proposed for abnormal
manifestations of REM sleep.

NEUROCHEMISTRY IN SYMPTOMATIC
NARCOLEPSY AND EDS: HYPOCRETIN
INVOLVEMENTS

Narcolepsy symptoms can also occur during the
course of other neurologic conditions (eg, symp-
tomatic narcolepsy), and discovery of hypocretin
ligand deficiency in idiopathic narcolepsy has led
to new insights into the pathophysiology of symp-
tomatic (or secondary) narcolepsy and EDS. In
a recent meta-analysis, 116 symptomatic narco-
lepsy cases reported in the literature were
analyzed.3 As several investigators have previ-
ously reported, inherited disorder (n 5 38), tumors
(n 5 33), and head trauma (n 5 19) are the 3 most
frequent causes for symptomatic narcolepsy. Of
the 116 cases, 10 were associated with multiple
sclerosis (MS), 1 with acute disseminated enceph-
alomyelitis, and few with vascular disorders (n 5
6), encephalitis (n 5 4), degeneration (n 5 1), and
heterodegenerative disorder (autosomal dominant
cerebrospinal ataxia with deafness, 3 cases in 1
family). Although it is difficult to rule out the comor-
bidity of idiopathic narcolepsy in some cases, liter-
ature review reveals numerous unquestionable
cases of symptomatic narcolepsy.3 These include
HLA-negative and/or late-onset cases and cases
in which occurrence of narcoleptic symptoms
parallels the progress of the causative disease.
The review of these cases (particularly those with
brain tumors) clearly shows that the hypothalamus
is most often involved.3

In addition, many EDS cases without cataplexy
or REM sleep abnormalities (defined as symptom-
atic cases) are associated with these neurologic
conditions.3 Although the same review lists about
70 symptomatic EDS cases, prevalence of symp-
tomatic EDS is likely much higher. For example,
several million people in the United States suffered
chronic brain injury, 75% experienced sleep prob-
lems, and about 50% reported sleepiness.2 Thus,
symptomatic EDS may have significant clinical
relevance.

CSF hypocretin-1 measurement was also con-
ducted in these symptomatic narcolepsy and
EDS cases, and reduced CSF hypocretin-1 levels
were noted in most, with various causes.3 EDS in

these cases is sometimes reversible with an
improvement of the causative neurologic disorder
or hypocretin-deficient status, thus suggesting
a functional link between hypocretin deficiency
and sleep symptoms in these patients.

Low CSF hypocretin-1 concentrations were also
found in some immune-mediated neurologic
conditions, namely subsets of Guillain-Barre syn-
drome,34 Ma2-positive paraneoplastic syndrome35

and MS,3 and EDS are often associated with
patients with low CSF hypocretin-1 levels.

Kanbayashi and colleagues36 recently reported
7 cases of EDS occurring in the course of MS in
patients initially diagnosed with symmetric hypo-
thalamic inflammatory lesions together with hypo-
cretin ligand deficiency that contrasts with the
characteristics of classic MS (Fig. 4).
Symptomatic narcolepsy in patients with MS

was reported several decades ago. Because
both MS and narcolepsy are associated with the
HLA-DR2 positivity, an autoimmune target on
the same brain structures has been proposed to
be a common cause for both diseases.37 How-
ever, the discovery of the selective loss of hypo-
thalamic hypocretin neurons in narcolepsy
indicates that narcolepsy coincidently occurs in
patients with MS when MS plaques appear in
the hypothalamic area and secondarily damage
the hypocretin/orexin neurons. In favor of this
interpretation, the hypocretin system is not
impaired in patients with MS who do not exhibit
narcolepsy.38 Nevertheless, a subset of patients
with MS predominantly shows EDS and REM
sleep abnormalities, and it is likely that specific
immune-mediated mechanisms may be involved
in these cases.

CSF hypocretin measures revealed that marked
(�110 pg/mL, n5 3) or moderate (110–200 pg/mL,
n 5 4) hypocretin deficiency was observed in all 7
cases.36 Therefore, 4 cases met with ICSD-2 cri-
teria1 for narcolepsy caused by a medical condi-
tion, and 3 cases met criteria for hypersomnia
caused by a medical condition. Four of them had
either optic neuritis and spinal cord lesions, or
both, sharing the clinical characteristics of neuro-
myelitis optica (NMO). HLA was evaluated in only
2 cases (case 2 and case 4) and was negative for
DQB1*0602. Repeated evaluations of the hypo-
cretin status were performed in 6 cases, and
CSF hypocretin-1 levels returned to normal or
significantly increased with marked improvements
of EDS and hypothalamic lesions in all 6 cases.
Because 4 of them showed clinical characteriza-
tion of NMO, anti-AQP4 antibody was evaluated
and 3 out of 7 cases were anti-AQP4 antibody
positive, and were thus diagnosed as having an
NMO-related disorder.36
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AQP4, a member of the AQP superfamily, is an
integral membrane protein that forms pores in
the membrane of biologic cells.39 Aquaporins
selectively conduct water molecules in and out of
the cell while preventing the passage of ions and
other solutes, and are known as water channels.
AQP4 is expressed throughout the central nervous
system, especially in periaqueductal and periven-
tricular regions,39,40 and is found in nonneuronal
structures such as astrocytes and ependymo-
cytes, but is absent from neurons. Recently,
NMO-IgG, which can be detected in the serum of
patients with NMO, has been shown to selectively
bind to AQP4.41

Because AQP4 is enriched in periventricular
regions in the hypothalamus, where hypocretin-
containing neurons are primarily located, sym-
metric hypothalamic lesions associated with
reduced CSF hypocretin-1 levels in our 3 NMO
cases with anti-AQP4 antibody might be caused
by the immunoattack to the AQP4, and this may
secondarily affect the hypocretin neurons.

However, the other 4 MS cases with EDS and
hypocretin deficiency were anti-AQP4 antibody
negative at the time of blood testing, which leaves
a possibility that other antibody-mediated mecha-
nisms are additionally responsible for the bilateral
symmetric hypothalamic damage causing EDS in
the MS/NMO subjects. There is also a possibility
that the 4 MS cases whose anti-AQP4 antibody
was negative could be NMO, because anti-AQP4
antibody was tested only once for each subject
during the course of the disease and the assay
was not standardized among the institutes.36 It is
thus essential to further determine the immuno-
logic mechanisms that cause the bilateral hypo-
thalamic lesions with hypocretin deficiency and
EDS, and their association with NMO and AQP4.
This effort may lead to establishment of a new clin-
ical entity, and the knowledge is essential to
prevent and treat EDS associated with MS and
its related disorders. None of these cases had
cataplexy, contrary to the 9 out of 10 symptomatic
narcoleptic MS cases reported in the past.3 Early

Fig. 4. Magnetic resonance imaging (MRI) findings (fluid-attenuated inversion recovery or T2) of patients with
MS/neuromyelitis optica (NMO) with hypocretin deficiency and EDS. A typical horizontal slice including the hypo-
thalamic periventricular area from each case is presented. All cases were female. *, met with ICSD-2 criteria for
narcolepsy caused by a medical condition; **, met with ICSD-2 criteria for hypersomnia caused by a medical
condition. All cases were initially diagnosed as MS. Cases 3 to 7 had optic neuritis and/or spinal cord lesions
and cases 4, 5, and 7 are seropositive for anti-AQP4 antibody and thus were diagnosed as NMO. (Data from
Kanbayashi T, Shimohata T, Nakashima I, et al. Symptomatic narcolepsy in MS and NMO patients; new neurochem-
ical and immunologic implications. Arch Neurol 2009;66:1563–6.)
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therapeutic intervention with steroids and other
immunosuppressants may thus prevent irrevers-
ible damage of hypocretin neurons and prevent
chronic sleep-related symptoms.

CHANGES IN OTHER NEUROTRANSMITTER
SYSTEMS IN NARCOLEPSY AND IDIOPATHIC
HYPERSOMNIA
Narcolepsy in Dogs and Humans

Studies in humans with narcolepsy have shown
a decrease in dopamine concentration in the
CSF.42 Studies on Hcrtr 2 mutated narcoleptic
dogs performed before and after probenecid ad-
ministration showed an increased turnover of
monoamines with significantly less free homovanil-
lic acid (HVA), dihydroxyphenylacetic acid (DOP-
AC), 3-methoxy-4-hydroxyphenylglycol (MHPG),
and 5-hydroxyindoleacetic acid (5-HIAA).43

The lower concentration of 5-HIAA in the CSF of
narcoleptic dogs suggests a decreased concen-
tration of the parent amine 5-HT, a decreased turn-
over of 5-HT in the brain, or both. Similarly, the
lower steady-state CSF of 5-HIAA and HVA, as
well as the reduced accumulation of 5-HIAA and
HVA after probenecid, suggests decreased dopa-
mine concentration, decreased turnover, or both.
In addition, the lower concentration of MHPG after
probenecid administration suggests decreased
NE activity.

Analyses of both human and animal narcoleptic
brain tissue also suggest dopaminergic dysfunc-
tion. In postmortem human autoradiographic
studies, striatal DA D2 receptor binding was
increased in narcolepsy, more so than for D1
receptors.44 However, most in vivo studies with
single-photon emission computed tomography45

and positron emission tomography46 found no
increase in striatal D2 receptor binding in
narcolepsy.

Pharmacologic studies showed that narcoleptic
canines are sensitive to a-1b blockade and a-2
stimulation (as well as DA D2/D3 stimulation) and
exhibit cataplexy.7 They are also sensitive to
cholinergic M2/3 stimulation and have cataplexy,
and upregulation of muscarinic receptors in the
pons was reported.7

Three independent studies reported altered
catecholamine contents in the brains of narco-
leptic dogs.43,47 The studies found an increase in
DA and NE in many brain structures, especially
DA in the amygdala and NE in the pontis reticularis
oralis.43,47 These changes are not caused by
a reduction in the turnover of these monoamines,
because the turnover of these monoamines is
high or not altered.48 Considering that the drugs
that enhance dopaminergic neurotransmission

(such as amphetaminelike stimulants and modafi-
nil for EDS) and NE neurotransmission (such as
noradrenaline uptake blockers for cataplexy) are
needed to treat the symptoms in these animals,7

increases in DA and NE contents may be compen-
satory, either mediated by Hcrtr 1 or by other
neurotransmitter systems, but these findings are
inconsistent with the CSF findings.

Most of these abnormalities are likely secondary
to the deficiency in hypocretin neurotransmission,
but alterations in these systems may actively
mediate some of the sleep-related symptoms of
narcolepsy.

The most recent neurochemical studies in
canine narcolepsy specifically pointed out the
involvement of histamine in narcolepsy. Histamine
content in the brain was measured in genetically
narcoleptic (n 5 9) and control Dobermans (n 5
9). For reference, contents of DA, NE, and 5-HT
and their metabolites were also measured.48 The
histamine content in the cortex and thalamus (the
areas important in the control of wakefulness via
histaminergic input) was significantly lower in
narcoleptic Dobermans compared with controls.
The brain tissue was collected during the
daytime, and separate sleep studies showed
that sleep amounts of narcoleptic dogs during
the daytime do not significantly differ (but are
more fragmented) from those in control dogs,49

suggesting that these changes are not simply
secondary to the change in sleep amount in these
animals.

Considering that hypocretins strongly excite
TMN histaminergic neurons in vitro through Hcrtr2
stimulation,50,51 the decrease in histaminergic
content found in narcoleptic dogs may be caused
by the lack of excitatory input of hypocretin on
TMN histaminergic neurons. Uncompensated
low histamine levels in narcolepsy may suggest
that the hypocretin system may be the major
excitatory input to histaminergic neurons (through
Hcrtr2).

Histamine in the brains was also measured in 3
sporadic (ligand-deficient) narcoleptic dogs, and
the histamine content in these animals was
also as low as in the Hcrtr2-mutated narcoleptic
Dobermans,48 thus suggesting that a decrease in
histamine neurotransmission may also exist in
ligand-deficient human narcolepsy.

Idiopathic Hypersomnia

CSF analyses in idiopathic hypersomnia have
shown normal cell counts, cytology, and protein
content. Montplaisir and colleagues42 found a
decrease in dopamine and indoleacetic acid in
both patients with idiopathic hypersomnia and
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with narcolepsy. Faull and colleagues52 found
similar mean concentrations of monoamine me-
tabolites in subjects with narcolepsy or idiopathic
hypersomnia and with controls, but, using a prin-
cipal component analysis, they also found a dysre-
gulation of the DA system in narcolepsy and of the
NE system in idiopathic hypersomnia. These met-
abolic data may support the hypothesis of a
primary deficient arousal system in patients with
idiopathic hypersomnia.

HISTAMINE AND HYPERSOMNIA
Hypocretin/Histamine Interactions were
Emphasized After the Discovery of the
Involvement of the Hypocretin System in
Narcolepsy

Research evidence suggests that central histamin-
ergic neurotransmission is involved in the control
of vigilance (see Ref.53 for review). It is widely
known that histaminergic H1 blockers such as
promethazine or diphenhydramine produce seda-
tion, sleep, and temporal disruptions of attention
and cognition, and these effects are less promi-
nent with the second generation of H1 blockers
with low central penetration. The first-generation
H1 blockers, such as diphenhydramine, as well
as doxylamine, are available as over-the-counter
hypnotics.
Histamine neurons are located exclusively in

the TMN of the posterior hypothalamus, from
where they project to almost all brain regions,
including areas important for vigilance control,
such as the hypothalamus, basal forebrain, thal-
amus, cortex, and brainstem structures (see
Ref.54 for review).
After discovering the involvement of the hypo-

cretin system in narcolepsy, several researchers
studied how these deficits in neurotransmission
induce narcolepsy. One of the keys to solving
this question is revealing the functional differences
between Hcrtr 1 and Hcrtr 2, because it is evident
that Hcrtr 2-mediated function plays more critical
roles (more than Hcrtr 1–mediated function) in
generating narcoleptic symptoms in animals.14,22

In situ hybridization experiments in rats show
that Hcrtr 1 and Hcrtr 2 mRNA have marked differ-
ential distribution.4 Hcrtr 1 is enriched in the
ventromedial hypothalamic nucleus, tenia tecta,
the hippocampal formation, dorsal raphe, and
LC. In contrast, Hcrtr 2 is enriched in the paraven-
tricular nucleus, cerebral cortex, nucleus accum-
bens, ventral tegmental area, substantia nigra,
and histaminergic TMN.4

The TMN exclusively expresses Hcrtr 2,4 and
a series of electrophysiologic studies consistently
showed that hypocretin potently excites TMN

histaminergic neurons through Hcrtr 2.50,51

Furthermore, it has recently been shown that
the wake-promoting effects of hypocretins were
abolished in histamine H1 receptor knockout
mice, suggesting that the wake-promoting ef-
fects of hypocretin depend on histaminergic
neurotransmission.55

Two groups have previously reported fluctua-
tions of extracellular levels of histamine in the
brains of animals using in vivo microdialysis tech-
niques. Mochizuki and colleagues56 reported that
histamine levels in the hypothalamus of rats show
a clear diurnal variation: high during the active
period and low during the resting period. Strecker
and colleagues57 also showed that histamine
levels in the preoptic anterior hypothalamus in
cats were also high during sleep deprivation and
became lower during recovery sleep. These
patterns of fluctuation in histamine levels are
similar to those of extracellular hypocretin levels
in the LHT and thalamus in rats.32

We also observed that the CSF histamine
levels exhibit clear diurnal fluctuations in rats:
the mean of the CSF histamine levels during the
dark period was significantly higher than that
during the light period.58 After 6 hours of sleep
deprivation from ZT0, CSF histamine levels
increased significantly compared with controls
whose sleep was not deprived. We also found
that thioperamide (an H3 antagonist, 5 mg/kg,
intraperitoneal) significantly increased CSF hista-
mine levels with little effect on locomotor activa-
tion. Because H3 autoreceptor antagonists are
known to enhance terminal histamine releases
from histaminergic neurons, the activity of neu-
ronal histamine is likely to be reflected in the
CSF histamine levels.

Human Narcolepsy and Idiopathic
Hypersomnia are also Associated with
Decreased Histaminergic Neurotransmission

Because the results of our animal experiment
suggest that CSF histamine levels at least partially
reflect the central histamine neurotransmission
and vigilance state changes, we evaluated hista-
minergic neurotransmission in human narcolepsy
using CSF. We conducted 2 clinical studies for
evaluating the CSF histamine in narcolepsy. The
first study included narcolepsy with low CSF
hypocretin-1 (�110 pg/mL, n 5 34, 100% with
cataplexy), narcolepsy without low CSF hypocre-
tin-1 (n 5 24, 75% with cataplexy), and normal
controls (n 5 23).5 Narcoleptic subjects with and
without hypocretin deficiency were included to
determine whether histamine neurotransmission
depends on the hypocretin-deficient status of
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Fig. 5. CSF hyocretin-1 (Hcrt-1) and histamine values for each individual with sleep disorders. CSF Hcrt-1 (left panel) and histamine (right panel) values for each individual
are plotted. The patient groups are indicated as group A to group G from the top. The results of the subjects with CNS stimulants (shadowed) and without CNS stimulants
are presented separately in the figure. None of the patients with idiopathic hypersomnia (IHS) and obstructive sleep apnea (OSAS) showed hypocretin deficiency (Hcrt-).
We found significant reductions in CSF histamine levels in hypocretin deficient (B, 176 � 25.8 pg/mL) and nondeficient (Hcrt+) narcolepsy with cataplexy (N/C) (C, 97.8 �
38.4 pg/mL), hypocretin nondeficient narcolepsy without cataplexy (N/woC) (E, 113.6 � 16.4 pg/mL) and idiopathic hypersomnia (F, 161.0 � 29.3 pg/mL), whereas those in
hypocretin-deficient narcolepsy without cataplexy (D, 273.6 � 105 pg/mL) and OSAS (G, 259.3 � 46.6 pg/mL) were not statistically different from those in the control
range (A, 333.8 � 22.0 pg/mL). The low CSF histamine levels were mostly observed in nonmedicated patients, and significant reductions in histamine levels were observed
only in nonmedicated patients with hypocretin-deficient narcolepsy with cataplexy (B1, 112.1 � 16.3 pg/mL) and idiopathic hypersomnia (F1, 143.3 � 28.8 pg/mL). The
levels in the medicated subjects are in the normal range (B2, 256.6 � 51.7 pg/mL and F2, 259.5 � 94.9 pg/mL). Nonmedicated subjects had a tendency for low CSF hista-
mine levels in hypocretin-deficient narcolepsy without cataplexy (D1, 77.5 � 11.5 pg/mL). (Data from Kanbayashi T, Kodama T, Kondo H, et al. CSF histamine contents in
narcolepsy, idiopathic hypersomnia and obstructive sleep apnea syndrome. Sleep 2009;32(2):181–7.)
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each subject. A significant reduction of CSF hista-
mine levels was found in the cases with low CSF
hypocretin-1, and levels were intermediate in other
narcolepsy cases: mean CSF histamine levels
were 133.2 (�20.1) pg/mL in narcoleptic subjects
with low CSF hypocretin-1, 233.3 (�46.5) pg/mL
in patients with normal CSF hypocretin-1, and
300.5 (�49.7) pg/mL in controls. Our results
suggest impaired histaminergic neurotransmission
in human narcolepsy, but that this does not depen-
dent on the hypocretin-deficient status.
We therefore also examined CSF histamine

levels in narcolepsy and other sleep disorders in
a Japanese population. This second clinical study
included 67 subjects with narcolepsy, 26 subjects
with idiopathic hypersomnia, 16 subjects with
obstructive sleep apnea syndrome (OSAS), and
73 neurologic controls.6

We foundsignificant reductions inCSFhistamine
levels in hypocretin-deficient narcolepsy with
cataplexy (mean � standard error of the mean;
176.0 � 25.8 pg/mL), hypocretin nondeficient nar-
colepsy with cataplexy (97.8 � 38.4 pg/mL), hypo-
cretin nondeficient narcolepsy without cataplexy
(113.6 � 16.4 pg/mL), and idiopathic hypersomnia
(161.0 � 29.3 pg/mL), whereas the levels in OSAS
(259.3 � 46.6 pg/mL) did not statistically differ
from those in the controls (333.8 � 22.0 pg/mL)
(Fig. 5). Low CSF histamine levels were mostly
observed in nonmedicatedpatients, and significant
reductions in histamine levels were evident in non-
medicated patients with hypocretin-deficient
narcolepsy with cataplexy (112.1 � 16.3 pg/mL)
and idiopathic hypersomnia (143.3 � 28.8 pg/mL),
whereas the levels in the medicated patients were
in the normal range. Similar degrees of reduction,
as seen in hypocretin-deficient narcolepsy with
cataplexy, were also observed in hypocretin non-
deficient narcolepsy and in idiopathic hypersom-
nia, whereas those in OSAS (non–central nervous
system hypersomnia) were not altered. These
results confirmed the result of the first study, but
suggest that an impaired histaminergic system
maybe involved inmediating sleepiness in abroad-
er category of patients with EDS than those with
hypocretin-deficient narcolepsy. The decrease in
histamine in these subjects was more specifically
observed in nonmedicated subjects, suggesting
CSF histamine is a biomarker reflecting the degree
of hypersomnia of central origin. It is not known
whether decreased histamine could either pas-
sively reflect or partially mediate daytime sleepi-
ness in these disorders. Further studies are
essential, because central histamine compounds,
such as H3 antagonists, may be developed as
a new class of wake-promoting compounds for
EDS with various causes.

SUMMARY

This article describes the current understanding of
neurochemistry and possible biomarkers for EDS
with various causes.
The recent progress in understanding the path-

ophysiology of EDS stems particularly from the
discovery of hypocretin ligand deficiency in human
narcolepsy. The hypocretin deficiency can be clin-
ically detected by CSF hypocretin-1 measures;
low CSF hypocretin-1 levels are seen in more
than 90% of patients with narcolepsy-cataplexy.
Because the specificity of the CSF finding is also
high (no hypocretin deficiency was seen in patients
with idiopathic hypersomnia), lowCSF hypocretin-1
levels have been included in ICSD-2 as a positive
diagnosis for narcolepsy-cataplexy.
Although prevalence of primary hypersomnia

such as narcolepsy and idiopathic hypersomnia
is not high, that of symptomatic EDS is consider-
ably high, and the pathophysiology of symptom-
atic EDS likely overlaps with that of primary
hypersomnia, including recently identifying MS/
NMO cases with bilateral symmetric hypothalamic
damage.
The pathophysiology of hypocretin nondeficient

narcolepsy is debated. Thepathophysiology of idio-
pathic hypersomnia is also largely unknown, but hy-
pocretin deficiency is not likely to be involved in this
condition. Decreased histaminergic neurotransmis-
sion isobserved in narcolepsyand idiopathichyper-
somnia, regardless of hypocretin-deficient status.
The functional significance of this finding (whether
it mediates sleepiness or passively reflects sleepi-
ness) further needs to be evaluated.
Although much progress was made regarding

the pathophysiology and neurochemistry of EDS,
this new knowledge has not yet been incorporated
into the development of new treatments, and
further research is needed.

REFERENCES

1. ICSD-2, editor. ICSD-2-International classification of

sleep disorders, diagnostic and coding manual. 2nd

edition. Westchester (IL): American Academy of

Sleep Medicine; 2005.

2. Verma A, Anand V, Verma NP. Sleep disorders in

chronic traumatic brain injury. J Clin Sleep Med

2007;3(4):357–62.

3. Nishino S, Kanbayashi T. Symptomatic narcolepsy,

cataplexy and hypersomnia, and their implications

in the hypothalamic hypocretin/orexin system. Sleep

Med Rev 2005;9(4):269–310.

4. Marcus JN, Aschkenasi CJ, Lee CE, et al. Differen-

tial expression of orexin receptors 1 and 2 in the

rat brain. J Comp Neurol 2001;435(1):6–25.

Nishino et al246



5. Nishino S, Sakurai E, Nevsimalova S, et al.

Decreased CSF histamine in narcolepsy with and

without low CSF hypocretin-1 in comparison to

healthy controls. Sleep 2009;32(2):175–80.

6. Kanbayashi T, Kodama T, Kondo H, et al. CSF hista-

mine contents in narcolepsy, idiopathic hypersomnia

and obstructive sleep apnea syndrome. Sleep 2009;

32(2):181–7.

7. Nishino S, Mignot E. Pharmacological aspects of

human and canine narcolepsy. Prog Neurobiol

1997;52(1):27–78.

8. Nishino S, Taheri S, Black J, et al. The neurobiology of

sleep in relation to mental illness. In: Charney DS,

Nestler EJ, editors. Neurobiology of mental illness.

New York: Oxford University Press; 2004. p. 1160–79.

9. Saper CB, Scammell TE, Lu J. Hypothalamic regula-

tion of sleep and circadian rhythms. Nature 2005;

437(7063):1257–63.

10. Aldrich MS, Chervin RD, Malow BA. Value of the

multiple sleep latency test (MSLT) for the diagnosis

of narcolepsy. Sleep 1997;20(8):620–9.

11. Sakurai T, Amemiya A, Ishii M, et al. Orexins and

orexin receptors: a family of hypothalamic neuro-

peptides and G protein-coupled receptors that

regulate feeding behavior. Cell 1998;92:573–85.

12. De Lecea L, Kilduff TS, Peyron C, et al. The hypocre-

tins: hypothalamus-specific peptides with neuroexcita-

tory activity. Proc Natl Acad Sci U S A 1998;95:322–7.

13. Peyron C, Tighe DK, van den Pol AN, et al. Neurons

containing hypocretin (orexin) project to multiple

neuronal systems. J Neurosci 1998;18(23):9996–

10015.

14. Lin L, Faraco J, Li R, et al. The sleep disorder canine

narcolepsy is caused by a mutation in the hypocretin

(orexin) receptor 2 gene. Cell 1999;98(3):365–76.

15. Chemelli RM, Willie JT, Sinton CM, et al. Narcolepsy

in orexin knockout mice: molecular genetics of sleep

regulation. Cell 1999;98:437–51.

16. Nishino S, Ripley B, Overeem S, et al. Hypocretin

(orexin) deficiency in human narcolepsy. Lancet

2000;355(9197):39–40.

17. Peyron C, Faraco J, Rogers W, et al. A mutation in

a case of early onset narcolepsy and a generalized

absence of hypocretin peptides in human narco-

leptic brains. Nat Med 2000;6(9):991–7.

18. Mignot E, Lammers GJ, Ripley B, et al. The role of

cerebrospinal fluid hypocretin measurement in the

diagnosis of narcolepsy and other hypersomnias.

Arch Neurol 2002;59(10):1553–62.

19. Crocker A, Espana RA, Papadopoulou M, et al.

Concomitant loss of dynorphin, NARP, and orexin

in narcolepsy. Neurology 2005;65(8):1184–8.

20. Honda M, Eriksson KS, Zhang S, et al. IGFBP3 co-

localizes with and regulates hypocretin (orexin).

PLoS One 2009;4(1):e4254.

21. Yoshida Y, Okun M, Mignot E, et al. CSF dynorphine

A(1-8) levels are not altered in hypocretin-deficient

human narcolepsy. Sleep 2002;25(Abstract Suppl):

A472.2002.

22. Ripley B, Fujiki N, Okura M, et al. Hypocretin levels

in sporadic and familial cases of canine narcolepsy.

Neurobiol Dis 2001;8(3):525–34.

23. Thannickal TC, Nienhuis R, Siegel JM. Localized

loss of hypocretin (orexin) cells in narcolepsy

without cataplexy. Sleep 2009;32(8):993–8.

24. Roth B. Narkolepsie und hypersomnie. Berlin: VEB

Verlag Volk und Gesundheit; 1962.

25. Bassetti C, Aldrich MS. Idiopathic hypersomnia. A

series of 42 patients. Brain 1997;120(Pt 8):1423–35.

26. Bassetti C, Gugger M, Bischof M, et al. The narco-

leptic borderland: a multimodal diagnostic ap-

proach including cerebrospinal fluid levels of

hypocretin-1 (orexin A). Sleep Med 2003;4(1):7–12.

27. Sakurai T. Roles of orexins in regulation of feeding

and wakefulness. Neuroreport 2002;13(8):987–95.

28. Willie JT, Chemelli RM, Sinton CM, et al. To eat or to

sleep? Orexin in the regulation of feeding and wake-

fulness. Annu Rev Neurosci 2001;24:429–58.

29. Fujiki N, Yoshida Y, Ripley B, et al. Changes in CSF

hypocretin-1 (orexin A) levels in rats across 24 hours

and in response to food deprivation. Neuroreport

2001;12(5):993–7.

30. Lee MG, Hassani OK, Jones BE. Discharge of iden-

tified orexin/hypocretin neurons across the sleep-

waking cycle. J Neurosci 2005;25(28):6716–20.

31. Aston-Jones G, Chen S, Zhu Y, et al. A neural circuit

for circadian regulation of arousal. Nat Neurosci

2001;4(7):732–8.

32. Yoshida Y, Fujiki N, Nakajima T, et al. Fluctuation of

extracellular hypocretin-1 (orexin A) levels in the

rat in relation to the light-dark cycle and sleep-

wake activities. Eur J Neurosci 2001;14(7):1075–81.

33. Saper CB, Chou TC, Scammell TE. The sleep switch:

hypothalamic control of sleep and wakefulness.

Trends Neurosci 2001;24(12):726–31.

34. Nishino S, Kanbayashi T, Fujiki N, et al. CSF hypocre-

tin levels in Guillain-Barre syndrome and other inflam-

matory neuropathies. Neurology 2003;61(6):823–5.

35. Overeem S, Dalmau J, Bataller L, et al. Hypocretin-1

CSF levels in anti-Ma2 associated encephalitis.

Neurology 2004;62(1):138–40.

36. Kanbayashi T, Shimohata T, Nakashima I, et al.

Symptomatic narcolepsy in MS and NMO patients;

new neurochemical and immunological implications.

Arch Neurol 2009;66:1563–6.

37. Poirier G, Montplaisir J, Dumont M, et al. Clinical and

sleep laboratory study of narcoleptic symptoms in

multiple sclerosis. Neurology 1987;37(4):693–5.

38. Ripley B, Overeem S, Fujiki N, et al. CSF hypocretin/

orexin levels in narcolepsy and other neurological

conditions. Neurology 2001;57(12):2253–8.

39. Amiry-Moghaddam M, Ottersen OP. The molecular

basis of water transport in the brain. Nat Rev Neuro-

sci 2003;4(12):991–1001.

Neurochemistry and Biomarkers of Narcolepsy 247



40. Pittock SJ, Weinshenker BG, Lucchinetti CF, et al.

Neuromyelitis optica brain lesions localized at sites

of high aquaporin 4 expression. Arch Neurol 2006;

63(7):964–8.

41. Lennon VA, Kryzer TJ, Pittock SJ, et al. IgG marker

of optic-spinal multiple sclerosis binds to the

aquaporin-4 water channel. J Exp Med 2005;

202(4):473–7.

42. Montplaisir J, de Champlain J, Young SN, et al.

Narcolepsy and idiopathic hypersomnia: biogenic

amines and related compounds in CSF. Neurology

1982;32(11):1299–302.

43. Faull KF, Zeller-DeAmicis LC, Radde L, et al.

Biogenic amine concentrations in the brains of

normal and narcoleptic canines: current status.

Sleep 1986;9(1):107–10.

44. Aldrich MS, Hollingsworth Z, Penney JB. Dopamine-

receptor autoradiography of human narcoleptic

brain. Neurology 1992;42:410–5.

45. Hublin C, Launes J, Nikkinen P, et al. Dopamine

D2-receptors in human narcolepsy: a SPECT study

with 123I-IBZM. Acta Neurol Scand 1994;90(3):

186–9.

46. Rinne J, Hublin C, Partinen M, et al. PET study of

human narcolepsy: no increase in striatal dopamine

D2-receptors. Neurology 1995;45:1735–8.

47. Mefford IN, Baker TL, Boehme R, et al. Narcolepsy:

biogenic amine deficits in an animal model. Science

1983;220:629–32.

48. Nishino S, Fujiki N, Ripley B, et al. Decreased brain

histamine contents in hypocretin/orexin receptor-2

mutated narcoleptic dogs. Neurosci Lett 2001;

313(3):125–8.

49. Nishino S, Riehl J, Hong J, et al. Is narcolepsy REM

sleep disorder? Analysis of sleep abnormalities in

narcoleptic Dobermans. Neurosci Res 2000;38(4):

437–46.

50. Eriksson KS, Sergeeva O, Brown RE, et al. Orexin/

hypocretin excites the histaminergic neurons of the

tuberomammillary nucleus. J Neurosci 2001;21(23):

9273–9.

51. Yamanaka A, Tsujino N, Funahashi H, et al. Orexins

activate histaminergic neurons via the orexin 2

receptor. Biochem Biophys Res Commun 2002;

290(4):1237–45.

52. Faull KF, Guilleminault C, Berger PS, et al. Cerebro-

spinal fluid monoamine metabolites in narcolepsy

and hypersomnia. Ann Neurol 1983;13(3):258–63.

53. Lin JS. Brain structures and mechanisms involved in

the control of cortical activation and wakefulness,

with emphasis on the posterior hypothalamus and

histaminergic neurons. Sleep Med Rev 2000;4(5):

471–503.

54. Haas H, Panula P. The role of histamine and the tu-

beromamillary nucleus in the nervous system. Nat

Rev Neurosci 2003;4(2):121–30.

55. Huang ZL, Qu WM, Li WD, et al. Arousal effect of

orexin A depends on activation of the histaminergic

system. Proc Natl Acad Sci U S A 2001;98(17):

9965–70.

56. Mochizuki T, Yamatodani A, Okakura K, et al. Circa-

dian rhythm of histamine release from the hypothal-

amus of freely moving rats. Physiol Behav 1992;

51(2):391–4.

57. Strecker RE, Nalwalk J, Dauphin LJ, et al.

Extracellular histamine levels in the feline preoptic/

anterior hypothalamic area during natural sleep-

wakefulness and prolonged wakefulness: an

in vivo microdialysis study. Neuroscience 2002;

113(3):663–70.

58. Soya S, Song YH, Kodama T, et al. CSF hista-

mine levels in rats reflect the central hista-

mine neurotransmission. Neurosci Lett 2008;430:

224–9.

Nishino et al248



Primary and Secondary
Neurogenic Hypersomnias
Claudio L. Bassetti, MDa,b,*

INTRODUCTION
Clinical Spectrum and Differential Diagnosis

The term hypersomnia is used to cover a broad
range of clinical manifestations of reduced wake-
fulness (Box 1).

The most frequent manifestations are an exces-
sive daytime sleepiness (EDS; increased sleep
propensity) and an increased sleep need/behavior
over 24 hours (hypersomnia sensu strictu). Other
forms of decreasedwakefulness include increased
voluntary and involuntary napping (sleep attacks),
automatic behaviors, and sudden lapses of vigi-
lance (blackouts).

A patient with hypersomnia of neurologic origin
(eg, poststroke hypersomnia) may present with one
or several of these symptoms, which may overlap.

The clinical differential diagnosis of hypersomnia
includes fatigue (lack of energy, increased fatiga-
bility, increased sleep desire without an increase
in sleep propensity), apathy/abulia (lack of initia-
tive), depression, athymhormia (lack of autoactiva-
tion), clinophilia (increased desire to lay down), and
reduced levels of vigilance (somnolence/sopor)
preceding coma.

Clinical Significance

Hypersomnia is linked with decreased well-being
and level of functioning, as well as an increased
risk of accidents. cognitive (eg, attention, memory
deficits) and psychiatric disturbances (eg, irritability,
depression/euphoria) are frequently observed.
Despite the absence of systematic data, clinical
experience suggests a decreased quality of life in
patients with neurologic hypersomnia.

Epidemiology and Classification

Primary neurogenic hypersomnias are relatively rare
(<10%of patients seen in a sleep clinic), are not due
to a specific underlying disorder, and include narco-
lepsy, behaviorally induced sleep insufficiency
syndrome, idiopathic hypersomnia, and Kleine-
Levin syndrome/periodic hypersomnias.

Secondary neurogenic hypersomnias are more
frequent and are due to an underlying neurologic
disorder such as stroke, traumatic brain injury, or
Parkinsonism. In some neurologic disorders hy-
persomnia can be found in up to 25% to 50% of
patients (see later discussion).
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KEY POINTS

� The clinical presentation of neurogenic hypersomnias is pleomorphic and includes excessive
daytime sleepiness, hypersomnia and involuntary naps.

� Pathophysiologically neurogenic hypersommnias can be due to decreased sleep length or depth,
insufficient wakefulness, circadian disturbances, or a combination of these factors.

� Secondary forms (e.g. after stroke, in Parkinsonian syndromes, after traumatic brain injury) are
more common than primary neurogenic hypersomnias (e.g. narcolepsy). Treatment with stimulants
is well established only for primary neurogenic hypersomnias.
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Pathophysiology

Neurophysiologically, hypersomnia in patients
with neurologic disorders may be due to (1)
a decreased sleep length, (2) a decreased sleep
depth/continuity, (3) an insufficient wake drive, (4)
an incorrect timing of the sleep-wake cycle, or (5)
a combination of more than 1 of these factors.
Neurochemically, hypersomnia may be due to

a reduced transmission in wakefulness-maintaining

neurons (eg,noradrenaline,acetylcholine,dopamine,
histamine) and/or increased/disinhibited transmis-
sion of sleep-inducing neurons (eg, g-aminobutyric
acid). In a few disorders changes in hypocretinergic
transmission (eg, narcolepsy, severe head trauma,
advanced Parkinson disease) and the prosta-
glandin-cytokine systems have also been found.

Assessment and Diagnostic Pitfalls

The assessment of hypersomnia includes subjec-
tive and objective measurements.
Subjectively, estimation of sleep propensity (Ep-

worth Sleepiness Scale), sleep needs (sleep/24
hours), and fatigue (eg, Fatigue Severity Scale1)
are typically used. Objectively, the most common
sleep-wake tests include assessments of sleep
propensity (multiple sleep latency test [MSLT])
and of the ability to stay awake (maintenance of
wakefulness test), and a wrist actigraphy.
The correlation between results of subjective

and objective sleep-wake tests is generally not
very good in the general population, and this cor-
relation is even worse in patients with neurologic
disorders (in which brain areas responsible for
sleep-wake and electroencephalographic (EEG)
generation may be affected in association).2

According to the specific diagnostic hypothesis,
additional ancillary tests such as brain magnetic
resonance imaging, cerebrospinal fluid, and
genetic analyses may be also needed.

PRIMARY NEUROGENIC HYPERSOMNIAS
Narcolepsy

Epidemiology
The frequency of narcolepsy has been estimated
to be 1 in 2000.3–5 The disease typically starts in
the second or third decade of life. In 10% to
20% of cases narcolepsy begins in childhood or
late adulthood, and in most cases it is sporadic
and idiopathic. In 10% of cases a positive family
history or an underlying brain disease are found.

Clinical features
The main and often first symptom of narcolepsy is
an overwhelming (“irresistible”) EDS with involun-
tary naps and sleep attacks. Naps are typically
short and refreshing.
Cataplexy occurs in 70% to 90% of cases with

episodes of sudden, bilateral, short-lasting
(usually <1–2 minutes) partial loss of muscle tone
(jaw sagging, knee buckling) triggered by sudden
(often positive, eg, laughing, surprise) emotions,
with preserved consciousness (Fig. 1).
Sleep paralysis and hallucinations are observed

in about 50% of cases.

Box 1
Clinical approach to neurogenic hypersomnias

Spectrum of manifestations

Excessive daytime sleepiness

Hypersomnia sensu strictu

Increased voluntary napping

Involuntary napping (sleep attacks)

Sudden lapses of vigilance (blackouts)

Clinical differential diagnosis

Fatigue

Apathy/abulia

Depression

Athymhormia (lack of autoactivation)

Clinophilia (increased desire to lay down)

Somnolence/sopora/coma

Etiologic differential diagnosis

Primary

Decreased sleep length

Decreased sleep depth

Insufficient wake drive

Disturbed timing of the sleep-wake cycle

Combinations of the above

Secondary (due to associated conditions/
disorders causing hypersomnia)

Sleep-disordered breathing

Insomnia

Excessive motor activity in sleep

Depression

Drugs

a The term “stupor” (from the Latin for “frozen”) was
introduced in medicine to describe a condition charac-
terized by loss/reduction of speech and movement
(akinetic mutism) usually, but not invariably, of psychi-
atric origin. Conversely, the term “sopor” (from the
Latin term for “deep sleep”) was/is reserved for
a condition characterized by a decreased state of
vigilance and arousability.
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Nighttime sleep is typically disturbed, with sleep-
maintenance insomnia, sleep-disordered breathing,
and excessivemotor activity. Patients typically have
no difficulties awakening.

Psychiatric and psychosocial problems are not
infrequent, and may be related to the basic brain
dysfunction andnot only to the reactivemechanism
to a chronic disorder. Remissions are unusual.

Pathophysiology/etiology
Idiopathic narcolepsy represents a hypocretin-
deficient syndrome accompanied by a sleep-
wake instability with dissociation/intermingling of
states of being. The hypocretin deficiency is
due to a neuronal loss of unknown origin. The lat-
ter arises from a genetic predisposition (HLA
DQB1*06021 in 95% of cases) and environmental
factors or triggers (infections, trauma, stress).
Specific (anti-Tribbles) autoantibodies may be
involved, being found in a minority of cases in
the acute phase. Secondary narcolepsy is
rare and can be observed in association with
head trauma, hypothalamus-brainstem lesions,
and paraneoplastic encephalitis. Narcolepsy-like
syndromes have been described in the course of
Norrie, Coffin-Lowry, Prader-Willi, and Moebius
syndromes.

Diagnosis
History of cataplexy, if unequivocal, is pathogno-
monic for narcolepsy. Polysomnography with
sleep-onset rapid eye movement episodes (SOR-
EMPs), MSLT with short sleep latency (<5–8
minutes), and 2 or more SOREMPs support the
diagnosis of narcolepsy. Decreased/abolished
cerebrospinal fluid hypocretin (orexin) levels are
found in 95% of cases of narcolepsy with cata-
plexy, and can be found in familial narcolepsy,
narcolepsy without cataplexy, and secondary
narcolepsy. HLA positivity for DQB1*0602 is found
in 95% of patients with narcolepsy with cataplexy,
but also in 15% to 30% of normal controls.

Differential diagnosis
Other causes of EDS (behaviorally induced insuffi-
cient sleep syndrome, idiopathic hypersomnia)
must be considered in patients without or with
equivocal (rare, mild, or atypical) cataplexy (cata-
plexy-like episodes).

The differential diagnosis of cataplexy-like
episodes is broad and includes “weak with
laughter” in normal subjects, psychogenic falls/
spells, astatic seizures, and vascular drop attacks.

Treatment
Modafinil is the drug of first choice for narcoleptic
EDS. Methylphenidate, sodium oxybate, venlafax-
ine, and fluctine can also be used (Table 1).
Sodium oxybate is the drug of first choice for

cataplexy. Amitriptyline, venlafaxine, and fluctine
can also be used. These drugs typically also
improve sleep paralysis and hallucinations.

Behaviorally Induced Insufficient Sleep
Syndrome

Epidemiology
In the author’s experience, at least 10% of EDS
cases in a specialized sleep clinic are due to
a behaviorally induced insufficient sleep syndrome
(BIISS).6–8 This condition appears to be more
frequent in adolescents and young adults.

Clinical features
The clinical presentation is highly variable and
includes EDS, accidents, involuntary napping,
unclear blackouts or absences, and cognitive
complaints. EDS typically improves during week-
ends and vacations.

The course is fluctuating, and remissions are not
uncommon.

Pathophysiology/etiology
Insufficient and/or irregular sleep times are the
cause of BIISS. Occasionally a psychiatric comor-
bidity is present. A genetic predisposition (HLA
DQB1*0602) may play a role.

Fig. 1. Narcolepsy-cataplexy. Cataplectic attacks with a fall in a 77-year-old woman (left) and with loss of facial
muscle control in a 42 year-old man (right).
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Diagnosis
This diagnosis may be difficult in the absence of
a typical or reliable history. In the author’s experi-
ence, actigraphy with irregular/insufficient sleep
times is necessary, and sometimes crucial, to
make the diagnosis (Fig. 2).

Polysomnography presents short non–rapid eye
movement (NREM)/REM sleep latency, high sleep
efficiency, and increased amounts of slow-wave
sleep. The MSLT may present with narcolepsy-
like features with short sleep latency (<5 minutes)
and SOREMPs, which disappear after sleep
extension.

Differential diagnosis
Idiopathic hypersomnia, narcolepsy without cata-
plexy, psychiatric EDS/hypersomnia are included
in the differential.

Treatment
Sleep extension can be rapidly effective. Subjec-
tive EDS improves more rapidly than objective
EDS (eg, MSLT results). Patients, however, not
infrequently have difficulties in changing their
sleep-wake schedule and in improving their sleep
insufficiency (Fig. 3).

Idiopathic Hypersomnia

Epidemiology
This condition is about 10 times less frequent than
narcolepsy (1/20,000 in the general popula-
tion).9,10 In most cases the disease starts in
adolescence. About 50% of patients report a posi-
tive family history.

Clinical features
Idiopathic hypersomnia presents with a nonover-
whelming EDS with long and nonrefreshing naps.

Fig. 2. Narcolepsy-cataplexy. Sleep-onset REM episode in a 42-year-old hypocretin-deficient patient with
narcolepsy-cataplexy. REM sleep is denoted by the purple horizontal bars in the hypnogram below. The x-axis
shows hours of sleep recordings (11 PM to 6 AM) plotted against sleep staging: arousals, movement time (MT),
wake, rapid eye movement (REM), stages S1 (N1 sleep stage), S2 (N2 sleep stage), S3, and S4 (sleep wave sleep,
or N3 sleep stage).

Table 1
Treatment of the most important neurogenic hypersomnias

Modafinil Methylphenidate Others

Narcolepsy 111 11 Venlafaxine, fluoxetine sodium
oxybate

Behaviorally induced insufficient
sleep syndrome

1 1 Sleep extension

Idiopathic hypersomnia 1 1 Melatonin, stimulating
antidepressants

Kleine-Levin syndrome 1 1 Lithium, valproic acid (prevention)

Hypersomnia after stroke 1 1 Dopaminergic drugs

Hypersomnia and parkinsonism 1/11 1 Withdrawal from dopamine
agonists, activating
antidepressants

Hypersomnia after traumatic brain
injury

111 1

111, excellent evidence (randomized trials); 11, fair evidence (case series); 1, poor evidence (case reports).
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Nighttime sleep is deep and undisturbed (the exis-
tence of a variant with normal sleep time is
suggested by the current diagnostic criteria of
the American Academy of Sleep Medicine, but
remains controversial). Difficulties awakening (“sleep
drunkenness”) and daytime automatic behaviors
with “nonsense acts” are typical hallmarks of
the condition. Patients may report headache
and psychiatric symptoms. Remissions are not
infrequent.

Pathophysiology/etiology
The etiology and pathophysiology of idiopathic hy-
persomnia are unknown. A circadian disorder, an
insufficient wake drive, and a deficient dopami-
nergic transmission have been proposed.
Because of the high familiarity, genetic factors
probably play a role in idiopathic hypersomnia.

Diagnosis
Idiopathic hypersomnia is a diagnosis of exclu-
sion. A typical history, a normal polysomnography
(occasionally with increased slow-wave sleep), an
MSLT with short or borderline sleep latency (5–10
minutes) but without SOREMPs, and the absence
of other potential causes of EDS (see later discus-
sion) are necessary for the diagnosis. Increased
times “asleep” on actigraphy can support the
diagnosis.

Differential diagnosis
Behaviorally induced insufficient sleep syndrome,
psychiatric disorders with clinophilia/pseudohyper-
somnia, narcolepsy without cataplexy, and hyper-
somnia due to drugs/medical disorders can mimic
idiopathic hypersomnia and should be considered.

Treatment
Modafinil and methlyphenidate are most fre-
quently used but are often ineffective. Sleep
extension worsens EDS in these patients (see
Table 1). Stimulating antidepressants and mela-
tonin have been reported to be effective in single
case reports.

Kleine-Levin Syndrome/Recurrent
Hypersomnias

Epidemiology
The Kleine-Levin syndrome (KLS) is at least 20
times less common than narcolepsy.11,12 In most
cases it starts in adolescence. It is more common
in males and can be familial, and is more common
in the Jewish population.

Clinical features
KLS presents with recurrent episodes/attacks
(duration: a few days to weeks, frequency: 1–10
times per year) of EDS/hypersomnia with mega-
hyperphagia and behavioral abnormalities. In
women the condition maybe associated with the
menstrual cycle. Remissions are frequent.

Etiology/pathophysiology
A thalamic-hypothalamic dysfunction is suggested
and is supported by neuroimaging observations
(Fig. 4).

Diagnosis
History is diagnostic. Sleep-wake tests with
increased sleep time, and reduced sleep latency
and efficiency are conversely nonspecific.

Differential diagnosis
Psychiatric (bipolar, seasonal, somatoform) disor-
ders, hypothalamic lesions (including tumors),

Fig. 3. Behaviorally induced insufficient sleep syndrome (BIISS). Actigraphy demonstrates irregular/insufficient
sleep times in a 22-year-old patient with EDS, sleep paralysis, and sleep-onset REM episodes (but normal cerebro-
spinal fluid hypocretin-1 levels and dramatic improvement after sleep extension) secondary to BIISS. Black trace,
intensity of activity/time interval; yellow highlight, light exposure.
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and encephalitis can present with a KLS-like
syndrome.

Treatment
Lithium and antiepileptics may reduce the duration
and frequency of the attacks.

SECONDARY NEUROGENIC HYPERSOMNIAS
Hypersomnia After Stroke

Epidemiology
Hypersomnia is present in 20% to 30% of patients
after stroke. It is observed most commonly in bilat-
eral thalamic and mesencephalic, or large, multi-
focal, or bilateral cortical lesions (Fig. 5).1,2,13–16

Less commonly, hypersomnia is seen with small
subcortical or cortical lesions (Fig. 6).

Clinical features
The clinical presentation of poststroke hypersom-
nia is pleomorphic and includes EDS, increased
sleep needs (see Fig. 5), sleep-wake inversion,
and fatigue. A few patients may rapidly change/
fluctuate from hypersomnia to insomnia. EDS is

rarely very severe, whereas hypersomnia can
be very profound (with sleep needs/behavior
exceeding 16–20 hours per day).
Anoverlapofhypersomniawith apathy, athymhor-

mia, and depression can be observed. Hypersomnia
is often associated with cognitive, behavioral, and
emotional disturbances.
Hypersomnia often improves within a few

months after stroke.

Pathophysiology/etiology
A decreased wake drive, an increased sleep pres-
sure (rarely), oracombinationofboth (eg, inpatients
with bithalamic lesions) have been postulated.
Other, nonneurogenic causes of hypersomnia

must be considered in this population (see differ-
ential diagnosis).

Diagnosis
A high degree of clinical attention is necessary to
suspect the presence of hypersomnia after stroke.
This disturbance may in fact be overshadowed by
other stroke manifestations/complications or may

Fig. 4. Neuroimaging in KLS demonstrating episodic hypoperfusion. Brain areas depicting episodic hypofunction,
demarcated by single photon emission computer tomography (SPECT) hypoperfusion. (A) Brain SPECT during to
symptomatic phase demonstrating hypoperfusion in the bilateral frontal and temporal lobes and deincephalic
structures (thalami and hypothalamus). (B) Brain SPECT during the convalescent phase depicting recovery in the hy-
pofunction shown in A, with the exception of the right mesial temporal period. (C) Subtraction of brain SPECT
images between A and B, revealing dramatic hypoperfusion in the diencephalic structures (bilateral thalami, left
hypothalamus), basal ganglia, bilateral medial and dorsolateral frontal regions, and left temporal areas during
the period of active KLS disease state. L, left side; R, right side. (From Hong SB, Joo EY, TaeWS, et al. Episodic dien-
cephalic hypoperfusion in Kleine-Levin syndrome. Sleep 2006;29:1091–3; with permission.)

Bassetti254



become evident only after discharge from hospital
and a return to normal life.

In the author’s experience, history and actigra-
phy (Fig. 7) can be diagnostic. As pointed out
earlier (see introduction), a dissociation between
clinical symptoms and sleep-wake findings is not
infrequent in stroke patients with hypersomnia.

Differential diagnosis
Nonneurogenic causes of hypersomnias (such as
sleep-disordered breathing, drugs, depression,
sleep fragmentation/insomnia due to pain or infec-
tions) must first be ruled out.

Treatment
Modafinil, methylphenidate, and dopamine agonists
have been reported to help in single patients (see
Table 1).

Hypersomnia and Parkinsonism

Epidemiology
Hypersomnia is frequent in parkinsonian disor-
ders.2,17–24 Its frequency ranges in different studies

between 25% and 50% of patients. Male patients
withmore advanceddisease, cognitive andpsychi-
atric disturbances, hallucinations, and multiple
medications are more often affected.

Clinical features
The clinical presentation of hypersomnia in parkin-
sonian patients is highly variable and includes EDS,
sleep attacks (in 1%–30% of patients, with/without
awareness), accidents, increased sleep needs,
fatigue, and a fluctuating vigilance. In a minority
of patients EDS can be very severe or narco-
lepsy-like. Cataplexy-like episodes and sleep
paralysis, however, appear not to bemore frequent
than in the general population. Hypersomnia
usually worsens in the course of parkinsonism.

Pathophysiology/etiology
An insufficient wake drive attributable to neurode-
generation of ascending aminergic-cholinergic
pathways is supposed to be the cause of primary
hypersomnia in parkinsonian patients.

Fig. 6. Poststroke hypersomnia in a 61-year-old patient with caudate stroke (arrow) and severe (but transient)
hypersomnia.

Fig. 5. Poststroke hypersomnia. A 65-year-old patient with bithalamic ischemic stroke (yellow marks in the left
panel) and severe, initially almost nonarousable hypersomnia (right panel).
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A reduction of hypocretin cells/transmission
may contribute to hypersomnia in patients with
advanced forms of Parkinson disease.
Other, nonneurogenic (secondary) causes of hy-

persomnia must be considered in this population
(see differential diagnosis).

Diagnosis
Assessment of hypersomnia is mandatory in all
patients with parkinsonism because of the high
frequency of this symptom (see above) and its
possible exacerbation with dopaminergic and
other drugs.
Sleep-wake questionnaires, polysomnography,

and MSLT are typically used (Figs. 8 and 9). On
MSLT the mean sleep latency is not infrequently
less than 5 minutes; SOREMPs, conversely, are
infrequent.

Differential diagnosis
Nonneurogenic causes of hypersomnia such as
sleep-disordered breathing, depression, sleep
deprivation (occasionally in the course of a dopa-
mine overuse), insomnia (eg, due to urinary prob-
lems or pain), and drugs (dopamine agonists,
sedative antidepressants) must be considered in
all parkinsonian patients with hypersomnia.

Treatment
Change of medication (eg, dopamine agonists)
and modafinil (as shown in some but not all
systematic studies thus far performed) can
improve hypersomnia (see Table 1). Cholines-
terase inhibitors, activating antidepressants, and
sodium oxybate may be of help in single cases.

Hypersomnia After Traumatic Brain Injury

Epidemiology
Hypersomnia is observed in up to 30% of patients
after traumaticbrain injury (TBI).Hypothalamic,14,25–28

frontobasal, and thalamo-diencephalic traumatic
lesions are more often complicated by hypersomnia
(Fig. 10).

Clinical features
The clinical presentation of hypersomnia after TBI
includes fatigue, EDS, and increased sleep needs.
Few cases of posttraumatic narcolepsy have been
reported (typically, however, without cataplexy and
without hypocretin deficiency).
Hypersomnia usually improves within months

after TBI. Fatigue may persist and even worsen
after the acute-subacute phase.

Fig. 8. Multisystem atrophy. Polysomnography of a 70-year-old patient with multisystem atrophy, insomnia/sleep
fragmentation, and EDS. The x-axis shows hours of sleep recordings (11 PM to 6 AM) plotted against sleep staging:
arousals, movement time (MT), wake, rapid eye movement (REM), stages S1 (N1 sleep stage), S2 (N2 sleep stage),
S3, and S4 (sleep wave sleep, or N3 sleep stage).

Fig. 7. Poststroke hypersomnia. Actigraphy of the patient shown in Fig. 5 recorded in the acute phase of stroke.
This test documents a reduced overall motor activity (yellow bars between 6 AM and 6 PM) and a dramatically
increased time “asleep” (>12–13 hours per day). Black trace, intensity of activity/time interval; yellow highlight,
light exposure.
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Pathophysiology/etiology
Hypothalamic acceleration-deceleration injury and
widespread white matter injury are involved. The
role of initial hypocretin deficiency and mild hypo-
cretin cell loss remains unclear. In some patients
a disturbed circadian rhythm may play a role.

Other, nonneurogenic (secondary) causes of
hypersomnia must be considered in this popula-
tion (see differential diagnosis).

Diagnosis
History, questionnaires, actigraphy, polysomnog-
raphy, MSLT, and brain magnetic resonance (MR)
imaging are useful in the workup of posttraumatic
hypersomnia.

Differential diagnosis
Nonneurogenic causes of hypersomnias (eg,
sleep-disordered breathing, drugs, depression,
sleep fragmentation/insomnia due to pain or infec-
tions) must be specifically searched for.

Treatment
Modafinil was shown recently in a double-blind
controlled trial to improve EDS after TBI (see
Table 1).

Hypersomnia and Epilepsy

Epidemiology
In most studies hypersomnia appears to affect
10% to 30% of patients with epilepsy.29–31 The
risk of driving in the presence of hypersomnia is
increased in this patient population.

Clinical features
EDSand increased sleep needs are the best known
and most commonly studied characteristics. The
presence of severe EDS in male epileptic patients
is frequently associated with sleep-disordered
breathing. Sleep deprivation, but also EDS, can
worsen seizure control.

Pathophysiology/etiology
Severity and cause of epilepsy, presence of
nocturnal seizures, and number and type of antiep-
ileptic drugs (eg, levetiracetam), but also concomi-
tant disorders (sleep-disordered breathing, restless
legssyndrome [RLS], depression)maycause (alone
or in combination) hypersomnia in epileptic
patients.

Diagnosis
History, questionnaires, polysomnography with
multiple EEG channels, MSLT, and blood levels of
antiepileptic drugs are usually used to identify the
cause of hypersomnia in this clinical setting.

Differential diagnosis
The diagnostic challenge consists in differentiating
between epilepsy-related and epilepsy-unrelated
causes of hypersomnia.

Treatment
Treatment is directed against the underlying cause.

Fig. 9. Parkinsonism. Correlation between mean sleep
latency on multiple sleep latency test (MSLT) and Ep-
worth Sleepiness Scale score (ESS) in 37 parkinsonian
patients (r 5 0.6, P<.001) (for more details see
Ref.24). The graph shows a correlation between objec-
tive measures of daytime sleepiness using the mean
sleep latency on MSLT, and subjective assessment
using the ESS. It demonstrates that the sleepier the
patient is objectively, the worse is the subjective sleep-
iness as measured by sleep propensity.

Fig. 10. Traumatic brain injury (TBI). Brain magnetic
resonance (MR) image of a 62-year-old patient with
severe EDS and hypersomnia after TBI with bilateral
frontobasal lesions (yellow marks).
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Hypersomnia and Restless Legs Syndrome

Epidemiology
Hypersomnia is found in at least 20% to 30% of
patients with RLS.2,32–34 Hypersomnia may be
linked to younger age (whereas insomnia is more
common in elderly RLS patients).

Clinical features
In RLS patients hypersomnia manifests with EDS
and fatigue, and less commonly with prolonged
sleep needs. It rarely manifests with sleep attacks
or short sleep latencies on MSLT (<5 minutes).

Pathophysiology/etiology
An insufficient dopaminergic transmission has
been postulated to explain primary hypersomnia
in RLS. Concomitant sleep disorders (eg, sleep-
disordered breathing) are not uncommonly
involved (secondary hypersomnia). Rarely, hyper-
somnia may be due to dopaminergic medication
and or its abrupt withdrawal.

Diagnosis
History, questionnaires, polysomnography, and
MSLT are usually necessary for the diagnostic
workup of hypersomnia in RLS patients.

Differential diagnosis
Hypersomnia should be differentiated in RLS
patients from depression, which is not infrequent
in this population.

Treatment
Hypersomnia usually improves (and rarelyworsens,
see above) with dopaminergic medication.

Hypersomnia and Infectious/Autoimmune
Disorders of the Nervous System

Epidemiology
The frequency of hypersomnia in infectious and
autoimmunedisordersof thecentral nervoussystem
is poorly studied and not well known,2,16,35–40 with
the exception of fatigue in multiple sclerosis, which
was recently found using the Fatigue Severity Scale
score to be present in 45% of 188 consecutive
patients, and to be correlated with degree of phys-
ical disability and presence of depression.

Clinical features
Fatigue is frequently present in multiple sclerosis
(see above). Severe, narcolepsy-like EDS is seen
with infectious (eg, Morbus Behcet) and autoim-
mune processes (eg, multiple sclerosis, neuro-
myelitis optica, paraneoplastic encephalitis, Figs.
11–13) involving the hypothalamus and other
subcortical structures. Hypersomnia sensu strictu
(occasionally in form of an encephalitis lethargica–
like syndrome) can be a feature of cerebral

trypanosomiasis (sleeping sickness), viral-postvi-
ral (eg, infections with influenza, Epstein-Barr
virus, and human immunodeficiency virus), post-
bacterial (eg, after streptococcal infection), and
autoimmune disorders.

Fig. 11. Acute demyelinating encephalomyelitis. Brain
MR image of a 62-year-old patient with narcolepsy-
like syndrome caused by a single, acute demyelinating
lesion in the pontine tegmentum (red circle) (“carre-
four narcoleptique”) (for details see Ref.45)

Fig. 12. Anti–N-methyl-D-aspartate (NMDA) encepha-
litis. A 39-year-old patient with paraneoplastic, anti-
NMDA encephalitis who presented with multifocal
seizure-like involuntary movements (including face
grimacing), psychotic changes, and complex sleep-
wake changes including hypersomnia and REM
sleep-behavior disorder.
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Pathophysiology/etiology
Number and topography of brain lesions (eg,
hypothalamic site) as well as neuroinflammatory
factors (eg, changes in cytokine or hypocretin
levels) may be involved. Genetic factors may
account for different effects on vigilance of similar
underlying lesions/disorders.

Diagnosis
History, questionnaires, actigraphy, polysomnog-
raphy, MSLT, brain MR imaging, and cerebro-
spinal fluid analysis may be needed to clarify the
origin of hypersomnia in this clinical setting.

Differential diagnosis
Nonneurogenic factors related to sleep-disordered
breathing, depression, sleep fragmentation, in-
somnia, and drugs should always be considered.

Treatment
Amantidine, selegiline,methylphenidate, andmod-
afinil have been shown to improve fatigue and EDS
in patients with multiple sclerosis. Treatment of the
underlying cause may lead to improvement and
resolution of hypersomnia.

Hypersomnia and Neuromuscular Disorders

Epidemiology
The frequency of hypersomnia in neuromuscular
disorders is poorly studied and is not known.41–44

Clinical features
Fatigue, apathy, and EDS are the most common
presentations. Severe, narcolepsy-like EDS (eg,

in association with myotonic dystrophy) and in-
creased sleep needs are occasionally seen.

Pathophysiology/etiology
Central neurogenic factors (including a deficient hy-
pocretin transmission inmyotonicdystrophy) aswell
as sleep-disordered breathing (including central
apneas, mixed/obstructive apneas, and alveolar
hypoventilation) resulting from muscular weakness
have been suggested as possible causes of hyper-
somnia in neuromuscular disorders.

Diagnosis
History, questionnaires, polysomnography (with
PCO2 coregistration), MSLT, and respiratory func-
tions are needed to clarify the origin of hypersom-
nia in this clinical setting.

Differential diagnosis
Nonneurogenic hypersomnias attributable to
sleep-disordered breathing, depression, sleep
fragmentation, insomnia, and medications should
always be considered.

Treatment
Stimulants (eg, modafinil) as well as noninvasive
ventilation have been shown to improve EDS and
fatigue in single patients and small series of
patients with neuromuscular disorders.
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Narcolepsy

Sebastiaan Overeem, MD, PhDa,b,*,
Paul Reading, FRCP, PhDc, Claudio L. Bassetti, MDd,e

Narcolepsy is widely regarded as the prototypical
hypersomnia of central origin and has been the
focus of both scientific and clinical attention for
a considerable time.1–3 In the last decade, enor-
mous progress has been made in our under-
standing of the pathophysiology of narcolepsy,
providing additional valuable insights into mecha-
nisms regulating normal sleep and wakefulness.4

This review focuses particularly on the clinical
aspects and diagnostic approach toward patients
with narcolepsy, emphasizing the severe impact
the disease has on all aspects of daily life.5,6

Current views on the pathophysiology of narco-
lepsy are also discussed while highlighting remain-
ing crucial gaps in our knowledge.

In 1877, Westphal7 reported the first unequivocal
case of a disease subsequently called narcolepsy

(“seized by somnolence”) by Gelineau8 3 years later.
Based on several index cases, Westphal and Geli-
neau described the combination of severe daytime
sleepiness and attacks of muscle weakness trig-
geredbyemotions, later termedcataplexy.8Gelineau
proposed that narcolepsy could either be a primary
disorder or be triggered by other pathologic con-
ditions, themost common example at the time being
neurosyphilis. His early theories provoked a long
debate centered on whether narcolepsy was indeed
a specific disease entity and, if so,whether cataplexy
was truly essential for the diagnosis. This debate
continues and essentially remains unresolved.

It is now established that full-blown idiopathic
narcolepsy with cataplexy is almost invariably as-
sociated with impaired hypothalamic hypocretin
(orexin) signaling, fueling the notion that narcolepsy
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KEY POINTS

� The typical phenotype of narcolepsy extends beyond excessive daytime sleepiness and cataplexy
with numerous other sleep-related symptoms such as sleep maintenance insomnia.

� A range of non-sleep-related symptoms may dominate the clinical picture in some narcoleptics
and require specific attention. Examples include mood or anxiety disorders and obesity.

� The expression of cataplexy often changes with age such that children typically exhibit brief gener-
alized episodes with more prominent facial involvement and abnormal posturing compared to
adults.

� Most now regard full-blown narcolepsy as a hypocretin (orexin) deficiency syndrome. However, the
distinction between narcolepsy with and without cataplexy needs further clarification as the role of
hypocretin is not established in all forms of narcolepsy.
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might be better defined as a syndromeof hypocretin
deficiency. This simple approach is challenged,
however, by the concept of familiar/secondary
narcolepsyandnarcolepsywithout cataplexy,which
aremuch less tightly linked to hypocretin deficiency.
In addition, the narcoleptic syndrome forms a wider
spectrum than previously appreciated both in terms
of severity and the nature of symptoms.9

Early attempts to refine the clinical diagnosis
were made by Yoss and Daly10 who added the
phenomena of hallucinations and sleep paralysis
to obtain the classical tetrad of narcolepsy.
However, only a minority of patients with narco-
lepsy routinely reports the full tetrad, and it is
increasingly recognized that the typical phenotype
of narcolepsy is actually much broader. In partic-
ular, most patients with narcolepsy have nocturnal
sleep that is both dysregulated and fragmented,
often in the presence of a variety of parasomnias.
Furthermore, a range of nonsleep problems are
recognized, reflecting metabolic, emotional, and
cognitivedysfunctions.Commonexamples include
obesity and mood and eating disorders.11–13

EPIDEMIOLOGY

In Western countries, narcolepsy has an estimated
prevalence of 20 to 60 per 100,000 inhabi-
tants.14–16 Globally, however, there may be signif-
icant differences, with the highest reported
prevalence in Japan and the lowest in Israel.17,18

These disparities have not been causally explained
and may also result from variations in diagnostic
criteria or study design. Little information is

available on the incidence of narcolepsy, but it
has been estimated around 1.4 per 100,000
person-years.19 It should be emphasized that
narcolepsy often goes unrecognized and it is not
uncommon for patients to wait more than 10 years
between symptom onset and final diagnosis.20

Men and women are affected equally, with an
average age of 24 years. A bimodal distribution
in the age at onset has been described with a first
peak occurring at adolescence (14.7 years) and
a second at 35 years of age as shown in Fig. 1.21

Recent studies highlight the fact that narcolepsy
in young children may present somewhat differ-
ently, especially in regard to cataplexy, potentially
leading to errors in gauging the age of onset.22

Reassuringly, increasing awareness of narcolepsy
is almost certainly improving its recognition in
younger populations.
Narcoleptic symptoms typically develop in

a gradual fashion with excessive daytime sleepi-
ness (EDS) as the presenting problem and cata-
plexy appearing in the following few years.23 Only
a minority of patients develops the full-blown
picture of narcolepsy,with around10% to15%dis-
playing the classical tetrad.3 Once symptoms have
fully developed, there tends to be onlyminor fluctu-
ations in severity, although cataplexy may lessen
slightly with age.

PATHOPHYSIOLOGY
Animal Models

Research into the pathophysiology of narcolepsy
was greatly stimulated in the early 1970s when

Fig. 1. Age of narcolepsy onset versus age of actual narcolepsy diagnosis. Although better recognition of narco-
lepsy in children may lower the number, previous studies demonstrate a delay in diagnosing narcolepsy. While
the majority (70%–80%) of narcolepsy symptoms occur before age 25, the average peak age of onset is in the
late teens. Unfortunately, the average delay in diagnosis is approximately 10 years. (FromDauvilliers Y, Montplaisir
J,Molinari N, et al. Age at onset of narcolepsy in two largepopulations of patients in France andQuebec.Neurology
2001;57(11):2029–33; with permission.)
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a canine model was discovered.24 In several
breeds, it was soon shown that narcolepsy was
transmitted as a monogenetic, autosomal reces-
sive trait.25 In 1999, the hunt for the responsible
canine gene was completed when mutations
coding for a hypothalamic neuropeptide (hypocre-
tin or orexin) receptor were identified.26 In the same
year, it was shown that preprohypocretin knockout
mice, effectively unable to produce hypocretin,
have fragmented nighttime sleep, sudden transi-
tions form wakefulness into rapid eye movement
(REM) sleep, and peculiar episodes of sudden
behavioral arrest, reminiscent of cataplexy.27

These findings in animal models were the basis
for the final conclusion that defects in hypocretin
neurotransmission are responsible for human idio-
pathic and sporadic narcolepsy.

The canine narcolepsy model has also been
invaluable in characterizing the neuropharma-
cology of narcolepsy. This characterization has al-
lowed testing of a broad range of drugs for their

effect on sleepiness and cataplexy, in particular.28

More recent rodent models of narcolepsy models
are becoming increasingly influential.29–32 Besides
peptide knockouts, mice lacking hypocretin
receptors 1, 2, or both are available. Moreover,
using advanced genetic techniques, it is possible
to destroy hypocretin neurons after birth in mice,
yielding perhaps the model most closely resem-
bling human narcolepsy.33

In several research areas, it is crucial to obtain
a precise behavioral characterization of the symp-
toms produced in the various animalmodels. Cata-
plexy attacks witnessed in the canine model
closelymimic the human condition, presumably re-
flecting the emotional range expressed by dogs.
Understandably, in rodent models, cataplexy is
less defined and more difficult to differentiate
from simple REM sleep onset periods (SOREMPs).
However, useful attempts have been undertaken in
coming to a consensus when defining cataplexy in
the various animal models (Table 1).34

Table 1
Cataplexy across species

Human Dog Mouse

Behavioral features Abrupt loss of postural
muscle tone

Abrupt loss of postural
muscle tone

Abrupt loss of postural
muscle tone

Level of consciousness Awake (memory of
episodes intact)

Probably awake (visual
tracking intact)

Uncertain but possibly
awake at onset
(response to visual
stimuli intact)

Triggers Strong, generally
positive emotions
(eg, laughter, joking,
playing) immediately
before cataplexy

Probably positive
emotions (eg, playing,
eating palatable
food) immediately
before cataplexy

Active behaviors with
likely emotional
content (eg, running,
climbing, vigorous
grooming, social
interaction)

Duration Brief (seconds to a
few minutes)

Brief (seconds to a few
minutes)

Brief (seconds to a few
minutes)

EEG Wake pattern and
sometimes features
of REM sleep

Wake pattern in cortex
with theta activity in
hippocampus

Theta activity similar to
REM sleep

EMG Atonia, sometimes with
intermittent lapses in
tone at onset

Atonia, sometimes with
intermittent lapses in
tone at onset

Atonia, sometimes with
intermittent lapses in
tone at onset

Response to therapy Suppressed by
monoamine reuptake
blockers (eg,
antidepressants) and
sodium oxybate

Suppressed by
monoamine reuptake
blockers

Suppressed by
clomipramine

Cataplexy has many similarities in people, dogs, and mice with narcolepsy, including abrupt postural atonia and improve-
ment with clomipramine. During cataplexy in people and dogs, some investigators report an EEG pattern similar to wake,
whereas others describe characteristics of REM sleep despite preservation of consciousness.

Abbreviations: EEG, electroencephalogram; EMG, electromyogram.
From Scammell TE, Willie JT, Guilleminault C, et al. A consensus definition of cataplexy in mouse models of narcolepsy.

Sleep 2009;32:113; with permission.
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Narcolepsy as a Hypocretin-Deficiency
Syndrome

Following initial skepticism, it is now firmly estab-
lished that human narcolepsy also reflects dysfunc-
tion of the hypocretin system. Almost 95% of
patients with narcolepsy and clear-cut cataplexy
have very low levels of hypocretin-1 in cerebro-
spinal fluid (CSF).35–39 This deficiency is highly
specific to narcolepsy and has not been found in
healthy controls or other sleep disorders.40,41 Low
hypocretin levels have also been described in
some cases of secondary narcolepsy caused by
hypothalamic damage from different causes,
a small number of cases with a severe form of Guil-
lain-Barré syndrome (in Asiatic but not European
patients), and in head trauma.41–46 Pathologic
studies in postmortem brain tissue from patients
with narcolepsy have shown a clear loss of prepro-
hypocretin messenger RNA, hypocretin peptides in
the hypothalamus, and in hypocretin neuron projec-
tion areas.47–49 Because 2 independent markers of
hypocretin neurons (prodynorphin and neuronal
activity-regulated pentraxin) were also depleted, it
is most likely that the hypocretin deficiency in
patients with narcolepsy is caused by a destruc-
tion of hypocretin-producing neurons.50,51 If so,
this process would be highly selective because
melanin-concentrating hormone-producing neurons,
which are intermingled with hypocretin neurons in
the hypothalamus, were shown to be unaffected.47

The Cause of the Hypocretin Deficiency

Understandably, amajor goal of current research is
to identify the ultimate cause of the hypocretin defi-
ciency in narcolepsy. One intense area of interest
centers on the genetic aspects of the disorder.
Although true familial narcolepsy is rare, most
patients with sporadic narcolepsy are thought to
carry a genetic susceptibility.52,53 Of note, the risk
of narcolepsy in a first-degree relative of a patient
with narcolepsy is 2%,which is 10 to 40 times high-
er than theprevalenceobserved in the general pop-
ulation. Twin studies, although limited, indicated
that more than 75% of monozygotic pairs are
discordant for narcolepsy, suggesting a major
contribution of environmental factors.54–57 The first
genetic factor in narcolepsy was identified in the
early 1980s when it was shown that all Japanese
patients with narcolepsy were human leukocyte
antigen (HLA) DR2 positive.58 Subsequent work in
Caucasians confirmed this strong association.
Molecular HLA typing revealed that HLA
DRB1*1501, DQA1*0102, and DQB1*0602 alleles
were present in more than 95% of the patients,
compared to 25% in controls.59,60 This established
the tightest HLA association ever found in

a disease. However, the HLA association in narco-
lepsy has proven to be complex. A recent genome-
wide association study (GWAS) found that the HLA
DRB1*1301-DQB1*0603 haplotype was almost
never present in patients, suggesting a protective
effect of this haplotype.61 Another recent GWAS
yielded a highly interesting association between
narcolepsy and polymorphisms in the T cell
receptor alpha subtype gene.62 Only one patient
has been found so far with a mutation in a gene
directly related to hypocretin, in this case the pre-
prohypocretin locus. This mutation was detected
in a very atypical HLA DQB1*0602 negative narco-
lepsy case with a very young age at onset and
a strikingly severe phenotype.47 Other genetic
predisposition factors are likely to play a role in
narcolepsy, although their contribution to disease
expression is not known. Associations with the
tumor necrosis factor (TNF) alpha 2, as well as
TNF receptor 2 genes, havebeen variably identified
as important factors.63,64 A recent finding that
implicates an immunologic mechanism confirms
an association with the purinergic receptor gene
P2Y11, which has immune-modulatory effects.65

Narcolepsy and Autoimmunity

The strong HLA association in narcolepsy quickly
led to the hypothesis that autoimmunitywas a likely
etiologic mechanism, potentially explaining the
astonishing selectivity of neuronal destruction in
the hypothalamus.66,67 It has been hypothesized
that the T cell receptor alpha subtype polymor-
phism could contribute to the presumed autoim-
munity toward hypocretin neurons by influencing
specific recombination of T cell receptor variable
joining segments capable of interacting with HLA
DQB1*0602.62,67

Repeated efforts were directed toward finding
a marker of humoral autoimmunity in narcolepsy
with particular emphasis on the proposed pres-
ence of circulating antibodies against various
elements of the hypocretin system.66,68 Although
one study found an increased CSF immunoglob-
ulin G (IgG) fraction cross-reacting with rat hypo-
thalamic extract, most studies have been
negative in this respect.68–72 Recently, increased
titers of antibodies against Tribbles homologue 2,
expressed in hypocretin neurons, have been found
in a small percentage of patients studied close to
disease onset.73–75 In addition, increased IgG
titers of antistreptolysin O have also been found
in recent onset cases.76,77

However, definitive proof for autoimmunity
remains elusive. In contrast to established autoim-
mune disorders, narcolepsy is only rarely associ-
ated with other manifestations of autoimmunity.67
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Furthermore, treatments with immune-modulating
drugs have largely been negative, except for
a possible reduction of symptoms in a few cases
after repeated high doses of intravenous immuno-
globulins (IvIG).78–80 However, this positive result
has not been easy to replicate.81–83 In addition,
the effects of IvIG are complex and may also
produce a large placebo effect for symptoms,
such as cataplexy.81

In 2010, a significant increase in new cases of
narcolepsy in young children was reported in
Finland and Sweden, which seemed to have
a temporal association with vaccination against
pandemic H1N1 influenza.84–86 A comparable
increase in incidence has not been reported in
other countries to date, and case-control studies
are currently underway to confirm or refute
a possible causal association. Of interest, a large
retrospective analysis of narcolepsy onset in China
suggested a possible 3-fold increase following the
2009 H1N1 pandemic.87 In that study, a relation
with vaccination was unlikely because only 5%
of the population were actually vaccinated.

Overall, therefore, an autoimmune-mediated
destruction of hypocretin neurons as the primary
cause of narcolepsy is a tantalizing possibility but
remains to be confirmed.

From Hypocretin-Deficiency to Clinical
Symptoms

Several models have been developed to link
the defects in hypocretin neurotransmission to
the clinical symptoms of narcolepsy. Hypocretin
neurons exert a major excitatory influence on both
monoaminergic and cholinergic systems involved
in the regulation of vigilance states.88,89 Hypocretin
deficiency may, therefore, explain abnormalities in
these classical sleep-regulating neurotransmitter
systems reported in narcolepsy.28 An influential
perspective on the effects of hypocretin deficiency
comes from the description of the so-called sleep
switch.90 In this model, the normal mutual inhibitory
connections between key sleep andwake regulating
brain structures result in an inherently unstable flip-
flop system. In this system, intermediate states of
wake and sleep are avoided and any change in state
occurs quickly.90 The hypocretin system is ideally
situated to act as a stabilizing factor, keeping the
sleep switch fixed in the wake position. In the
absence of hypocretin, the switch reverts to an
unstable system with frequent changes between
vigilance states, a prominent feature of hypocretin-
deficient mice.91,92 This system also perfectly fits
with thephenotypeofhumannarcolepsy,akeycom-
ponent ofwhich is an inability to sustain eitherwake-
fulness or sleep for appropriate periods of time.93

For cataplexy, the theoretical framework is less
clear. Based on the fact that strong emotions,
such as laughter, can induce subclinical signs of
motor inhibition even in healthy subjects,94–96 it
may be necessary to have a brain system that
suppresses this tendency for paralysis.97 Recent
studies measuring the activity of hypocretin
neurons in freely moving rats may support this
view.98 Hypocretin neurons were relatively silent
during most of the day but were activated most
when the animals were confronted with emotional
stimuli, such as types of food not encountered
previously. It was hypothesized that the hypocretin
system is necessary to prevent the normal onset
of motor inhibition seen in emotionally charged
situations.98 Another explanation is based on the
REM-sleep dissociation theory of cataplexy, por-
traying it as the physiologic atonia that occurs
during REM sleep intruding into the wakeful
state.99 Deficits in the hypocretin system are
thought to result in dysregulation and disinhibition
of REM sleep in this model, leading to cataplexy
and other REM sleep–related phenomena. Regard-
less of the effector system, there is increasing
evidence that the hypocretin system is integrated
in a circuit involving the amygdala and, more gener-
ally, emotional processing, which could partly
explain the triggering of cataplexy.100,101

CLINICAL FEATURES
General Aspects

The classical tetrad of narcolepsy described more
than 50 years ago is still often quoted despite only
applying to a minority of patients.3,10 Many have
argued that fragmented or poor quality nocturnal
sleep is so common and troublesome in patients
with narcolepsy that it warrants inclusion as
a core symptom, creating a pentad.9,102 The clin-
ical phenotype of narcolepsy is even broader and
includes persistently impaired vigilance together
with automatic behaviors that occur in presumed
microsleeps. Obesity, pain syndromes, and
mood and anxiety disorders are common.

Excessive Daytime Sleepiness

EDS is the primary, most recognized symptom of
narcolepsy and usually the most debilitating. It
may take various forms, with reports of continuous
somnolence at one end of the spectrum and in-
termittent sudden or irresistible sleep attacks at
the other. Some experience a combination of
these 2 patterns. As in healthy individuals, the
tendency to fall asleep is more pronounced during
monotonous, nonstimulating activities. Indeed,
a proportion of patients are able to fight the need
to sleep simply by engaging in physical activity,
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for example. Typically, sleep episodes in narco-
lepsy are short, often lasting less than 20 minutes.
In many patients, such short naps are refreshing or
restorative, which is a feature that can help with
the differential diagnosis.3,103 Although sleep
episodes may recur throughout the day, the total
amount of sleep is normal or only minimally
increased over a 24-hour period because of
nocturnal sleep fragmentation.93 Different patterns
of sleepiness, such as prolonged daytime naps or
continuous sleepiness with superimposed naps,
are also described and should not necessarily
suggest an alternative diagnosis.
EDS can be an incapacitating symptom but is

not always recognized as such. Especially in the
young, napping at inopportune times is often dis-
missed as laziness or as a simple consequence
of over doing it. This view is, in part, because
many commentators consider themselves ex-
perts, having experienced mild daytime sleepiness
as a result of bad or reduced nocturnal sleep.

Cataplexy

The presence of cataplexy is of paramount diag-
nostic importance because it is virtually pathogno-
monic for narcolepsy. Because there are no
practical or objective measures of cataplexy, its
presence needs to beestablishedbased on the clin-
ical interview alone. In the current International Clas-
sification of Sleep Disorders (ICSD-2), cataplexy is
descriptively defined as “sudden and transient
episodes of loss of muscle tone triggered by
emotions.”104 In addition, “episodes must be trig-
gered by strong emotions - most reliably laughing
or joking- and must be generally bilateral and brief
(less than twominutes).”104 Inpractice, thisdefinition
is often difficult to apply for various reasons. The
cataplexy phenotype differs widely between
patients, ranging from rare instances of partial
attacks triggered by laughter to frequent complete
attacks of collapse brought about by a variety of
emotions.3,105–107 A further complication is that feel-
ings of muscle weakness potentially causing knee
buckling when laughing out loud are regularly re-
ported in healthy individuals in many cultures.3,95

Cataplexy results from a temporary loss of
voluntary muscle tone causing flaccid paresis or
paralysis. It can affect virtually all skeletal muscles,
although some muscle groups are preferentially
involved.3,105–107 Neck weakness is a common
complaint, producing head drop, whereas facial
weakness may lead to sagging of the jaw and
dysarthria. Knee buckling is also frequently re-
ported in full-blown attacks. Respiratory muscles
are not involved, although patients sometimes
describe shortness of breath when symptomatic.

In most attacks, cataplexy is bilateral, although
patients sometimes report one side of the body
to be more affected. Cataplectic attacks are often
partial, preferentially involving the muscle groups
described previously. Partial attacks can be subtle
and sometimes only recognized by experienced
observers, such as the patient’s partner. Attacks
start abruptly and usually build up over several
seconds, especially in attacks producing com-
plete peripheral weakness and collapse.3,107

Although the central characteristic of cataplexy is
atonia, positive motor phenomena are often
observed, with muscle twitching or small jerks,
particularly of the face, potentially leading to diag-
nostic confusion.3,107

The key involvement of emotion or its anticipa-
tion as a trigger for cataplexy is a defining
feature.3,107 In Table 2, a list of most frequently
reported cataplexy triggers is shown, ordered in
the frequency of likely occurrence. Although the
whole gamut of emotions can potentially lead to
cataplexy, those associated with mirth are usually
the most potent. Laughing out loud, telling a joke,
or making a witty remark are typical examples,
with some reporting the anticipation of laughter,
typically as a punch line approaches, to be the
most effective precipitant.3,107 Collapse induced
by surprise on unexpectedly meeting a friend is
also a commonly reported scenario. Although
rare, spontaneous cataplectic attacks are also
possible in the absence of a clear identifiable
trigger. Cataplexy has been linked also with
orgasm (orgasmolepsia).
The frequency of cataplexy is variable, ranging

from less than one attack per month to more
than 20 attacks per day. However, in an individual
patient, the attack frequency remains relatively
stable.108 Because a certain intimacy is often
required for attacks to occur in company, cata-
plexy is rarely observed or elicited during medical
consultation. Many patients develop an aware-
ness that a cataplectic attack is about to happen,
reporting warning signs, such as strange feelings
in the head or sensations of warmth or ner-
vousness. Indeed, many patients develop tricks
to try and prevent cataplectic attacks from
evolving.107

Cataplexy is generally short lived, lasting
a matter of seconds, with most attacks lasting
less than 2 minutes. However, if a particular trigger
continues, consecutive attacks may merge to-
gether to formwhat seems to be one long episode.
Sudden withdrawal of anticataplectic medication,
especially antidepressants, can also result in so-
called status cataplecticus in which long-lasting
attacks happen virtually continuously, rendering
patients severely disabled.109
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Cataplexy in Children

In recent years, increasing attention has been
given to the clinical presentation of narcolepsy in
childhood. Several studies, especially by Plazzi
and colleagues in Bologna, have now shown that
cataplexy in children can seem phenotypically
different to typical episodes seen in adult-
hood.22,110–112 In addition to typical attacks trig-
gered by positive emotions, children can also
present with more generalized hypotonia. Weak-
ness particularly involves the face, eyelids, and
mouth (Fig. 2).22 Together with tongue protrusion,
this characteristic pattern has been termed
a cataplectic facies.110 In addition, children with
cataplexy may also display positive motor
phenomena, ranging from perioral dyskinetic or
dystonic movements to frank stereotypies.
Although follow-up data are limited, it seems this
phenotype gradually evolves over subsequent
months and years to the typical adult form.22

Hallucinations

About one-third of the patients with narcolepsy
have frequent hypnagogic hallucinations, which
are defined as vivid dreamlike experiences
occurring at the transition between wake and
sleep. If present at the point of waking from sleep,
the term hypnopompic hallucinations is used.
Typically, hypnagogic hallucinations have a mul-
timodal or holistic character, often combining
visual, auditory, and tactile phenomena.3,113 Not
infrequently, visual elements of the sleeping envi-
ronment are incorporated into the hallucination
producing bizarre and often disturbing experi-
ences. In some patients, hallucinations are so
intense that they may be misdiagnosed as
psychotic symptoms.114 However, the multimodal
nature of the hallucination and retained insight
into its dreamlike quality are usually sufficient to
avoid a misdiagnosis of conditions, such as
schizophrenia.113

Table 2
Cataplexy triggers

Trigger Percentage of Patientsa

Laughing excitedly 61.7

Making a sharp-minded remark 53.8

Telling a joke 48.1

Before reaching the punch line of a joke 47.2

Being tickled 42.1

Hearing a joke 39.6

Being angry 36.2

Unexpectedly meeting someone well known 34.9

Being startled 29.9

Tickling someone 25.0

Laughing 21.9

Chuckling 16.2

Experiencing an orgasm 15.9

Being the center of attention 14.3

Expectedly meeting someone well known 13.6

Unexpectedly meeting an acquaintance 12.5

Feeling stressed 10.6

Feeling ashamed 8.9

Hearing an unexpected sound 6.8

Spontaneously 6.8

In the waiting room at the doctor 4.8

Hearing an expected sound 4.8

While eating 3.9

In pain 1.0

a Percentage of patients reporting that a trigger could often or always trigger their cataplexy.
Data from Overeem S, van Nues SJ, van der Zande WL, et al. The clinical features of cataplexy: a questionnaire study in

narcolepsy patients with and without hypocretin-1 deficiency. Sleep Med 2011;12:12–8.
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Sleep Paralysis

Sleep paralysis describes the disturbing temporary
inability to move voluntary muscles at sleep-wake
transitions.3 The phenomenon usually occurs at
the point of waking, although patients with narco-
lepsy also experience episodes as they drift to
sleep. Despite being awake and conscious of the
sleeping environment, it is impossible for patients
to move their limbs or even open their eyes.
The experience may last for several minutes and it
can be extremely distressing, especially when
occurring for the first time. An inability to take
a voluntary deep breath often gives the disturbing
sensation of chest constriction. Concomitant visual
or tactile hypnagogic or hypnopompic hallucina-
tions may occur, adding to the unpleasant nature

of the experience. Stress, sleep deprivation, or an
uncomfortable sleep position may increase the
frequency of episodes. Sensory stimulation, typi-
cally being touched by a bed partner, usually termi-
nates an episode, although some patients report
such attempts cause further distress.

Disturbed Nocturnal Sleep

Although sleep onset is rarely a problem, an
inability to maintain continuous sleep is extremely
common and often a major concern for patients
with narcolepsy and their partners.2,3,9,102 Nu-
merous arousals from sleep may be reported,
some of which are prolonged and severely disrup-
tive. Polysomnography typically shows destruc-
turing of the normal sleep architecture with an

Fig. 2. Illustration of cataplexy features in young children. (A) Head dropwhile watching funny cartoons. (B) Ptosis
and tongue protrusion in 3 patients. (C) Facial hypotonia in 3 patients. (D) Persisting generalized hypotonia in 3
patients with a wide based gate, forced squatting position and unsteady gate respectively. (From Plazzi G, Pizza F,
Palaia V, et al. Complex movement disorders at disease onset in childhood narcolepsy with cataplexy. Brain
2011;134:3484; with permission.)
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increased frequency of shifts between sleep states
and frequent awakenings (Fig. 3).115,116 In some
patients, disturbing dream or hallucinatory experi-
ences are largely responsible for the sleep frag-
mentation, whereas, in others, it simply seems to
reflect an inability simply to stay in a state of sleep.
Attempts to improve the quality of overnight sleep
may help to alleviate daytime sleepiness to some
extent. However, a direct relationship between
the severity of nocturnal sleep disruption and
daytime sleepiness has not been established.117

An increased frequency of numerous other sleep
disorders has been described in narcolepsy, in-
cluding sleep talking, periodic limb movement
disorder, sleep-disordered breathing, and REM
sleep behavior disorder (RBD).3,102,118,119 However,
with the possible exception of sleep apnea, the clin-
ical relevanceofanypotential comorbidsleepdistur-
bance isoftenunclear.Onovernight testing, patients
with narcolepsy are frequently observed to move
abnormallyduringREMsleep,althoughanyresulting
dream enactment is rarely aggressive or trouble-
some in contrast to idiopathic RBD. The striking
male preponderance usually seen in RBD is not
seen in narcolepsy, and the age of onset is typically
young, highlighting further differences. However, in
commonwith other forms of RBD, the phenomenon
canbeexacerbatedoreven inducedbyconcomitant
treatment with antidepressant drugs.119

Decreased Vigilance, Automatic Behavior, and
Memory Complaints

Narcolepsy is typically characterized by excessive
sleepiness and the intrusion of unwanted naps
during the day. However, it is important to appre-
ciate that even when appearing alert, patients
with narcolepsy often display significant problems
with decreased vigilance that interferes with cogni-
tion and performance. Assessments of maintained
attention or vigilance are sensitive markers of
sleep-wake disturbance compared with the

multiple sleep latency test (MSLT), for example,
and may probe different aspects.120 It has been
advocated that tests of vigilance should be incor-
porated in the diagnostic workup of narcolepsy,
especially given the likely impact that impaired
attention may have on daily activities.120 Reduced
vigilance or the presence of so-called microsleeps
may explain the frequent occurrence of automatic
behaviors reported in narcolepsy. Typical exam-
ples of semipurposeful but inappropriate automatic
behaviors are placing unusual objects in a refriger-
ator or writing nonsense prose down a page. A
further likely consequence of reduced vigilance is
impaired memory and an inability to focus
adequately. Indeed, most patients with narcolepsy
complain of a poor short-term memory, although
formal deficits are minimal on objective testing.121

Obesity

From as early as the 1930s, it has been reported
that patients with narcolepsy tend to be over-
weight.122 This finding has usually been attributed
to the inactivity associated with EDS and has,
therefore, received little attention. However,
epidemiologic studies have now clearly shown
that obesity is likely to be a primary symptom of
narcolepsy. Obesity (defined as a body mass
index [BMI] �30 kg/m2) occurs more than twice
as often in patients with narcolepsy compared
with control groups.11,123,124 Nearly 40% of
patients with narcolepsy have a waist circumfer-
ence large enough to warrant intervention to
prevent possible long-term complications.11

Weight gain can be amajor issue for many patients
and an important issue to address even though
effective management is often difficult.

The precise cause of excessive weight gain in
narcolepsy remains unknown. On direct enquiry,
although many patients report a tendency to binge
eat (see later discussion), the limited data on
actual caloric intake do not support overeating

Fig. 3. Typical hypnogram based on nocturnal polysomnography in a patient with narcolepsy. Note a highly frag-
mented sleep pattern with numerous awakenings (a) and frequent shifts between sleep states. In addition
a sleep-onset REM period is present (red arrow). MT, movement time; REM, rapid eye movement sleep; S1, N1
sleep stage, S2, N2 sleep stage; S3, S4, N3 sleep stage (slow wave sleep).
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as a primary cause. In a study using cross-
checked dietary histories, it was shown that
patients with narcolepsy actually tended to con-
sume fewer calories over a 24-hour period
compared with controls.125 Inactivity secondary
to EDS is also unlikely to account for significant
obesity because patients suffering from idiopathic
hypersomnia with equivalent levels of EDS have
been shown to have a lower BMI than patients
with narcolepsy.11 It has, therefore, been specu-
lated that the hypocretin deficiency in narcolepsy
may directly affect metabolism and possibly lower
basal metabolic rates. However, studies on this
topic have yielded conflicting results with no
systematic decreases in objective metabolic
parameters. Initial interesting data suggesting
abnormalities in the neuropeptide systems regu-
lating satiety and body weight have also been diffi-
cult to replicate.126–130

Mood Disorders

For a considerable time, there have been sugges-
tions of increased levels of depression in narco-
lepsy. More recently, the relationship has been
addressed in various ways: either as a secondary
outcome in quality-of-life studies, generally using
self-report depression-severity scales, or with
more formal psychiatric diagnostic instruments.
Self-reporting with the Beck Depression Inventory,
for example, has invariably implied a high preva-
lence of depression.131,132 However, self-report
scales may be particularly unreliable in the
patients with narcolepsy because of the potential
overlap of many symptoms that may characterize
both conditions. Disordered nocturnal sleep,
reduced powers of attention, changes in body
weight, and general fatigue are clearly common
examples. Using more formal psychiatric evalua-
tions, Vourdas and colleagues133 did not find an
overrepresentation of major depression in narco-
lepsy. In a recent study using a structured psychi-
atric interview, no higher prevalence of major
depression in narcolepsy compared with a pop-
ulation control group was found.12 However, there
were suggestions that many reported symptoms,
such as pathologic guilt and anhedonia, could
not be easily attributed to narcolepsy. As with
many long-term conditions, paying attention to
mood status is of paramount importance. Indeed,
the presence of depressive symptoms has
been shown to be an important independent
predictor of health-related quality of life in
narcolepsy.6 Recent neuroimaging studies have
demonstrated an altered emotional processing
in narcolepsy suggesting the possibility that

psychiatric disturbances may be at least in part
nonreactive/related to the disease per se.101,134

Anxiety

Anxiety symptoms have received less atten-
tion compared with depression in narcolepsy.
However, in a recent study, the authors found
a strikingly high level of anxiety disorders, such
as panic attacks or social phobias, which affected
20% of patients. Indeed, more than one-third ful-
filled criteria for a formal anxiety disorder.12 It
remains unclear whether anxiety symptoms are
related to the disease itself or are secondary
phenomena. The latter explanation is perhaps
favored by the loss of control reported by many
patients with narcolepsy. Particular examples
include experiencing unpredictable cataplexy in
public environments or anxiety triggered by
daytime recollection of hallucinatory experiences.
The latter might fuel specific phobias, such as
a fear of insects.12

Other Psychiatric Symptoms

Although it is important to clearly differentiate EDS
from fatigue when assessing patients with a sus-
pected hypersomnia, there are indications that
fatigue is not an uncommon additional complaint
in narcolepsy.135,136 In one study, more than
60% of patients with narcolepsy and cataplexy re-
ported severe fatigue separable from actual
EDS.135 Although often overlooked, fatigue may
warrant more attention because it was indepen-
dently associated with functional impairment and
a lowered quality of life.
When specifically questioned, patients with

narcolepsy often report changes in their appetite
or eating habits. For example, many patients
tend to eat during prolonged nocturnal arousals
or report episodes of carbohydrate craving. More
formal studies have confirmed that eating disor-
ders may be overrepresented in narcolepsy, with
a form of binge eating disorder as a frequent asso-
ciation.13,137 Sexual dysfunction is also common,
including erectile problems and loss of libido.
Occasionally, severe EDS or even cataplexy may
interfere with sexual activity.138 It is important to
address the possibility of drug side effects as
contributors to such problems, especially if antide-
pressants are prescribed.

Psychosocial Consequences

Narcolepsy has a striking negative effect on quality of
life and affects virtually every domain.5,6,131,139–143

Psychosocial problems are frequent, incapacitat-
ing, and occur across all cultures. To the surprise
of some, the impact of narcolepsy is often more
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severe than that of other chronic diseases, such as
epilepsy.144 Many patients have educational
and occupational problems, even when taking
optimum drug treatment. In particular, narcolepsy
has deleterious effects on work performance,
promotion, earning capacity, and interpersonal
relations, including marriage and sexual function.
There is an increased risk of job loss, accidents,
and additional insurance payments. Stringent
driving regulations in many countries may also
impair job prospects. Children and adolescents
with narcolepsy report embarrassment, academic
decline, and loss of self-esteem, often accentu-
ated by a long delay before diagnosis. The

psychosocial impact of narcolepsy is not limited
to the adverse effects of EDS because significant
cataplexy can also be extremely debilitating.
Many such patients become severely reclusive to
avoid stimuli that provoke attacks.

DIAGNOSTIC TOOLS
Clinical Approach

In every patient, the whole gamut of potential
symptoms needs to be assessed, especially
because many may not be spontaneously re-
ported or even suspected as a likely consequence
of narcolepsy. In Table 3, a suggested outline is

Table 3
Important topics to cover in the clinical interview

General Age at onset and initial presenting symptom; Are there any possible
triggers around onset (eg, infection, vaccination, trauma)?

Sleepiness What is the pattern of excessive sleepiness: continuous somnolence
or sleep attacks? What is the frequency and duration of both
involuntary and planned sleep episodes? Are sleep episodes
refreshing? Can sleep be resisted? Are there dreams or similar
phenomena during short naps? What circumstances worsen or
improve sleepiness?

Cataplexy What is the description of a typical attack, including pattern of
weakness? Are attacks mostly partial or complete? What is the
frequency and duration of episodes? Ensure there is no loss of
consciousness. Enquire about spectrum of triggers. Have there
been physical injuries?

Nocturnal sleep Habitual sleep duration and sleep-wake schedule; subjective sleep
latency, number and duration of awakenings; symptoms of
possible other sleep disorders (such as sleep-disordered
breathing, restless legs syndrome). Assess sleep hygiene

Hypnagogic hallucinations Duration, frequency, and content; associated symptoms of fear and
anxiety

Sleep paralysis Duration and frequency; Co-occurrence with hypnagogic
hallucinations?

Weight change Current weight and height to calculate body mass index; Is there
any change around onset of narcolepsy symptoms? current
stability of weight; Is there any influence of medication on weight?

Eating habits Abnormal appetite (eg, binge eating, eating at night); influence of
meals and their type (eg, high carbohydrate load) on
(postprandial) sleepiness

Mood/anxiety Are there mood disturbances? Is there a history of depression,
anxiety, panic attacks, or phobias?

Automatic behavior Establish any examples of automatic behaviors and their
circumstances and frequency

Other symptoms Are there memory complaints? If appropriate, ask about sexual
problems. Specifically assess fatigue (separate from actual
sleepiness)

Psychosocial aspects Have the symptoms (sleepiness or cataplexy) influenced social
interactions at school or work? Ask about driving

Family history Are their any relatives with narcolepsy, daytime sleepiness, or other
sleep disorders?
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given of topics to cover in the clinical interview.
The precise pattern of sleepiness and features of
naps, such as length and restorative value, are
important differential diagnostic clues. The diag-
nostic classification of narcolepsy (see later
discussion) is highly dependent on the presence
of cataplexy, which is established solely from
history taking. Besides the presence of specific
symptoms, the impact of sleep-related symptoms
on daily living should be probed. The relative
burden that a specific symptom poses on patients
will also direct the course and aims of subsequent
treatment. In most patients, the clinical symptoms
remain stable over years. However, the actual
expression of symptoms and the associated func-
tional disability depends greatly on a patient’s
circumstances. It is, therefore, strongly advised
to keep patients under long-term follow-up even
if symptom control seems stable.

Nocturnal Polysomnography

Polysomnography is most often performed to
exclude other nocturnal sleep disorders as
a possible cause of EDS, such as sleep-disor-
dered breathing. However, it also provides a use-
ful indication of associated sleep disturbances
frequently observed in narcolepsy, including
RBD. A SOREMP during nighttime recording can
be observed in up to 50% of cases, although this
finding is not part of the diagnostic criteria.104

Frequent arousals, often from deep sleep, are
commonly observed, and the distribution of
deep non-REM sleep may seem abnormal, with
episodes occurring late in the night. Ideally, poly-
somnography should always be performed before
an MSLT to establish the preceding total nocturnal
sleep time.145

Multiple Sleep Latency Test

The MSLT remains a cornerstone in the diagnosis
of narcolepsy, despite its many shortcomings. In
most protocols, patients are given 5 nap opportu-
nities at 2 hourly intervals through the morning and
early afternoon after a routine nocturnal sleep.
Each nap opportunity is terminated after 20
minutes whether sleep is achieved or not. Across
naps, the mean latency to sleep onset (stage 1)
in narcolepsy is usually around 2 to 3 minutes.
However, given the considerable variability bet-
ween patients and even within patients when
repeated tests are performed, a criterion of 8
minutes has been adopted to indicate the pres-
ence of significant EDS.104 If EDS is established,
the occurrence of REM sleep on at least 2 naps
within 15 minutes of recording (sudden-onset
REM or SOREM periods) is used as a diagnostic

indicator for narcolepsy.104 Although these diag-
nostic criteria are widely accepted, clinical experi-
ence and formal studies have indicated that
both their sensitivity and specificity are subop-
timal.146–148 False negative and false positive
results are common, in part reflecting the difficulty
in standardizing the test. For example, some
patients with proven hypocretin-1 deficiency fail
to fulfill the MSLT criteria for narcolepsy. In addi-
tion, the presence of typical cataplexy is a better
predictor for hypocretin-1 deficiency than seem-
ingly more objective MSLT results.

CSF Hypocretin-1 Measurements

Following the earliest reports of hypocretin defi-
ciency in human narcolepsy by Nishino and
colleagues,35 it was anticipated that hypocretin-1
measurements would grow into an important new
diagnostic tool. Indeed, an extended study in
more than 40 patients with narcolepsy confirmed
thatmore than 90%of patients with classical narco-
lepsy (ie, with cataplexy and HLA DQB1*0602) had
undetectable hypocretin-1 levels.36 This finding
has been replicated in numerous studies across
different populations.37,38,41,149–153 Increasing data
on hypocretin-1 levels in the narcolepsy borderland,
such as atypical cases of narcolepsy (no cataplexy,
familial cases, HLADQB1*0602 negative), and other
sleep disorders (eg, idiopathic hypersomnia) are
available to help clarify the role of hypocretin
measurements in the diagnosis of narcolepsy.40

The sensitivity and specificity of low hypocretin-1
levels in a randomly selected subset of patients
withcataplexy arehigh (87%and99%respectively),
resulting in both a positive and a negative predictive
value of about 90% to 95%.40,153 In patients with-
out cataplexy, the specificity of low hypocretin
values is still highbut sensitivity ismuch lower (about
15%), with most people having normal levels.
Hypocretin-1 levels can be measured in CSF,

using a commercially available radioimmuno-
assay. Standards for the application of the assay
have been published.154 The interassay variability
of the test is high, prompting recommendations
to include a reference sample in each assay to
obtain comparable results. Using the Stanford
reference sample, a hypocretin-1 concentration
less than 110 pg/mL is considered to be diag-
nostic.40 Alternatively, normal values can be
established locally using healthy subjects or
patients with disorders known not to affect hypo-
cretin levels.
Currently, there are several clinical situations

in which hypocretin measurements are particularly
useful. Sometimes the MSLT is difficult to interpret,
for example, in patients using sleep-modulating
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medications or with concomitant sleep disorders,
such as sleep apnea. Likewise, interpretation of
the MSLT can be problematic in young children
because of a lack of normative data and practical
issues with the test in this group. Hypocretin
measurements are also valuable when cataplexy
is doubtful or atypical. Finally, for research pur-
poses, hypocretin measurements make it possible
to define homogenous patient groups.

Other Diagnostic Tools

More than 90% of patients with typical sporadic
narcolepsy with cataplexy are positive for the
HLA subtype DQB1*0602 compared with around
25% in control groups.59 The low specificity of
this finding means HLA typing is rarely a useful
clinical tool for diagnosis. Furthermore, in clinically
difficult cases (no cataplexy, very young onset,
a positive family history), HLA positivity is consid-
erably less common. HLA typing remains an
important research tool, however, helping to
define homogenous patient groups and providing
insights into pathophysiology.

Actigraphy can be used to obtain an estimate of
the habitual sleep-wake patterns of patients over

long periods. In the absence of clear-cut cataplexy,
actigraphy can be useful in assessing the possibility
of behaviorally induced insufficient sleep as a cause
of EDS.155,156 Questionnaires, such as the Epworth
Sleepiness Scale, and the Swiss Narcolepsy Scale3

can also be applied to measure subjective sleepi-
ness. These scales do not help with the differential
diagnosis but provide a useful indication of the
severity of the perceived sleepiness andmay some-
times be helpful in monitoring treatment effects.
Vigilance tests, such as the Sustained Attention to
Response Task, have been shown to be abnormal
in patients with narcolepsy.120 Future studies are
required to study the specificity and usefulness of
the test. However, a measure that has practical
implications and is capable of assessing functional
status has intuitive appeal.

DIAGNOSTIC CLASSIFICATION

The current ICSD-2 classification of narcolepsy
makes an explicit distinction between narcolepsy
with and without cataplexy.104 The diagnostic
criteria are listed in Box 1. In the presence
of otherwise unexplained EDS and clear-cut

Box 1
ICSD-2 narcolepsy criteria

Narcolepsy with cataplexy

1. The patient has a complaint of excessive daytime sleepiness occurring almost daily for at least 3
months.

2. A definite history of cataplexy, defined as sudden and transient episodes of loss of muscle tone trig-
gered by emotions, is presen.

3. The diagnosis of narcolepsy with cataplexy should, whenever possible, be confirmed by nocturnal
polysomnography followed by an MSLT. The mean sleep latency on MSLT is less than or equal to 8
minutes and 2 or more SOREMPs are observed following sufficient nocturnal sleep (minimum 6
hours) during the night before the test. Alternatively, hypocretin-1 levels in the CSF are less than
or equal to 110 pg/mL or one-third of the mean normal control values.

4. The hypersomnia is not better explained by another sleep disorder, medical or neurologic disorder,
mental disorder, medication use, or substance use disorder.

Narcolepsy without cataplexy

1. The patient has a complaint of excessive daytime sleepiness occurring almost daily for at least 3
months.

2. Typical cataplexy is not present, although doubtful or atypical cataplexylike episodes may be
reported.

3. The diagnosis of narcolepsy without cataplexy must be confirmed by nocturnal polysomnography
followed by an MSLT. In narcolepsy without cataplexy, the mean sleep latency on MSLT is less than
or equal to 8 minutes and 2 or more SOREMPs are observed following sufficient nocturnal sleep
(minimum 6 hours) during the night before the test.

4. The hypersomnia is not better explained by another sleep disorder, medical or neurologic disorder,
mental disorder, medication use, or substance use disorder.

From American Academy of SleepMedicine. The International Classification of Sleep Disorders: diagnostic and coding
manual. 2nd edition. Chicago: AASM; 2005; with permission.
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cataplexy, a diagnosis of narcolepsy with cata-
plexy can be made based solely on patients’
history. However, a confident determination of
cataplexy can be difficult, especially when there
are only partial or atypical attacks. Even if a con-
fident clinical diagnosis is made, confirmatory
objective investigations are usually recommended
because of the implications of a positive diagnosis
(both socially and therapeutically). Using the
ICSD-2 criteria, diagnosis can be made either
when an MSLT demonstrates sleep latency
less than 8 minutes together with at least 2 SOR-
EMPs or if CSF hypocretin-1 levels are less than
110 pg/mL.
In the absence of clear cataplexy, it can be diffi-

cult to establish a diagnosis of narcolepsy, either
clinically or with tests, and it is mandatory to
exclude other causes of EDS, such as sleep-
disordered breathing. In young patients, chronic
sleep curtailment may frequently masquerade
as possible narcolepsy without cataplexy. The
standard MSLT criteria or hypocretin-1 deficiency
are mandatory to make the diagnosis but their
application and reliability in this situation are
debated. There may well be an overlap between
narcolepsy without cataplexy and idiopathic hy-
persomnia. Alternatively, whether narcolepsy
without cataplexy is truly part of a continuum
with narcolepsy and cataplexy, sharing a common
pathophysiology, remains uncertain.3,157 In partic-
ular, it is unclear whether levels of CSF hypocretin
should have a more important role in diagnosis,
especially in the context of narcolepsy without
cataplexy.3,153

Given the possible difficulties in assessing the
presence of cataplexy and the suboptimal reli-
ability of objective testing, one approach is to
recommend a grading system with increasing
levels of diagnostic probability. Such a system
was proposed by Silber and colleagues158 just
before hypocretin measurements were integrated
into clinical practice. Given the current state of
knowledge, levels could range from definite narco-
lepsy with proven hypocretin-1 deficiency, to
probable narcolepsy with clear cataplexy and an
abnormal MSLT, to possible narcolepsy based
solely on the presence of clinical symptoms. A
comparable grading system could also be applied
to individual symptoms, such as cataplexy. Classi-
fication could then be based on the number of key
features that are present, such as muscle atonia,
specifically defined emotional triggers, short
duration, preserved consciousness, and quick
recovery.107 Even though these types of classifica-
tion systems may be too complex to apply in
everyday practice, they could prove highly valu-
able in research studies.

SUMMARY AND FUTURE PERSPECTIVES

In the last 2 decades, giant leaps have been made
in our understanding of the pathophysiology of
narcolepsy alongside increasing appreciation of
the wide spectrum and disabling array of symp-
toms patients are confronted with. However,
much remains to be learned. In the following years,
further insights into the precise causal mecha-
nisms leading to hypocretin deficiency are ex-
pected, with the ultimate aim of preventing the
disease. Increased knowledge of the pathophysi-
ology of narcolepsy may also lead to significant
therapeutic advances. In the meantime, clinical
efforts to delineate the spectrum of narcolepsy
are important. For example, more knowledge is
needed to confidently diagnose narcolepsy with-
out cataplexy and understand its pathophysiology.
New approaches toward the clinical classification
of narcolepsy are likely to benefit patients by al-
lowing a more precise diagnosis. In turn, clinical
advances will aid research efforts, particularly in
genetic association studies in which diagnostic
accuracy is of paramount importance. Describing
the particular features of childhood narcolepsy
will be important for early recognition, potentially
leading to future disease-modifying therapies.
Finally, narcolepsy is likely to remain an extremely
influential model to probe our understanding of
normal sleep-wake regulation and the role of sleep
regulation systems in other diseases.
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Idiopathic Hypersomnia
Tony J. Masri, MDa, Carmella G. Gonzales, MDb,
Clete A. Kushida, MD, PhDc,*

Sleep disorders comprise a myriad group of condi-
tions. Among these disorders, themost challenging
to diagnose and treat is idiopathic hypersomnia;
a primary disorder of hypersomnolence that is
distinguished from narcolepsy by the absence of
rapid eye movement (REM) sleep disturbance.
This condition is rare. Clinically, patients pres-
ent with excessive daytime sleepiness (EDS),
unrefreshing naps, undisturbed nocturnal sleep,
and sleep drunkenness. Although the term idio-
pathic hypersomnia was used as early as 1892,1

it was Bedrich Roth2 who first described the

syndrome in the late 1950s anddistinguished it clin-
ically from narcolepsy without cataplexy after
analyzing 642patients over 30 years and identifying
174patientswith idiopathic hypersomnia. Rothwas
also the first to recognize 2 distinct forms of the
disorder: the monosymptomatic (EDS alone) and
the polysymptomatic (EDS, prolonged sleep, and
sleep drunkenness) forms.

Therarityof idiopathichypersomniahasprecluded
any systematic studies or randomized controlled
trials on the subject, and asa result, ability to fully un-
derstand and treat this condition is greatly limited. At
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KEY POINTS

� Idiopathic hypersomnia is a rare sleep disorder characterized by excessive daytime sleepiness
without the rapid eye movement sleep disturbances seen in narcolepsy. Our understanding of
this condition is limited. Therefore, the diagnosis and treatment of idiopathic hypersomnia can be
challenging.

� Idiopathic hypersomnia is a diagnosis of exclusion. The differential diagnosis should include narco-
lepsy, sleep related breathing disorders, restless leg syndrome, behaviorally induced insufficient
sleep syndrome, chronic sleep insufficiency, long sleepers, chronic fatigue syndrome, and hyper-
somnia induced by a psychiatric or medical condition.

� Diagnostic polysomnography (PSG) is essential to rule out other causes of excessive daytime
sleepiness.

� A multiple sleep latency test (MSLT) can also be useful in the work up of idiopathic hypersomnia.
Findings on MSLT typically include a mean sleep latency of less than 8 minutes and fewer than
two sleep-onset REM periods (SOREMPs).

� Modafinil is considered by most clinicians as the first-line treatment for idiopathic hypersomnia. It is
best to start with a low dose of 100 mg daily and slowly titrate upward to the maximum daily dose of
400 mg.
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present, knowledge about idiopathic hypersomnia
stems from retrospective and descriptive studies.
This review covers the major points regarding
the clinical features and diagnosis of idiopathic hy-
persomnia and discusses current evidence support-
ing the available treatment options for this condition.

EPIDEMIOLOGY

In the absence of systematic studies, the exact
prevalence of idiopathic hypersomnia is unknown.
Estimates are derived from clinical experience at
large sleep centers. The ratio of idiopathic hyper-
somnia to narcolepsy is 10.3:16.2, which places
the prevalence of idiopathic hypersomnia between
2 to 8 per 100,000.3,4 The condition is familial in up
to two-thirds of cases, and instances of narco-
lepsy and idiopathic hypersomnia occurring in

the same family have been reported.3–5 Because
of the insidious onset of the disease the exact
age of onset is difficult to determine. The disease
process commonly begins between the ages of
10 and 30.6

Predisposing Factors and Etiologic Theories

Asmentionedearlier, somestudies have suggested
a familial component to idiopathic hypersomnia, in
particular, in the form of long sleep time (Table 1).
An autosomal dominant mode of inheritance and
preponderance of women have been suggested.7

There is currently no familial data for idiopathic hy-
persomnia without long sleep time.
Knowledge of the etiology and exact pathogen-

esis of idiopathic hypersomnia is limited, in part
due to the lack of natural animal models. An early
experiment published in 1970 involved lesioning of

Table 1
The 2005 International Classification of Sleep Disorders-2 criteria for the diagnosis of idiopathic
hypersomnia

Criterion IH With Long Sleep IH Without Long Sleep

A. The patient has a complaint of excessive
daytime sleepiness occurring almost
daily for at least 3 mo

The patient has a complaint of excessive
daytime sleepiness occurring almost
daily for at least 3 mo

B. The patient has prolonged nocturnal
sleep time (>10 h) documented by
interview, actigraphy, or sleep logs.
Waking up in the morning or at the
end of naps is almost always
laborious

The patient has normal nocturnal sleep
(>6 h but <10 h), documented by
interviews, actigraphy, or sleep logs

C. Nocturnal polysomnography has
excluded other causes of daytime
sleepiness

Nocturnal polysomnography has
excluded other causes of daytime
sleepiness

D. The polysomnogram demonstrates
a short sleep latency and a major
sleep period that is prolonged to >10
h in duration

Polysomnography demonstrates
amajor sleep period that is normal in
duration (>6 h but <10 h)

E. If an MSLT is performed after overnight
polysomnography, a mean sleep
latency of <8 min is found and fewer
than 2 SOREMPs are recorded. Mean
sleep latency in IH with long sleep
time has been shown to be 6.2 � 3.0
min

An MSLT after overnight
polysomnography demonstrates
a mean sleep latency of <8 min and
fewer than 2 SOREMPs. Mean sleep
latency in IH has been shown to be 6.2
� 3.0 min

F. The hypersomnia is not better
explained by another sleep disorder,
medical or neurologic disorder,
mental disorder, medication use, or
substance use disorder

The hypersomnia is not better
explained by another sleep disorder,
medical or neurologic disorder,
mental disorder, medication use, or
substance use disorder

Abbreviations: IH, idiopathic hypersomnia; MSLT, multiple sleep latency test; SOREMPs, sleep-onset rapid eye movement
periods.

Adapted from American Academy of Sleep Medicine. International Classification of Sleep Disorders. Diagnostic and
coding manual. 2nd edition. Westchester (IL): American Academy of Sleep Medicine; 2005.
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ascending noradrenergic pathways in the cat
showed an increase in both REM and non-rapid
eye movement (NREM) sleep similar to that of idio-
pathic hypersomnia with long sleep time.8 This
study has not been reproduced.

More recent studies have also suggested
dysfunction of aminergic arousal systems as
a possiblemechanismbehind idiopathic hypersom-
nia.Montplaisir and colleagues9 found adecrease in
the level of dopamine and indole-3-acetic acid in
patients with idiopathic hypersomnia and narco-
lepsy, whereas Faull and colleagues10–12 discov-
ered a dysregulation of the noradrenergic and
dopaminergic system in patients with idiopathic hy-
persomnia and narcolepsy, respectively. Another
recent study has shown that cerebrospinal fluid
(CSF) histamine levels were significantly lower in
patients with idiopathic hypersomnia and narco-
lepsy than in those with obstructive sleep apnea,
suggesting that low CSF histamine levels may be
specific to hypersomnias of central origin.13 Hista-
mine has been linked to the activation of the sympa-
thetic nervous system, arousal, and anxiety.
Histamine has been observed to exhibit highest
rates of firing during wakefulness and lowest rates
of firing during REM sleep.14

Imaging studies using positron emission tomog-
raphy (PET) have also shown dysfunction in dopa-
minergic transmission among patients with
idiopathic hypersomnia.15 However, these studies
have failed to explain the pathophysiologic differ-
ences between narcolepsy and idiopathic hyper-
somnia, which is crucial because there is
significant overlap between these 2 entities clini-
cally. In addition, none of the neurochemical
studies on the subject so far has tried to identify
any differences between idiopathic hypersomnia
with and without long sleep time, and none of
these studies have been replicated.

Some investigators have found a significantly
high level of slow-wave activity in patients with
idiopathic hypersomnia, as a result of either an
abnormally slowdecay or a normal decay of a high-
er level of slow-wave sleep (SWS).16,17 A study by
Vernet and Arnulf18 found that patients with idio-
pathic hypersomnia had a delayed sleep phase
with SWS episodes that were more frequent at
the end of the night, and to a larger degree in those
with long sleep time. In addition, Nevsimalova and
colleagues19 reported increased sleep spindle
activity at the beginning and at the end of sleep
and a delayed initiation and decline of melatonin
and cortisol secretion in idiopathic hypersomnia.
These findings suggest that disturbances in circa-
dian sleep regulation and deficient arousal
systems may play a role in the pathophysiology
of idiopathic hypersomnia.

Clinical Features and Diagnosis

The 2005 International Classification of Sleep
Disorders Second Edition (ICSD-2) classifies idio-
pathic hypersomnia into 2 forms: with prolonged
sleep time and without prolonged sleep time.
Each form has 6 criteria20 and they are listed on
Table 1.

Idiopathic hypersomnia with prolonged sleep
time, which is the polysymptomatic form of the
disease, is marked by constant daytime sleepi-
ness accompanied by long and unrefreshing
naps despite an abnormally prolonged and undis-
turbed nocturnal sleep. Morning and nap awaken-
ings are laborious; patients are hard to awaken
and typically require vigorous stimulation (often
by family members) to wake up. In some instances
they may be aggressive when awakened. In addi-
tion, they may remain disoriented and confused
and are unable to react to external stimuli
adequately, a state called sleep drunkenness.

Idiopathic hypersomnia without long sleep time
is monosymptomatic, showing isolated daytime
sleepiness with normal nocturnal sleep time and
absence of sleep drunkenness. Daytime naps
may be more irresistible, more frequent, shorter,
and more refreshing in this group similar to that
seen in patients suffering from narcolepsy without
cataplexy, which shows a significant overlap
between idiopathic hypersomnia and narcolepsy
and represents a challenge in clinically differenti-
ating one from the other.

In both forms of idiopathic hypersomnia,
patients have EDS that usually does not lead to
involuntary naps. Patients, during episodes of
drowsiness, may exhibit automatic behavior that
leads them to act inappropriately and have re-
ported hitting plates with utensils, driving miles
away from home, putting pepper on drinks, and
other similar behavior. Patients usually are
unaware of these episodes unless a witness alerts
them to the event. Similar to narcolepsy, sleep
paralysis and hypnagogic/hypnopompic halluci-
nations may be present in patients with idiopathic
hypersomnia. Cataplexy, however, does not
occur. In one cohort of 77 patients, the most useful
factor in the clinical history that distinguished idio-
pathic hypersomnia from narcolepsy was a nap
duration greater than 60 minutes, which was
87% sensitive and specific.6 However, this is
nonspecific and shorter naps can definitely occur.

Autonomic symptoms, such as fainting epi-
sodes, orthostatic hypotension, and cold hands
and feet, have also been observed. Patients may
also exhibit depressive symptoms. The psychoso-
cial handicap of patientswith idiopathic hypersom-
nia is similar to that of patients with narcolepsy.21
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Spontaneous remission has been reported,
a phenomenon that has not been observed in
patients with narcolepsy.6

Hypersomnolence can also be observed in
certain organic disorders, and secondary causes
of hypersomnia, including thea-synucleinopathies,
such as Parkinson disease and multiple system
atrophy; tauopathy Alzheimer disease; and lesions
involving the thalamus, hypothalamus, and brain-
stem, must be observed in evaluating a patient
with EDS. The ICSD-2 has identified differential
diagnosis for idiopathic hypersomnia18 and they
are listed in Box 1.
As mentioned in the ICSD-2 criteria, polysom-

nography (PSG) is important in the workup of
patients with possible idiopathic hypersomnia.
The main utility of PSG is to exclude other causes
of EDS. Findings on PSG include short sleep
latency, long sleep time of more than 10 hours
for the polysymptomatic form (6 to 10 hours for
the monosymptomatic form), a high sleep effi-
ciency, and increased amounts of slow-wave
NREM sleep.3,6,22,23 However, these findings are
nonspecific and may be found in other conditions
with EDS, particularly in patients with behaviorally
induced insufficiency sleep syndrome (BIISS).
Another useful test in the workup of patients

suspected with idiopathic hypersomnia is
a multiple sleep latency test (MSLT). MSLT is
done the day after PSG, which creates problems
in adequately assessing patients with the poly-
symptomatic form. Because the patient needs to
be awakened for the MSLT, the clinician is unable
to document prolonged sleep time, which is one of
the main components of the condition. Also,
patients are usually in a state of sleep drunkenness
in between naps, and it is very difficult to wake
them up and keep them awake. Typical findings

on MSLT include a mean sleep latency of less
than 8 minutes and fewer than 2 sleep-onset
REM periods (SOREMPS). These findings are
also nonspecific. Some studies have shown
mean sleep latencies of longer than 8 minutes in
patients with idiopathic hypersomnia,3,6,23 sug-
gesting that this ICSD-2 criteria may not hold
true for all patients.
Because of the limitations of the current PSG-

MSLT procedure, some investigators have sug-
gested an ad libitum PSG protocol as diagnostic
criteria for idiopathic hypersomnia. This protocol
would allow documentation of prolonged sleep
time and prolonged naps (>1 hour) during the day.
Despite the advantages, this protocol is very costly,
adding to the economic burden of the diagnostic
workup. In addition, there is no standardization
regarding the level of social and physical activity
during the procedure. An ad libitum PSG also
does not preclude the need for an MSLT. The
MSLT still has to be performed to exclude other
causes of EDS.
Actigraphy, a method of monitoring human rest-

activity cycles, is useful in clinical evaluation. Ac-
tigraphy can demonstrate the prolonged sleep
episodes seen in idiopathic hypersomnia with
long sleep time although it is difficult to differen-
tiate actual sleep from restful wakefulness, which
is also useful to rule out other causes of EDS,
such as circadian rhythm disorders or BIISS.
However, standardization or validation of actigra-
phy protocols has not been performed for idio-
pathic hypersomnia.
Aside from the previously mentionedmethods, the

restof theworkup for idiopathichypersomnia involves
identifying and excluding other causes of EDS
because it isadiagnosisofexclusion. Imagingstudies
suchasabrainMRIare typically unremarkable, hypo-
cretin level in the CSF less than 110 ng/L is more
consistentwith narcolepsy,measurement of CSF hy-
pocretin levels and HLA typing may be useful.

Treatment

Because the cause and pathogenesis of idiopathic
hypersomnia are yet to be identified, available
treatment is strictly symptomatic. Therapy is
primarily targeted toward alleviating EDS. There-
fore, pharmacologic treatment options for the
EDS in idiopathic hypersomnia with and without
long sleep time and narcolepsy are essentially
the same. Treatment response has traditionally
been thought to be less in patients with idiopathic
hypersomnia, but recent research suggests
otherwise.24

There is a paucity of research regarding therapy
for idiopathic hypersomnia, and at present there

Box 1
Differential diagnosis of idiopathic
hypersomnia

Narcolepsy with and without cataplexy

Chronic sleep deprivation in long sleepers

Circadian rhythm disorder (phase advance/
delay)

Sleep-disordered breathing (obstructive sleep
apnea , upper airway resistance syndrome)

Psychiatric disorders, especially mood disorders

Chronic fatigue syndrome

Post head trauma

Post infectious conditions

Masri et al286



are no systematic studies on the subject. The most
recent literature includes retrospective studies
frommajor sleep centers. There has been a change
in the diagnostic criteria of idiopathic hypersomnia
with the advent of the ICSD-2, and as a result, the
current literature on idiopathic hypersomnia
involves a heterogeneous patient population that
was chosen using varying inclusion criteria. Some
studies did not use the currentMSLT requirements,
which are now mandated by the American
Academy of Sleep Medicine. Hence, some of the
existing data is derived from patients who techni-
cally do not meet the current criteria for idiopathic
hypersomnia.

Most clinicians considermodafinil as the first-line
treatment of idiopathic hypersomnia. The chief
molecular target of modafanil is the dopamine
transporter, although its exact mechanism of
action is still unknown. Modafinil is molecularly
unrelated to typical central nervous system (CNS)
stimulants, such as amphetamines, and the poten-
tial for abuse is generally considered to be low.
Modafinil has been found to increase hypothalamic
histamine levels25 aswell as promote the release of
norepinephrine and dopamine from synaptic termi-
nals, an action similar to that of other stimulants.
Modafinil has also shown some efficacy in EDS in
children.26 Patients are usually started on daily
dose of 200 mg divided twice daily, with the
maximumdaily dose being 400mg. In some cases,
it is even better to start with a low dose of 100 mg
daily and slowly titrate upward. Common side
effects include headache, nausea, palpitations,
anxiety, and diarrhea.

Armodafinil is a long lasting R-enantiomer of
racemic modafinil. Armodafinil has a longer effec-
tive half-life close to15 hours with a similar mean
maximum plasma concentration as modafinil,
which results in higher plasma concentrations
toward the second half of the half-life when
compared with modafinil. Hence armodafinil is
especially beneficial for patients suffering from
idiopathic hypersomnia with persistent EDS in
the later afternoon periods. The side effect profile
is similar to modafinil.

In the largest cohort study on idiopathic hyper-
somnia to date, Lavault and colleagues27 treated
104 patients (59 with long sleep time and 45
without long sleep time) with modafinil alone using
the Epworth Sleepiness Scale (ESS), a visual
analog scale, as well as patient and clinician opin-
ions as outcome measures. They found that mod-
afinil caused a similar decrease in the ESS in
patients with idiopathic hypersomnia and narco-
lepsy (�2.6 � 5.1 vs �3 � 5.1). Therapeutic bene-
fits estimated by the patients (6.9 � 2.7 vs 6.5 �
2.5 on a visual analog scale) and clinicians were

also similar for both conditions. However, the
improvement in the ESS was lower among
patients with idiopathic hypersomnia also with
long sleep time as compared with those without
long sleep time, suggesting that this group might
be more refractory to therapy.

In another cohort of patients studied by Ander-
son and colleagues,6 24 of 54 (44.4%) patients
with idiopathic hypersomnia treated with modafinil
had a drop of more than 4 points on their ESS,
whereas 7 patients reported no efficacy. The pop-
ulation was more heterogeneous, comprising 61
patients with idiopathic hypersomnia treated with
modafinil or amphetamines followed up for
a mean of 3.8 years. The outcome measure was
the ESS at every visit to the clinic. Later, similar
study conducted by Ali and colleagues24 had
a cohort of 85 patients followed up over a period
of 2.4 1 4.7 years, with the outcome measure
being an internally developed scale using a review
of the language used by patients and physicians to
describe progress in follow-up visits. In this group,
18 of the 50 patients treated with modafinil re-
ported complete symptomatic relief with 4 cohorts
of patients reporting only partial relief. The study
also found that even though modafinil was the
most common drug initially prescribed for patients
with idiopathic hypersomnia, methylphenidate
was preferred as the final monotherapy agent,
with 51% of cohorts remaining on the drug at the
time of the last follow-up visit.

Methylphenidate is a compound structurally
similar to amphetamines, and its effect is more
akin to that of cocaine although methylphenidate
has a longer duration of action and is less potent.28

Methylphenidate primarily acts as a norepineph-
rine-dopamine reuptake inhibitor and is also
thought to increase the release of both neurotrans-
mitters although to a much lesser extent than
amphetamines.29 The side effect profile of methyl-
phenidate is similar to that of amphetamines and
represents CNS stimulation. Side effects include
insomnia, anorexia, hypertension, tachycardia,
palpitations, and weight loss. There is limited
data on methylphenidate and idiopathic hyper-
somnia; most of our experience with this drug
stem from patients with narcolepsy.

In a study by Ali and colleagues,24 25 (41%) of
the 40 patients who were still on modafinil as of
the last follow-up visit reported complete efficacy;
13 reported a partial response whereas 2 had
a poor response. The study also noted that
patients treated with methylphenidate had a higher
percentage of complete or partial therapeutic
responses to treatment compared with those
treated with modafinil, although this difference
was not found to be statistically significant.
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As mentioned earlier, amphetamines also act as
CNS stimulants. Their principal targets include the
dopamine and monoamine receptors leading to
higher concentrations of these neurotransmitters.
Similar to methylphenidate, most studies and clin-
ical experience with amphetamines come from
patients with narcolepsy. Among the previously
mentioned drugs, amphetamines are considered
to have the highest addiction potential, thus they
are used more sparingly. In the study by Ali and
colleagues,24 7 patients were treated with dextro-
amphetamine, with none reporting a complete or
partial response. Five patients were on metham-
phetamine and 3 had a complete response.
Anecdotal evidence has also been presented in

favor of melatonin as a possible agent for the treat-
ment of patients with idiopathic hypersomnia.30

Montplaisir and Fantini30 in 2001 reported
improvement in 5 of their 10 patients who were
treated with 2 mg of slow release melatonin at
bedtime. There has not been any attempt currently
to validate these findings. Sodium oxybate has
been effectively used to treat narcolepsy but there
are no systematic studies on its use in idiopathic
hypersomnia.31

Behavioral treatment
Aside from medication, behavior modification and
sleep hygiene are also part of treatment, but they
are minimally effective if used alone. Counseling
patients on role of good sleep hygiene and keeping
a regular sleep-wake schedule is essential.
Patients should avoid large meals rich in carbohy-
drate, which can produce significant sedating
effects. In patients with idiopathic hypersomnia
increasing sleep time during the weekend has not
been shown to be helpful.32 Increasing sleep time
and naps have been suggested but has not shown
any significant effect.3 There is some anecdotal
evidence that restricting total sleep time may be
beneficial in some patients with idiopathic hyper-
somnia. Patients with idiopathic hypersomnia are
often frustrated because of the difficulty involved
in their diagnosis. Patients go undiagnosed or mis-
diagnosed for 10 to 15 years after the onset of their
initial symptoms. Support groups such as the
National Sleep Foundation and The Narcolepsy
Network can be very helpful.

SUMMARY

Because idiopathic hypersomnia is such a rare
disorder, large systematic randomized systematic
studies that would enhance the understanding of
the disease are lacking. However, recent advances
in neurogenetics and basic neuroscience hold the
promise of better insight into the pathophysiology

of idiopathic hypersomnia. As a result, definitive
diagnostic tools and more effective highly targeted
therapies might be available in the near future.
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Comorbidities of Central
Nervous System Hypersomnia
Alon Y. Avidan, MD, MPH

INTRODUCTION

Central nervous system (CNS) hypersomnia is
a term that encompasses a variety of conditions
with an underlying unified presenting symptom of
excessive daytime sleepiness (EDS) and an under-
lying pathologic condition in the CNS. The most
important type of CNS hypersomnia is narcolepsy,
a chronic neurodegenerative disease character-
ized by severe unremitting EDS and rapid eye
movement (REM) intrusion phenomena such as
cataplexy, sleep paralysis, and hypnagogic and
hypnopompic hallucinations.1 Theunderlyingpath-
ophysiology of the disease is localizable to the
hypothalamus and is attributed to a deficiency of
the neuropeptide hypocretin in the hypothalamus.2

Narcolepsy has a genetic association with certain
human leukocyte antigen (HLA) alleles such as
HLA-DR2 and HLA-DQB1*0602.3 In recent years,
it has been postulated that environmental factors
may trigger an autoimmune process, resulting in
destruction of the hypothalamic cells responsible
for hypocretin production.4 This article describes
the most prevalent comorbid conditions seen in

CNS hypersomnia and discusses selected comor-
bid conditions in themost commonCNShypersom-
nias according to the International Classification
of Sleep Disorders, Second Edition.

NARCOLEPSY

Narcolepsy is associated with several other co-
morbid medical problems, which include eating
disorders; obesity; diabetes; psychiatric condi-
tions, including schizophrenia and depression;
fibromyalgia; neurologic symptoms, including mi-
graine headaches and cognitive dysfunction; and
psychosocial impairment (Fig. 1).

Psychosocial Comorbidities

Narcolepsy is associated with significant social
impairment and reduced quality of life, affecting
both children and adults. In adult patients, narco-
lepsy induces a negative effect on health-related
quality-of-life assessments, specifically in the
domains of bodily pain, social function, and general
health, compared with data from the general
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KEY POINTS

� Central nervous system hypersomnias are associated with and have a bidirectional impact on
a variety of comorbid medical and psychiatric comorbidities.
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population.5 A study of children aged between 4
and 18 years with narcolepsy revealed significant
problems in behavior, emotional state, quality of
life, educational progress, and family impact when
compared with healthy age- and gender-matched
controls.6 The rate of such problems was also
increased among children with EDS not due to
narcolepsy. Areas of problem included difficulties
with peer interactions, behavioral conduct, and
emotional symptoms. Children with narcolepsy as
well as those with isolated EDS had significantly
higher scores on the Child Depression Inventory
than controls. These data suggest that the
symptom of excessive sleepiness, which is present
in childrenwithnarcolepsyaswell as inchildrenwith
idiopathic EDS, is responsible for many of the
apparent psychosocial and quality-of-life issues
that arise.6 Thequality of life using the36-ItemShort
FormHealth Survey of patientswith narcolepsy had
similar results and at times worse psychosocial
function when compared with other neurologic

disorders including lower vitality and reducedsocial
functioning7 (refer to Fig. 1 in Goswani’s article).

Comorbid Endocrine and Metabolic
Dysregulation

Weight and appetite
For a long time, a peculiar link has been noted
between narcolepsy and increased body mass
index ([BMI] expressed in kilograms per meters
squared). Recent data suggest an increased
prevalence of high BMI and obesity in patients
with narcolepsy.8–10 One study examining 35
HLA-DR2–positive patients with narcolepsy with
cataplexy revealed a significantly elevated BMI
compared with population controls who never
used analeptics (CNS stimulants).10 Although the
increase in BMI was noted in both genders, male
patients with narcolepsy exhibited a higher mean
BMI (in the 75th percentile) than female patients
(BMI noted in the 61st percentile). Similar data

Fig. 1. Comorbid conditions associated with CNS hypersomnia. Patients affected by narcolepsy are at risk for
a variety of conditions including obesity, diabetes (type 1 and type 2), psychiatric conditions including schizo-
phrenia and depression, fibromyalgia, neurologic symptoms including migraine headaches and cognitive
dysfunction, as well as psychosocial impairment. (Modified from Panossian LA, Avidan AY. Narcolepsy and other
comorbid medical illnesses. In: Goswami M, Pandi-Perumal SR, Thorpy MJ, editors. Narcolepsy: clinical guide. New
York: Humana Press; 2010. p. 105–15; with permission.)
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were seen in a group of patients with childhood-
onset narcolepsy that was diagnosed before age
18 years. This cohort too had a significantly higher
BMI than controls, and the historical use of analep-
ticsdid notmake a significant difference inweight in
these patients.11

A few hypotheses are proposed to describe the
prevalence of higher BMI in this cohort. One
proposed theory is that the effect on BMI may be
due to narcolepsy-induced behavioral changes
related to eating, physical activity, and reduced
energy expenditure. An alternative theory is that
the weight gain could be related to the underlying
disease pathophysiology in those patients who are
positive for the HLA-DR2 allele. This stems from
the finding that although patients with narcolepsy
express positivity for the HLA-DR2 haplotype,
healthy nonnarcoleptic patients who are HLA-
DR2 positive do not show any increased risk for
elevated BMI; thus there does not seem to be
a genetic linkage between the HLA-DR2 allele
and obesity in and of itself.9

An interesting proposal to help explain the
observed metabolic derangement in narcolepsy is
the observation that neuroendocrine changes in
narcolepsy may result in altered energy homeo-
stasis.2,10 Weight gain in patients with narcolepsy

may be attributable to a deficiency in hypothalamic
hypocretin neurons, which regulate endocrine and
autonomic functions.Hypocretin, theneuropeptide
that is deficient in most patients with narcolepsy, is
normally thought to stimulate eating behavior as
well as to regulate energy expenditure and physical
activity (Fig. 2).12,13 It might then be deduced that
hypocretin deficiency would ultimately result in
less food intake and reduced BMI; however, this
is not what is observed in narcolepsy. A possible
explanation may be that hypocretin deficiency
reduces energy expenditure to a greater degree
than it reduces food intake, resulting in net weight
gain.13

Previous studies have also tested the possible
relationship between narcolepsy and the adipose
tissue–derived hormone leptin, which acts on the
hypothalamus where it exerts its effect to inhibit
appetite and the size of adipose cells.14 A defi-
ciency in leptin is predicted to reduce feedback
to the CNS and result in obesity.

Leptin and hypocretin are believed to work sy-
nergistically to inhibit REM sleep.15,16 Their loss
could play a role in the increased sleep-onset REM
periods that are observed on polysomnograms
and multiple sleep latency tests in patients with
narcolepsy. A study that assayed the levels of leptin

Fig. 2. Hypocretin is believed to regulate energy expenditure and physical activity. Hypocretin deficiency
could induce both a decline in food intake and a reduction in BMI. However, patients with narcolepsy are observed
to have a higher BMI than age-matched controls. One possible explanation for this observation is that hypocretin
deficiencymay lead to aworse decline of energy expenditure than reduced food intake, leading to a netweight gain.
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in the serum (cerebrospinal fluid [CSF]) demon-
strated a significant reduction in the level in patients
with narcolepsy in comparison with the control
groups.14

A relatively more recent study of leptin in narco-
lepsy has yielded contradictory results. Ameasure-
ment of theCSF to serum leptin ratio as an indicator
of leptin transport across the blood-brain barrier
showed no significant reduction in serum leptin
level in patients with narcolepsy, more than half of
whom had hypocretin deficiency in comparison
with normal controls.13 The study also revealed
no significant difference in CSF leptin levels or in
the CSF to serum leptin ratio. Because CSF leptin
levels were unchanged in patients with narcolepsy,
the investigators deduced that leptin is unlikely to
be involved in the weight changes seen in these
patients. This finding has been corroborated by
other studies showing no difference in serum leptin
levels between patients with narcolepsy and
controls.17

Increases in weight (as measured by BMI) in
narcolepsy may be attributed to several behavioral
factors. A study comparing food intake in patients
with narcolepsy with cataplexy with that in normal
controls found that those with narcolepsy
consumed fewer kilojoules of food per day.18

Although food intake in patients with narcolepsy,
measured by energy consumed, may not be path-
ologic, several other studies found an interesting
and significant association between narcolepsy
and eating disorders. Patients with narcolepsy
with cataplexy scored significantly higher on
almost all measures on the eating disorder
assessment compared with healthy controls
(using a clinical assessment tool for eating disor-
ders).8 Patients with narcolepsy continued to
demonstrate increased rates of overeating, binge
eating, and cravings for food when compared
with BMI-matched controls.8 Although those with
narcolepsy exhibited frequent symptoms of eating
disorders (about a quarter of whom met formal
criteria for an eating disorder), there was no predi-
lection for a specific type of eating disorder. The
spectrum of eating disorders present in the narco-
leptic group included bulimia nervosa, anorexia
nervosa, and eating disorder not otherwise speci-
fied.8 However, as in the case of neuroendocrine
metabolic indicators, conflicting data occur in
this area also because other investigators have
found no correlation between narcolepsy syn-
drome and eating disorders, including lack of
observed increase in hyperphagic behavior among
patients with narcolepsy.19 A potential reason
for these discrepancies may be the time in the
disease course during which the symptoms of
eating disorders are measured because weight

gain seen in narcolepsy tends to manifest early
at the time of initial diagnosis.11,19

Derangement of metabolic rate has been pro-
posed and measured in narcolepsy as a possible
contributor to weight gain. Because of the lack of
convincing data implicating abnormal eating
behavior or increased caloric intake as the cause
of weight gain in narcolepsy, it has been hy-
pothesized that attenuation of basal metabolic
rate may be a cause. However, when comparing
hypocretin-deficient narcoleptic subjects with
healthy controls, there was no conclusive differ-
ence observed with respect to measurement of
resting metabolic rate.20

The cause for the increased BMI observed in
narcolepsy remains to be clearly defined. There
are unclear associations between weight gain
and positive HLA-DR2 haplotype,9 caloric
intake,18 and resting metabolic rate.20 More data
are needed to clarify the impact that eating disor-
ders and behavioral factors could have on weight
gain in narcolepsy.8,19 The most likely cause
seems to implicate derangement of hypocretin
neuroendocrinology. Although the data regarding
the role of leptin have also been contradictory,13,14

it is suggested that other yet to be identified
hormonal pathways in the CNS and periphery are
involved and interact with hypocretin neurons to
induce weight alterations.21

Diabetes mellitus
Diabetes mellitus is another neuroendocrine
disturbance that has an association with narco-
lepsy. Narcolepsy and diabetes mellitus type 1
(insulin-dependent diabetes) share a common
autoimmune pathophysiology. Both involve the
selective, autoimmune-mediated destruction of
unique cell types (pancreatic islet cells in type 1
diabetes and hypocretin-producing hypothalamic
neurons in narcolepsy).22 Both also share a genetic
association, probably mediated through specific
HLA haplotypes. Although findings demonstrate
that the HLA-DQB1*0602 haplotype confers
susceptibility to narcolepsy with cataplexy, it is
nonetheless strongly protective against type 1 dia-
betes.23,24 This may lead some to suggest that
patients with narcolepsy with cataplexy who are
positive for the HLA-DQB1*0602 allele are likely
to have much lower rates of type 1 diabetes than
the general population. It may be deduced from
these data that patients with narcolepsy are
expected to have much lower rates of type 1 dia-
betes but may exhibit higher rates of type 2 dia-
betes because of the increased risk of insulin
resistance associated with elevated BMI and
obesity.22 However, studies to determine the
incidence of type 1 versus type 2 (noninsulin
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dependent) diabetes mellitus in narcolepsy have
not yet been carried out. No clinically relevant
pathologic findings in glucose metabolism were
appreciated in a recent study that compared
patients with narcolepsy with weight-matched
controls, leading the investigators to conclude
that narcolepsy is probably an unlikely a risk factor
per se for impaired glucose metabolism or
diabetes.25

Psychiatric Disorders

Patients with narcolepsy are susceptive to several
comorbid psychiatric disorders, including depres-
sion and schizophrenia.1 Depression is strongly
linkedasacomorbidity to the2mostcommonsleep
disturbances, insomnia and hypersomnia.26,27Major
depressive disorder is a major confounder with the
diagnosis of narcolepsy, particularly narcolepsy
without cataplexy, because of similar presenting
symptoms in the 2 conditions. Of patients withmajor
depression, 10% to 20% have been reported to
complain of EDS.27 One extensive study attempted
to investigate the presence of primary narcolepsy
symptoms (sleep paralysis, hypnagogic and hypno-
pompic hallucinations, cataplexy, and automatic
behaviors) among patients with depression but
without a diagnosis of narcolepsy.26 The finding
documented a strong correlation between severe
depression and sleep paralysis, hypnagogic or
hypnopompic hallucinations, and automatic
behaviors, even after controlling for age, sex, and
BMI and concomitant use of antidepressant. In
addition, both severe and milder forms of depres-
sion demonstrated a strong positive correlation
with cataplexy.26 Cataplexy has been proposed
to share a common underlying pathophysiology
with depression, and both conditions respond to
antidepressant medications.28 In fact, data show
that in the presence of monoaminergic/cholinergic
imbalance, gamma-hydroxybutyrate (GHB) may
restore the imbalance, and repeated use of GHB
at night may make this an effective treatment of
narcolepsy and comorbid depression.29

A recent epidemiologic study revealed that 7.6%
of the general population, 28.3% of students, and
31.9%ofpatientswithpsychiatric conditions expe-
rienced at least 1 episode of sleep paralysis in their
lifetime.30 Sleep paralysis can also occur in other-
wise healthy nonnarcoleptic patients with under-
lying sleep disturbances, insufficient sleep, or
insomnia, and it may be that the sleeping problems
and insomnia in patients with depression exacer-
bate symptoms of sleep paralysis.26 Nevertheless,
despite the potential confounding effects of sleep
insufficiency, sleep paralysis does appear to occur
more frequently among patients with comorbid

psychiatric disorders and in patients who use anxi-
olytic medication, compared with the healthy pop-
ulation, even after controlling for the effects of sleep
problems.31 Sleep paralysis is also strongly corre-
lated with trauma and posttraumatic panic symp-
toms, with increased prevalence among patients
of African American decent.32 However, this asso-
ciation may be related to the disturbed sleep and
insomnia that accompanies posttraumatic panic
that induces sleep paralysis, rather than an inde-
pendent association between sleep paralysis and
a psychiatric diagnosis.32

Narcolepsy is frequently associated with hypna-
gogic and hypnopompic hallucinations and shares
with the tactile and visual perceptual phenomena
associated with psychosis (Fig. 3). The accurate
diagnosis of psychotic symptoms in patients with
narcolepsymay be challenging because of adverse
effects of pharmacotherapy with stimulants (which
may inducehallucinations) aswell as primary symp-
tomsof narcolepsy (sleepparalysisandhypnagogic
and/or hypnopompic hallucinations).33 Patients
with schizophrenia are more likely to experience
primarily auditory rather than visual or tactile halluci-
nations.Somehypnagogic hallucinationscanmani-
fest as a complex and multimodal pattern with an
auditory component.34 Patients with narcolepsy
typically report multisensory “holistic” hallucina-
tions rather than the predominantly verbal-
auditory sensory pattern encountered in patients
with schizophrenia.35 A minority of patients with
narcolepsy may also experience hallucinations
during wakefulness, making the differentiation
betweennarcolepsyandschizophreniaadiagnostic
challenge. Indeed, patients with narcolepsy have
been previously misdiagnosed as having refractory
schizophrenia on the grounds of these hallucinatory
experiences while awake.34,36–38 An intriguing and
a unique psychotic form of narcolepsy exists in
which patients experience hallucinations while
awake, aswell as nocturnal hypnagogic andhypno-
pompic hallucinations (see Fig. 3). These patients
with narcolepsy typically have a good insight into
their illness, with preserved interpersonal interac-
tions, appropriate effect, andno looseassociations.
Another key feature of the psychotic form of
narcolepsy is that it does not typically respond to
antipsychotic medications but rather improves
with CNS stimulants such as methylphenidate
or modafinil.37 Recent data to help differentiate
psychotic-like symptoms in narcolepsy from bona
fide psychosis reported that delusions and formal
psychotic disorders were not more frequent in
patients with narcolepsy in comparison with popu-
lation controls.35

Rarely do schizophrenia and narcolepsy coexist
in the same patient.37,39 Although some studies
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report a higher incidence of comorbid schizo-
phrenia among patients with narcolepsy than
among the general population, the diagnosis of
schizophrenia in patients with narcoleptics vary
widely with reported prevalence rates ranging
from 0% to 14%.34 Some controversy exists,
however, about the actual incidence of waking
psychosis symptoms among patients with narco-
lepsy. One study found that only 8.9% of patients
with narcolepsy experienced psychotic symptoms,
which were temporally related to treatment with
psychostimulants as patients improved after dis-
continuingor lowering thedoseof themedication.34

The treatments of EDS in narcolepsy, including the
use of CNS stimulants, could precipitate psychotic
symptoms as a result of their dopaminergic stim-
ulatory effect.36,39 The medication-related side
effects may therefore contribute to confounding
the actual data regarding the true prevalence
of comorbid psychosis among patients with
narcolepsy.

Headache Syndromes

Migraine headaches
Compared with the general population, patients
with narcolepsy have a 2- to 4-fold increased prev-
alence rate of migraine headaches (either with or
without aura).40,41 However, the association of
migraine headaches in patients with narcolepsy

has not been significantly linked to the severity of
underlying narcolepsy symptoms, the degree of
daytime sleepiness, BMI, or HLA-DR2 pheno-
type.41 However, those patients with narcolepsy
who do go on to develop migraine headaches
tend to do so at a younger age and typically have
their migraine headache onset over a decade after
experiencing their initial narcolepsy symptoms.41

The prevalence of migraine headache among
patients with narcolepsy elevated even after
controlling for concomitant use of psychostimu-
lants and antidepressant medications. This finding
may suggest that the migraine phenomenon is an
underlying neurologic comorbidity associated
with narcolepsy itself, as opposed to consequent
adverse pharmacologic treatments of narco-
lepsy.41 One proposed pathophysiologic mecha-
nism is that both narcolepsy and migraine
headaches arise from shared neuroanatomical
regions in the brainstem, including the dorsal raphe
nuclei and the locus ceruleus,41 areas known to
exhibit increased blood flow during migraine head-
aches, and are also involved in the origin of REM
sleep control.41 Migraine headaches may be more
common among patients with narcolepsy because
of the underlying primary sleep disturbances
associated with narcolepsy such as poor-quality
sleep and frequent nocturnal awakenings.42 Mi-
graines may be triggered or exacerbated by either
extreme: excessive sleep or too little sleep (sleep

Fig. 3. Comorbid hallucinatory experiences in narcolepsy and psychosis. Both narcolepsy and psychosis are asso-
ciated with hallucinations. Patients with narcolepsy may experience hypnagogic hallucinations (at sleep onset)
and hypnopompic hallucinations (at wakefulness). Unlike narcolepsy, hallucinations in psychosis tend to be
primarily auditory rather than visual or tactile phenomenon. W, wake.
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deprivation, behaviorally induced insufficient sleep
syndrome).43

To address the question of whether migraines and
narcolepsy may have a direct genetic association,
Coelho and colleagues44 investigated the frequency
of the HLA-DQB1*0602 allele in patients with
migraine. As described in this issue by several other
investigators,HLAsubtype ispresent inmostpatients
who present with narcolepsy with cataplexy, particu-
larly in subjectswithCSFhypocretin-1 levels less than
110 pg/mL.3,45 The investigators did not find signifi-
cant increase in the frequency of expression of
the HLA-DQB1*0602 allele among patients with
migraine with or without aura in comparison with
healthy controls.44 Although the lack of HLA antigen
associationmaynotnecessarily ruleout thepossibility
that migraines and narcolepsy may share a common
association through other mechanisms, further data
are needed to elucidate the association between
both the disorders.

Tension headaches
A multicenter case-control study determined that
the rate of nonmigrainous headaches, particularly
tension-type headaches, was higher in patients
with narcolepsy than in healthy controls.46 These
headache syndromes could be conceptualized
as related to the underlying sleep disturbance
associated with narcolepsy or may be secondary
to medication use to treat narcolepsy, which was
not controlled for in this study.46

Cluster headaches
Cluster headaches consist of episodic bouts of
severe unilateral pain centered around the perior-
bital area, often with associated rhinorrhea and
lacrimation.47 Data showed that the onset of
narcolepsy, specifically the symptoms of hyper-
somnia and disturbed nocturnal sleep, does not
have a significant impact on cluster headache
frequency or severity, suggesting a lack of patho-
physiologic association between cluster head-
aches and narcolepsy.47 Furthermore, the gender
predilection and genetic associations are also
dissimilar between both the disorders; narcolepsy
has no clear gender predilection, whereas cluster
headaches are much more prevalent in men than
in women. Cluster headaches are generally asso-
ciated with the HLA DR5 haplotype, as opposed
to the HLA-DR2 linkage commonly seen in narco-
lepsy.47 Although cluster headaches and narco-
lepsy may be conceptualized as episodic brain
disorders with an underlying unified mechanism
involving the hypothalamus,48 the data thus far
do not seem to be supportive of cluster headaches
as a significant comorbid disorder in narcolepsy.

Fibromyalgia

Fibromyalgia is a disorder distinguished by chronic
widespread pain in the presence of widespread
tenderness and multiple somatic symptoms.49,50

Approximately 2% of the population are affected
by the fibromyalgia syndrome, with a higher prev-
alence rate in women.50,51 Fibromyalgia is also
frequently associated with fatigue and nonrestora-
tive sleep.50 In fact, the American College of Rheu-
matology has recently proposed that sleep should
be a central component of the clinical assessment
of patients with possible fibromyalgia.52 Classic
symptoms of fibromyalgia may be encountered
in patients with long-standing narcolepsy without
cataplexy as well as narcolepsy with cata-
plexy.53–55 Although reports of narcolepsy with co-
morbid fibromyalgia are exceedingly rare, the
pathophysiology of the 2 disorders may share
a common underlying pathophysiologic mecha-
nism. As described earlier, because narcolepsy
is associated with headache syndromes, it is likely
that the underlying pathophysiology of narcolepsy
may play a role in pain sensation.44 Hypocretin has
previously been shown to interact with pain modu-
lation and sensory input pathways56 and has been
proposed to play a role in the mediating pain
syndromes such as fibromyalgia. However, this
theory was not supported by a study by Taiwo
and colleagues50 who assayed the levels of hypo-
cretin in the CSF of patients with fibromyalgia and
compared it with that in healthy controls, revealing
no significant difference in mean hypocretin levels
between patients with fibromyalgia and healthy
controls. Genetic studies on fibromyalgia found
a possible association with the HLA-DR4 allele
but not with the subtypes, HLA-DR2 and HLA-
DQB1*0602.57 It may therefore be conclude that
thus far, the evidence of an underlying pathophys-
iologic association between fibromyalgia and
narcolepsy is rather weak, with only rare reports
of narcolepsy being associated with comorbid
fibromyalgia.

Cognitive Dysfunction

Patients with narcolepsy are at risk for impair-
ments in several cognitive domains. This associa-
tion is apparent among both older and younger
cohorts,58 with tiredness and episodes of sleepi-
ness believed to be themain reason for this impair-
ment.59 An epidemiologic study showed that
people with narcolepsy younger than 45 years
are more likely than healthy age-matched controls
to experience significant impairments in attention
and concentration, delayed recall, and difficulty
with orientation to persons (recalling names or
recognizing acquaintances).58 However, when
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patients with narcolepsy older than 45 years were
compared with age-matched healthy controls, the
findings depicted more significant impartment
across multiple domains of cognitive function.
Older people with narcolepsy experience severe
and worse cognitive difficulties across multiple
areas, including attention and concentration,
praxis, delayed recall, orientation to persons,
temporal orientation, and prospective memory.58

Because cognitive impairment alone may
contribute to EDS, the investigators subsequently
controlled for confounders such as sleepiness
(as measured by the Epworth Sleepiness Scale
scores), age, sleep apnea, physical health, and
use of psychotropic medications, confirming again
that narcolepsy continued to be significantly asso-
ciated with a higher risk of poor concentration,
deficits in attention, and a difficulty with prospec-
tive memory.58 Although most cognitive patho-
logic conditions in patients with narcolepsy seem
to be secondary to EDS, some degree of cognitive
decline is likely to be ascribed to the underlying
disease pathophysiology and is probably indepen-
dent of advanced age or the severity of sleepiness.
Data examining objective cognitive impairment

in narcolepsy provide conflicting conclusions;
although most patients with narcolepsy showed
subjective cognitive complaints, some studies
provided no evidence for specific cognitive defi-
cits. A small study consisting of 10 untreated
patients with narcolepsy demonstrated no signifi-
cant difference on tests of verbal and nonverbal
learning, digit span, naming, and fluency when
compared with controls.60 There was also a lack
in data that demonstrated significant or dramatic
difference, between patients with narcolepsy and
age- and education-matched healthy controls on
a spectrum of neuropsychological tests, except
that those with narcolepsy experienced lapses in
attention and decline of executive function when
compared with controls.61,62 Medication use also
had no significant effect on memory tasks among
subgroups of patients with narcolepsy.62 These
data report that patients with narcolepsy demon-
strate a deficit or a decline in cognitive processing
resources as opposed to a problem in a specific
cognitive area.62 A recent literature review utilized
data from event-related potential (ERP) para-
digms, which are useful tools in the evaluation of
information processing and are markers sensitive
to subtle neuropsychological changes.63 The use
of these paradigms in patients with narcolepsy
confirms the presence of changes in cognitive
attentive processing presumably through an as-
sociation with altered functioning of the level
of the prefrontal cortex.63 ERP electromagnetic
tomography showed that therapy with the wake-

promoting agent modafinil ameliorated the speed
of information processing and enhanced energetic
resources in prefrontal cortical areas.63

Human Immunodeficiency Virus Infection/
AIDS and Other Infections

In the era of life-prolonging antiretroviral (ARV)
therapy, sleepiness and chronic fatigue are among
the most disabling symptoms of persons with
human immunodeficiency virus (HIV) infection/
AIDS, yet its management is challenging and the
etiology remains elusive. There are currently an
estimated 40 million patients worldwide who live
with AIDS.64 In the United States, it is estimated
that more than 1 million people are living with
HIV infection and approximately 56,300 people
were newly infected with HIV in 2006. With an
increasing proportion of AIDS survivors, it is ex-
pected that this population will face longer periods
of life with potential increased comorbidities such
as sleep disorders, pain, metabolic problems, and
psychiatric illness, both directly caused by the
virus and ARV therapy.
Sleepiness and fatigue are encountered at all

stages of HIV infection and are related to several
etiologic factors including the neurotropic effects
of the HIV virus, ARV therapy, substance use, and
psychiatric illness affecting all aspects of quality
of life.65–67 The prevalence of sleepiness among
patients with HIV infection is estimated to be
between 20% and 60%, and, as HIV progresses,
fatiguemaybecomeevenmoreprevalent.68Hyper-
somnolence contributes to significant morbidity
and disability in HIV-infected patients.69–72 When
undiagnosed or undertreated, sleep disturbances
are associated with an increased risk of depres-
sion, pain, and substance abuse, which is common
among patients with HIV.73–76 These findings
underscore the need for addressing excessive
sleepiness and sleep quality in developing effective
care for individuals with HIV/AIDS who experience
fatigue. In fact, in 1988, a specific term, AIDS-
lethargy, was coined to delineate an underlying
syndrome of specific apathy, tiredness, and indo-
lence of the patients affected with HIV.77

During the first few months of 2010, an abrupt
increased onset of narcolepsy-cataplexy diag-
nosed within a few months of H1N1 onset was
observed leading to a proposed link between
H1N1 vaccination and narcolepsy onset because
of this temporal association.78 Recently, in China,
narcolepsy onset has been found to be strongly
associated with both annual and seasonal patterns
of upper respiratory infections, particularly H1N1
influenza. In 2010, the peak seasonal onset of
narcolepsywasphasedelayedby6months relative
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to winter H1N1 infections, and the correlation was
independent of H1N1 vaccination in most
samples.79 Earlier streptococcal infections, which
are known to trigger autoimmunity, were proposed
as a significant environmental trigger for narco-
lepsy based on high anti–streptolysin O and anti–
DNase B titers during the disease period, which
improved during the convalescent phase.80 These
data depicting a strong seasonality of disease
onset in children and associationswith theStrepto-
coccus pyogenes, and influenza A H1N1 infection
as well as H1N1 vaccination, implicate processes
such as molecular mimicry or bystander activation
as critical for the development of narcolepsy.81

Kleine-Levin Syndrome

Patients with Kleine-Levin syndrome (KLS) have
significant difficulties with psychiatric, physical and
psychological, and eating disorders: cognitive
impairment, derealization, megaphagia, hypersexu-
ality, increased BMI, and depressed mood are
frequent.82,83Outof 10patientswithKLS, 1develops
various genetic, inflammatory, vascular, or paraneo-
plastic conditions.83 Patients may experience
disturbed function of the hypothalamic-pituitary
axis at adrenal and thyroid levels supportive of the
hypothesis that KLS is related to an intermittent
hypothalamic dysfunction.84 Based on biomarkers
such as electroencephalographic analysis and
response to therapy with lithium, studies found that
mood disorders are strongly correlated in KLS.85,86

In fact, the literature on themanagement with lithium
both as directed treatment as well as prophylactic
therapy in KLS is extensive, further raising the under-
lying link to bipolar depression.87–92

SUMMARY

CNS hypersomnia, in general, and narcolepsy, in
particular, are associated with a spectrum of
medical and psychiatric comorbidities. Some co-
morbidities, such as the increased rate of obesity
and overweight, have been well established in
the literature. Other associations, such as between
narcolepsy and schizophrenia or between narco-
lepsy and migraine headaches, have been incon-
sistent and have occasionally demonstrated
contradictory findings. Although the true incidence
of many of these disorders in narcolepsy is
unknown or disputed, it is important to be aware
of possible medical comorbidities when caring
for patients with narcolepsy. Clinician vigilance in
screening for these conditions can prevent delays
in diagnosis and treatment of many comorbid
medical illnesses.
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Kleine-Levin Syndrome
Michel Billiard, MD

Kleine-Levin syndrome (KLS) is a rare sleep dis-
order, first described in 1925,1 which is remarkable
for recurrent attacks of hypersomnia associated
with a variety of behavioral, cognitive, and mental
symptoms, lasting from 1 to 2 days to several
weeks. The limits of the syndrome are not totally
delineated, and diagnostic criteria for the syn-
drome have not been listed in the International
Classification of Sleep Disorders (2nd edition).2

This article considers the evolution of the
concept of KLS since its origin, describes the
different symptoms and physical signs of the
syndrome, lists and comments on the clinical vari-
ants, discusses the pathophysiology, and reviews
the available treatments.

HISTORICAL NOTE

The first descriptions of patients with recurrent
periods of sleepiness and pathologic hunger date

back to Kleine in Germany,1 Lewis3 and Levin4 in
the United States. In 1936 Levin rewrote his orig-
inal case report, and made for the first time
specific mention of “a syndrome of periodic
somnolence and morbid hunger” as a new entity
in pathology.5 He detailed the clinical features
and put forward the hypothesis that this syndrome
was the expression of exhaustion of centers lying
within the frontal lobes, with an actual structural
alteration of the component cells. Six years later,
Critchley and Hoffman reported 2 more cases of
periodic somnolence and morbid hunger, dis-
cussed Levin’s views as the cause of the
syndrome, and coined the term Kleine-Levin
syndrome.6 It was only 20 years later, in 1962,
that Critchley published a founding article referred
to as “Periodic hypersomnia and megaphagia in
adolescent males,” in which he collected 15
“genuine” instances from the literature and
11 cases of his own, described in depth these

The author has nothing to disclose.
Department of Neurology, Gui de Chauliac Hospital, 80 Avenue Augustin Fliche, 34295 Montpellier cedex 5,
France
E-mail address: mbilliard@wanadoo.fr

KEYWORDS

� Kleine-Levin syndrome � Kleine-Levin syndrome without compulsive eating
� Menstrual-related hypersomnia � Recurrent hypersomnia � Compulsive eating
� Disinhibited sexuality � Odd behaviors

KEY POINTS

� Kleine-Levin syndrome is potentially rich in behavioral, cognitive, and mental symptoms, but the
number of expressed symptoms varies between patients and even within a single patient from
one episode to the other.

� 3% to 4% of cases run in families.

� Infectious triggers are found in approximately 60% of cases, but the agents responsible for the
infections are rarely identified.

� Pathophysiology is still unknown. However, single-photon emission computed tomography, func-
tional magnetic resonance imaging, and neuroanatomic studies look promising in identifying
involved neuroanatomic areas. Cerebrospinal fluid (CSF) hypocretin-1 measurement during both
symptomatic episodes and asymptomatic intervals should be performed to search for a possible
dysfunction of the hypocretin system, and CSF screening for the presence of autoantibodies
directed against neurons is warranted to check for a possible autoimmune mechanism.

� Multicenter, randomized, double-blind, placebo-controlled trials of present and additional drugs
are warranted.
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26 cases, and gave the definition of “a syn-
drome composed of recurring episodes of undue
sleepiness lasting some days, associated with
an inordinate intake of food, and often with ab-
normal behavior.”7 In addition he emphasized 4
hallmarks:

1. Sex incidence whereby males are preponder-
antly if not wholly affected

2. Onset in adolescence
3. Spontaneous eventual disappearance of the

syndrome
4. The possibility that the megaphagia is in the

nature of compulsive eating, rather than bulimia.

From this time on, new case reports and reviews
have been published. However, in 1960 Alfandary
published 4 cases of hypnolepsie des adolescents,
which matched KLS except for the absence of
compulsive eating.8 In 1968, Bonkalo suggested
the term forme fruste of KLS for a patient whose
food intake was classed from “poor” to “good”
but did not show compulsive eating.9 From that
time on, patients with recurrent excessive daytime
sleepiness but no compulsive eating have been
improperly included in KLS, introducing an unfor-
tunate bias into the concept.
In 2005 the second edition of the International

Classification of Sleep Disorders was published
with diagnostic criteria for recurrent hypersomnia,2

but only a mention of those cases deserving a
diagnosis of KLS, namely “cases inwhich recurrent
episodes of hypersomnia are clearly associated
with behavioral abnormalities. These may include
binge eating; hypersexuality; abnormal behavior
such as irritability, aggression, and odd behavior;
and cognitive abnormalities such as feeling of un-
reality, confusion and hallucinations.”
The same year Arnulf and colleagues10 con-

ducted a thorough review of 186 patients with
KLS in the world literature, without distinguishing
the full-blown cases and the forms without com-
pulsive eating. This review was followed by
a cross-sectional, systematic evaluation of 108
new cases and comparison with matched control
subjects, which was of value for the identification
of novel predisposing factors including increased
birth and developmental problems, and the find-
ings of a disease course longer in men, in patients
with disinhibited sexuality, and when onset was
after age 20 years.11 Eventually a recent study,
based on the review of 339 cases of recurrent
hypersomnia, identified and statistically compared
4 clinical forms, namely KLS (239 cases), KLS
without compulsive eating (54 cases), menstrual-
related hypersomnia (18 cases), and recurrent hy-
persomnia with comorbidity (28 cases).12

DEMOGRAPHICS

KLS is a rare condition. Two hundred thirty-nine
cases collected from 31 different countries have
been published in the aforementioned review.12

The male to female ratio was about 4:1. The
median age of onset was 15 in both males (n 5
169) and females (n 5 45), with a range 4 to 80 in
males and 4 to 69 in females. An overrepresenta-
tion of Jewish patients has been underlined: one-
sixth of the patients in the review by Arnulf and
colleagues,10 and 6 times more than expected,
based on the United States population (P<.033),
all Ashkenazi, in the systematic study and compar-
ison with controls by the same group.11

Familial cases are not exceptional: 9 cases of
239 (3.7%) in the series by the author’s group,12

including 2 with more than 2 affected rela-
tives,13,14 and 5 cases of 104 (4.8%) in the Arnulf
series.11 In addition, one case of Spanish mono-
zygotic twins concordant for KLS has just been
reported, raising the possibility of genuine genetic
forms of KLS.15

PREDISPOSING AND PRECIPITATING FACTORS

By analogy with narcolepsy, an association with
human leukocyte antigen (HLA) has been looked
for. In a multicenter study based on the analysis
of gene polymorphism of HLA-DQB1 in 30 unre-
lated patients with KLS (25 with full-blown KLS
and 5 with KLS without compulsive eating), an
HLA-DQB1*0201 allele frequency of 28.3% in
patients and 12.5% in controls (c2 5 4.82, P<.03)
was found.16 However, in the prospective study
by Arnulf and colleagues11 involving 108 patients
and 108 matched controls, HLA DR and DQ alleles
did not differ between patients and controls.
On the other hand, factors precipitating the first

episode are mentioned in all series, in 16 of 34
patients (47%),17 23 of 33 patients (77%),14 102
of 168 patients (60%),10 and 159 of 239 patients
(66%).12 These factors consist in upper airway
infection, flulike illness, febrile illness in most
cases, and in a few cases emotional stress, al-
cohol intake, summer outing, sunstroke, anes-
thesia, and head traumatism. Factors triggering
subsequent episodes are much less frequent.

CLINICAL FEATURES

Features include behavioral, cognitive, and mental
symptoms, and in some cases physical signs
(Table 1). Various transient symptoms may be
observed at the end of episodes followed by an
apparent total recovery until the next episode.
All possible symptoms are generally not com-
bined in a single patient; one symptom may be
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present during one episode and absent during the
following one, and in a few cases one symptom
such as insomnia or compulsive eating may be re-
placed by its opposite, insomnia or anorexia,
during one or several episodes.

Onset of Episodes

The episodes begin within a few hours, or gradu-
ally over 1 or 2 days, with patients becoming
extremely tired or complaining of headache.

Behavioral Symptoms

Hypersomnia is the first major symptom. Patients
lie in their bed, sometimes with restlessness and
untidiness. Vivid dreams may occur. Usual sleep
duration during episodes ranges from 12 to 18
hours. Patients wake up spontaneously to void
and eat, but are irritable or even aggressive when
awakened or prevented from sleep.

Compulsive eating is the second major
symptom, even if it is not systematically present
during all episodes and sometimes during one
episode only from the beginning to the end. A pref-
erence for sweets is common. Patients do not
necessarily look for food, but cannot refrain from
eating food within reach, in a compulsive manner,
as in the case of an 18-year-old ordinary seaman
(case 3 in Critchley’s series) “who ate about
a dozen large helpings of suet pudding (in addition
to his own heavy meal), the pudding having been
rejected by the majority of sailors as being under-
done and too stodgy for consumption.”7 Increased

drinking is sometimes associated but never
observed alone.

Sexual disinhibition can take the form of
overt masturbation, obscene language, sexual
advances, shamelessly expressed sexual fanta-
sies, and so forth. It is present in 48.5% of males
and in 27.5% of females.12 However, sexual disin-
hibition in females could assume a less visible
expression such as a fantasy of being “chatted
up” by men or experiencing love affairs.

Odd behaviors are diverse and totally awkward.
They include talking in a childish manner, singing
loudly, playing a CD over and over, talking on the
phone without dialing first, making a handstand
on the bed, writing on walls, or stripping down
wallpaper.

Cognitive Symptoms

These symptoms include dramatic ones such as
altered perception (people and objects seem dis-
torted, unreal, dreamlike), which seems to be one
of the most typical, confusion, fragmentary delu-
sions, and visual and auditory hallucinations,
which are observed in 20% to 40% of patients.12

In comparison, less severe symptoms such as
apathy, impaired speech, concentration, and
memory are observed in a majority of patients.11

Mental Symptoms

Depression during the episode is more frequent in
females than in males. Some patients may report
suicidal thoughts. Anxiety is less frequent than
depression.

Table 1
Compared frequency of the various symptoms and physical signs during hypersomniac episodes, in
a population of 239 subjects (192 males and 47 females) with the Kleine-Levin syndrome

Symptoms and Physical Signs Males (%) Females (%) P Value

Hypersomnia 100 100 NA

Compulsive eating 100 100 NA

Disinhibited sexuality 48.4 27.6 .0035

Odd behavior 29.7 36.1 .39

Confusion 41.6 25.5 .11

Feeling of unreality 37.5 36.1 .85

Delusions/hallucinations 17.2 21.3 .78

Depression 19.8 40.4 NA

Anxiety 12.0 12.8 NA

Signs of autonomic dysfunction 18.2 19.1 .56

Weight gain 9.9 44.6 <.0001

Abbreviation: NA, not applicable.
Data from Billiard M, Jaussent I, Dauvilliers Y, et al. Recurrent hypersomnias: a review of 339 cases. Sleep Med Rev

2011;15:247–57.
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Physical Signs

Absence of neurologic signs is remarkable. Signs
of autonomic dysfunction including profuse
sweating, reddish, congestive, or puffy face,
hypertension and/or bradycardia, and nauseating
body, hair, or urine are found in about 20% of
patients.12 Weight gain of a few kilograms may
be observed during the attacks, and are much
more frequent in females than in males.

End of Episodes

The episodes of hypersomnia may end abruptly or
insidiously over a few days. It is not uncommon for
an episode to be followed by amnesia of the past
events, manic behavior with insomnia as if the
subject was trying to catch up for lost time, and
depression lasting for 1 or 2 days.

LABORATORY TESTS

The diagnosis of KLS is purely clinical. Laboratory
investigations serve mainly at eliminating epilepsy
(electroencephalography), focal brain lesions (brain
imaging), and meningitis or encephalitis (cerebro-
spinal fluid [CSF] analysis). However, most patients
undergo a series of tests before being suspected of
having KLS (Table 2).
Routine blood tests including blood count,

plasma electrolytes, urea, creatinine, and hepatic
function are normal. Baseline levels of the main
anterior pituitary hormones, growth hormone, pro-
lactin, thyroid-stimulating hormone, testosterone,
and cortisol are normal. The same applies to levels
obtained after stimulation tests.
Agents responsible for upper airway infection,

flulike illness, or other infections are rarely identi-
fied, and when identified differ from one patient
to the other.
CSF white blood cell counts and protein levels

are normal in all patients, ruling out infectious
meningitis. Immunoelectrophoresis is also normal
in the few cases where it has been performed.

Electroencephalography is most often remark-
able for a general slowing of the background
activity, sometimes with bursts of bisynchronous,
generalized, moderate to high-voltage, 5- to 7-Hz
waves, 0.5 to 2 seconds in duration.18,19

Nocturnal polysomnography is not easy to
perform within the short duration of the episode.
An important reduction in stage 3 during the first
half of the symptomatic period, with progressive
return to normal during the second half, has been
reported as well as a decrease of rapid eye move-
ment (REM) sleep during the second half of the
symptomatic period.20 Sleep efficiency is poor
during the symptomatic period (Fig. 1). Sleep-
onset REM periods are common. Results of the
multiple sleep latency test are highly dependent
on the subject’s willingness to comply with the
procedure. Nevertheless, a reduced mean sleep
latency and sleep-onset REM periods have been
reported. In practice, it is more instructive to carry
out a continuous polysomnographic recording for
24 hours, providing indications on total sleep
time over 24 hours and possible sleep-onset
REM periods.
Computed tomographyandmagnetic resonance

imaging (MRI) of the brain show no abnormality.
Psychological interview and testing should

always be performed when the episode is over to
ensure that there is no background personality
disorder or that the subject is not expecting
some benefit from the symptomatic episode.

COURSE

KLS is characterized by episodes lasting a median
of 8 to 9 days, with a cycle length (time from onset
of one episode to the onset of the next episode) of
60 to 100 days and normal functioning between
episodes.12 A disease course longer in females
(9 � 8.7 years) than in males (5.4 � 5.6 years,
P 5 .01) is indicated by Arnulf and colleagues10 in
those patients with a known reported termination

Table 2
Laboratory tests in Kleine-Levin syndrome

Of Limited Interest Of Diagnostic Value Of Potential Pathophysiologic Value

Routine blood tests EEG SPECT

Hormonal tests (static
and dynamic)

Brain imaging (CT, MRI)
CSF analysis (white blood

cell count, glucose,
protein)

Psychological testing

fMRI
Polysomnography
CSF hypocretin-1 measurement
Immunohistochemical screening of serum and
CSF for autoantibodies against neurons

Abbreviations: CSF, cerebrospinal fluid; CT, computed tomography; EEG, electroencephalography; fMRI, functional MRI;
MRI, magnetic resonance imaging; SPECT, single-photon emission computed tomography.
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of the disorder (no more episode for more than
twice the mean interepisode length), whereas
Billiard and colleagues12 found a disease course
longer in males (median 3.6 years [3 weeks–33.5
years]) than in females (median 2.0 years [2
weeks–18.2 years]) in those cases when the dura-
tion of the follow-up was at least 1 year after the
last episode. Although it is common to say that
episodes decrease in frequency, severity, and
duration, a decrease in frequency was docu-
mented in only 25.9% of cases, a decrease in
severity in only 21.3% of cases, and a decrease
in duration in only 15.9%of cases.12Complications
are mainly social and occupational. In exceptional
cases subjects have been reported to choke while
eating voraciously during the episode.21,22

Between episodes patients are described as
normal in most cases.

CLINICAL VARIANTS

KLS without compulsive eating is a forme fruste of
KLS. According to the review by the author’s

group, all symptoms and physical signs are found
in a lesser percentage of patients with KLS with-
out compulsive eating than in patients with full-
blown KLS, except for the feeling of unreality
observed in the same proportion of patients in
both conditions.12 Considering the number of re-
ported cases in the world literature (54 vs 239
cases of KLS in Ref.12), the condition may be
less frequent than KLS. However, it is possible
that cases with isolated recurrent hypersomnia
are less published than cases of full-blown KLS.

Menstrual-related hypersomnia is characterized
by episodes of hypersomnia, plus or minus other
symptoms and physical signs of KLS, which occur
in association with the menstrual cycle and some-
times with puerperium. The condition occurs for
the first time within the first months after menarche
or later. Episodes generally last about 1 week,
with resolution at the time of menses (Fig. 2).
Menstrual-related hypersomnia is a very rare
disease,withonly18casesinrecentreview.12

KLS, KLS without compulsive eating, and
menstrual-related hypersomnia may be secondary

Fig. 1. Forty-eight-hourpolysomnographic recording from8AMondayone to8 AMonday three, ina22-year-oldman
with Kleine-Levin syndrome. Total sleep time was 16 hours 12 minutes during the first 24 hours, and 12 hours 14
minutes during the second 24 hours. Note the poor sleep efficiency and the presence of sleep-onset REM periods.

Fig. 2. Menstrual-related hypersomnia in a 14-year-old girl. Vertical bars represent menstruations and shaded boxes
episodes of hypersomnia. Note the temporal relationship between hypersomniac episodes and menstruations. The
unshaded box on the far right refers to an episode with hostility but no hypersomnia. (From BilliardM, Guilleminault C,
Dement WC. A menstruation-linked periodic hypersomnia. Neurology 1975;25:437; with permission.)
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to physical diseases including tumor, head trau-
matism, stroke, viral encephalitis, and genetic
disease. In favor of causality are a late age of onset,
an initial severe head injury, neurologic signs
persisting between episodes, abnormal neuro-
imaging, and an unfavorable outcome. Cases as-
sociated with mild head traumatism or pervasive
developmental disorder (autistic disorder, Asperger
syndrome) may not be secondary to the associated
condition.

DIFFERENTIAL DIAGNOSIS

Recurrent episodes of hypersomnia plus or minus
significant weight gain or increase in appetite are
reported in the context of psychiatric disorders,
such as recurrent major depressive disorder,
bipolar I disorder, and bipolar II disorder.

PATHOPHYSIOLOGY

Knowledge of the pathophysiology of KLS is still in
its infancy. However, several approaches deserve
consideration.

Contribution of Neuroimaging Studies

Single-photon emission computed tomography
(SPECT) studies performed during symptomatic
periods and/or asymptomatic intervals have evi-
denced decreased tracer perfusion in as many
regions as basal ganglia, thalamus, hypothalamus,
and frontal, parietal, temporal, or occipital lobes,
during symptomatic periods, and a partial normal-
ization during asymptomatic intervals.20,23–34

These regions have extensive connectivity to
each other and to limbic structures through neuro-
anatomic circuits that are organized in parallel, so
that lesions in one part can result in a malfunction
in other areas.
Functional spectroscopic MRI (fMRI) has been

performed in two patients. In a first one, a 19-
year-old with typical KLS, a lower concentration
ratio of N-acetylaspartate (NAA), a marker of
neuronal integrity, and a higher concentration ratio
of glutamate/glutamine (Glu-Gln), which plays an
important role in excitatory neurotransmission
and mitochondrial metabolism, were observed in
the right and left thalami during the symptomatic
period in comparison with the asymptomatic in-
terval.35 In the second patient, a 20-year-old
woman with KLS without compulsive eating, an
increase in glutamine metabolites was observed
in the left thalamus and basal ganglia during the
symptomatic episodes in comparison with the
asymptomatic intervals.36

Neuropathologic Data

Neuropathologic examinations have been per-
formed in 3 cases of typical KLS21,22,37 and in 1
case of KLS secondary to a presumptive brain tu-
mor (Table 3).38 These examinations have shown
various abnormalities in different locations of the
brain.

Role of Hypocretins

Given the role of hypocretin neuropeptides in both
sleep-wake regulation and feeding, hypocretins
seem good candidates to be involved in the func-
tional abnormality of KLS; hence the assessment
of CSF hypocretin-1 performed in a few patients
with KLS. To date 11 patients with KLS have
been investigated, 4 during symptomatic periods
only,31,37,39,40 5 during asymptomatic intervals
only,39,41 and 2 during both symptomatic periods
and asymptomatic intervals (Table 4).41,42 In these
2 patients a decrease of CSF hypocretin-1 was
demonstrated, from a normal level during an
asymptomatic interval to an intermediate level
during a symptomatic period in the first one, and
from a normal level to a normal level in the second
one. Although of potential interest, these results
are far too limited to draw any conclusion.

Recurrence

Surprisingly enough, the issue of recurrence of
abnormal episodes has only been recently consid-
ered. Based on the generally young age at onset,
the recurrence of symptoms, the frequent infec-
tious trigger, and a significantly increased fre-
quency of the HLA-DQB1* allele in a multicenter
group of 30 unrelated patients with KLS and KLS
without compulsive eating, an autoimmune eti-
ology for KLS has been suggested.16 However,
no direct evidence for this putative autoimmune
process has so far been reported.

KLS and Mood Disorder

There are some analogies between KLS and
bipolar disorders even if the former differ by the
sudden occurrence of the episodes, their transient
duration and overnight disappearance.
KLS reoccurs just as mood disorders do. A few

cases of KLS are remarkable for an alternation
between hypersomniac episodes and manic-
depressive episodes.43,44 Odd behaviors have
a distinct psychiatric flavor, frequently in the
direction of dissociative disorder. Depression,
sometimes with suicidal thoughts, is a symptom
of hypersomniac episodes in a substantial
percentage of patients, up to 40.4% of women
and 20% of men with KLS and 35.3% of women
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with menstruation-related hypersomnia.12 Elation
occurs in 13% of men on emergence from hyper-
somniac episodes.12 Mood stabilizers such as car-
bamazepine, lithium carbonate, and sodium
valproate are prophylactic against the recurrence
of episodes in some cases.

Moreover, there are distinct similarities between
KLS and 2 mood-disorder specifiers, “depression
with atypical features” and “seasonal affective
disorders,” for example, the already mentioned
possibility of hypersomnia, increase in appetite,

and weight gain. Thus, one can speculate on a
possible congruence between the neuroanatomic
circuits of KLS and those of bipolar disorders.

TREATMENT

A recent Cochrane Database Systematic Review,
aimed at evaluating whether pharmacologic treat-
ments for KLS are effective and safe, did not find
any randomized controlled trials (RCTs) and
quasi-RCTs.45 Therefore one is left with individual

Table 3
Neuropathologic findings in 3 cases of primary Kleine-Levin syndrome and 1 case of secondary
Kleine-Levin syndrome

Kleine-Levin Syndrome
Secondary Kleine-
Levin Syndrome

Authors Carpenter et al21 Koerber et al22 Fenzi et al35 Takrani and
Cronin38

Sex Male Male Female Female

Age of onset
(y)

39 11 8 48

Behavioral
symptoms

Hypersomnia,
compulsive
eating,
disinhibited
sexuality

Hypersomnia,
compulsive
eating,
disinhibited
sexuality

Hypersomnia,
compulsive
eating

Hypersomnia,
compulsive
eating,
disinhibited
sexuality

Physical signs None Dysautonomic
signs

Upward-gaze
palsy, mild
ptosis 110 kg

None

Neuroimaging CT: normal CT: prominent
ventricles,
otherwise
normal

CT: normal CT: normal

Cause of death Choked on meat,
sudden death
9 d later

Episode of
compulsive
eating,
cardiopulmonary
arrest next
morning

Fracture of humerus,
10 d later developed left
femoroiliac
thrombophlebitis
complicated by a
pulmonary
embolism that
caused sudden
death

Lapsed into
a coma
and died
(presumptive
cerebral tumor)

Autopsy Abundant infiltrates
of inflammatory
cells, cuffing of
veins and venules,
gliosis and focal
calcifications,
virtually limited to
the thalami

Mild
hypopigmentation
of the substantia
nigra

Perivascular
lymphomonocyte
infiltration in the
medial and
intralaminar thalamic nuclei
and in the
hypothalamus,
particularly on
the floor of the
third ventricle

Lymphocyting,
cuffing in the
small vessels
in the
hypothalamus,
amygdaloid
nuclei, and in
the anterior
medial gray
matter of the
temporal lobes

Microglial nodules
in the
periaqueductal
gray region and
in oculomotor
nerve nuclei

Kleine-Levin Syndrome 309



cases or small series in which one or several drugs
have been administered and clinically evaluated
by patients’ doctors.
There are 2 types of treatment for recurrent hy-

persomnia: symptomatic and prophylactic. Symp-
tomatic treatments are mainly based on stimulants
(amphetamine and methylphenidate) and on the
wake-promoting drug modafinil. However, proper
evaluation of these drugs is somewhat unreliable
because of the spontaneous eventual disappear-
ance of the symptoms after a few days of evo-
lution. In contrast to symptomatic treatments,
prophylactic treatments based on mood stabi-
lizers (lithium and antiepileptic drugs) are easy to
evaluate, based on the recurrence (or not) of hy-
persomniac episodes. The proposed shared
mechanism of these drugs is sodium-channel
antagonism.46,47 According to a recent review by
the author’s group (M. Billiard, unpublished data,
2011), a positive response rate is found in 25.9%
to 39% of cases according to the use of different
drugs.
Of note, a very recent letter to Sleep Medicine

mentions a 24-year-old man experiencing recurrent
episodes of hypersomnia sometimes associated
with compulsive eating and disinhibited sexuality,
occurring several times a year since the age of 13.
This patient was treated with 4 g of sodium oxybate
per night and has remained asymptomatic after 30
months of treatment.48

In the case of menstrual-related hypersomnia,
estroprogestative drugs are active in a majority
of cases.

SUMMARY

Interest in Kleine-Levin syndrome has been
recently rejuvenated with the use of SPECT

studies and the reports of familial cases including
2 multiplex families and of one case of
monozygotic twins concordant for Kleine-Levin
syndrome. Next steps should be linkage analysis
and the new generation exome sequencing to
identify a potential mutation, CSF hypocretin-1
measurements during both symptomatic periods
and asymptomatic intervals, and, in view of the
autoimmune hypothesis, the screening of CSF
for the presence of autoantibodies directed
against neurons in presumed affected neuroana-
tomical regions.
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Syndrome de Kleine-Levin: aportacion diagnostica

de la SPECT cerebral. Rev Neurol 2002;35:531–3

[in Spanish].

27. Nose I, Ookawa T, Tanaka J, et al. Decreased blood

flow of the left thalamus during somnolent episodes

in a case of recurrent hypersomnia. Psychiatry Clin

Neurosci 2002;56:277–8.

28. Portilla P, Durand E, Chalvon A, et al. Hypoperfusion

temporomésiale gauche en TEMP dans un

syndrome de Kleine-Levin. Rev Neurol (Paris)

2002;158:593–5 [in French].

29. Saignes X. Syndrome de Kleine-Levin, à propos de
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Behaviorally Induced
Insufficient Sleep
Christer Hublin, MD, PhDa,b,*, Mikael Sallinen, PhDa,c

The inability to obtain sufficient sleep is a common
condition, and its causes are various, ranging from
sleep disorders and other medical conditions,
irregular and/or extended working hours, to social
activities and domestic responsibilities. When the
condition lasts for a long period, it leads to chronic
sleep deprivation, increasing sleepiness and im-
pairing cognitive function to a degree comparable
to acute total sleep deprivation. For various
reasons, people with behaviorally induced insuffi-
cient sleep (BIIS), who have no difficulties with
their sleep as such, voluntarily sleep less than their
natural sleep requirement. When BIIS is long
lasting (�3 months), it may meet the diagnostic
criteria of BIIS syndrome (BIISS), defined by the
International Classification of Sleep Disorders
(ICSD-2).1 This review is focused on BIIS in adults,
with a special emphasis on work-related aspects.

WHEN IS SLEEP SUFFICIENT AND WHEN IS IT
INSUFFICIENT

Sleep duration is highly individual in all age groups,
and it is clearly dependent on age. In population-
based studies, the mean sleep length has usually

been 7 to 8 hours among adults, and there is
a U-shaped relationship between age and average
sleep time, with the minimum being in middle-
aged individuals. In bothextremesof thecontinuum,
there are people with sleep disorders, such as
insomnia among short sleepers and hypersomnia
among long sleepers, but also healthy individuals,
because a few percentage of population are
so-called natural short sleepers or natural long
sleepers.2 In addition, there seem to be differences
betweencountries. For example, a studybySteptoe
and colleagues3 that was based on data from 24
countries showed that sleep duration was shortest
(6.0-6.5 hours) among Japanese and Taiwanese
students and longest (about 8 hours) among
Bulgarian,Greek,Romanian, andSpanish students.

It has been claimed that the sleep length has
generally shortened during the last decades, but
there are so far few population-based studies to
support this view. In the most recent UK survey,
the mean sleep duration was 7.04 hours,4 and it
has changed little over the last 50 years.5 In a re-
analysis of self-reported sleep duration (>440,000
persons) in population-based surveys in Fin-
land from 1972 to 2005, only a minor decrease
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� There are no established methods for management except the recommendation to sleep more.
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(18.3 minutes or about 4% to 7.3 hours) was
observed.6 In this study, sleep was shortest in
middle-aged employees. However, there may be
substantial differences in the development of sleep
duration over decades between countries. In the
United States, the self-reported modal sleep dura-
tion in the 1960s was about 8 hours,7 but, in more
recent Gallup surveys, the estimates have been 7
hours or even less (National Sleep Foundation
2005). In a large population-based survey in the
United States, 28.3% of adults slept 6 hours or
less per day.8 This amount of sleep per 24 hours
mayconsiderablydecreasealertness,asareduction
of total sleep time for one night by 1.0 to 1.5 hours in
normal young adults shortens their mean sleep
latencies on the Multiple Sleep Latency Test
(MSLT) by up to one-third.9

In addition to the mean length of sleep, it is
essential to take into consideration its day-to-day
variation, for example, over a workweek, when as-
sessing BIIS and its consequences. American
Time Use Surveys revealed that the average sleep
time was longer on Sundays (9.59 hours) and
Saturdays (8.97 hours) than on the weekdays, in
which case it gradually decreased from Monday
(8.41 hours) to Friday (8.03 hours).10 Similarly, in
an actigraphic study, the daily standard deviation
was more than an hour for both sleep duration
and time in bed, meaning that the day-to-day vari-
ation within individuals was greater than the varia-
tion between their mean sleep durations.11 Thus,
although a mean sleep length for a longer period
can be usual (around the norm of 7–8 hours of
sleep per day), a substantial part of it can be spent
in a condition of insufficient sleep that compro-
mises alertness and cognitive function (see
section “Consequences of Sleep Deprivation”).
In population-based studies, the assessment of

sleep length is practically always based on self-
reports because use of objective methods such
as polysomnography has so far been too laborious
and expensive for this purpose. It is, however,
probable that individuals differ in terms of how
accurately they are able to assess their sleep
length. Based on clinical experience, those with
fragmented sleep (eg, individuals with insomnia)
are more inclined to more often report unexpect-
edly short sleep length than those with consoli-
dated sleep. In true insufficient sleep, as in BIIS,
sleep should be consolidated, and therefore self-
reports probably are more reliable. Even though
the occurrence of insufficient sleep seems to be
strongly dependent on sleep length, it is also impor-
tant to take into account individual sleep need
when assessing BIIS.12,13 Thus, it is important to
take into account both self-reported sleep length
and sleep need, when assessing sleep sufficiency.

One additional problem is that there are no
exact and generally accepted definitions of and
methods to measure either sleep need or sleep
sufficiency. Broman and collegues12 suggested
using the amount of habitual sleep to the amount
of estimated need for sleep (sleep sufficiency
index [SSI]) ratio. To delineate subjects with
a substantial chronic sleep loss, a condition
termed persistent insufficient sleep (PIS) was
operationally defined as SSI less than 80% and
having an experience of getting too little sleep at
least 3 times per week during the last 3 months.
This cutoff at 80% is arbitrary but corresponds
rather well to about 6.5 hours of sleep in the
average individual whose self-estimated daily
sleep need is about 8 hours.12 Despite the obvious
need to operationalize the condition of insufficient
sleep, the authors are unaware of any later publi-
cation using this definition or its modifications.
Generally speaking, there are 2 major views on

the phenomenon of insufficient sleep and its
consequences and significance. The first argues
that there are no data to show any such decrease
in sleep length during the last decades that would
result in large-scale and severe increases in sleep
deprivation or excessive daytime sleepiness.5 In
addition, it has been pointed out that human adults
probably are capable of biologically adapting to
various sleep durations if the range of variation
remains between 6 and 9 hours per day.5,14 The
other major view underlines the gradual decrease
in sleep length and the increase of sleep depriva-
tion in adult population and also cognitive deficits
caused by these trends. In experimental studies,
cognitive deficits have been shown to exacerbate
over days of sleep restriction, even though sleep-
deprived individuals may not be aware of the
cumulative deficits.15,16

BIISS

ICSD-21 includes a description and diagnostic
criteria of BIISS (Box 1). BIISS occurs when an indi-
vidual persistently fails to obtain the amount of
sleep required tomaintainnormal levels of alertness
andwakefulness. The ability to initiate andmaintain
sleep is unimpaired or above average, with little or
no psychopathology and no medical explanation
for the patient’s sleepiness. There is a substantial
disparity between the need for sleep and the
amount actually obtained. A markedly extended
sleep time on weekend nights or during holidays
compared with weekday nights is suggestive of
this disorder. In addition to sleepiness, patients
may develop irritability, concentration and attention
deficits, reduced motivation, dysphoria, fatigue,
incoordination, and restlessness.1
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The differential diagnosis of BIISS includes other
causes of excessive daytime sleepiness or short-
ening of nocturnal sleep.1 The diagnosis may be
especially difficult to make in subjects who are
natural long sleepers (see later). There are descrip-
tions of cases in which BIISS has incorrectly been
diagnosed as narcolepsy without cataplexy with
typical findings on sleep registrations in the
sleep-deprived condition.17

EPIDEMIOLOGY OF INSUFFICIENT SLEEP

Sleeping difficulties are common, about one-third
of the general population is affected by transient
insomnia and about one-tenth by severe and/or
chronic insomnia,2 and these difficulties can be
assumed to be a major cause of insufficient sleep.
However, other causes also seem to be prevalent.
In a Swedish population sample aged 30 to
65 years, 28% of women and 21% of men

experienced too little sleep, but only about one-
third of them had concomitant symptoms suggest-
ing insomnia.18 In a telephone survey done in
Australia, insufficient sleep was reported by
28%, and about three-quarters of these respon-
dents related it to external factors and the remain-
ing quarter to internal factors.19

In another Swedish questionnaire study based on
a population sample aged 20 to 64 years, PIS
(defined earlier) was found in 12%of the subjects.12

One-half of the subjects with PIS also reported
concomitant sleeping difficulties, and, in the remain-
ing, the most conspicuous causes were work-
related factors and simply too little time for sleep.
Thus,behavioral causesof insufficient sleepseemed
to be as common as symptoms indicating possible
sleep disorder. The following consequences of
insufficient sleepwere reported by the respondents:
cognitive/behavioral fatigue, somatic symptoms,
sleepiness, swelling, headache, and dysphoric
mood. Insufficient sleep decreased with age.12

A Finnish population-based study, in which insuf-
ficient sleep was determined as a difference of 1
hour or more between the self-reports of the need
of sleep and the actual length of sleep, found that
the prevalence among 33- to 60-year-old subjects
was 20.4% (16.2% in men and 23.9% in women).13

In the same base population, the corresponding
figure was 3.6% among men and 6.7% among
women after excluding regular nappers and insom-
niacs.20 The occurrence of insufficient sleep was
strongly dependent on sleep length.13 Insufficient
sleep was reported by 37% of men and 54% of
women who slept for 6 hours or less but only by
3.5% of men and 4.3% of women who slept for 9
hours or more. Similarly, 49% of men and women
reporting need of sleep for 9 hours or more had
insufficient sleep in contrast with 3.3% of men
and 5.2% of women with need of sleep of 7 hours
or less. There was a significant age effect, a self-
report of insufficient sleep being more common in
younger age groups in both genders. The strongest
significantly positively associated factors were
daytime sleepiness (odds ratio, about 4), insomnia
(odds ratio, 2.5–3.0), not able to sleep without
disturbance (odds ratio, 2.0–2.5), and evening
type (odds ratio, about 2). Among men, weekly
working hours of 75 or more were also strongly
associated with insufficient sleep (odds ratio, about
3), and not working was a protective factor against
it in both genders (odds ratio, about 0.7). Insufficient
sleep was measured twice with a 9-year interval in
the authors’ sample and showed considerable
stability: 44% of those with insufficient sleep in
1981 also had it 9 years later. Thus, insufficient
sleep seems to be a long-standing condition in
a large part of the population.13

Box 1
BIISS

A. The patient has a complaint of excessive
sleepiness or, in prepubertal children,
a complaint of behavioral abnormalities
suggesting sleepiness. The abnormal sleep
pattern is present almost daily for at least 3
months.

B. The patient’s habitual sleep episode, estab-
lished using history, a sleep log, or actigra-
phy, is usually shorter than expected from
age-adjusted normative data. (Note: in the
case of individuals with long sleep time,
habitual sleep periods may be normal, based
on age-adjusted normative data. However,
these sleep periods may be insufficient for
this population.)

C. When habitual sleep schedule is not main-
tained (weekends or vacation time), patients
sleep considerably longer than usual.

D. If diagnostic polysomnography is performed
(not required for diagnosis), sleep latency is
less than 10 minutes and sleep efficiency
greater than 90%. During the MSLT, a short
mean sleep latency of less than 8 minutes
(with or without multiple sleep-onset rapid
eye movement period) may be observed.

E. The hypersomnia is not better explained by
another sleep disorder, medical or neuro-
logic disorder, mental disorder, or medica-
tion use or substance use disorder.

Data from ICSD-2. International classification of sleep
disorders, 2nd edition. Diagnostic and coding manual.
American Academy of Sleep Medicine; 2005.
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In another Finnish population study, the preva-
lence of similarly defined insufficient sleep was
even higher (36%), being about one-third more
common in women than in men (31% vs 41%).21

There was also a significant age effect: insufficient
sleep was twice as prevalent in the youngest
compared with the oldest individuals (age range,
24–65 years). The association with work status
was also similar to the results of the earlier-
mentioned Finnish study. Also in the Finnish
studies, behavioral causes (including work-
related factors) of insufficient sleep were found to
be prevalent.
In a large-scale telephone survey of noninstitu-

tionalized US population aged 18 years or more,
frequent (�14 days in the past 30 days) insufficient
sleep was reported by 26%.22 It was significantly
more common in women, adults younger than 55
years, persons employed or unable to work or
students (vs retired), and those with fair/poor
general health. Insufficient sleep was significantly
more likely if frequent physical or mental distress,
activity limitations, anxiety, pain, or depressive
symptoms were also present. Additional examples
in which insufficient sleep are more significantly
common include smoking, physical inactivity,
obesity, and heavy alcohol use in men.22

There are few epidemiologic studies on BIISS.
ICSD-21 states that this condition affects both
sexes across the life span. It may bemore frequent
in adolescence when sleep need is high, but social
pressure and tendency to delayed sleep phase
often lead to chronic restricted sleep. In a Japanese
study includingmore than 1200 patients referred to
an outpatient clinic for complaint of excessive
daytime sleepiness, the rate of BIISS was 7.1%,
with BIISS being the fourth most common cause
after obstructive sleep apnea, idiopathic hyper-
somnia, and narcolepsy.23 In this patient series
with polysomnographically verified diagnosis, the
male to female ratio was 7:3, the median age of
symptom onset was 28.6 years, and the average
sleep length during weeknights was 5.5 and 7.9
hours onweekends. ThemeanEpworth Sleepiness
Scale score before treatment was 13.6.23

InaNorwegianquestionnairestudy, theestimated
prevalence of BIISS was 10.4% among a represen-
tative sample of nearly 1300 high-school students
aged 16 to 19 years.24 A diagnosis of BIISS was
given if the following 3 criteria were met: (1) exces-
sive daytime sleepiness was present, (2) total sleep
time on weekdays was less than 7 hours, and (3)
sleep duration was at least 2 hours longer on week-
ends/vacations than on weekdays. Use of alcohol
and living in an urban area were positively related
to BIISS, and it was also associated with poor
grades and symptoms of anxiety and depression.24

Insufficient sleep is common in the general popu-
lation, but there is considerable variation in the re-
ported frequencies, ranging from 12% to 36%. This
is explained at least partly by differences in definition
of insufficiency and other methodological aspects.
Insufficient sleep seems to decrease with age.
Some studies indicate that one-quarter to one-half
of the subjects with insufficient sleep have no simul-
taneous symptoms suggesting insomnia or other
sleep disorder. This indicates that behavioral factors
are common causes of insufficient sleep.

CONSEQUENCES OF SLEEP DEPRIVATION

Many earlier reports suggested that human adults
are highly adaptable to chronic sleep restriction
down to 4 to 5 hours per day, but most of these
studies were performed outside laboratory
settings, with little or no control over potentially
confusing factors such as napping, actual length
of sleep periods, use of stimulants (caffeine and
nicotine), and physical activity.16 The later well-
controlled studies conducted under standardized
laboratory conditions with continuous behavioral,
physiologic, and medical monitoring have shown
many significant disadvantageous changes due
to cumulative sleep restriction over several con-
secutive days. The results from these studies are
discussed in the next section.

Sleep Architecture and Physiologic Sleepiness

Although timing and duration of sleep and the
number of days with restricted sleep affect sleep
architecture, the general feature is the conserva-
tion of slow wave sleep and the reduction of the
other non–rapid eye movement sleep stages and
rapid eye movement sleep.25–27 There is also an
increase in slow wave activity during and after
a period of sleep restriction.16,25,27

The MSLT is a well-documented objective
measure of sleepiness, showing a significant
negative correlation between total sleep time at
night and sleep latency on the following day.28 In
a large population-based study including more
than 600 subjects, a significant association was
found between self-reported sleep duration and
the risk of falling asleep on the MSLT; compared
with those reporting more than 7.50 hours of sleep
a day, individuals reporting 6.75 to 7.50 hours and
less than 6.75 hours of sleep a day had a 27% and
73% increase in risk for falling asleep on the test,
respectively.29

Neurobehavioral Effects

Studies on the neurobehavioral effects of cumula-
tive sleep restriction have shown performance
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impairments onvariousmental tasks. These include,
for example, measures of sustained attention (eg,
vigilance and reaction time tasks), information pro-
cessingspeed (eg, serial addition/subtraction tasks),
workingmemory (eg, digit symbol substitution task),
anddynamicallocationofattentionbetweenmultiple
tasks (multitasks consisting of multiple simulta-
neously active subtasks).26,27,30–33 Until now, the
study by Balkin and colleagues34 is the only one
that has focusedon the questionwhich of the neuro-
behavioral tasksare themost sensitive to cumulative
sleep restriction. In thisstudy, participantsweredaily
presented with 11 mental tasks while being sub-
jected to 3, 5, 7, or 9 hours time in bed per night for
a week. The Psychomotor Vigilance Task proved to
be the most sensitive to sleep restriction, whereas
a logical reasoning task showed least sensitivity.
The differences in sensitivity to the sleep restriction
were quite large between the mental tasks, sug-
gesting that the type of the task is of considerable
importance when assessing the neurobehavioral
consequences of cumulative sleep restriction.

Besides the cognitive demands of a task, task
duration seems to be an important factor. This
was particularly demonstrated in the study by
Haavisto and colleagues33 that examined multi-
tasking performance in the condition of cumulative
sleep restriction (4 hours time in bed) over a period
of 5 days. The investigators found that the deteri-
oration of performance within 50-minute task
sessions (so-called time-on-task effect) became
intensified during the course of the experiment in
the group of sleep-restricted individuals but not
in the group of controls permitted to sleep 8 hours
each night. This finding emphasizes the impor-
tance of task duration when assessing risks
caused by insufficient sleep.

Another question of interest is how severely
neurobehavioral functions are compromised by
cumulative sleep restriction compared with the
effects of total sleep loss. Until now, only the study
by Van Dongen and colleagues27 has explicitly
investigated this issue. The investigators found
that performance on all 3 tasks that measured vigi-
lance, working memory, and information process-
ing speed deteriorated under 2 weeks of
cumulative sleep restriction (4 or 6 hours time in
bed per night) similarly to what was observed
following 1 to 2 days of total sleep loss. Another
interesting finding was that self-reported sleepi-
ness did not show such a pattern. It reached its
maximum after already 2 days with the 4- or 6-
hour sleep opportunity per night. This level of
self-reported sleepiness was equivalent to the
level that was observed following one night
without any sleep. The investigators analyzed,
using the data from both conditions (total sleep

loss and cumulative sleep restriction), whether
the neurobehavioral effects were better explained
by the cumulative loss of sleep time or by cumula-
tive wake extension. They concluded that the latter
was the primary cause of progressively impaired
vigilance performance. This observation of the
importance of excess wakefulness is useful when
trying to compare different conditions resulting in
insufficient sleep in the real world.

Also, it is important to know which factors are
the strongest modifiers of the neurobehavioral
consequences of cumulative sleep restriction.
The current body of research evidences that these
factors include (1) amount of sleep per night,26,27

(2) excess wakefulness,27 (3) the number of sleep
restriction days,26,27,30,31,33 (4) time of day,35 and
(5) the amount of sleep before the beginning of
a sleep restriction regimen.31 The importance of
the last factor was demonstrated by Rupp and
colleagues31 who subjected healthy volunteers to
either habitual sleep length (about 7 hours that
may not have been totally sufficient for all partici-
pants) or extended sleep (10 hours time in bed)
for a week before the sleep restriction regimen
(3 hours time in bed for 7 days). In practice, the
sleep extension group obtained approximately 2
hours more sleep than the habitual sleep group.
During the days of sleep restriction, the sleep
extension group showed less severe impairments
in their vigilance performance and better ability
to maintain wakefulness than the habitual sleep
group, suggesting a protective effect from the
prior additional sleep. This observation may
encourage people to sleep longer than habitually
before a sleep restriction period if it is possible to
anticipate the occurrence of the period.

Recovery from cumulative sleep restriction has
been under intense examination since the study
by Belenky and colleagues26 in 2003, which was
the first study that properly investigated this issue.
In light of the results of total sleep deprivation
studies, the investigators somewhat surprisingly
found that the decrements in vigilance perfor-
mance observed during the course of sleep
restriction (3 or 5 hours time in bed for 7 days)
did not completely recover after 3 days of normal
sleep (8 hours time in bed). The investigators sug-
gested that the brain adapts to cumulative sleep
restriction, which makes sleep-restricted individ-
uals inclined to make performance errors, not
only during a period of sleep restriction but also
during several ensuing days.

A later study by Banks and colleagues32 was the
first to systematically examine the dose-response
effect of recovery sleep following a sleep restriction
regimen. In this experiment, 142 healthy adultswere
first subjected to 5 days of sleep restriction (4 hours
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time in bed per night), and, following this, they
were allocated to 1 of 6 recovery sleep groups (0,
2, 4, 6, 8, or 10 hours time in bed for 1 night). The
study revealed that recovery of vigilance perfor-
mance and subjective sleepiness followed by the
sleep restriction was strongly dependent on the
amount of sleep on the recovery night; the greater
the amount of recovery sleep, the better the level
of recovery. In addition, the 2-hour increase in the
recovery sleep opportunity was more valuable
among the short recovery sleep groups (ie, 0, 2,
and 4 hours) than among the longer groups (ie, 6,
8, and 10 hours). However, not even the longest
recovery sleep yielded a full recovery. On the other
hand, performance on 2 other tasks (a modified
version of the Maintenance of Wakefulness Test
and on the Digit Symbol Substitution Task) recov-
ered in a linear manner and showed a full recovery
after either the 8-hour or the 10-hour recovery
sleep opportunity. These findings suggest that the
recovery process of neurobehavioral functions
following cumulative sleep restriction takes more
time than the corresponding process following total
sleep loss, although the level of performance deteri-
oration caused by these 2 types of sleep loss would
be equal.32

The earlier-mentioned studies show that when
individuals with 7 to 9 hours of daily sleep restrict
their daily sleep dose to 4 to 6 hours per night for
at least 5 days,many of the individuals’ neurobeha-
vioral functions become impaired to the extent that
it is comparable to 1 to 2 days of total sleep loss. In
addition, the studies show that the recovery
process takes several days. Although these main
findings are of importance when evaluating neuro-
behavioral consequences of BIIS (and also BIISS),
they do not provide a practical basis for the clinical
evaluation of these conditions. In addition, there
are at least 2 main theoretical questions that are
still open: are the neurobehavioral consequences
of cumulative sleep restriction found amongmostly
young healthy men in the studies described earlier
similar to that in other pertinent groups of people
(eg, in the elderly and in women) andwhat happens
when individuals are subjected to periods of
cumulative sleep restriction and following recovery
opportunities repeatedly. A study by Everson and
Szabo36 showed that rats exposed to recurrent
periods of cumulative sleep restriction developed
marked behavioral changes in food and water
intake, leading to weight loss and structural
changes in the small intestine and adipocytes.

Risk of Accidents

One important outcome of insufficient sleep is
increased risk of accidents.37 Most of the studies

in this field deal with traffic, and up to 20% of all
traffic accidents in industrial societies are sleep
and vigilance related.38 Insufficient sleep among
drivers is common. For example, half of 2196
randomly stopped French drivers had decreased
their total sleep time in the 24 hours before the
interview compared with their regular self-
reported sleep time.39 About 12.5% had a sleep
debt greater than 180 minutes, and 2.7% had
a sleep debt greater than 300 minutes. Being
young, commuting to work, driving long distances,
starting the trip at night, being an “evening”
person, being a long sleeper during the week,
and sleeping in on the weekend were risk factors
significantly associated with sleep debt.39 In
a sample of American truck drivers actigraphically
measured, mean sleep of 1 week was less than 6
hours in 34%, and short sleep was significantly
associated with decreased performance.40

The data on sleep-related accidents in other
fields (eg, industry and health care) are scarce
compared with traffic. One reason may be that
the overall accident risk in these sectors is lower
than in the transport sector, where, for example,
a single perceptual error may be fatal.37 In a popu-
lation-based study by Akerstedt and colleagues,41

it was found that disturbed sleep and shift work
were associated with a 50% increased risk of fatal
occupational accidents.

Physiologic Effects

There is increasing evidence of associations
between sleep length and different health out-
comes in population. However, the mediating
mechanisms are still incompletely understood,
although studies have found detrimental effects
of sleep loss on endocrine, metabolic, immune,
and inflammatory functions.42,43 For example, the
link between insufficient sleep and insulin resis-
tance can be explained by several plausible
mechanisms: (1) increased release of counter-
regulatory hormones, including epinephrine and
cortisol; (2) increased sympathetic nervous activity
with elevated levels of norepinephrine; (3) inflam-
mation, with elevations of interleukin 1b, tumor
necrosis factor a, interleukin 6, and C-reactive
protein; (4) increased risk of weight gain and
obesity, a major risk factor for insulin resistance.44

Failure to obtain adequate amounts of sleep
promotes low-level systemic inflammation, and,
although the physiologic mechanisms underly-
ing the links between sleep deprivation and
these immune and inflammatory responses re-
main largely unknown, neuroendocrine-depen-
dent, autonomic vascular stress–dependent, and
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slow wave sleep hormone–dependent changes
are likely involved.45

Most of the population studies assessing health
risk associated with sleep length do not include
detailed information of factors affecting the length,
that is, whether self-reported short sleep is a result
of insufficient sleep (either behavioral or other
cause), of insomnia, or of being a natural short
sleeper. Although the occurrence of insufficient
sleep cannot directly be assessed from sleep
length solely, it seems to be clearly more common
in short sleepers.13 There is a significant U-shaped
association between sleep length and subsequent
mortality, showing that those sleeping 7 hours had
the lowest risk of mortality.46 In addition, it has
been shown that there is a significant association
between short sleep and obesity especially in
younger people47 and somatic diseases or disor-
ders such as type 2 diabetes48 and cardiovascular
disease.49

FACTORS AFFECTING RISK OF AND
ADAPTATION TO INSUFFICIENT SLEEP

Insufficient sleep is significantly associated with
diurnal type (also called chronotype), which in
turn is strongly genetically determined; about
one-half of the interindividual variability in adults
is explained by genetic effects.50 Insufficient
sleep, defined as a difference of at least 1 hour
between the self-reports of the need of sleep and
the actual length of sleep, was reported by 12%
among morning types (29% in this population-
based adult sample), and it had an increasing
trend toward the evening types (10% of the
sample), 28% of whom reported it.50 Some of
those who evaluate themselves as extreme
evening-type individuals actually suffer from de-
layed sleep phase syndrome, which is character-
ized by habitual sleep-wake times that are
delayed usually several hours relative to conven-
tional times.1 This condition is more common
among adolescents and young adults.

Other studies have shown that evening type
is clearly associated with poor sleep hygiene.
Compared with morning types, evening types
more often show a considerable sleep debt on
work days, consume more caffeine and alcohol,
and are more often habitual smokers.51,52 The
concept of “social jet lag” has been proposed
because somany people in the present society shift
their sleep and activity times several hours between
the workweek and the weekend in a way compa-
rable with genuine jetlag.52 Thus, many behavioral
aspects may contribute to insufficient sleep, espe-
cially in evening-type people.

ICSD-21 includes under the heading “Isolated
Symptoms, Apparently Normal Variants and Unre-
solved Issues” the entity “Long Sleeper” (also
called healthy hypersomnia or extreme high end
of normal sleep duration continuum). The diag-
nostic criteria include daily total sleep time of 10
hours or more (documented by a sleep log over
a minimum of 7 days), excessive daytime sleepi-
ness following less than 10 hours of sleep, and
having had that particular sleep pattern since
childhood. The prevalence of long sleep is poorly
known because the numerous studies on sleep
length and different health outcomes have not
separated it from other causes of long sleep (about
2% of the population sleeps at least 10 hours per
night) such as untreated sleep apnea.1 However,
it can be assumed that natural long sleepers are
especially at risk for BIIS (and also BIISS) as exem-
plified by the case described earlier.

It is well known that individuals differ consider-
ably in their response to insufficient sleep caused
by shift work or extended working hours. Age,
sex, diurnal type, physical fitness, and domestic
and personality factors explain only a minor part
of the variation.53 A study by Van Dongen and
colleagues54 suggested that these individual
differences constitute a trait. In their study, 21
healthy young adults were monitored for wakeful-
ness during 3 separate laboratory visits, each of
which included 36 hours of total sleep deprivation
and neurobehavioral testing at 2-hour intervals.
During the week prior to the sessions, the partici-
pants’ daily sleep opportunity was either restricted
to 6 hours (prior sleep restriction condition) or
extended to 12 hours (prior sleep extension condi-
tion). The main findings of the study showed that
(1) there are substantial individual differences in
sleepiness and performance impairment due to
sleep deprivation, (2) these individual differences
are highly replicable over repeated exposures to
sleep deprivation, and (3) the individual differences
in response to sleep deprivation were not pre-
dicted by prior sleep history, circadian rhythm
parameters, age, or sex or psychosocial factors.
From these findings, it was concluded that vulner-
ability to performance impairment due to sleep
deprivation constitutes a trait.54,55 Later studies
have suggested that genes involved in the adeno-
sinergic and circadian regulation (PER3 polymor-
phism) of sleep are possible candidate predictors
of individuals’ resistance or vulnerability to perfor-
mance impairments under sleep deprivation,56,57

even though negative findings have also been
reported.58

The abruptness of sleep restriction plays a role
in the adaptation process. Drake and coworkers59

assessed alertness, memory, and performance
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following 3 schedules of approximately 8 hours of
sleep loss (slow, intermediate, and rapid accumu-
lation) in comparison with an 8-hour time in bed
sleep schedule. Twelve young healthy adults
completed each of 4 conditions: no sleep loss
(8-hours for 4 nights) and slow (6 hours for 4
nights), intermediate (4 hours for 2 nights), and
rapid (0 hours in bed for 1 night) sleep loss. The
rapid sleep loss produced significantly more
severe impairments on tests of alertness, memory,
and performance than the slow accumulation of
a comparable amount of sleep loss. The impairing
effects of sleep loss vary as a function of rate, sug-
gesting the presence of a compensatory adaptive
mechanism operating in conjunction with the
accumulation of a sleep debt.59

MANAGEMENT

Despite the relatively high prevalence of BIIS and
its possible health and neurobehavioral conse-
quences, there are no established ways of treating
this condition, except the recommendation of ex-
tending sleeping time to better satisfy the individ-
ual’s sleep need. To the best of the authors’
knowledge, there are no studies assessing the
effect of treatment of BIIS or BIISS. The need for
effective and innovative treatments is emphasized
by results indicating that insufficient sleep may be
quite long lasting (stable in 44% over a period of 9
years, see earlier),13 and therefore it may also be
quite resistant to general recommendations to
extend sleep time. The long-lasting nature of BIIS
is also suggested by an early study by Friedmann
and colleagues.60 They described 4 young adult
collegiate couples who gradually restricted their
sleep down to about 5 hours per night over a period
of 6 to 8 months (measured using sleep log). At the
end of an additional 12-month follow-up, total
sleep time was still 1.0 to 2.5 hours below base-
line,60 indicating a long-lasting change in sleep-
wake behavior.
Because BIIS is behaviorally induced by defini-

tion, it is obvious that pharmacologic treatment
such as sleep-promoting medication is not among
the first-line choices. The behavioral component is
strongly present in many other sleep disturbances
also, such as in insomnia and sleep apnea. Rumi-
native thoughts at bedtime making sleep initiation
difficult and compliance with use of the continuous
positive airway pressure (CPAP) device are exam-
ples of the behavioral component involved in sleep
disturbances. Cognitive behavioral treatments are
most effective in management of different forms of
insomnia,61 and it is probable that similar tech-
niques could also be useful in the management
of BIIS and BIISS.

Given the origin of BIIS, it is possible to equate it
with other unhealthy behaviors, such as physical
inactivity, smoking, or heavy alcohol consumption.
There are a few influential theories that have been
applied to unhealthy behaviors until now. An
example of these is the Transtheoretical Model of
Behavior Change (TTM).62,63 The basic idea under-
lying thismodel is that individuals differ significantly
in termsof their readiness to change their unhealthy
behavior. Individuals canbe categorized into oneof
the following stages: (1) precontemplation stage in
which there is no intention to change the behavior,
probably because of unawareness of the need to
change; (2) contemplation stage in which there is
awareness of the problem but no readiness to do
anything concrete, probably because of not being
sure if the pros outweigh the cons; (3) preparation
stage in which there are plans to take action in the
near future but also worries of failure; (4) action
stage in which individuals do something concrete
but worry about the need to work hard to maintain
thenewbehavior; or (5)maintenancestage inwhich
individuals try to prevent relapse into the old
unhealthy behavior, particularly in stressful situa-
tions. It is apparent that treatment of these different
groups requires different approaches. For example
in BIIS or BIISS, those at the precontemplation
stage would need an awakening to the unhealthi-
ness of their sleep-wake behavior, whereas those
at the preparation stage would need support to
take action to increase their sleep length and/or
to have more regular sleeping habits.
Treatments applying TTM have been shown to

be effective in reducing stress,64 improving medi-
cation adherence,65,66 and facilitating smoking
cessation67 and weight loss.68 There is some
evidence of the usefulness of the TTM in identifying
patients with obstructive sleep apnea syndrome
who have low or high adherence to CPAP therapy
and low or high intention to exercise.69–71 On the
other hand, there has also been criticism regarding
the effectiveness of the TTM in facilitating changes
in health behavior.72–74 Whether TTM-based
approaches could be effective in treating BIISS
remains to be investigated.
Among adults, long working hours and shift

work are often associated with insufficient
sleep.13,75,76 In such cases, attention should be
paid not only to sleep but also to the duration
and arrangement of working hours, to ensure
about 8 hours time in bed per day.

SUMMARY

BIIS, both as a phenomenon and as a syndrome, is
a common condition. It is well documented that
the detrimental effects of chronic sleep deprivation
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on well-being, performance, and safety are com-
parable to those caused by acute total sleep depri-
vation lasting 1 to 2 days. As insufficient sleep is
common among short sleepers, it is possible that
chronic sleep deprivation plays a significant role
in the associations shown between short sleep
and many common diseases. There are observa-
tions indicating that insufficient sleep may be
long lasting and can therefore also be resistant
to treatments based on recommendations only.
Thus, it is important to investigate cost-effective
preventive and treatment methods for it. Assess-
ment of sleep sufficiency should be one focus in
health care system, especially when dealing with
adolescents, young adults, and employees (partic-
ularly having shift work, extended working hours,
and safety critical jobs).
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Behavioral Management of
Hypersomnia
Deirdre A. Conroy, PhD, CBSM*, Danielle M. Novick, PhD,
Leslie M. Swanson, PhD

Stimulants and other psychotropics are the first-
line and gold standard treatment for many of the
hypersomnias, includingnarcolepsy.Manypatients
with hypersomnia, however, only achievemoderate
improvements in alertness with pharmacotherapy
alone.1 Thus, to attain the best possible outcomes
for patients with hypersomnia, a comprehensive
treatment approach involving both medication
and behavioral components may be needed. This
article details some behavioral and psychological
approaches that might be useful as independent
interventions or adjunctive therapies for the
management of for hypersomnia.

BEHAVIORAL AND PSYCHOLOGICAL
OPTIONS FOR THE TREATMENT OF
HYPERSOMNOLENCE

There are several reasons a clinician may choose to
initiate behavioral or psychological treatments in
their patients. The most common are described in
Box 1. These include patient’s nonadherence
to pharmacotherapy, inadequate response to phar-
macotherapy, and preference. In some cases,
patients with hypersomnolence may have difficulty

adhering to their medication regimen, which may
be because of the dose schedule, type of medica-
tion, or amount ofmedication. For example,multiple
dosing schedules may interfere with class or work
schedules. Behavioral and psychological options
may also help when persistent hypersomnolence is
present despite the use of stimulant medications.-
Some patients may even prefer to adopt adjunctive
strategies to maintain wakefulness. Some behav-
ioral strategies are discussed below.

Sleep Diaries

Sleep diaries help both the patient and clinician to
understand daily sleep patterns, quality of
nocturnal sleep, substances that may interfere
with sleep, and daily napping patterns. The utility
of the diary for a sleepy patient depends on the
ability to use the information from the diary to
help schedule prophylactic napping.2

Exercise

Patients with hypersomnolence typically acknowl-
edge the potential benefits of exercise but are often
caught in a cycle of persistent sleepiness that
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KEY POINTS

� Ensuring that the patient practices adequate sleep hygiene can be an initial step in managing
hypersomnolence.

� Many healthy adults who are experiencing hypersomnolence can benefit from a short, 15- to 30-
minute nap, but the nap should be timed in the mid-afternoon to prevent sleep disruption.

� In young adults, who are often sleep deprived because of psychosocial influences, a regular sleep-
wake schedule may help to improve daytime alertness.
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affects motivation, energy, and, in some cases,
fewer waking hours available to prioritize exercise.
Sleepiness has been shown to interfere with exer-
cising. A secondary analysis of questionnaire data
from approximately 1500 respondents to the
National Sleep Foundation Sleep in America Poll,
confirmed that daytime sleepiness predicted infre-
quent exercise and impaired physical function even
after controlling for age, BMI, income, and many
comorbid conditions.3 Animal studies suggest
that despite theneurobiological differencesassoci-
ated with narcolepsy (eg, orexin deficiency), exer-
cise can help to increase wakefulness. When
orexin knockout mice were given the opportunity
for spontaneous wheel running, they experienced
a 20% increase in wakefulness, albeit in the pres-
ence of more cataplectic attacks.4

Distracting Techniques

Several studies have been conducted on whether
chewing gum is an effective way to moderate alert-
ness. In a recent reanalysis, Johnson and
colleagues5 2011 confirmed previous findings
that chewing gum was effective in increasing alert-
ness following a stressor.

Sleep Hygiene

Good sleep hygiene is an important basic treat-
ment element for hypersomnia, regardless of the
cause. Education on sleep hygiene (outlined in
Box 2) provides patients with information about
lifestyle and environmental factors that may affect
sleep. Sleep hygiene provides an essential foun-
dation for other management approaches but is
not an adequate treatment for hypersomnia on
its own.

Napping

Prophylactic napping can be an effective adjunctive
treatment for patients who experience daytime
sleepiness while using a stimulant or for patients
who are taking a break fromstimulant use. A discus-
sion with the patient about opportune times for
napping is helpful. In addition, a consistent sleep-
wake schedulehelps to regularize circadian rhythms
and is important for symptom management.

AGE CONSIDERATIONS IN THE BEHAVIORAL
MANAGEMENT OF HYPERSOMNOLENCE
Young Adults

Many young adults curtail nighttime sleep to meet
school, work, and social demands, which can
result in sleep deprivation and excessive daytime
sleepiness. Adequate sleep is essential for good
cognitive functioning and performance. The
primary treatment strategy for individuals who
are experiencing hypersomnia due to insufficient
time devoted to sleep is educating the patient
regarding the importance of adequate sleep, and
collaborating with the patient to extend their
nocturnal sleep window to a sufficient duration.
Regularizing the sleep-wake schedule is also
important; a study of college students showed
that maintaining consistent bed and wake times
resulted in improved alertness, even though
subjects were only sleeping for 7.5 hours.6

For young adults who are experiencing acute
sleep deprivation, very short (15 minute) naps in
the mid-afternoon can increase alertness and
performance.7 Ingestion of a moderate dose of
caffeine can also alleviate sleepiness caused by
sleep deprivation.8 The combination of a short
nap and a moderate dose of caffeine produces
greater reductions in sleepiness than those in
napping or caffeine alone.9

Older Adults

Sleep changes dramatically as age increases.
Excessive daytime sleepiness is a common concern

Box 2
Sleep hygiene recommendations

1. Make the last hour before bed a wind-down
time. Have a light carbohydrate snack (eg,
crackers, bread, cereal) during this time.

2. Eat regular meals every day.

3. Limit liquid consumption to 8 to 10 oz in the
evening.

4. Avoid caffeinated products and stimulants
(eg, nicotine) for several hours before
bedtime.

5. Donot consumealcohol too close tobedtime.

6. Maintain the temperature of bedroom at
a comfortable and cool side (around 65�F).

7. Make sure that the bed is comfortable and
bedroom should be dark and quiet.

8. Exercise regularly, but do not engage in
activities that increase body temperature
(eg, warm baths, aerobic activity) within 1.5
hours of bedtime.

Box 1
Rational for behavioral interventions

1. Limited adherence to stimulants

2. Persistent sleepiness despite stimulants

3. Patient preference
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among older individuals. Brief (up to 30 minutes)
appropriately timed (before 15:00 hour) sleep may
improve daytime alertness in older adults without
disrupting nocturnal sleep or shifting circadian
rhythms.10

TREATING HYPERSOMNOLENCE IN THE
CONTEXT OF THE PARENT DISORDER
Narcolepsy

Although stimulant medications are likely to be the
most effective treatments for hypersomnia, few
patients use stimulant monotherapy, and 50% of
patients use behavioral monotherapy.11 Although
rarely effective individually, napping and sleep-
scheduling strategies are important in managing
the symptoms of patients with narcolepsy.

Although an adequate period of nocturnal sleep
is imperative for patients with narcolepsy, sleeping
ad libitum or greatly extending nocturnal sleep is
only minimally effective at increasing sleep latency
on the Multiple sleep latency test (MSLT) although
it reduces subjective sleepiness.12 In addition to
showing little benefit, sleep extension can be diffi-
cult for many patients to accommodate in their
daily schedules.

Maintenance of a regular sleep-wake schedule
has been shown to improve the severity of narco-
lepsy symptoms but does not reduce the amount
of unscheduled daytime sleep episodes.13 Sched-
uled napping can improve alertness and aid in
symptom management, particularly when used
with a stimulant. Individuals with narcolepsy
show a greater propensity to nap earlier in the
day than healthy controls, and may derive greater
benefit from naps taken earlier in the day (ie,
before the typical mid-afternoon circadian dip).

Stimulant therapy with a consistent sleep-wake
schedule may have added benefit on napping.
Both short and long naps have been found to be
helpful in patients with narcolepsy. Two regularly
scheduled 15-minute naps per day have been
shown to reduce unscheduled daytime sleep
bouts and improve narcolepsy symptoms.13

Longer naps, for example, 2 hours, have also
been shown to be more effective than several
short naps in patients with narcolepsy.14 A long
nap taken in the midday has been shown to
improve reaction time through the evening hours
in patients who are not using a stimulant medica-
tion.14 When considering scheduled napping for
individuals with narcolepsy, the alerting effects of
a long nap typically dissipate within a few hours
in patients who are not using stimulant medica-
tions.15 Therefore, nap opportunities should be
scheduled at regular intervals.

Idiopathic Hypersomnia

Patients with idiopathic hypersomnia may respond
only minimally to sleep hygiene. Nevertheless,
patients should be counseled to maintain good
sleep habits. In contrast to patients with narco-
lepsy, naps are typically unrefreshing to patients
with idiopathic hypersomnia, and many experi-
ence sleep drunkenness or severe sleep inertia
after napping. Similarly, sleep extension may offer
little benefit.

Continuous Positive Airway Pressure
Management for Sleep Apnea

Sleep apnea can be associated with hypersomno-
lence. Even patients who are treated with contin-
uous positive airway pressure (CPAP) and who
use it regularly can experience residual sleepi-
ness.16,17 Approximately 22% of patients who
use CPAPmore than 6 hours had excessive sleep-
iness documented by MSLT.16 Although modafinil
has been found to be helpful in patients with
residual sleepiness despite CPAP,18 behavioral
interventions geared toward CPAP adherence
may also help. Once the patient has received
adequate instruction on how to use the device as
well as a proper mask fit, behavioral management
of CPAP adherence, including a combination of
systematic desensitization to the mask and moti-
vational enhancement therapy19,20 toward the
use of CPAP, can be implemented. Resurgence
of hypersomnolence that occurs after many years
of adequate CPAP usage may require a CPAP re-
titration study to ensure that the patient’s CPAP is
still controlling the respiratory events.

Circadian Rhythm Sleep Disorders

Hypersomnolence can be one of the clinical char-
acteristic of circadian rhythm sleep disorders such
as jet lag, free-running, and shift work sleep
disorder.21 These disorders are often the result of
a misalignment of the individual’s circadian sleep
propensity and their social and/or physical envi-
ronment. A well-established treatment of circadian
rhythm sleep disorders is the use of phototherapy.
The goal of phototherapy is to align the timing of
the main sleep period to the maximum circadian
sleep propensity.

Appropriately timed light exposure serves as the
zeitgeber (time giver), which provides information
about the time of day to the endogenous circadian
clock.22 A thorough assessment of the patient’s
intrinsic sleep schedule (typically via sleep diaries
or 24-hour sleep logs in the clinic) and the patient’s
preferred schedule is needed to determine the
timing of the exposure to light therapy. The utility
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of phototherapy on the endogenous circadian
pacemaker has been characterized23 and tested
for the purposes of jet lag,24 shift work,25 and
several other circadian disorders.26 The mecha-
nisms underlying the alerting properties of light
seem to be in the suppression of endogenous
melatonin, a primary output of the suprachias-
matic nucleus. The alerting effects are not only re-
ported subjectively but also have been captured in
the objective EEG changes and reduction in slow
rolling eye movements.27 Wavelength of light has
also been found to be important. Receptors
involved in synchronizing the circadian clock
seem to be more sensitive to light in the short,
460-nm wavelength, which is experienced as
blue light.28 Blue-enriched light also appears to
be better for decreasing subjective sleepiness
ratings29 in healthy young adults.

Unipolar and Bipolar Depression

Hypersomnia often occurs in the context of amajor
depressive episode (MDE).30,31 Approximately
16% to 20% of depressed individuals report hy-
persomnia (for review see32), and 25% of individ-
uals with bipolar disorder (BP) experience
hypersomnia during the inter-episode period.33,34

Higher rates are found among women, adoles-
cents and young adults, individuals with a family
loading of BP, and individuals with underlying or
overt BP.35–37 When hypersomnia is present, indi-
viduals are at increased risk for the onset of an
MDE, recurrence of an MDE, and a protracted or
treatment-resistant MDE. Hypersomnia may be
less responsive to treatment than other depressive
symptoms and may persist past remission of an
MDE.34

In theDiagnostic andStatisticalManual ofMental
Disorders, 4th Edition, Text Revision, Mood Disor-
ders, hypersomnia is one of the secondary diag-
nostic criteria for an MDE, and one of the primary
diagnostic criteria for applying the parenthetic
modifier of atypical depression to an MDE.38 In
addition to the presence of hypersomnia, atypical
depressions are characterized by mood reactivity,
rejection sensitivity, and other neurovegetative
symptoms, including increased appetite or weight
gain, leaden paralysis, and anxious or irritable
mood.39

Few therapies exist specifically to address hy-
persomnia in the context of depression, save for
morning bright-light therapy; a treatment of
seasonal affective disorder.40 This therapy targets
the circadian delay, which is thought to underlie
seasonal affective disorder.41 Another intervention
called interpersonal social rhythm therapy (IPSRT)
may be of benefit for patients with hypersomnia

andBP. IPSRT is a psychosocial acute andmainte-
nance intervention based on interpersonal psycho-
therapy and behavioral principles.42 IPSRT was
developed based on the belief that regular and
stable social routines and interpersonal relation-
ships have a protective effect. Accordingly,
although psychological in nature, IPSRT is theo-
rized to exert therapeutic effects, in part, by directly
or indirectly shifting, resetting, or stabilizing bio-
logic systems implicated in mood disorders. Typi-
cally, a course of IPSRT includes 16 to 20 acute
sessions followed by monthly booster sessions
for 1 year. IPSRT is conceptualizedas anadjunctive
treatment topharmacotherapy for bipolar I disorder
and as either an adjunctive or monotherapy for
other disorders, including bipolar II and bipolar
spectrum disorders.43

Box 3 describes steps involved IPSRT. Treat-
ment is conceptualized as including an initial, inter-
mediate, maintenance, and termination phase. The
initial phase focuses on the extent to which disrup-
tions in the individual’s social routines, interper-
sonal relationships, or social roles precipitated
newepisodes or symptomexacerbations. The indi-
vidual completes a social rhythm metric (SRM),
which provides information about the regularity of
the individual’s social routines. The SRM is a self-
report diary of mood and specified activities, such
as going to bed or eating dinner.44 The activities
are thought to have a relatively strong influence

Box 3
Components of Frank’s IPSRT

1. Evaluation for pharmacotherapy

2. Assessment of illness course and the extent
to which disruptions in social routines, inter-
personal problems, or social role transitions
were associated with illness episodes

3. Psychoeducation

4. Assessment of the quality of interpersonal
relationships

5. Assessment of the regularity of social
routines with the SRM

6. Selection of an interpersonal problem area:
grief for the lost healthy self, role transitions,
interpersonal role disputes, interpersonal
deficits, or unresolved grief

7. Stabilization of social rhythms

8. Resolution of selected interpersonal problem
area

9. Maintenance of good interpersonal and
social role functioning
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on circadian rhythms, and were, during instrument
development, selected from a larger set of possible
zeitgebers based on results from factor analysis.
Clinicians may focus on interpersonal problem
areas, which may become a primary focus of treat-
ment. Possible problem areas include grief for the
lost healthy self, role transitions, interpersonal role
disputes, interpersonal deficits, and unresolved
grief. During the intermediate phase of treatment,
the clinician helps the individual regularize his or
her social rhythms and resolve the interpersonal
problemarea. Themaintenancephaseof treatment
involves helping the individual maintain good inter-
personal relationships and regular social routines,
anticipate possible disruptions, and minimize
such disruptions.

COGNITIVE-BEHAVIORAL INTERVENTION FOR
HYPERSOMNIA

The authors are aware of only one empirical report
detailing initial efforts to develop a specific treat-
ment for hypersomnia.34 Cognitive-behavioral
intervention for hypersomnia (CB-H) is a multicom-
ponent 4- to 8-session treatment. This intervention
is in the early stages of treatment development,
refinement, and efficacy testing. Kaplan and Har-
vey34 (2009) are developing this treatment to target
psychological mechanisms contributing to the
maintenanceof hypersomniaand functional impair-
ment resulting from hypersomnia.

InCB-H, theclinicianuses interviewsand informa-
tion from standard sleep diaries with supplemental
questions to uncover psychological and contextual

variables that may contribute to the individual’s hy-
persomnia. With motivational interviewing, the clini-
cian explores the individual’s reasons for and
against undergoing treatment and managing his or
her hypersomnia. Initially, with goal setting, the clini-
cian helps the individual determine sleep and life
goals and delineate small steps, and solutions to
possible obstacles, toward the goals. Later, with
psychoeducationandsleep scheduling, the clinician
teaches the individual about circadian rhythms,
sleep inertia, and the importance of sleep-wake
routines and regularity. Behavioral experimentation
allows the clinician to help the individual devise
experiments to test his or her beliefs about sleep.
Finally, at treatment termination, the clinician helps
the individual review his or her treatment gains,
and explores ways the individual may maintain
such gains and prevent a relapse of his or her hyper-
somnia (Box 4).

Box 4
Components of Kaplan and Harvey
hypersomnia intervention

1. Functional analysis

2. Motivational interviewing

3. Goal setting

4. Psychoeducation

5. Sleep-wake scheduling

6. Behavioral experimentation

7. Relapse prevention

Table 1
Causes of hypersomnia

Causes Suggested Non-Pharmacologic Treatment

Narcolepsy � Maintenance of regular sleep-wake schedule
� Regularly scheduled napping

� Short (15-min) naps early in the day or
� Longer (2-h) naps midday

� CB-H

Idiopathic hypersomnolence � Maintenance of regular sleep-wake schedule
� CB-H

Hypersomnolence despite CPAP therapy � Systematic desensitization
� Motivational enhancement therapy
� CPAP re-titration
� CB-H

Circadian rhythm sleep disorder � Appropriately timed light exposure
� CB-H

Unipolar and bipolar depression � Interpersonal social rhythm therapy
� CB-H
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SUMMARY

Depending on the clinical history and patient
characteristics, behavioral therapies may be
a beneficial supplement to the ongoing pharma-
cologic management. An appreciation of patient
preferences regarding medication use, lifestyle,
and whether there are other comorbid conditions
helps the clinician choose the behavioral strate-
gies that may be most feasible. Ensuring that
the patient practices adequate sleep hygiene
(see Box 2) can be an initial step in managing
hypersomnolence. Many healthy adults who are
experiencing hypersomnolence can benefit from
a short, 15- to 30-minute nap, but the nap should
be timed in the mid-afternoon to prevent sleep
disruption. Patients who are not using a stimulant
medication or are on a drug holiday may benefit
from longer naps scheduled in the late morning.
In young adults, who are often sleep deprived
due to psychosocial influences, a regular sleep-
wake schedule may help to improve daytime
alertness.
The specific behavioral management strategy

the clinician choses to use may vary depending
on the parent disorder (Table 1). Adding behav-
ioral treatments to stimulant regimens is common
in patients with narcolepsy. Regularizing the
sleep-wake schedule and scheduled brief naps
may be helpful. Longer naps can improve daytime
symptoms, but this improvement may dissipate
after only a few hours in the absence of a stimulant
medication. Extension of the nocturnal sleep
period has not been shown to be beneficial in
narcolepsy or idiopathic hypersomnolence.
Patients with sleep apnea may still experience
hypersomnolence despite CPAP usage; therefore
napping, sleep scheduling, desensitization to
CPAP mask, or a CPAP re-titration study may
be considered. Hypersomnolence in circadian
rhythm sleep disorder may benefit from photo-
therapy, which realigns the individual’s internal
biologic clock to the external social environment.
In unipolar depression, hypersomnolence can
occur in up to 30% of patients. IPSRT (see
Box 3) is a psychological treatment that may
help with hypersomnolence in BP because it
uses an SRM that is thought to have a strong
influence on circadian rhythms. At present, there
is only 1 psychological treatment specifically
developed to target hypersomnia. CB-H (see
Box 4) is a treatment provided in the early stages
of development. Randomized clinical trials are
needed for CB-H and other non-pharmacologic
strategies for managing hypersomnolence.
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Pharmacotherapy of Excessive
Sleepiness
Thomas Roth, PhD

Stimulants refer to drugs that enhance alertness,
improve cognitive functioning, and improve
mood (Tables 1 and 2). These drugs historically
have been used to combat fatigue and enhance
waking function. Amphetamine, the most widely
recognized stimulant, was developed as a syn-
thetic substitute for ephedrine. It was cheaper to
produce, and it was felt to be safer in terms of
frequency and severity of adverse reactions and
the development of tolerance. Stimulants were
used widely by the military during World War II
for soldiers in combat. In Japan, it was used to
enhance the productivity in munition workers,
and as a result many young people became
dependent on the drug.1

The first medical use for stimulants was narco-
lepsy. Doyle and Daniels in 1931 first reported on
the efficacy of ephedrine in treating narcolepsy.2

Since that time stimulants have been the standard
for the treatment of narcolepsy, and other stimu-
lants such as methypheindate and modafinil have
also become used for the treatment of sleepiness
in narcolepsy. In addition, stimulants have been
used in other sleep disorders as well as other
medical and psychiatric conditions, albeit off label.

This history clearly points to some of the issues
associated with the use stimulants. A very impor-
tant question relates to the role of these drugs
for medical conditions versus life style issues.

Given that these drugs target symptoms rather
than disorders, there is the temptation to use these
medications in a variety of medical as well as soci-
etal contexts. Also the safety of these medications
is an issue as the same receptor systems, which
mediate alertness, potentially cause serious
cardiovascular and other side effects. Also, at
least among individuals vulnerable to substance
abuse, these drugs have high abuse potential.
Thus the question arises as to whether the safety
concerns (eg, cardiovascular, abuse liability) of
stimulants require a narrow indication for use.

INDICATIONS

It is critical to recognize that stimulants are drugs
that enhance alertness and improve functions
that are compromised by elevated levels of
sleepiness. Thus, these medications are meant
for symptomatic management not disease modi-
fication or prevention. The first US Food and
Drug Administration (FDA)-approved indication
for stimulants was the excessive sleepiness (ES)
associated with narcolepsyVarious amphetamine-
related products as well as modafinil-related
products have been approved for sleepiness
associated with narcolepsy. It is important to
remember that narcolepsy is a disorder that has
a constellation of symptoms including cataplexy,
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hypnogogic hallucinations, and sleep paralysis.3

Stimulants have no effects on these symptoms.
A final symptom associated with narcolepsy is
disturbed nocturnal sleep. Stimulants depending
on dose and time of ingestion have the potential
to further disturb sleep thereby further compro-
mising alertness. There is one drug indicated for
the treatment of narcolepsy, sodium oxybate,
which has as an indication for both sleepiness
and cataplexy and has been shown to improve
disturbed sleep.4

More recently, modafinil and its isomer have
been studied and approved for refractory sleepi-
ness associated with obstructive sleep apnea
(OSA) as well as shift work disorder (SWD).5,6 It is
important to clarify that these medications do not
improve the OSA per se or the circadian mismatch
seen in SWD; they merely improve the sleepiness
produced by these disorders. This improvement in
alertness is important from the point of improving
safety and productivity and overall quality of life.
However, sleepiness is typically themajor symptom
of concern for the patient. Given that the medica-
tions improve this symptom, the clinician needs to
monitor the continued adherence to treatment for
the primary disorder. The demonstrated efficacy
ofmodafinil and armoafinil in these 3 specific condi-
tions reflects the fact that stimulants seem to work
for sleepiness arising from different etiologies. In
the case of narcolepsy, the sleepiness is due to
a central nervous system (CNS) pathology (ie,orexin
deficiency), while for OSA, it is due to sleep frag-
mentation, which is functionally the same as sleep
deprivation. Finally in SWD, the sleepiness is due

to circadian factors in that shift workers, who fail
to adjust their circadian cycle to night work and
are trying to maintain wakefulness and function
during the down part of their circadian cycle.
The other stimulants have not been studied in

OSA and SWD, and hence not approved for these
2 indications. Given that other stimulants are
effective for treating sleepiness in narcolepsy,
one might infer that they can be used for these
other indications as well. This is not the case. First
given the cardiovascular effects of the traditional
stimulants, their use safety in an OSA population,
in whom there is an increased prevalence of
hypertension and other cardiovascular disorders,
is of concern. Similarly to the extent that the dura-
tion of action of a stimulant impinges on the sleep
period, there is the potential to disturb sleep which
is already present in SWD.7 In addition, the dose of
medication needed to treat the level of sleepiness
seen in different conditions needs to be empirically
determined. In the case of both modafinil as well
as rmodafinil, the dose shown to be effective and
hence the FDA-approved dose in SWD, is lower
than that indicated for narcolepsy. Thus until the
dose-related efficacy and safety of a given drug
in various ES populations are determined, their
off-label use is ill advised.
Aside from these indications, stimulants, and

especially the more recently developed ones, are
used off label for sleepiness due to other sleep
disorders such as Kelin Levine syndrome, idio-
pathic CNS hypersomnolence, sleepiness due
to neurologic disorders such as Parkinson
disease, multiple sclerosis, closed head injury,

Table 1
Commonly used pharmacologic compounds for excessive daytime sleepiness

Stimulant Compound Usual Daily Doses T½ (h)

Amphetamine and Amphetamine-like Central Nervous System Stimulants

D-Amphetamine sulfate 5–60 mg (15 mg, 100 mg) T½ 16–30

Methamphetamine HCI 5–60 mg (15 mg, 80 mg) T½ 9–15

Methylphenidate HCI 10–60 mg (30 mg, 100 mg) T½ 3

Pemoline 20–115 mg (37.5 mg, 150 mg) T½ 11–13

Dopamine or Norepinephrine Uptake Inhibitor

Mazindol 2–6 mg T½ 10–13

Other Agents for Treatment of Excessive Daytime Sleepiness

Modafinil 100–400 mg T½ 9–14

Armodafinil 150–250 mg T½ 10–15

Sodium oxybate 4.5–9 mg per night T½ 30–60 min

Monoamine Oxidase Inhibitor with Alerting Effect

Selegiline 5–40 mg T½ 2

Xanthine Derivative

Caffeine 100–200 mg T½ 3–7
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and sleepiness associated with psychiatric disor-
ders such as bipolar disorder, atypical depression
and seasonal affective disorder.7–9 Finally, these
medications have been used to treat sleepiness
and fatigue in patients undergoing chemo-
therapy.10 It must be recognized that while there
are individual published studies of the use of stim-
ulants, typically modafinil, in these populations,
there are no large-scale clinical trials defining the
appropriate dose or the safety of the medication
in that specific population. While the ability to
enhance alertness and improve waking function
seems to be present in different populations,
safety may not be the same. Thus, cardiovascular
side effects would be a bigger issue in OSA
patients. Similarly, in bipolar patients, the possi-
bility of increased alertness driving a manic
episode is a possible concern. Finally, there
are uses of stimulants that inherently seem

inappropriate. A clear example of where stimu-
lants are inappropriate is chronic insufficient
sleep.11 Stimulants are intended in conditions
where sleepiness, while excessive in severity, is
stable. Thus using appropriate dose–response
studies, it can be determined what is the appro-
priate therapeutic dose for this level if sleepiness.
However, in the case of chronic insufficient sleep,
the level of sleepiness is not stable, but rather is
increasing as a function of accumulating sleep
drive necessitating progressively higher doses to
maintain a constant level of alertness. This is the
experience of many individuals using the stimulant
caffeine.

MEASURING EFFICACY OF STIMULANTS

Given that the therapeutic action of stimulant
medications is the alleviation of sleepiness, rather

Table 2
Safety of commonly used pharmacologic compounds for excessive daytime sleepiness

Stimulant Compound Schedule Adverse Events Special Comments

Amphetamine and Amphetamine-like Central Nervous System
Stimulants

D-Amphetamine sulfate II Irriitability, mood changes,
headaches, palpitations,
tremors, excessive sweating,
insomnia

Black box warning regarding
high potential for abuse

Methamphetamine HCI II Same as D-amphetamine Same as D-amphetamine

Methylphenidate HCI II Same as D-amphetamine Same as D-amphetamine

Pemoline IV Less sympathomimetic effect;
occasionally produces liver
toxicity

Has been withdrawn form the
US market

Dopamine or Norepinephrine Uptake Inhibitor

Mazindol IV Dry mouth, irritability,
headaches, gastrointestinal
symptoms

Other Agents for Treatment of Excessive Daytime Sleepiness

Modafinil IV Headaches, nausea, anxiety,
insomnia, nervousness

Armodafinil IV Same as Modafinil;

Sodium oxybate II hallucinations or severe
confusion; shallow
breathing; sleepwalking;
or walking and confused
behavior at night; agitation
or paranoia; depression

Black box warning

Monoamine Oxidase Inhibitor with Alerting Effect

Selegiline Dizziness, dry mouth,
light-headedness, nausea,
stomach pain, vivid dreams

Xanthine Derivative

Caffeine Palpitations, hypertension
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than a disease-altering effect, the question arises
as to how to measure the efficacy of any stimulant
medication. It is important recognize that sleepi-
ness is a symptom (patient-reported outcome)
that can also be quantified objectively and results
in declines in various aspects of neurocognitive
functioning and quality of life. As a result, there
are multiple assays that are used to evaluate the
efficacy of stimulants. The earliest measures of
sleepiness were introspective in nature. Sleepi-
ness is a sensation experienced by all individuals
and to a greater degree among patients with disor-
ders of ES. The primary differences between
sleepiness in normal patients and ES patients is
intensity and chronicity. The sensation of sleepi-
ness is a homeostatic signal of a sleep deficit; as
a result, performance (eg, driving, studying) is
suboptimal, and it may be counterproductive or
even dangerous to continue with the activity. The
universality of this experience is seen by the pres-
ence of a sleepiness/fatigue/vigor scale on virtu-
ally all mood scales. For example, the vigor scale
on the Profile of Mood States is sensitive to manip-
ulation of sleepiness alertness. With the recogni-
tion of sleep disorders and their treatment,
scales intended to specifically measure sleepiness
were developed. The first of these developed and
validated was the Stanford Sleepiness Scale (SSS)
in 1972.12 It is a 7-point scale, with each point
having several terms describing the perceived
level of sleepiness at a point in time. While it was
a useful tool for experimental research, especially
repeated measure studies, it was not very effective
in clinical populations as it did not differentiate
differing levels of sleepiness among ES patients.
The Karolinska Sleepiness Scale (KSS) is similar
to the ESS in that it is a validated introspective
measure of sleepiness at a point in time to be
able to identify changes in sleepiness over
time.13 The scale consists of 9 statements ranging
from extremely alert to extremely sleepy.
However, like the SSS and other introspective
measures, its sensitivity declines as various
factors obscure the perceived level of sleepiness.
These are referred to as masking factors and
include variables such as motivation, activity,
and environmental stimulation. In an attempt to
overcome these masking factors, a patient/
subject-reported measure was developed that
was based on the individual’s judgment about
probability of falling asleep in certain situations
over a specified period of time. The Epworth
Sleepiness Scale (ESS) asks individuals to judge
likelihood of falling asleep in 8 different situations,
which are felt to unmask sleepiness.14 The ESS is
the most widely used patient reported measure to
quantify the level of sleepiness in various patient

populations and to define the efficacy of stimu-
lants. A limitation of this measure is that unlike
the ESS and KSS, it does not provide for an esti-
mate of sleepiness at a specific point in time.
While the SSS overcame some of the objections,

there remain concerns about subjective measures
including masking effects and differentiating the
experiences of sleepiness from that of fatigue. In
an attempt to overcome the subjective nature of
sleepiness, many different physiologic assays of
sleepiness were developed. However, the most
widely accepted measure of sleepiness is the
Multiple Sleep Latency Test (MSLT). It was devel-
oped by Carskadon and Dement.15 This test has
a single assumption that if one is sleepy, he or
she will fall asleep rapidly. The MSLT measures
sleep latency on several nap opportunities during
the day. The standardized version of the test
requires 4 to 5 nap opportunities at 2-hour intervals
starting 2 hours after arising. The nap opportunities
optimize sleep onset by using a methodology that
negates all masking factors. Subjects are in
a dark room quiet room; they are lying down and
are told to try to fall asleep.16 Several investigators
have speculated that the efficacy of alerting drugs
and other interventions should be determined by
the ability to stay awake rather than to fall
asleep.17,18 Thus the MWT was developed in an
attempt to measure ability to stay awake. Again
the subjects have 4 to 5 nap opportunities across
the day, but the subjects are not lying down. The
room is not dark, and importantly subjects are
told to stay awake. However, it is important to
note the primary endpoint of both test sleep latency
on multiple naps across the day. Currently the
MSLT is considered the gold standard of mea-
suring sleepiness/alertness as it has been more
broadly validated, standardized, and has more
normative data than the MWT.
Finally, the efficacy of stimulants is measured

with tests of neurocognitive performance. Test of
sustained attention show impairments in ES
patients and improvements with the use of stimu-
lants. The tests most sensitive to this are ones that
are long, monotonous, and do not pride feedback
as to level of performance. The most commonly
used test is the psychomotor vigilance test (PVT),
which measures reaction time to a continuous
series of lights.19 The sleepiness-related impair-
ments are felt to be best characterized by brief
periods of nonresponsivity (termed lapses). These
lapses were felt to represent brief periods or mi-
crosleeps. That is, individuals with ES can in fact
function normally much of the time; however,
they experience minisleep episodes when they
cease to function for brief periods of time. More
recently, it has been observed that beyond
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isolated lapses in performance, the entire perfor-
mance output is shifted in the direction of impaired
performance. Thus, the impairment does not
simply reflect infrequent microsleeeps, but rather
state instability. That is, individuals who are sleepy
experience a state of consciousness that is
unstable. An example of a long, boring monoto-
nous task is driving. Individuals and patient popu-
lations with ES have an increased frequency of car
accidents. The standard measure of driving ability
is the standard deviation of lateral position.20 The
increased variability in lateral position of the car
on the highway can be thought of reflecting the
state instability associated with ES.

All 3 of these measures of sleepiness/alertness
have been shown to improve with the use of
stimulants. In addition, while these measures are
intercorrelated, the correlations are statistically
significant but modest in the amount of variance
accounted for (and are in the range of 0.30% to
0.50% of variance). As a result, it is thought that
they reflect different aspects of sleepiness/alert-
ness, and all should be used to quantify benefits
of stimulants.

AMPHETAMINES

Amphetamine is the basic structural element in
a number of stimulants that are collectively referred
to as psychostimulants. The amphetamines ap-
proved for narcolepsy include dextroamphetamine,
reacemic amphetamine, and several combinations
of the two. Methaamphetamine has also been
studied for the treatment of narcolepsy and is often
used off label for this purpose. Amphetamines
increase alertness, inhibit sleepactivity, and improve
moodandneurocognitiveperformance.Thesedrugs
increase alertness primarily by inhibiting the dopa-
mine reuptake transporter and in some cases by
increasing dopamine release, aswell as by inhibition
of adrenergic uptake. Amphetamine increases cate-
cholamine (dopamine [DA] and norepinephrine [NE])
releaseand inhibits reuptake frompresynaptic termi-
nals, thereby enhancing postsynaptic stimulation.
Amphetamine derivatives also work by inhibiting
the DA and NE transporters. At higher doses, mono-
amine oxidase inhibition and reuptake blockade
occur,with thepotencyof thisactivity varyingamong
the various amphetamine derivatives.1

Amphetamine is rapidly absorbed from the
gastrointestinal (GI) tract, reaching peak plasma
within 1 to 3 hours. It is rapidly metabolized
through liver enzymes, with a half-life of 10 to 12
hours. The half-life of methamphetamine is 4 to 5
hours.21

The amphetamines have been shown to be
effective in enhancing alertness associated with

several causes. The only sleep-related indication
for amphetamine is narcolepsy. The wake-
enhancing properties of the amphetamines are
dose-related; therefore in clinical use, the dose is
gradually titrated until the desired therapeutic
effect is achieved. The limiting factors for dose
are adverse effects and abuse liability. Even at
clinical doses, amphetamine is associated with
headache, disturbed sleep, jitteriness, GI distur-
bance, weight loss, and increased heart rate.
Physiologically, increases in heart rate, blood
pressure brochodilation, and vasoconstriction
have been found.22

At high doses, in animal studies, neurotoxicity in
brain dopamine and seretonin neurons occurs. In
human studies, methamphetamine has been
shown to lead to loss of brain dopamine trans-
porters, at least temporarily.23

Tolerance is common during long-term adminis-
tration of amphetamine and methamphetamine.
Abuse has also been reported with these drugs.
Importantly these problems are not commonly
encountered in appropriately diagnosed narcolepsy
patients using appropriate therapeutic doses.

METYLPHENIDATE

Methylphenidate is another stimulant that is
approved for sleepiness associated with narco-
lepsy. Methylphenidate resembles amphetamine
structurally and is in the peperidine class of com-
pounds. The mechanism of action is primarily by
binding to the norepinephrine transporter and dopa-
mine active transporter (DAT), thereby increasing
catecholamine levels. Unlike amphetamine, it does
not have a major effect of presynaptic release. It is
almost totally absorbedafteroral ingestion, reaching
peakplasmaconcentrationwithin 2 hours. Addition-
ally, it has a short duration of action with a half-life
of about 3 hours. Like the amphetamines, the limi-
tations of methylphenidate are adverse effects.
However, unlike the amphetamines, it does not
produceneurotoxicity, and it is generally considered
tohave lessabuse liability than theamphetamines.24

MODAFINIL AND ARMODAFINIL

Modafinil is available as a racemic mixture, r and s
modafinil, both of which are active, as well as the r
isomer only. The R-entiomer has a half-life of 10 to
14 hours, while the S-entiomer has a half-life of 3
to 4 hours.25 This difference in half-lives may
explain why modafinil needs to be taken twice
a day for maximum therapeutic benefit, at least
initially while the drug is reaching steady-state.
Also, the half-life of the racemate and the R-en-
tiomer blood level of armoafinil are higher late in
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the day as compared with modafinil. This is attrib-
utable to the monophasic decline in plasma
concentrations of armodafinil as compared with
the biphasic decline seen with modafinil. Both
drugs are rapidly absorbed, with peak levels being
reached in about 2 hours. Both compounds have
high protein binding. They are metabolized in the
liver primarily by CYP3A4.
Modafinil and armodafinil are indicated for

sleepiness associated with narcolepsy as well as
refractory sleepiness of OSA and SWD. Because
it is felt that modafinil is safer and has less abuse
liability than classical stimulants, studies have
been performed in a variety of off-label popula-
tions including Parkinson disease, multiple scle-
rosis, closed head injury, depression, bipolar
disorder, and chronic fatigue syndrome.26

The most common adverse effects of modafinil
are headache and nausea. Other, less frequently
reported adverse effects include dizziness and
insomnia.25 There have been cases of rare but
serious rashes reported. Finally, there have been
reports of increases in blood pressure in the OSA
trials and of mania and suicidal ideation in some
of the psychiatric trials.27 Because of drug interac-
tions, women on oral contraceptives should be
cautioned to use additional or alternative methods
of contraception while on modafinil and for several
moths after discontinuation.
While the mechanism of action of modafinil is

highly debated, it is at least in part mediated by
inhibition of DAT not unlike the classic stimulants.
The most supportive evidence of this is the fact
that modafinil effects on alertness are entirely
abolished in DAT knockout mice and in mice lack-
ing D1 and D2 receptors.28 However, the adverse
effect profile and abuse liability are lower than the
other DAT inhibitors, leading many to conclude
that it does not have potent effects on dopamine,
and other transmitter systems are involved in its
alerting producing properties. Modafinil’s action
appears to be mediated through multiple neuro-
transmitter systems including dopamine with
certainty, and possibly norepinephrine, histamine,
orexin, and serotonin.25

Modafinil is an attractive alternative to amphet-
amine-like stimulants because of decreased risk
of abuse liability and few effects on the neuroen-
docine system (prolactine, cortisol and elatonin).
Additionally, at therapeutic doses, it has fewer
effects on the cardiovascular system.
Modafinil and armodafinil have been recom-

mended by the American Academy of Sleep
Medicine as the standard therapy for the treat-
ment of sleepiness associated with narcolepsy
and refractory sleepiness associated with OSA
and SWD.

CAFFEINE

Caffeine is the most commonly used stimulant in
the United States as well as the rest of the world.
Caffeine is found in coffee, foods, and in energy
drinks. Typically a cup of coffee contains 50 to
150 mg of caffeine, but some Starbucks coffees
contain 350 mg of caffeine. Tea, chocolate and
cola drinks also contain 25–50 mg of caffeine. Re-
cently, energy drinks have become popular. The
caffeine content of these varies (eg, Red Bull 100
mg, 5 hour energy drink 207 mg). Finally, there
are over-the-counter products (No Doz 100 g
and Vivarin 200 mg).
Caffeine is a xanthine derivative. Themechanism

of action is adenosine receptor antagonism.Adeno-
sine is thought to be the basis of the sleep hemostat
accumulating during wakefulness and dissipating
during sleep.29 Population-based data show that
sleep duration relates to caffeine consumption.
Caffeine has been shown to increase alertness

and improve reaction time, reversing the effects
of sleep deprivation and of sedative drugs, The
side effects include palpitations; increased blood
pressure, gastric secretions and urine production;
and sleep disturbance. At high doses, it produces
agitation, anxiety, tremors, and increased respira-
tory rate.
Caffeine is rapidly absorbed and has a relatively

short half-life (3 to 5 hours). With repetitive use, the
stimulatory effects of caffeine are substantially
reduced over time. Tolerance develops quickly to
some (but not all) effects of caffeine, especially
among heavy coffee and energy drink users With-
drawal symptoms include headache, irritability,
inability to concentrate, drowsiness, and insomnia,
which appear within 12 to 24 hours after discontin-
uation of heavy caffeine use.

SUMMARY

There is no question that there are stimulants that
are effective in the management of ES.30 Virtually
all currently available medications that are used
to treat ES act, at least in part, through inhibition
of dopamine reuptake. As such, all of these medi-
cations have efficacy but hypothesized differential
safety and abuse liability. The use of any medica-
tion, especially when one is dealing with symptom-
atic management, is a tradeoff between efficacy
and safety. One of the limitations of comparing
the safety profile of these medications is that one
does not know what the equally efficient doses
of the different stimulant drugs are. Thus, large-
scale clinical trials are needed measuring the rela-
tive efficacy and safety profile of the different
classes of these stimulants at multiple doses.
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Finally as more is learned about the control of
sleep wake, research is needed on the wake-
enhancing properties of other transmitter systems.
Currently research is being done on the orexin and
the histamine systems in terms of their ability to
more safely produce increased alertness. Finally,
the FDA-approved indications for stimulants
covers only a small part of the clinical population
with ES. Even within sleep disorders, most ES
patients fall outside the current indications. There
are no indications for ES associated with neuro-
logic, psychiatric, or other medical disorders.
Large-scale clinical trials measuring both safety
and efficacy are needed in these populations. As
this article clearly demonstrates, there is signifi-
cant morbidity associated with ES. The role of
stimulants in alleviating this morbidity needs to
be more specifically defined.
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Quality of Life in Narcolepsy
Meeta Goswami, BDS, MPH, PhD

With a steady increase in the aging population and
a rise in chronic illnesses, mortality and morbidity
statistics are not sufficient to determine the effects
of health interventions; hence, quality of life (QOL)
indicators have gained significance in evaluating
outcomes. Most patients would like to reduce
the levels of discomfort and disability associated
with illness and increase general satisfaction with
their lives. Data gathered from QOL studies could
be useful in the national health surveillance
system1 and in channeling resources according
to the expressed needs of the population. Planning
and policy would be affected. Studies on QOL are
important in evaluating health programs, justifying
funding, and making appropriate changes in
program development. Health agencies can
consider collaboration with health partners,
including social service agencies, community
planners, and business groups.2 This approach
has the added benefit of reducing duplication
and overuse of services, thus lowering costs.

From patients’ point of views, most of them
would like their physicians to go beyond the

physiopathologic level of health services and care
for them from a total patient perspective. They
would like to be seen as individuals first and not
as disease entities; so comprehensive therapy
can be tailored to patients’ needs by incorporating
results fromQOLstudies, preventivemeasures can
be instituted to avert serious consequences of the
disorder/condition or health behavior, the treat-
ment may have to bemodified, appropriate referral
to a health or social agency can be made, and
follow-up monitoring programs may be instituted.
Furthermore, results of such studies could be valu-
able for family members in understanding the
patient’s disability and in providing an effective
support system.3 Whereas clinicians tend to focus
on symptoms as indicators of severity or absence
of disease, patients, on the other hand, may be
more concerned about the symptoms as they
affect their social functioning. They may learn to
live with their disorder if reasonable functioning is
possible. Biomedical effectiveness of treatment
may not be acceptable to patients if the side reac-
tions or long-term effects of medications impinge
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KEY POINTS

� Hypersomnia in narcolepsy greatly affects the psychosocial and economic burden to the patient
and society, pointing to the importance of early diagnosis and biopsychosocial management.

� Educational programs must be directed toward professionals and the public to create greater
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on their social roles. For instance, certain stimu-
lants, especially amphetamines, in the treatment
of excessive daytime sleepiness may cause irri-
tability, hyperactivity, sweating, tremors, mood
changes,4 and dyskinesias5; the adverse effects
of some tricyclic antidepressants for cataplexy on
erectile dysfunction have been noted.6,7 These
adverse effects diminish the QOL of patients and
reduce compliance with treatment regimen. Thus,
QOL studies generate data that may be applied to
improve overall quality of care in patients.

THEORETICAL CONSIDERATIONS IN
DEVELOPING QOL INDICATORS

The physical, mental, social, and spiritual facets of
health are important considerations in a paradigm
that examines the construct of QOL in terms of
one’s aspirations of finding a purpose and
meaning to life. How can the facilitators and
barriers to fulfillment of human potential be studied
scientifically? An approach is to narrow the gap
between the person’s expectations and reality by
enhancing function with treatment and accepting
limitations with appropriate counseling.8–10

Generally, 5 dimensions of health are consid-
ered in defining health-related QOL (HRQOL),
that is, physical health (including pain), emotional
state (including concentration and memory), intel-
lectual function, performance of social roles, and
general feelings of well-being or life satisfac-
tion.11–13 Others have proposed subjective well-
being, health, and welfare. Subjective well-being
refers to individuals’ perceptions of their life situa-
tions. Health is a subjective as well as an objective
evaluation of physical and mental status, and
welfare reflects the objective environmental
factors.14 Subjective well-being15 and the social
dimension of treatment-related subjective health,
such as social performance and social well-
being, the role of social support, and implications
of social adjustment,16 are important consider-
ations in developing meaningful QOL indicators.
In most QOL measuring instruments, profes-
sionals select the domains and generally measure
function. However, some individuals with disabil-
ities adapt to their compromised health status
and are quite happy. How can scientists capture
the factor that determines this differential
response to disability? How can we measure the
saliency of different areas of life that are meaning-
ful to the individual? To address this question, the
Individual Quality of Life Interview and The
Duggan-Dijkers Approach are among several
instruments that incorporate individuals’ choices
of domains and aspirations that are meaningful
to them.17

The World Health Organization defines QOL as
individuals’ “perception of their position in life in
the context of the culture and value systems in
which they live, and in relation to their goals, ex-
pectations, standards and concerns.”18 Following
this definition, satisfaction with life is based on
individual perception and is culturally influenced.
The role of sociocultural environment and spiritu-
ality on one’s perception of life, health, and
disability has been discussed19 and studied, and
questionnaires have been developed to include
items that measure these determinants of health
and well-being.20–22 Spiritual QOL is most closely
associated with the psychological domain, partic-
ularly hope, optimism, and inner peace, and
“makes a significant and distinctive contribution
to QOL assessment in health.”23

MEASUREMENT OF QOL

Instruments measuring QOL may be generic or
disease specific. Generic measures are generally
longer than disease-specific ones, have a wider
scope, and combine into global or overall scores.
They are useful in making comparisons between
different health conditions and in elucidating differ-
ences across demographic and cultural groups.
They are used to formulate policy and allocate
resources. Listed below are selected generic
measures that provide a health profile for certain
components of HRQOL and some disease-
specific measures:

Generic measures

� Sickness Impact Profile (SIP)24

� Nottingham Health Profile25

� McMaster Health Index26

� Quality of Well-Being scale27

� Medical Outcomes Study–Short Form.28

Disease-specific measures

� Clinical Interview for Depression29

� Arthritis Impact Measurement Scales30

� Quality of Life Index (cancer)31

� Diabetes Control and Complications Trial
Questionnaire32

� Functional Outcomes of Sleep Question-
naire (FOSQ).33

Disease-specific instruments are suitable for as-
sessing clinically important changes of health
interventions in specific conditions or diagnostic
categories or in special populations. A combina-
tion of both types of measures (generic and
disease specific) would ensure comprehensive-
ness and scope.19 Incorporating objective and
subjective measures is another method of
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producing a comprehensive instrument. The QOL
instrument should have sensitivity to changes
over time with high discriminative power, be easy
to administer, and be clear to the respondent to
increase the response rate. The instrument should
be reliable, that is, reproducible and stable, and
have high internal consistency or validity.19,34,35

Selection biases, method of recruiting subjects,
training of interviewers, the type of instrument
and method of administration, the year when the
study was conducted, and the order of items in
the questionnaire affect the quality of data gath-
ered and the response rate. The instrument should
have high external validity (generalizability) and
must be pretested on the population under study.
Confounding variables such as sociodemographic
variables, stressful life events, multiple diseases,
and medications for other diseases must be
considered in interpreting results. For instance,
age may be related to depression, sleep disorders,
and memory problems. Gender may be related to
social roles and physiology. The questionnaire
must be user friendly from the respondent’s per-
spective. Certain items may “produce emotional
upset.researchers and clinicians should under-
stand how an instrument’s theoretical focus will
have influenced domains, items, and scoring.”36

SELECTED HRQOL INSTRUMENTS

The 36-Item Short Form Health Survey (SF-36) is
a comprehensive generic measure with high reli-
ability and validity and is the most frequently
used instrument to asses HRQOL; its shorter
versions are Short Form 12 and Short Form
8,37,38 and an SF-36 version 2 has improved
wording and instructions, better internal consis-
tency and reliability, and reduced floor and ceiling
effects compared with the older version.39,40 The
instrument measures 8 dimensions: physical func-
tioning, role functioning-physical, role functioning-
emotional, mental health, social functioning,
vitality, bodily pain, and general health. It does
not ask questions about sleep and uses vitality
as a proxy, a term that can be misinterpreted by
the respondent. Vitality is included in the mental
health summary score but correlates significantly
with both mental and physical health.41

SIP is a generic measure of functional status of
patients with chronic illness with high reliability
and validity. It includes 136 items grouped in 12
categories, namely, sleep and rest, alertness
behavior, work, mobility, ambulation, body care
and movement, eating, recreation and pastimes,
home management, communication, social inter-
action, and emotional behavior.42 This instrument
is more suitable for those with severe disabilities

and may not be appropriate for studies of
narcolepsy.

TheFOSQ isadisease-specific tool thatmeasures
activity level, vigilance, intimacy and sexual relation-
ships, general productivity, and social outcome. Its
35 items assess the impact of excessive daytime
sleepiness inphysical,mental, andsocial functioning
in daily activities. The instrument has good reliability
and validity, construct validity with the Epworth
Sleepiness Scale, and also concurrent validity with
the SIP and SF-36.33

The World Health Organization Quality of Life
Assessment (WHOQOL-100) is a cross-cultural vali-
dated instrument of HRQOL developed collabora-
tively in some 4500 respondents in 15 cultural
settings and has 100 items to assess QOL. The
instrument produces a multidimensional profile of
scoresacross6domainsand24subdomainsor fac-
ets of QOL. It is organized into 6 broad domains of
QOL: (1) physical, (2) psychological, (3) level of inde-
pendence, (4) social relationships, (5) environment,
and (6) spirituality/religion/personal beliefs.43,44 It
has been validated across different countries and
illnesses or conditions.45 The WHOQOL-BREF is
a 26-item version of the WHOQOL-100 question-
naire developed in the context of 4 domains related
toQOL:physical health,psychological health, social
relationships, and environment. It also includes one
facet on overall QOL and general health. Cross-
sectional data were gathered from 23 countries
(n 5 11,830) and analyzed. It was determined to
have good reliability and validity as indicated by
analyses of internal consistency, item-total correla-
tions, discriminant validity, and construct valid-
ity.43,46 Recently, the WHOQOL-BREF was found
to be a high-quality patient-centered generic tool
suited to individual assessment in clinics and for
research and audit.47 Its validity and reliability have
been established in many countries and across
different illnesses. It is a useful generic tool for
cross-cultural comparisons and comprehensive
evaluation and for conducting epidemiologic
studies.48–51 Its strengths lie in sound conceptual
and methodical design, sensitivity to the meaning
of different aspects of life to the patient, and its rela-
tiveeaseofadministration ingeneratingaprofile of 4
domains with a smaller set of 26 items compared
with the WHOQOL-100.52

REVIEW OF STUDIES ON NARCOLEPSY AND
QOL

Several publications have discussed the negative
psychosocial effects of narcolepsy on work,
education, recreation, personality, interpersonal
relations, marital life, and intimacy.53–59 Although
most persons with narcolepsy (PWN) (61%) were
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employed full-time or part-time in one survey, the
unemployment rate was higher (13%) than the
national US average (7.5%).60 Hypersomnolence
is a risk factor for automobile accidents,61,62 and
PWN have poor driving records.63 In one study,
patients with sleep apnea and narcolepsy ac-
counted for 71% of all sleep-related accidents,
and the rate of sleep-related accidents was high-
est in the narcolepsy group.64 Compared with
matched controls, drivers involved in automobile
accidents show significantly more sleepiness,
slower reaction times, and a trend for greater
objective sleepiness.65 Among the patients report-
ing driving habits in Japan, an Epworth Sleepiness
Score (ESS) of 16 or more was positively associ-
ated with the experience of automobile acci-
dents.66 Other accidents reported by patients
include falls, burns from objects and cigarettes,
burning food while cooking, dropping things, and
walking into a glass door.
Frequently, 10 to 15 years elapse from inception

of symptoms to obtaining a correct diagnosis
because of denial, misdiagnosis, and misunder-
standing of symptoms and complaints by the
patient. During this period, the individual is unable
to fulfill role obligations, feels isolated, develops
low self-esteem, and develops defense mecha-
nisms to cope with illness. In support groups and
conferences for patients, they often complain
about lack of understanding from family, co-
workers, and friends. Procrastination, undertaking
and completing assignments, punctuality, plan-
ning and organizing time, issues with memory
and concentration, low levels of motivation, and
decision making are areas of concern to many
patients.3 Patients present concerns about trav-
eling alone and the social stigma of having narco-
lepsy.67 Fatigue is a major hindrance to executing
activities of daily living. Recently, a study demon-
strated lack of perseverance and a selective
reduced performance on decision making under
ambiguity in narcolepsy with cataplexy in contrast
to normal decision making under explicit condi-
tions; patients with narcolepsy-cataplexy may
opt for choices with higher immediate emotional
rewards, regardless of higher future punishment,
to compensate for their reduced reactivity to
emotional stimuli.68

Contrary to findings that depression is a common
feature in narcolepsy69–71 with rates ranging from
25% in Italy72 to 55.1% in France73 and to 56.9%
in the UK74 and 49% versus 9% to 31% of the
normal population in the United States,75 a study
in the United Kingdom found that narcolepsy is
neither associated with psychiatric disorders nor
with diagnosable depressive disorders. Variance
in sample size and characteristics, lack of

standardized measures of symptoms, selection
bias, variable effects of medications (from amphet-
amines to modafinil [Provigil]), and confusing
hypnagogic hallucinations of narcolepsy, espe-
cially auditory hallucinations, with schizophrenia
could explain some of these differences in
results.76 There were no differences in the depres-
sion rates between narcolepsy with cataplexy and
narcolepsy without cataplexy.77 Negative effects
on mental health78 and neurocognitive deficits
are observed in narcolepsy.79 Reduced vigilance,
attention, and execution with slower response
time in PWN compared with healthy controls are
reported.80,81 Hypnagogic hallucinations are very
bothersome to some patients and can be very
frightening when they occur simultaneously with
cataplexy or sleep paralysis.60

In the United States, in a national randomized
and controlled investigation of HRQOL in narco-
lepsy,82 the SF-36 and supplemental narcolepsy-
specific scales were pretested in 2 sleep centers
before administration.83 The survey compared
scores for patients with narcolepsy with scores
for those with epilepsy and Parkinson disease
and for the general population. Patients with
narcolepsy reported significant role limitations
caused by physical problems, lower vitality, lower
social functioning, and role limitations due to
emotional problems. The data revealed that SF-
46 scores on overall impairment parameters,
including physical function, role limitation, physical
function, bodily pain, general health, social func-
tion, vitality, and mental health, for PWN were
similar to those for patients with Parkinson disease
and even greater than those for patients with
epilepsy (except bodily pain) (Fig. 1).
In the United Kingdom, treated PWN had signif-

icantly lower SF-36 scores than those treated for
obstructive sleep apnea–hypopnea syndrome
(OSAHS) for mental health and general health,
and no significant differences were observed
between patients who were treated for narcolepsy
and patients with OSAHS who were not treated.
PWN had difficulties in relation to leisure activities;
subjects reported falling asleep in class (50%), at
work (67%), and when losing or leaving a job
because of narcolepsy (52%).71 Similarly, in
a mailed questionnaire survey of 305 members of
the United Kingdom Association of Narcolepsy,
respondents scored significantly lower on all
domains of the SF-36 compared with age-
matched and sex-matched normative data, with
more pronounced differences in the physical,
energy/vitality, and social functioning domains.
The psychosocial questions developed for this
study showed that narcolepsy affected education,
work, relationships, activities of daily living, and
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leisure activities. There was no difference among
groups receiving different medications, suggest-
ing the inadequacy of the pharmacologic manage-
ment of narcolepsy.74

In Italy, the SF-36 was self-administered, and
PWN were compared with patients with idio-
pathic hypersomnia and sleep apnea. All
domains, except bodily pain, scored lower than
the Italian norm. Some of the variance was ex-
plained by excessive daytime sleepiness (inverse
relation) and disease duration (direct relation,
possibly due to adaptation).84 In a 5-year pro-
spective survey of 54 patients in Italy, there was
no significant difference between the assess-
ments of SF-36 (self-administered) and the Zung
depression scale (ZDS) in 1998 and 2003. ZDS
score (inversely) and duration of disease (directly)
explained a percentage of variance of role phys-
ical, vitality, social functioning (SF), and role
emotional. Self-reported diabetes frequency
doubled after 5 years (from 7% to 17%).72 De-
spite the clinical consensus recommending anti-
depressants for cataplexy, the evidence that
antidepressants have a positive effect on cata-
plexy is scant.85

A survey of 129 members of the Australian
Narcolepsy Support Group, using the Psychoso-
cial Adjustment of Illness Subscale—Self Report
total score, reported more adjustment problems
in comparison to patients with cardiac problems,
mixed cancers, and diabetes.86 These results are
difficult to compare with other studies because
of different measuring instruments and a self-
selected sample.

In a cross-sectional study of members of the
Norwegian Association for Sleep Disorder ([NASD]
n 5 77), with the exception of vitality, people with
narcolepsy and cataplexy had significantly lower
scores on all domains of the scale of the SF-36
(mailed) when compared with the normal popula-
tion, and medication status did not affect any
domain. It is reported that this difference in results
from other studies may be because of a difference
in mind-set or public education in Norway or
because of membership in the NASD.87

In Germany, investigators mailed the SF-36 and
the Euro-QOL questionnaires to 75 subjects diag-
nosed with narcolepsy. Results revealed that the
economic costs for patients with narcolepsy
were higher than for the normal population and
comparable to that for those with diseases such
as Parkinson disease, Alzheimer disease, epi-
lepsy, and stroke. Thirty-two subjects in this study
reported job loss due to narcolepsy.88 Further-
more, bivariate and multivariate analyses showed
that, compared with the normal German popula-
tion, HRQOL scores were low, especially in the
areas of physical role, vitality, and general health
perceptions. The investigators confirmed the role
of social factors such as employment status, living
with a partner, and professional advancement on
HRQOL. Responses to the Euro-QOL revealed
that the most frequently affected dimensions of
health were usual activity (63.8%), pain/discomfort
(61.7%), and anxiety/depression (41.1%).89 The
item including pain/discomfort is a double-
barreled question, and it is not clear if patients
felt pain and/or discomfort.

Fig. 1. HRQOL in narcolepsy data. (Data from Beusterien KM, Rogers AE, Walsleben JA, et al. Health-related
quality of life effects of modafinil for treatment of narcolepsy. Sleep 1999;22(6):757.)
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HRQOL in narcolepsy was significantly lower
than the normal Japanese population as measured
by the SF-36 in a study of drug-naive patients (n5
137) with narcolepsy plus cataplexy, narcolepsy
without cataplexy, and idiopathic hypersomnia
without long sleep time. Disease duration was
positively correlated with mental health among all
subjects; however, this study did not find signifi-
cant differences among the 3 diagnostic groups.66

A French investigation included 517 (47.6%men,
52.4% women) patients, of whom 82% were cata-
plexy positive (C1), 13.2%were cataplexy negative
(C�), and 4.8% had idiopathic hypersomnolence
(IH). Mean ESS and body mass index were higher
in C1 patients than in C�/IH patients. C1 patients
treated with anticataleptic drugs (38.7%) had higher
shortversionBeckDepression Inventory (S-BDI) and
lower SF-36 scores than C1 patients treated with
stimulants alone. Of those who had depression,
26.3% had mild, 23.2% had moderate, and 5.6%
had severe depressive symptoms. C1 patients
hadhigherS-BDI andPittsburghSleepQuality Index
and lower SF-36 scores than C�/IH patients. ESSs
were higher in depressed patients than in nonde-
pressed patients, with no difference in age, gender,
duration of disease, or multiple sleep latency test
parameters.73

In a study using the SIP (personal interviews), of
the 81 PWN, 62.5% reported severe fatigue with
an increase in functional deficits. There was
a correlation between increased functional deficits
and low QOL as indicated by responses to the SF-
36.90 Another investigation on 226 PWN revealed
a total dysfunction score on the SIP (mean 5
13.2%), which was higher than the general popula-
tion score (mean 5 3.6%). Dysfunction was
observed (mean percentage) in the following
areas: sleep and rest (23.6%), alertness behavior
(22.6%), recreations and pastimes (20.6%), and
work (15.3%). The psychosocial aspect was
more dysfunctional (mean 5 13.2%) than the
physical (mean 5 5.0%). Areas of concern to
patients included social isolation, reduced sexual
activity, and forgetfulness.91

Applicationof theFOSQina randomized trial of the
effectiveness of sodium oxybate including 285 PWN
revealed that sodium oxybate produced significant
dose-related improvements in the Total Functional
Outcomes of Sleep Questionnaire score from base-
line. Similar improvements were observed in the
following subscales: activity level, general produc-
tivity, vigilance, and social outcomes (P<.01);
however, thesubscales intimacyandsexual relation-
ships were not affected.92

In Canada, researchers studied the effects of
excessive sleepiness (ES) on HRQOL. The study
design included a comparison of 1758 people

with obstructive sleep apnea, depression, narco-
lepsy, multiple sclerosis, and shift work (Group A)
with 1977 people without these conditions (Group
B). The researchers measured the dependent vari-
ables by using the Work Productivity and the
Activity Impairment Scale, Short Form 12, Medical
Outcomes study 6-item Cognitive Function Scale,
and the Toronto Hospital Alertness Test. In both
groups, ES was significantly associated with
impairments in health status, daily activities, and
work productivity for all measures (P<.0001),
except for absenteeism (P 5 .0400 for group A,
P 5 .8360 for group B). The researchers con-
cluded that the incremental negative effect of ES
may be measurable above that of obstructive
sleep apnea, multiple sclerosis, narcolepsy,
depression, or shift work.93

In a Brazilian study of 40 PWN, QOL scores
measured by the WHOQOL-BREF were lower
than that in the control group in the physical,
psychological, and social domains (P<.05). In the
patient group, all areas evaluated in the physical
domain were significantly impaired compared
with that in controls, including sleep satisfaction
(P<.001), energy for daily activities (P 5 .039),
capacity to perform activities (P 5 .001), and
capacity to work (P 5 .001).94

The socioeconomic burden of having narcolepsy
was significantly higher in PWN than in age-
matched and sex-matched randomly selected
citizens in the Danish Civil Registration System
Statistics (P<.001). The income level of employed
PWN was lower than that of the employed control
subjects, perhaps indicating the effect of having
this disorder on promotion at work. Compared
with control subjects, PWN showed significantly
higher rates of medication use and expenses, as
well as higher unemployment rates.95 Again, in
2010, these investigators reported that patients
with hypersomnia when compared with control
subjects presented significantly higher health-
related contact rate, expenses, and medication
use; however, no differences were identified in
employment and income possibly because of
differential effects of types of hypersomnia. The
difference in the annual burden of direct and indi-
rect costs between the 2 groups was significant
(P<.001).96

NONPHARMACOLOGIC MANAGEMENT OF
NARCOLEPSY

Although this review of national and international
scientifically designed studies vary in their meth-
odologies, a pattern discloses the wide ranging
impact of narcolepsy, especially unrelenting
hypersomnolence and overwhelming fatigue, on
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the physical, mental, and social well being of
patients. The psychological aspect was more
dysfunctional than the physical aspect. Decreased
role performance has a direct negative influence
on relationships with family, friends, and
coworkers. Treated PWN have lower QOL in
comparison to patients who were treated for
OSAHS. Some patients discontinue treatment
either because of the side reactions or because
the treatment of ES and cataplexy does not
produce optimal results, pointing to the need for
improved pharmacologic treatment. Narcolepsy
can be a very disabling condition for some;
however, there is no consensus among profes-
sionals on standards to assess disability status
for eligibility to obtain disability benefits or
a driver’s license, indicating the need for further
research in this area.97 Pharmacologic treatment
is necessary but not sufficient in managing the
clinical symptoms of this disorder. Improving the
QOL and learning to live with a disorder are major
concerns for patients. Thus, nonpharmacologic
management comprising behavior modification
and social support is a crucial component of health
care delivery. Successful management of objec-
tive and observable clinical features may be
affected by other complaints in patients with
narcolepsy, such as low level of energy and
fatigue, problems with memory and time man-
agement, perception of lack of security in the envi-
ronment, and depressed mood. Furthermore,
personality factors, such as a passive dependent
personality, may affect mental status and delay
medical attention. Also, individuals’ perceptions
of needs will determine their decision to access
health services and elicit support from significant
others. Thus, subjective measures play an impor-
tant role in assessing QOL and providing high
quality of care.

Making behavioral and life style changes assists
in ameliorating the devastating impact of symp-
toms on QOL. Sleep and fatigue can be partially al-
layed, and further progression of the condition
may be slowed or prevented by scheduling rest
periods or naps and regular sleep-wake hours,
engaging in a regular moderately paced exercise
program with graded increases, and performing
breathing exercises. Clinical observations reveal
that a management plan incorporating a balanced
diet, regular meal times with small servings that
include fresh fruits and vegetables, are beneficial;
meals that are high in caloric content, fats, or
sugars negatively affect alertness and energy
levels. Well-designed controlled studies are
needed in this area. Often, patients cannot differ-
entiate between the symptoms of ES, fatigue, cata-
plexy, sleep paralysis, and automatic behavior, and

hypnagogic hallucinations can be very bother-
some to some. Explanation of all symptoms and
their management along with written material
increase patient collaboration and provide much
relief to patients.

Social support and social networking have
a positive association with the immune system
and general health.98 Support groups led by
a professional provide a forum to discuss shared
experiences, exchange information, access
resources, and develop self-esteem and self-
confidence. Social networking relieves the sense
of isolation felt by many patients. On a positive
note, patients with narcolepsy do make successful
transitions after treatment as they discard the sick
role and adapt to normal life; support and coun-
seling can be beneficial during this transitional
phase.99 An appropriate referral for spiritual coun-
seling, if needed, enables some patients to cope
with their illness.

PWN could benefit with counseling for making
suitable occupational choices because narcolepsy
presents obstacles to upward social mobility. A
survey showed that PWN were engaged in
a wide spectrum of occupations, including profes-
sional, management, and administrative posi-
tions.100 Some PWN were self-employed, and
others were engaged in sales of computers, real
estate, automobiles, hardware, and antiques.
Self-selection was an important factor in the occu-
pational choice of some of these patients. PWN
should choose work that will allow them to break
up long assignments into shorter ones with time
flexibility and variability in tasks as well as periods
of rest between assignments. Mentally stimulating
tasks with some physical mobility have an alerting
effect. Tasks that are sedentary and monotonous
and occupations involving the use of machinery
or equipment that could be hazardous to self or
to others must be avoided.

The high rate of accidents in hypersomnolence is
another major area of concern. Sleepiness results
in negative behavioral consequences, including
cognitive deficit, errors, and accidents.101 Public
health measures for prevention of accidents and
education of professionals and patients are
needed. Patients should be cautioned regarding
accidents at home.

Psychosocial care is significant in reducing
discomfort in chronic illness and improving the
QOL of patients. However, diffusion of this knowl-
edge, of implementing research findings in clinical
practice, is hindereddue to variablemethodologies
to assess indicators ofHRQOLand lowuseof novel
approaches of disseminating research findings to
clinicians. The Internet is one mechanism of
providing updated research findings to clinicians.
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In addition, a short and simple pretreatment and
posttreatment evaluation form to assess changes
in levels of the patient’s discomfort, distress, and
patient satisfaction (an integral component of the
US Affordable Health Care Act) will provide perti-
nent feedback to clinicians, making them aware
of deficits in the management plan. Patients’
comments are invaluable in guiding both the
patients and the staff to make relevant personal
as well as institutional changes and facilitate the
process of fulfilling the goal to foster high level of
quality of care and enhance the QOL of patients.

SUMMARY

Hypersomnia in narcolepsy greatly affects the
psychosocial and economic burden to the patient
and society pointing to the importance of early
diagnosis and biopsychosocial management.
Educational programs must be directed toward
professionals and the public to create greater
sensitivity to the wide ranging effects of hypersom-
nolence on the lives of patients and their families.
Research is needed on (1) innovative pharmaco-
logic management with greater efficacy and less
adverse effects and (2) the role of support groups
on patients’ well-being and mechanism of action.
Standardized measures with high internal and
external validity will make national and interna-
tional comparisons more meaningful. A multidisci-
plinary team, with the patient as a team member,
pursuing a person-centered and family-centered
approach, including a monitoring strategy to
identify patients’ perceived barriers to accessing
treatment and adhering to treatment plan, will
contribute to optimal delivery of health care and
improve the QOL in patients.
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Inappropriate Situational
Sleepiness and the Law
Peter R. Buchanan, MD, FRACPa,b,c, Arlie Loughnan, BA, LLB, LLM, PhDd,
Ronald R. Grunstein, MD, PhD, FRACPc,e,*

INTRODUCTION

Sleepiness causes adverse personal conse-
quences and inconvenience to individuals but
may also impact on performance with sequelae
that have potential to cause harm to others.
Such harm has individual and societal conse-
quences and therefore the community has reason-
able grounds from which to use legal and other
frameworks to mitigate such adverse events and
sanction against their occurrence.

Elsewhere in this issue the epidemiologic, path-
ophysiologic, clinical, therapeutic, and other as-
pects of excessive sleepiness of the clinical
entity of hypersomnia are presented. Where sleep-
iness, mediated by impaired performance, is the
promoter of potential and actual harmful out-
comes, communities have reacted by amending

the law and using existing legal measures to
protect society in general. These protective legal
constructs may be found in various fields, in-
cluding criminal law, and under the omnibus cate-
gory of civil law, in labor law, and health law. This
article presents an overview of some aspects of
the interaction between sleepiness and various
facets of the law.

INAPPROPRIATE SITUATIONAL SLEEPINESS
AND THE LAW: BROAD CONCEPTS

The use of the terms “hypersomnia” and “exces-
sive daytime sleepiness” is in some ways an
incomplete representation of the nature of the
problem that challenges the sleepiness-law
nexus. Sleepiness is an entirely appropriate phys-
iologic response to a combination of homeostatic,
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KEY POINTS

� Sleepiness may occur in circumstances related to personal behaviors, medical conditions and in
consequence of workplace behaviors: consequent impaired performance may have legal
ramifications.

� Specific legislations to take account of sleepiness-impaired performance are scarce but societies
attempt due account through a range of administrative and legal instruments.

� Legal and other sanctions against impaired performance causing harm and due to sleepiness are
often selectively applied on the basis of perceived moral culpability.
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circadian, and other (eg, drugs) factors. It is a
normal part of life for humans to manifest sleep-
iness with a periodicity that approximates a
24-hour cycle: this is appropriate situational sleep-
iness. Excessive sleepiness mostly occurs in
a daytime context but may also occur at night in
individuals who are expected to be alert in occupa-
tional and other circumstances. Various subjective
descriptions or definitions of excessive sleepiness
have been applied in epidemiologic studies of this
symptom when describing its community preva-
lence.1 When “hyper” is prefixed, it refers to an
exaggerated modifier of a quality or entity (in this
instance “somnia,” for sleep) but in an adjectival
or slang sense “hyper” also passes in common
parlance for an individual who is overexcited, over-
stimulated, or keyed up. To overcome the nar-
rowness and confusion of some of the terms
commonly in use in this area, and to go some
way toward capturing what is relevant in law about
sleepiness, in this article a useful umbrella term,
“inappropriate situational sleepiness” (ISS), is
used.
The rubric ISS suggests a degree of sleepi-

ness that takes into account prior patterns of
sleep–wake cycling over days or even weeks; the
time-of-day factor (potentially related to sleep
homeostasis and circadian physiology); the quality
of prior sleep periods (going to the issue of pres-
ence of sleep disorders); and appropriateness of
the overall contextualized wake environment (eg,
consideration of the consequence of falling asleep
to the individual and others).
In effect ISS does not necessarily imply some

underlying disorder of sleep. In a general sense
the concept of sleepiness is well understood; all
humans experience it, on a daily basis. The sleep
medicine scientific and clinical community has
developed adequate, reliable, and accurate tests
of sleepiness that have application particularly in
sleep laboratories and clinical and research situa-
tions. However, there is a clear need for useful
sleepiness tests with wider community applica-
tion, such as at the roadside or in work situations.
In a practical sense, such a test is currently lack-
ing. The most widely accepted laboratory and clin-
ical standard tests of measuring sleepiness, such
as the multiple sleep latency test and maintenance
of wakefulness test, can only be applied in con-
trolled circumstances and indeed usually in a
retrospective manner when considering most
medicolegal issues.
Perhaps the most readily recognized manifesta-

tion of ISS in the medicolegal domain is impaired
vehicle driving performance. There is wide recog-
nition that a problem of impaired driving of motor
vehicles and sleepiness exists, and presents

potentially major individual and societal conse-
quences.2–4 This applies to private motor vehicles
(eg, cars); to commercial (eg, truck or bus) driving;
to the piloting of marine and aeronautic vehicles;
and to the operation of heavy motorized nonvehic-
ular machinery or complex amalgams (eg, cranes,
nuclear and other power plant stations, and indus-
trial complexes).
Impaired performance caused by sleepiness can

alsomanifest without direct reference to the opera-
tion of motor vehicles or physical machinery. Judi-
cial decision-making may be impaired in the case
of sleepiness-impaired judicial officers5; fiscal
recommendations might be scrambled by sleep-
deprived financial advisers; gamblers and others
may indulge in more risky behaviors6,7; military
judgments may be awry in the case of sleepiness-
impaired commanders8; and critical management
decisions made by executives, government, and
related operatives running space exploration,
maritime, and other complex programs may be
suboptimal.9–12 Health workers are particularly
vulnerable.13–15 To a lesser extent (at least, to
date,whencomparedwithmotor vehicle operation)
the wider community also recognizes examples of
impaired cognitive performance caused by ISS.
Individuals may bear direct or indirect civil or

criminal liability for adverse outcomes seen to be
related to ISS, and face prosecution and sanction
in relevant courts or tribunals. For instance, falling
asleep at the wheel of a car may result in criminal
liability for dangerous driving, and a driver may
incur civil liability for any harm to persons or prop-
erty. Employers may also face liability when
adverse outcomes accrue because of the actions
of employees when those events occurred within
what may be reasonably regarded as the parame-
ters of their employees’ work practices. For
employers, it also may not be just a civil law issue
butmay also attract criminal law sanction as a form
of corporate or industrial manslaughter.16–18

Physician liability is a particularly relevant cate-
gory for healthcare providers. This has a patient-
centered and a physician-centered aspect in terms
of whom in the physician–patient relationship is
impaired by excessive sleepiness. Liability for
adverse outcomes may fall on those (nonsleepy)
physicians whose medical advice or treatment
and its consequences causes an adverse out-
come for patients who are impaired by exces-
sive sleepiness, and this outcome is considered
reasonably foreseeable. Examples include a pa-
tient’s poor performance because of his or her
sleepiness resulting in injury or death, as a result
of inadequate physician diagnosis or treatment of
a sleep disorder, or prescription of a sleepiness-
associated medication without adequate warning.
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However, a physician’s liability has a somewhat
different focus if the physician has ISS and makes
impaired medical decisions resulting in harm.
These types ofmedical errorsmay give rise to crim-
inal liability in negligence, where the medical
professional’s level of care has fallen far below
the standard of a medical professional with his or
her level of experience. The precise way in which
these and other liabilities arise in respect of ISS
varies across legal jurisdictions.

MEDICAL CONDITIONS NOTABLE FOR
SLEEPINESS AND LEGAL CONSEQUENCES

There is a range of possible causes of ISS, with
varying but generally limited recognition of speci-
fic medical conditions in law. The International
Classification of Sleep Disorders, 2nd Edition lists
three main types of disorders associated with
excessive sleepiness as a major symptom: (1)
narcolepsy; (2) an omnibus category of hypersom-
nias; and (3) behaviorally induced insufficient sleep
syndrome (voluntary sleep restriction).19 In addi-
tion, obstructive sleep apnea (OSA) is also
commonly although not invariably associated
with ISS.20,21 Given the significant community
prevalence of OSA22 and its relatively low level of
community diagnosis and effective treatment,
OSA presents as a potentially major contributor
to instances of ISS. Sleepiness may occur in other
sleep medicine diagnostic categories, such as
insomnia, phase-shift disorders, and parasom-
nias, but these and other sleepiness-associated
entities usually have other more prominent
symptom features.

ISS and Insufficient Sleep

Insufficient sleep is so common in many communi-
ties (estimated prevalence of 20%–40% in the
adult United States population23) that it might
almost be regarded as a character trait of such
societies. With increasing industrialization and
globalization of work practices, insufficient sleep
may also be increasing in developing economies.
Although a small proportion of such insufficient
sleep may be attributable to medical sleep disor-
ders, a substantial proportion of societal insuffi-
cient sleep is attributable to voluntary (or in some
cases corporate mandated) choices about work,
and domestic and social patterns of behavior (ie,
behaviorally induced insufficient sleep or voluntary
sleep restriction). This seems an almost inevitable
aspect of the driven “24/7” lifestyle engendered by
the conditions of contemporary industrialized
society and its demands for maximization of
production, profit, security, and so forth. It is well

established that lack of sleep and concepts
related to workplace sleepiness increase risk of
workplace accidents. An underlying proclivity for
accidents in the workplace related to fatigue and
need for recovery (surrogate markers of excessive
workplace sleepiness) has been documented.24,25

The ubiquity of behaviorally induced insufficient
sleep has ensured it has largely escaped specific
criminal legal response. For instance, although
most jurisdictions provide for the prosecution of
instances of vehicular homicide or injury on the
basis of reckless behavior causing harm, and
may include voluntary sleep restriction as a pro-
genitor or the actual cause of reckless behavior,
the only notable and specific legislative interdic-
tion of such behaviorally induced insufficient sleep
in relation to vehicular homicide is embodied by
so-called “Maggie’s Law,” enacted in New Jersey
in 2003 (discussed later).26

Healthcare Workers and ISS

Excessive sleepiness is commonplace in health-
care workers and clearly associated with
increased risk of medical errors.13,27 Such sleepi-
ness in healthcare workers is typically a conse-
quence of voluntary (or employer expected)
sleep restriction. The international legal ramifica-
tions of this have been recently reviewed28 and
exemplified by cases where doctors have been
investigated for malpractice related in part to
long working hours in hospitals.29 Efforts to miti-
gate the deleterious effects on work performance
from prolonged work hour practices in the United
States have largely devolved to professional
recommendations and regulations regarding
doctors-in-training.30 Other aspects of patient
care other than the work hours of junior doctors
also impact on the level of medical errors, such
as inadequate supervision of junior doctors and
deficiency in patient hand-offs (handover). There
is no national regulation in the United States per-
taining to attending (consultant) physician work
hours or nurses. Recognition of the adverse
impact of onerous healthcare worker work hours
has also led to modifications of such work
practices in other countries. There is still no
consensus on the overall impact of the recent
introduction of less onerous hours of duty (eg, for
junior doctors).31–34

OSA

OSA is a condition characterized by repetitive
partial or complete upper airway obstructions
during sleep and may be causative of a diverse
range of adverse health outcomes for the affected
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individual. These include the complaint of exces-
sive daytime or ISS for a substantial proportion
of patients with OSA. Included also among those
diverse outcomes are impaired daytime behavioral
features that directly impact on performance
across several domains and importantly including
impaired neurocognitive function, attention defi-
cits, and wake–sleep instability states that may
allow brief or complete intrusions of sleep into
daytime and waketime tasks. This resultant
impaired performance in wake tasks potentially
has a direct impact on the efficiency and safety
of operational activities, such as driving vehicles,
but also has implications for other important
nondriving tasks, such as management, financial,
judicial, and medical decisions. It is clear that
impaired individual performance in this context
has potential extrapolations for harm to self and
others, with flow-through legal ramifications where
a relevant legal framework is in place.35,36

One problematic medicolegal aspect of OSA is
the issue of whether a driver can be reasonably ex-
pected to be aware of the risks associated with
significant but undiagnosed and untreated OSA,
an issue going to general community knowledge
about the very existence of OSA. Moreover, can
a patient with OSA be aware of impending OSA-
related sudden sleep episodes immediately
leading up to an accident? Against a background
of possible long-standing neurocognitive impair-
ment caused by the underlying condition, legal
evaluation of liability in any given instance may
include consideration (either as a matter of law,
or a matter of jury evaluation) of whether that
awareness of impending sleep gave rise to an

obligation on the driver to stop driving in the imme-
diate circumstances.
Medical experts have questioned whether

inconsistency in the outcomes of cases of this
type results from the difficulty in apportioning
causation to OSA in fall-asleep incidents among
those with OSA.37 However, from a legal perspec-
tive, the factor distinguishing the diverse out-
comes seen in such cases is frequently the
degree of moral culpability involved (eg, ignoring
warnings of drowsiness, having been aware of
preexisting diagnosis but not acting appropriately
on that information, failure to follow medical
instructions, and so forth). This means that better
public awareness, diagnosis, intervention, and
treatment is crucial; not only will this ensure fewer
accidents, but it should also mean that where an
accident occurs and prosecution follows, there is
more chance of conviction and appropriate
penalty. However courts may emphasize different
aspects of fall-asleep accidents (see later).

Narcolepsy

There are jurisdictions that specifically recognize
narcolepsy as a disorder notable for potentially
unsafe levels of excessive sleepiness and in-
creased risk for accidents, and some jurisdictions
preclude individuals with narcolepsy from holding
commercial motor vehicle or aviation licenses,
whereas others may grant a conditional license
qualified by a requirement for rigorous medical
management and supervision.38 However, the
approach to narcolepsy in some European coun-
tries is not so proscriptive.39 The situation for

Case Report

A 32-year-oldmale driver returns home in the late afternoon, on his own on a 1-hour trip from his work-
place at the end of the week, driving his car along a rural highway. He is seen over a 10-minute period by
occupants of a following vehicle to veer repeatedly across the center line briefly and return to the
correct side of the highway. This recurs until on the last such crossing his vehicle collides head-on
with an oncoming vehicle traveling on its correct side of the road and whose four occupants sustain
a series of injuries, including a serious permanent brain injury to one child. The 32-year-old solo driver
is obese, had been earlier made aware of his snoring and restless sleep by others, and has had somewhat
disturbed and restricted sleep patterns over prior weeks. During his usual work day, breakfast includes
coffee as a beverage and a caffeine-containing “energy drink,” and work breaks are sometimes filled by
naps. Subsequent investigations rule out alcohol and other drugs and mechanical malfunctions as rele-
vant factors, and confirm severe OSA.

Based on these facts, the driver is charged with dangerous driving and negligent driving causing
grievous bodily harm. Legal issues raised in this case are likely to include the attribution of the fall-
asleep accident to the (subsequently diagnosed) OSA, the question as to whether it was reasonable
for an ordinary member of the public to have sought medical or other attention for the preaccident
status of snoring-disrupted sleep–daytime sleepiness, the issue of whether the repeated erratic driving
behavior immediately preceding the accident should have led to the driver’s appropriate action of
ceasing driving forthwith, and others. Some of these issues are discussed next.
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narcoleptic patients with respect to a private motor
vehicle license is generally such that individuals
may hold a private license, provided that the condi-
tion has been demonstrated to have been
adequately treated and subject to ongoing appro-
priate medical monitoring (usually by a neurologist
or sleep specialist).35 Beyond narcolepsy there is
no specific recognition of other “hypersomnia
disorders.”

Drugs

Use of illicit intoxicants or narcotics or inappro-
priate use of prescription medications, often
combined with alcohol, can form the background
to impaired work performance and to impaired
driving. “Sleep driving” is a term used to describe
individualswho,while asleep or not fully conscious,
arouse, leave their beds, enter cars, and drive,
often in an impaired and unsafe manner.40 A small
proportion of such cases represent instances of
a variant of the non–rapid eyemovement parasom-
nia sleepwalking. However, others are related to
driving under the influence of such prescribed
medications (and illicit drugs and alcohol) with
a significant risk to drivers and others.40–42

For legal purposes, intoxication by a drug or
substance is not in itself a defense to a criminal
charge but it may be evidence that the defendant
did not form the requisite mental state required
for the offense. Traditionally, the legal approach
to drug-related offending groups all intoxicants
including alcohol together, and adopts a conserva-
tive approach to the way in which claims of intox-
ication may permit an individual to deny criminal
liability. However, in recent years, some courts
have carved out what is an exception to the tradi-
tional approach in the case of consumption of so-
called “nondangerous” drugs. For instance, in
a thin line of case law, the courts in England and
Wales have concluded that intoxication by non-
dangerous drugs is not subject to the usual rules
regarding intoxicants unless, in taking the drug,
the defendant was reckless, being aware of the
risk of uncontrollable conduct but going ahead
anyway to take the drug.

The main United Kingdom authority for the
special case of nondangerous drugs is Hardie
(and the earlier decision it purported to follow,
Bailey).43,44 Hardie had taken some diazepam
tablets and started a fire inside a flat. He was
charged and convicted of two different criminal
damage offenses. The Court of Appeal quashed
Hardie’s convictions, holding that, even if he had
taken excessive quantities of this type of drug,
this could not ”in the ordinary way” raise a conclu-
sive presumption against the admission of

intoxication for the purposes of disproving the
mental state required by the offense. The Court
reasoned that diazepam was ”wholly different in
kind from drugs which are liable to cause unpre-
dictability or aggressiveness,” stating that, if the
jury found that the defendant had been unable to
appreciate the risks of his actions, they should
consider whether taking the (diazepam) itself was
reckless.43

The way in which this particular vein of case law
relating to intoxication by nondangerous drugs has
evolved exposes courts’ reliance on lay knowl-
edge about intoxication.45 As one commentator
has argued, the category of nondangerous drugs
depends on what most people are supposed to
believe about the drug, rather than any actual
objective, scientific-pharmacologic properties of
the drug itself.46

LEGAL FRAMEWORKS

It is not within the scope of this manuscript to
describe each of the various legal frameworks
that relate to ISS and consequent sleepiness-
impaired performance and that apply across
multiple regional, national, and international juris-
dictions. Instead the focus is principles that have
some generalizability across legal systems. Many
of the legal principles and practices discussed
here have widespread application across common
law jurisdictions.

Criminal Liability for ISS

In criminal law, ISS raises the issue of an individ-
ual’s criminal responsibility (the issue of whether
an individual can be held accountable for his or
her actions or omissions at law). Offenses of omis-
sion and commission coinciding with or as a result
of ISS are a subset of a broader set of behaviors
classed as “automatistic” conduct under criminal
law. At its broadest, this category of behaviors
includes accidental movement and reflex actions,
although offenses arising from this kind of conduct
rarely if ever come to the attention of the courts
because they are usually dealt with by police or
prosecutorial bodies. Offending coinciding with,
or resulting from, ISS including driving offenses is
more common than other kinds of automatistic
behavior, but it must be noted that it is still rela-
tively unusual for such matters to come to the
attention of the courts.

Automatism is the legal label given to the argu-
ment made by an individual to deny criminal
liability for an offense in this sort of circumstance.
In criminal law, automatism applies to conduct
performed in an impaired state of consciousness
or impaired control. In criminal law, an individual
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is presumed to be capacitous (the presumption of
mental capacity).47 This means that it is assumed
that a defendant was conscious and acted or
omitted to act in a volitional way at the time of
the offense (for an act to count as the conduct
element of an offense, it must be a freely chosen
or willed act). Thus, automatism is a difficult
defense to make out; a defendant has to raise
some evidence of automatism before the defense
is able to be left to the jury or fact-finder for evalu-
ation. Of automatism, it has been said that “only
those in desperate need of some kind of a defense”
enter the “quagmire of law” that is automatism.48

The Australian High Court (equivalent in
Australia to the United States Supreme Court)
decision of Jiminez v The Queen49 addressed
some of the issues related to sleepiness and fall-
asleep motor vehicle accidents. In this decision,
the court granted an appeal against conviction of
a driver involved in a fatal accident. In that case,
the driver was charged and convicted of
dangerous driving occasioning death after he
was driving a car that crashed, killing the
passenger in the front seat. Evidence indicated
that the defendant driver fell asleep just before
the crash. Although the precise issue on appeal
was the trial judge’s directions to the jury (and
the technical issue of whether being asleep at
the wheel constituted “driving”), the substantive
issue in the case concerned the foreseeability of
a sleep attack on the part of the driver (in legal
parlance, whether the sleep attack was an unex-
pected event).
The Jiminez decision provides a useful illustra-

tion of the difficulties of principle in which the crim-
inal law finds itself in relation to offenses occurring
during ISS. These difficulties arise because of the
requirement that a criminal defendant have per-
formed the relevant action element (in the case
of dangerous driving, the driving) at the same
time as he or she had the requisite mental state
(eg, recklessness or negligence). This is known
as the principle of “coincidence” (requiring that
the action element and mental element of the
offense occur at the same point in time). The Jimi-
nez court concluded that when a driver falls asleep
at the wheel, the relevant period of driving is that
which immediately precedes his or her falling
asleep. Because the defendant could not be said
to be driving at the precise time of the crash (ie,
his or her actions while asleep were not conscious
or voluntary as required for action element of
a criminal offense), the court had to engage in
a kind of subterfuge and stretch out the relevant
action element to encompass the time before the
crash when the defendant driver was driving
dangerously (posing a risk to the public over and

above that ordinarily associated with driving) and
the time at which he was asleep at the wheel.
The Jiminez court stressed that the issue was

not whether there was warning of the onset of
sleep (a subjective basis for liability) but whether
in the circumstances the driving was a danger to
the public (an objective basis for liability). Thus,
a driver can be liable for dangerous driving even
in cases where there is no warning about the onset
of sleep; falling asleep while driving could be the
beginning and thus the end (so to speak) of the
offense of dangerous driving.
Another example of the devastating conse-

quences of ISS is the Selby train disaster, an
example of severe voluntary sleep deprivation
contributing to a road vehicle accident involving
two trains colliding and resulting in 12 deaths,
multiple injuries, and temporary closure of a major
rail line. The Leeds, United Kingdom, court held
that the motor vehicle driver was at fault for his
sleepiness and should have foreseen the potential
consequences of his sleepiness. The driver was
convicted and served a prison sentence.50 In addi-
tion, his vehicle insurer had to assume civil liability.

Legal matrix governing sleepiness-impaired
driving performance in New South Wales and
other Australian states
The previously mentioned extreme cases also
raise the more general issue of the obligations on
an individual to report a relevant sleep condition
when applying for or renewing his or her driving li-
cense. The following excerpt summarizes the
current approach in Australia to the driver or appli-
cant’s duty-to-report, clearly laying out the
primary responsibility to the driver or applicant:
“In all States and Territories, except for Western
Australia (at the time of reprint 2006), legislation
requires a driver to advise the relevant Driver
Licensing Authority of any permanent or long-
term injury or illness that may affect his or her
safe driving ability. These laws can impose penal-
ties for failure to report. (Refer Appendix 3 [of the
report] for further details).
As well as the legal obligations described above,

a driver may be liable if he or she continues to drive
knowing that he or she has a condition that is likely
to adversely affect safe driving. Drivers should be
aware that there may be long-term financial and
legal consequences where there is failure to report
an impairment to the Driver Licensing Authority. In
the case of medical examinations requested by
the Driver Licensing Authority, drivers also have
a duty to declare truthfully their health status to
the examining health professional.”38

The previously mentioned Appendix 3 tabu-
lates the relevant legislations across the various

Buchanan et al358



Australian state and territory jurisdictions pertinent
to the reporting of perceived driving safety impair-
ment from the perspective of the driver, and sepa-
rately from the perspective of the relevant health
professional required to perform any medical
examination required. By way of example, in the
state of New South Wales the relevant law was
the Road Transport (Driver Licensing) Regulation
1999 c. 30 (5) for the driver’s perspective (subse-
quently amended 2005),51 and its gist is summa-
rized as follows: “The holder of a driver license
must, as soon as practicable, notify the Authority
of any permanent or long-term injury or illness
that may impair his or her ability to drive safely.”
This clearly leaves the primary responsibility to
the driver or applicant to recognize and declare
any such impairment. Such an approach has
obvious limitations.

From the examining health professional’s
perspective in New South Wales there are several
laws (Road Transport [General] Act 2005, s. 243 [3]
and [4]; Road Transport [Driver Licensing] Act
1998, s. 20; and Road Transport [Driver Licensing]
Regulation 1999 c. 31) that pertain to the medical
examination process. There is no mandatory re-
porting element to these legislative schemes
in Australia but they do allow discretionary report-
ing and in concert provide protection to the
medical examiner against civil or criminal liability
for examining or reporting individuals in these
circumstances. Reporting is mandatory in some
jurisdictions elsewhere (eg, some Canadian prov-
inces) but also accompanied in many such
instances by legal protections that cover the
reporter against legal claims from individuals so
reported.

Civil Liability for ISS

Within the broad category of civil law, ISS raises
issues in labor law (with liability falling to individual

employees, and employers in some cases, for
negligent work practices) and health law (in relation
to issues of professional liability). In labor law, addi-
tional issues arise from the legal implications of
shiftwork on employee health, and in the area of
discrimination law (ie, relating to work and sleep
hours, gender and age), and from the implications
of new technologies in the workplace (alertness-
promoting lighting, pharmacologic wakefulness
promoters [such as the stimulant drug modafinil,
which might be prescribed for management of
excessive sleepiness in workers suffering from
shift-work disorder]).

In civil law, liability for ISS arises under the
common law (in negligence, which is part of the
law of torts) and under specific statutory regimes
mandating safe workplaces. In both contexts, an
employee may be liable for causing injury to
a coworker or another person or property, if he
or she experiences ISS. In addition, an employer
may be held liable if that employer knew of the
employee’s medical condition (if present) that
gave rise to the ISS, or if he or she failed to main-
tain appropriate risk and safety procedures. Note
here that the employers’ duties extend to positive
requirements that they establish and maintain safe
workplaces, which in turn foster preventative
actions to avoid or minimize the likelihood of
harm resulting from ISS.

In general, the nature of the liability facing
employees and employers is such that they will
have breached their legal obligations whenever
ISS leads to an injury to the employee, a coworker,
or another, or whenever a particular workplace falls
below the safety standard required by the law.
However, the nature of the enforcement of the civil
law is such that only a small proportion of breaches
are investigated and a small selection of employees
andemployersprosecuted.This is largelyaquestion
of resources (although reporting and other issues
feed into it). It means that enforcement and

Case Report

Mr X arrives at a busy metropolitan airport after a long, overnight international flight. He seeks to rent
a car from a hire company for the purposes of a connecting drive to his destination. In the process of
waiting to secure his car hire, Mr X is visibly sleepy to the hire company staff. The staff members process
the hire arrangement nonetheless andMr X successfully hires a car. Subsequently on the road, Mr X falls
asleep at the wheel, has a serious accident and kills Ms Y, the driver of another car. Does the car hire
company bear liability here?

The precise response to this hypothetical case scenario is likely to vary from jurisdiction to jurisdiction
but it is possible to make some broad points. In general terms, if the car hire company could be thought
to owe a duty of care to Ms Y as a victim, and the harm that Mr X causes because he falls asleep at the
wheel is foreseeable, it is possible to hold the care hire company liable in negligence. Here, liability is
analogous to that borne by a bar that continues to serve a patron who is seriously intoxicated, and
which patron then commits an assault on the street on his way home. Although there may be issues
of evidence and proof to resolve, it is possible to see how liability might arise in this instance.
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prosecution is necessarily selective. Recent
research indicates that, although these types of
offenses are regarded as regulatory or quasiregula-
tory (ie, theydonot connote themoral fault tradition-
ally associated with liability), in making decisions
about prosecution regulators are selecting those
offenders whose actions (perhaps because they
consist of repeated failings, or gross failure to reach
the standard set by the law) seem to encode moral
blameworthiness.52 Often highly variable moral
considerations also seem to have a role in these
legal frameworks. Thus, from a legal perspective,
although ISS raises issues under the umbrella of
criminal and civil law, and although different policy
considerations are driving the development of the
law across the civil–criminal divide, individual differ-
ences in moral culpability help explain variation in
specific instances of responsibility-attribution, and
in the practices of investigation and prosecution of
regulatory offenses.

Legal Context: United States

Specific legislation relating to drowsy driving is
limited in the United States. Nevertheless, most
states have the option to pursue prosecution for
drowsy driving vehicular offenses under more
general statutes, such as reckless driving, and in
a preventive way many states have regulations
applying curfews to young drivers. A notable
exception to this generalist approach was pro-
vided in 2003 by the modification of an existing
statute (the modification became known as “Mag-
gie’s law”) in New Jersey.26 This related to vehic-
ular homicide while driving a motor vehicle or
(maritime) vessel in providing that, when the driver
is knowingly fatigued, with “fatigued” defined as
“having been without sleep for a period in excess
of 24 consecutive hours,” he or she will be
deemed to be reckless for the purposes of the
offense of homicide. In reality this imposes
a low (although nevertheless useful) level of inter-
diction when its basis is 24 hours of continuous
total sleep deprivation and thus likely only in-
cludes the most egregious instances of voluntary
sleep insufficiency.

Given that impairment of various functional
capacities may occur at lower levels of total sleep
deprivation and also in the context of chronic
partial sleep deprivation,53,54 Maggie’s law may
not prove to be as robust a restraint on individuals’
impaired driving behavior as its legislators hoped.
It is not known to the authors whether or not Mag-
gie’s Law has been successfully applied in a pros-
ecution since its legislative enactment or whether
other methods of assessing its success have
been used.55

A further drowsy driving–related statute has
been enacted in Massachusetts and approved in
early 2007.56 This statute is chiefly concerned
with regulating (limiting) young (“junior”) drivers
and their permissible hours of driving, providing
a legal framework for driver education programs,
and in its penultimate section refers to drowsy
driving: “SECTION 26. There shall be a special
commission to study the impact of drowsy driving
on highway safety and the effects of sleep depriva-
tion on drivers while operating on the highways,
adjacent parking areas and other areas.”

A summary of the current and recent legal situa-
tions with respect to drowsy driving across the
United States was documented in the National
Sleep Foundation’s State of the States Report on
Drowsy Driving 2007 (updated 2008), which sur-
veyed the states’ approach to drowsy driving
issues and wherein it was noted that “Currently
there are 12 bills introduced in 8 states addressing
drowsy driving in various ways.”57

Commercial motor vehicle drivers
In relation to commercial motor vehicle drivers,
United States federal statute requires such drivers
to undergo at least biennial medical examinations
to determine the presence or otherwise of any
“.established medical history or clinical diagnosis
of respiratory dysfunction likely to interfere with the
ability to control and drive a commercial motor
vehicle safely.”58 However, the conference recom-
mendations from which the relevant federal statute
was drafted took place in 1991, and with subse-
quent advances in sleep medicine and other areas
of science relevant to safer driving practices, there
is a perceived need for a more contemporaneous
framework of legislation, regulations, and guide-
lines for drivers, medical examiners, the transporta-
tion industry, and the public. To that end a Joint
Task Force of interested parties (American College
of Chest Physicians, American College of Occupa-
tional and Environmental Medicine, and National
Sleep Foundation) recently developed and released
a statement on Sleep Apnea and Commercial
Motor Vehicle Operators36 whose recommenda-
tions were endorsed by each of the individual orga-
nizations previously mentioned but to date have not
been formally adopted by the Federal Motor Carrier
Safety Administration.
There were to 1995 no OSA-specific regulations

at the US federal level, nor regulations specific to
other sleep disorders, but in respect of commercial
motor carrier safety for interstate commerce
(delineated under FMCSR [49 CFR 390–399]) there
were clauses that contained descriptors that could
have, arguably, included OSA and narcolepsy.35

For example, there was reference to “a respiratory
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dysfunction likely to interfere with.ability to
control and drive amotor vehicle safely, a prescrip-
tion against the presence of epilepsy or any other
condition which is likely to cause loss of con-
sciousness or any loss of ability to control a motor
vehicle, and that individuals have no mental,
nervous, organic or functional disease or psychi-
atric disorder likely to interfere with.ability to
drive a motor vehicle safely.” In the United States,
only one state before 1995 had a prohibition to
drive while sleepy (but with no indication of how
that condition was to be defined and evaluated).
Seven states had in the mid-1990s regulations or
guidelines that mentioned OSA or narcolepsy,
but only two mentioned both. Details of the prof-
fered guidelines with respect to requirement of
duration of control of the condition, timing of any
review process, or distinguishing between per-
sonal and commercial driving prohibitions varied
considerably.

In addition to licensing statutes and regulations,
occupation, health, and safety provisions within
various (and mainly transportation) industries
regulate hours of duty to minimize risk from ISS
caused by voluntary sleep restriction to some
degree, and these provisions are in many
instances underpinned by an enforceable legal or
regulatory framework. These hours-of-service
regulations have been promulgated for commer-
cial motor vehicle operators by the US Department
of Transportation’s Federal Motor Carrier Safety
Administration and among several rules limit the
hours of service (driving) to 10 or 11 hours after 8
or 10 hours off duty for passenger-carrying and
property-carrying driving, respectively.59

Legal Context: Europe

It has been recognized that many medical disor-
ders contribute to the risk for impaired driving.
The weighted average of several listed medical
conditions (but not including sleep disorders)
considered in a recent Norwegian report60 was
1.33; that is, any driver with a medical condition
considered in the study had a 33% higher risk of
accident involvement than a driver without such
a medical condition. The report also then consid-
ered other conditions, such as sleep apnea or
narcolepsy; depression; and consumption of
cannabis, benzodiazepines, opiates, or cocaine.
The highest relative risk was for sleep apnea or
narcolepsy, with a figure as high as 3.71; that
was the highest risk among all medical conditions
considered and second only to age and gender as
a general risk factor (young male drivers have
a relative risk of w7).

In a recent review of pan-European approaches
to drowsy driving and associated medical condi-
tions,61 excessive daytime sleepiness was specifi-
cally identified in nine countries, whereas sleep
apnea was specifically identified in 10 countries.
In all cases, a patient with untreated OSA was
considered unfit to drive. Some countries include
a general ‘‘mental or physical state of incapacity
to drive” rule where excessive daytime somno-
lence, either caused by sleep apnea or not, could
be included. However, even when excessive
daytime sleepiness or sleep apnea was mentioned,
no criteria for severity were given nor guidelines on
how to assess severity, what technical means could
be used, or who should confirm the diagnosis. In
some countries, after a diagnosis of sleep apnea
syndrome was made, it became the physician’s
duty to inform the administrative authorities issuing
driving licenses (mandatory reporting), whereas in
other European countries the physician was ex-
pected to inform the patient (but not the authorities)
that he or she was unfit to drive.

To determine the driving capacity in patients
with sleep apnea, eight European countries rely
on a medical certificate from a general practitioner
or specialist (pneumologist or neurologist) based
on symptom control and compliance with therapy.
Only one country (France) requires a normalized
electroencephalography-based maintenance of
wakefulness test for group 2 (professional) drivers.
There was thus reported in this study a wide
“heterogeneity (that) concerns almost every
aspect of the medical specifications, as well as
many administrative aspects.”61 As far as sleep
apnea is concerned, the situation had not much
evolved since 2002, the date of the publication of
an earlier survey.

SUMMARY

This article considers some of the medicolegal
aspects of ISS. Where sleepiness mediated by
impaired performance is the promoter of potential
and actual harmful outcomes, communities have
reacted by amending the law and using existing
legal measures to curb those proclivities, and
thereby protect its members.

From a legal perspective, ISS raises issues
under the umbrella of criminal and civil law. The
issue of the varying moral culpability of individuals
involved in offending causing or coinciding with
ISS is one of the key if somewhat nebulous issues
in the attribution of criminal responsibility. It is also
an important issue in the enforcement of legal
obligations on employees and employers, which
arise in the field of labor law. Here, employees
and employers bear duties to avoid accidents
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associated with ISS as part of the wider regulatory
framework governing safe workplaces. ISS is also
an issue in the health law context, with treatment
by sleep-deprived healthcare professionals
a matter of some public concern. Although
different policy considerations are driving the
development of the law across the civil-criminal
divide, individual differences in moral culpability
seem to help explain variation in specific instances
of responsibility attribution, and in the investigation
and prosecution of regulatory offenses.
In terms of regulatory arrangements affecting

ISS there is a diversity of laws, regulations, and
guidelines across jurisdictions. A common theme
may be discerned around the difficulty of deter-
mining the correct balance between the privileges
of individuals to pursue their lives as private drivers
or operators of workplace vehicles and machinery,
and the perceived need for communities to provide
a measure of protection for their members against
adverse consequences of risky or dangerous
behaviors. This difficulty is likely informed by
a further diversity of factors including cultural
values, level of recognition of the issues, and finan-
cial and political imperatives.
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Hypersomnia in Older Patients
Marcia E. Braun, PhDa, Pamela Cines, MDb,
Nalaka S. Gooneratne, MD, MScb,c,*

Although the definition of hypersomnia in older
patients is similar to that of younger populations,
namely, the presence of excessive daytime slee-
piness (EDS), its manifestations, etiology, con-
sequences, and treatment differ from those of
younger patients in several subtle and not so subtle
ways. Several factors underlie these differences,
including the impact of comorbid medical condi-
tions and polypharmacy; age-related changes in
the sleep-wake homeostatic system; lifestyle
changes due to retirement; and altered expecta-
tions of acceptable health. When discussing hy-
persomnia in older adults, these factors form an
additional layer of considerations that can help
guide an appropriate evaluation and treatment
plan, which minimizes the risk of unnecessary
testing or treatment so as to avoid iatrogenic
complications while maximizing quality of life.

This article emphasizes areas inwhich the evalua-
tion andmanagement ofhypersomnia in older adults
differ from those for youngeradults.Ageneral review
of hypersomnia is provided. In addition, several

neurologic, medical, and psychiatric comorbidities
related tohypersomnia inolderadultsarediscussed.

While there exist research and clinical defini-
tions of hypersomnia that distinguish hypersomnia
from fatigue or weakness, it is important to empha-
size that older adult patients, especially those with
cognitive impairment, may not necessarily be able
to make this distinction. Thus an older adult patient
or their caregiver may present with complaints of
fatigue that may in fact represent hypersomnia,
or vice versa. This distinction becomes even
more important because there are no simple,
inexpensive measures to objectively distinguish
hypersomnia and fatigue that can readily be im-
plemented in a clinical setting. For this reason,
when evaluating hypersomnia complaints in older
adults, it is also worthwhile to also consider differ-
ential diagnoses more commonly associated with
fatigue. As such, while this review mainly ad-
dresses hypersomnia, it also includes at times
discussion of disorders that are primarily associ-
ated with fatigue.
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KEY POINTS

� Hypersomnia is a common clinical complaint in older patients; distinction needs to made between
napping and hypersomnia, as they are not necessarily correlated in older adults.

� As hypersomnia is known to be independently related to, or even predictive of, a broad array of
disorders and diseases, and an increased risk of mortality, the assessment of excessive daytime
sleepiness in older adults should be considered as part of a diagnostic plan.
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PREVALENCE

Data from the Sleep Heart Health Study sample
of 4578 older study participants (age 65 years and
older) suggests that approximately 20% of older
adults complain of feeling “usually sleepy in the
daytime.”1 Although it is generally anticipated that
older adults have higher levels of daytime sleepi-
ness in comparison with younger populations, this
is not necessarily the case. Several studies have
noted that sleepiness complaints may decrease
when comparing young with old populations.2–5

Pallesen and colleagues,6 for example, noted that
young adulthood was associated with higher rates
of sleepiness. Similarly, data from the Behavioral
Risk Factors Surveillance Study found that sleepi-
ness decreased with age, and that older adults
had the lowest likelihood of endorsing daytime
sleepiness.7 One factor that may underlie the
reduction in daytime sleepiness with age is that
healthy older adults generally have a lower 24-
hour maximal total sleep capacity than do healthy
younger subjects. In a 7-day study performed at
an inpatient research unit that removed social,
external constraints and allowed subjects to sleep
for up to 16hours per day, the total daily sleepdura-
tion was 8.9 hours in younger subjects and only 7.4
hours in older subjects, evenafter allowing subjects
several nights to recover frombaseline sleep debt.8

It is worth noting, however, that within the age
category of older than 65 years, there can be
heterogeneity as regards the prevalence of hyper-
somnia. Among the very old (age >75 years) or
those with more severe comorbidities, the pre-
valence of hypersomnia tends to increase.9 The
conventionalwisdomthatconsidersdaytimesleep-
iness as a normal aspect of aging therefore may be
inaccurate in the contemporary era, where there is
a growing cohort of “healthy elderly” attributable
to progressive increases in life span. The hyper-
somnia that was common in adults older than 65
in the past may indeed have been relevant when
many of these adults suffered from comorbidities,
whereas in the modern era these hypersomnia
symptoms are appearing in later years, such as
age 75 years and older.
Paradoxically, although the complaint of daytime

sleepiness may decrease, older adults are more
likely to take naps,10,11 with 64% of older subjects
taking a nap compared with 45% of younger sub-
jects.12 Most older adults who take regular naps
do not complain of EDS: analysis of the 2003 Sleep
in America poll noted that 37% of regular nappers
aged 65 to 74 years and 21% of regular nappers
aged 75 to 84 years reported experiencing EDS
(defined as “having daytime sleepiness so severe
that it interferes with.daily activities”).10

One explanation for this discrepancy is that with
advancing age, there can be an altered perception
of an acceptable health status.13 In middle age,
fewer than 5% of subjects consider it acceptable
to have a severe impairment in their ability to
perform usual activities, whereas in subjects older
than 70 years, 10% to 30% consider this level of
impairment acceptable.13 This finding reflects
a shift toward greater tolerance of poor health
with advancing age. A similar trend may occur
with hypersomnia, thus leading to a tendency to
underreport theprevalenceof hypersomniadespite
increased evidence of hypersomnia (ie, naps).
A second explanation for the discrepancy

between the rising prevalence of naps and the
declining prevalence of hypersomnia complaints
with age may be that an older adult has more
opportunities than a younger adult to nap, which
can occur in large part as a consequence of retire-
ment. Thus, althougha younger adultmay feel slee-
py and wish to nap, he or she is unable to do so
because of work requirements. An alternative
explanation, however, is that the increased preva-
lence of napping in older adults may help to treat
their daytimehypersomnia, thus leading to reduced
rates of hypersomnia, whereas in younger adults,
work requirements prevent them from using a nap
to relieve their sleepiness. Few studies have exam-
ined this relationship, however, and whereas anec-
dotal reports suggest napping increases after
retirement, others have not observed this trend in
cross-sectional research.14

A third consideration arises from the observation
that a nap may be voluntary or involuntary.15 It is
possible that involuntary naps may be more
strongly linked to excessive sleepiness than volun-
tary naps. The increased prevalence of voluntary
napscouldoccur incaseswherenapsarean impor-
tant element of the cultural background of the
patient, such as Mediterranean cultures in which
an afternoon nap or siesta may be more common
and may occur in a patient who otherwise does
not have symptoms of hypersomnia. There is little
research on the distinction between voluntary and
involuntarynaps,although there is agrowingappre-
ciation that multiple physiologic, pathophysiologic,
and cultural factors influence napping behavior.15

ASSESSMENT

One of the major challenges in identifying hyper-
somnia in older adults is related to assessment.
Several different methods have been proposed for
measuring hypersomnia, ranging from self-report
measures to objective assessments. However,
most these tools have not been validated in older
adults.
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The Epworth Sleepiness Scale (ESS), one of the
most widely used tools to assess hypersomnia,
was first developed in middle-aged patients and
has primarily been used in the outpatient or at-
home setting. Research in older adults suggests
that they may have higher scores on the ESS.16

Specific subpopulations, such aspatientswithPar-
kinson disease,may also have gaps in their assess-
ment of sleepiness when relying solely on the
ESS.17 Use of the ESS among older adults with
more significant levels of comorbidity can also be
problematic. For example, 28% of inpatient older
adults omitted ESS items, and 38% were unable
to complete the ESS at all.18 Despite these limita-
tions, recent work examining the ESS in older
menhasdemonstrated that theESSwascorrelated
with another commonly usedmeasure of sleep, the
Pittsburgh Sleep Quality Index.19 Furthermore, it
has been suggested that validated questionnaires
assessing sleepiness during specific activities
may be more useful than general questions about
sleepiness because of the tendency to underreport
sleepiness and sleep complaints.20,21

The Multiple Sleep Latency Test (MSLT) is a
commonly usedmeasure of daytime sleep propen-
sity. Research in older adults suggests that the
MSLT is fairly stable, with correlations of 0.7 to
0.87 across multiple days of testing.22 However,
although MSLT sleep-onset latency is decreased
in older adults with sleepiness compared with
those without sleepiness,23 the difference is fairly
small (9.3 � 4.8 minutes and 11.9 � 4.9 minutes,
respectively [P<.0001]). The correlation between
the MSLT and subjective measures of sleepiness,
such as the ESS, is poor across all ages.5 Further-
more, in older adults the MSLT does not correlate
with performance on 13 neuropsychological mea-
sures, such as the Stroop Color-Word Naming
test or the TrailmakingA/B tests.22Oneexplanation
for this is that daytime sleep latency in general may
increase with age, going from 8.7 minutes in 20- to
30-year-old subjects up to 14.2 minutes in 66- to
83-year-old subjects,24 a finding that has been
noted in other studies.5 These data also have rami-
ficationswhen using theMSLT as a diagnostic test.
One study in patients with narcolepsy noted that
the number of sleep-onset rapid-eye movement
(REM) episodeswasdecreased in older adults rela-
tive to younger subjects, and that older adults
tended to have longer sleep latencies, leading the
investigators to conclude that the current MSLT
criteria for narcolepsy may lead to an increased
percentage of false-negative MSLTs in older
adults.25

Other tools that can assist in the diagnosis of hy-
persomnia include actigraphy and sleep logs, both
of which allow for assessment across multiple

days. Actigraphy is particularly interesting, as it
provides the opportunity to gather objective infor-
mation. Research in older adults with heart failure,
for example, has shown significant decreases in
daytime activity as measured by actigraphy in
subjects who reported lack of energy.26 This
research is in its early stages, however, and clearly
defined thresholds for abnormal daytime actigra-
phy levels in older adults are not yet available. Ac-
tigraphy can also be used to measure nap periods
during the daytime, which can be particularly
useful because older adults have a tendency to
underreport their napping: one study identified
an average of 4 naps over a 12-day period when
using self-report, and 6 naps over a 12-day period
when using actigraphy to provide an objective
assessment.27 However, the accuracy can vary
significantly based on the actigraphy settings.28,29

Etiology of Hypersomnia

A broad range of factors may lead to the develop-
ment of clinically significant hypersomnia. In many
cases they are similar to risk factors that also
occur in younger populations, but may be more
common in older adults. In addition, the preva-
lence of various hypersomnia diagnoses in older
adults differs. Whereas narcolepsy is commonly
considered in the differential diagnosis for hyper-
somnia in a younger adult, it is rare to identify
this disorder for the first time in an older adult.
Instead, other hypersomnia diagnoses, such as
hypersomnia due to medical condition or idio-
pathic hypersomnia (with or without long sleep
time), may be more common in older adults. An
overview is presented in Fig. 1 for the clinical eval-
uation of older adults with hypersomnia, based on
potential etiologic factors now discussed in more
detail.

Demographic Factors

One of the major demographic changes that occur
with advancing age is the opportunity to retire from
full-time work. The GAZEL study, the largest study
to date to examine the effects of retirement on
sleep, focused primarily on the complaint of
fatigue and noted significant decreases with retire-
ment.30 This study followed 14,104 employees of
the French national gas and electricity company,
starting 7 years before retirement and extending
to 7 years after retirement, and observed an 81%
decrease in “mental fatigue” and a 73% decrease
in “physical fatigue” 1 year after retirement
compared with 1 year before retirement.30 The
reduction in fatigue was most prominent in those
with a chronic medical condition. Another smaller
study in 40 subjects also noted a reduced
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History and Physical Exam 

Comorbid medical
 illnesses--Assess for 

exacerbation 
(eg: worsening

 congestive heart 
failure, emphysema, 

etc.) 

Vital signs--
Hypo/hypertension,

 hypoxia, weight loss 
(to screenfor frailty 
syndrome, or poor 
nutrition status),

a
 

brady/tachycardia 

Screen for 
depression--Atypical 
presentation can occur

 in older adults
b

Outpatient Assessment 

Sleep Diary—To screen 
for irregular sleep 

patterns and napping Activity Log

Lab tests (initial)

Complete Blood Count:  assess for anemia, 
leukocytosis 

Chemistry panel: Creatinine (renal function), glucose 
(diabetes screen) 

Albumin/pre-albumin: nutrition status.  If low, 
consider underlying medical disorder including
malignancy, or depression. Poor nutritional status rarely 
due to a primary sleep disorder 

Lab tests (optional)

TSH, T3, T4 

Vit B12, D3, iron/ferritin, 
calcium (common vitamin/mineral 
deficiencies) 
ESR (elevated in polymalgia or occult 
rheumatologic disorder; usually normal in
fibromyalgia) 

Antinuclear antibodies (ANA) and rheumatoid 
factor (RF) 
MSLT 
Echocardiogram 
HIV 
Liver panel; hepatitis serologies 
Cancer screening 

Screen for 
head trauma/falls 

(Secondary 
Neurogenic 

Hypersomnia) 

Cognitive 
assessment

c 

Social history

Alcohol (CAGE 
questionnaire) or 
drug use 

Social support 
network 

Functional assessment—
Activities of Daily 

Living/Instrumental 
Activities of Daily 
Living, mobility

d

Review medication list 

Anti-HTN medications: Beta-blockers, clonidine 
Anti-depressants 

Statins: myositis/muscle pain? 
Medications with anti-cholinergic properties 

Screen for sleep disorders

Often occult in older adults; may have sleep apnea without significant 
obesity or hx of snoring, for example 

Consider PSG (for sleep apnea or PLMs) or MSLT (for narcolepsy—
rarely identified as a new diagnosis in an older adult) 

Consider possible disturbed sleep due to bed partner snoring, RLS, or 
caregiver duties  
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frequency of napping with retirement14 although,
as noted earlier, most studies show an increase
in napping with advancing age.

Another change that occurs primarily in an aging
population is confinement to a nursing home,
a setting in which abnormal sleep patterns and hy-
persomnia may be common.31 A variety of causa-
tive factors can contribute to this problem. Martin
and colleagues31 studied 492 residents of 4
nursing homes, using direct observation every 15
minutes to identify daytime sleeping and how it
may relate to disturbed nighttime sleep. Those
who were asleep during more than 15% of all
observations over 2 days were considered to be
excessively sleepy. Of the original group of nursing
home residents observed in this study, 339 of 492
were noted to sleep for greater than 15% of their
observations during the day. Of those residents,
194 were consented for 2 nights of wrist actigra-
phy, 133 of whom had disrupted nighttime sleep.
Of this group, 118 went on to have 3 more days
of wrist actigraphy to monitor circadian rhythms.
All but 2 of this group had abnormal circadian
rhythms and abnormal light exposure, receiving
an average of only 10 minutes of bright light per
day. In addition, residents who were asleep during
a greater percentage of the daytime observations
were noted to have more cognitive impairment
(as measured by lower scores on the Mini-Mental
State Examination), spent more time in bed and
in their own rooms, engaged in fewer social and
physical activities (and when engaged they
required more assistance), and were involved in
fewer conversations.

Medical Factors

Certain medical and psychiatric conditions that
are more prevalent in the elderly are also more
frequently associated with hypersomnia, thus older
adults aremore likely to have the International Clas-
sification of Sleep Disorders, 2nd edition (ICSD-2)
diagnosis of “Hypersomnia Due to Medical Condi-
tion.”32 Asplund33 surveyed 6143 members of the
NationalSwedishPensioners’Association (average
age 73 years) and noted that 32% of men and
23.2% of women often experienced daytime

sleepiness. Men and women who believed them-
selves to be in poor health were 4.9 and 5.1 times
more likely, respectively, to feel sleepy during the
daytime compared with those who reported good
health. Daytime sleepiness was reported more
frequently in subjectswhohadcardiacdisease,dia-
betes, musculoskeletal complaints, and awaken-
ings at night due to nocturia. Similarly, those who
reported taking medications to treat the aforemen-
tioned illnesses were more likely to experience
daytime sleepiness. Bixler and colleagues9 also in-
terviewed 16,583 people about their sleep habits,
daytime sleepiness, and medical comorbidities,
and found that subjects with diabetes were about
twice as likely as those without diabetes to experi-
ence daytime sleepiness.

Vitamin or mineral deficiencies are more
common in older adults and can also contribute
to hypersomnia or fatigue complaints. Vitamin defi-
ciencies that are strongly associated with hyper-
somnia include deficiencies of vitamin D, B6, and
B12.34–37 Deficiencies of vitamins C and E may
also lead to fatigue and supplementation of these
vitamins may correspondingly reduce fatigue,38,39

but there is less evidence to support this at pre-
sent.40 Iron or calcium mineral deficiencies that
can occur in older adults may also be associated
with hypersomnia or fatigue.35,41 Screening of
these deficiencies may be warranted in certain
cases as part of the evaluation of hypersomnia.

Geriatric depression is a unique syndrome in
comparison with depression in the general pop-
ulation, because it may present with atypical
features42 including symptoms such as over-
eating, weight gain, oversleeping, and leaden
paralysis in the absence of catatonic or melan-
cholic features.43 As such, these patients may
meet ICSD-2 criteria for “Hypersomnia Not Due
to Substance or Known Physiologic Condition,”
especially in cases where the hypersomnia symp-
toms are more prominent or of more concern to
the patient/caregiver than other symptoms of the
underlying depression.32 Risk factors for devel-
oping depression in older age include female
sex, social isolation, widowed, divorced, or sepa-
rated marital status, lower socioeconomic status,
medical comorbidities, pain that is not controlled,

Fig. 1. Evaluation of an older adult with hypersomnolence. a Over 1 month, weight loss of more than 5 lb (2.3 kg)
or 5% of total body weight is considered significant. Over 6 months, weight loss of more than 10% or 10 lb (4.5
kg) is significant. b Geriatric Depression Scale is a well-validated test. In patients with cognitive impairment,
consider the Cornell Scale for Depression in Dementia. c Mini-Mental Status Examination, or brief assessment
using the Mini-Cognitive Assessment Instrument. d Timed get-up-and-go test, available at http://www.hospital-
medicine.org/geriresource/toolbox/pdfs/get_up_and_go_test.pdf. ESR, erythrocyte sedimentation rate; HIV,
human immunodeficiency virus; HTN, hypertension; MSLT, Multiple Sleep Latency Test; PLM, periodic limb move-
ment; PSG, polysomnography; RLS, restless legs syndrome; TSH, thyroid-stimulating hormone; Vit, vitamin.
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insomnia, functional impairment, and cognitive
impairment. Among subjects who reported a diag-
nosis of depression, regular napping was noted to
be 50% higher than in subjects who did not carry
this diagnosis,10 and subjects being treated for
depression are 6 times more likely than those not
being treated to experience EDS.9

In addition to geriatric depression, vascular
depression is a recently described phenomenon
that is more common in the elderly.44 This syn-
drome occurs in the setting of ischemic changes
associated temporallywith the onset of depression,
and can be likened to the stepwise changes seen in
vascular dementia. The diagnosis of vascular de-
pression is different from the more researched
complication of cerebral ischemia, poststroke
depression. Vascular depression is more common
in the elderly and, like other depression syndromes,
may also be associated with hypersomnolence.
Another geriatric syndrome that may be linked to

hypersomnia is the frailty syndrome. Frailty has
been defined as having 3 or more of the following:
(1) unintentional loss of more than 10 lb (4.5 kg) in
past year or more than 5% of body weight at
follow-up examination; (2) weakness as measured
by grip strength in the lowest 20% of cohort
adjusted for gender and body mass index; (3) poor
endurance as measured by self-report of exhaus-
tion; (4) slowness defined as the subjects in the
cohort whowere at the bottom20%of time needed
to walk 15 ft (4.6 m); or (5) low physical activity level
as measured by subjects’ self-report of activity
each week.45 In one study, the prevalence of frailty
at baseline was 7%.45 Subjects whomet criteria for
being frail were more likely to be African American,
female, have less income and less education, and
have higher rates of disability as well as cardiovas-
cular disease, pulmonary disease, arthritis, anddia-
betes. Frailty was associated with higher likelihood
of adverseoutcomes including falls, hospitalization,
institutionalization, and death.
Frailty as defined here may also be correlated

with sleep disorders and hypersomnia. In a sepa-
rate study, 54% of a sample of 3133 men were
defined as meeting intermediate criteria for frailty
(having 1 or 2 of the 5 aforementioned criteria),
and 14% met the criteria for frailty (having 3 or
more criteria).46 Poor sleep quality, daytime sleep-
iness, shorter sleep duration, sleep fragmentation,
and other objective measures were all increasingly
common in the men considered frail. Others have
also noted an association between daytime sleep-
iness and measures of frailty, with an adjusted
odds ratio of 3.67.47 Future research is needed
to determine whether reversal of sleepiness will
help stem the progression of frailty and related
adverse consequences.

Polypharmacy is another potential contributor to
poor sleepquality andhypersomnia inolderpopula-
tions. The ICSD-2 includes a distinct category for
medication-related hypersomnia, “Hypersomnia
Due to Drug or Substance (Medications),” and
distinguishes this from illicit drug or alcohol-
related hypersomnia (”Hypersomnia Due to Drug
or Substance [Abuse]”).32 Polypharmacy can have
a variety of definitions including the prescription of
a certain number of medications, certain classes
of medications, medications with specific proper-
ties, medications that are ineffective, and medica-
tions that are not specifically indicated. For
example, about 50% of people older than 65 years
take more than 5 medications. In addition, 40% of
patients who receive care at home take more than
9 medications. Specific medications and classes
of medications that can contribute to hypersomnia
have been identified. These agents includemedica-
tions with anticholinergic effects (Table 1; an
example from each class is listed in parentheses):
antihistamines (diphenhydramine), antidepressants
(tricyclic antidepressants such as amitriptyline),
antiemetics (promethazine), antipsychotics (olanza-
pine), antivertigo (meclizine), muscle relaxants (cy-
clobenzaprine), Parkinson therapy (benztropine),
andurinary incontinence (oxybutynin).48b-Blockers
(metoprolol) are another class of medication that
can cause sleepiness. These agents are often indi-
cated for coronary artery disease, hypertension,
congestive heart failure, migraine, and tremor.
Another agentused inolderadults that isassociated
with daytime sleepiness is clonidine, for refractory
hypertension. Narcotics, which can lead to daytime
sleepiness, are often prescribed for pain control as
contraindications to the use of other pain medica-
tions, such as nonsteroidal anti-inflammatory
drugs,mountwith advancing age.49One alternative
includes using scheduled doses of acetaminophen,
which may allow the clinician to avoid the use of
narcotics or possibly limit narcotic use to nighttime
only when the patient may need stronger pain relief
to ensure sleep. Of note, there are nighttime formu-
lations of several over-the-counter agents (in many
cases including the term “PM” in the product name)
that contain diphenhydramine in addition to the
analgesic. Diphenhydramine can be problematic
in older adults because of its side-effect profile,
which includesdeliriumandcognitive impairment.50

Benzodiazepines, such as lorazepam, are fre-
quently used for symptoms of anxiety; however, to
adequately treat the symptoms these medications
often need to be dosed throughout the day, again
leading to daytime sleepiness.
Approximately 30% to 50% of older adults will

have a fall episode each year, making falls one of
the most common causes of trauma and death in
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this population.51 Furthermore, falls in older adults
are more likely than falls in younger adults to be
associated with head or neck trauma.52 This
finding increases the risk of subsequently devel-
oping “Posttraumatic Hypersomnia” (ICSD-2 diag-
nosis) in older adults. As such, a history of falls is
an important aspect of evaluating older adults
with hypersomnia.

Sleep Disorders

Hypersomnia has been associated with disrup-
tions in nighttime sleep caused by a broad range
of age-related changes, including shifts in sleep
architecture (ie, phase shifts, decreases in slow-
wave sleep [SWS] or REM sleep), increased prev-
alence rates of various sleep disorders (ie,
insomnia, sleep apnea, restless legs syndrome),
or sleep fragmentation.20,53–55 These hypersom-
nias are generally classified in the ICSD-2 under
the specific causative sleep disorder and are not
included in the general category of “Hypersomnias
of Central Origin.”32

Pack and colleagues23 examined risk factors
for EDS in older adults, with diagnoses of sleep

disorder confirmedusingpolysomnography. These
investigators identified the following factors that
increased the risk for daytime sleepiness (adjusted
analyses): apnea-hypopnea index (odds ratio [OR]
for 20-events/h increase) 1.4 (1.1–1.9); Pittsburgh
Sleep Quality Index self-report of overall sleep
quality (OR for 1-point increase) 2.3 (1.6–3.6);
percent time in REM sleep (OR for 6.8% increase)
1.4 (1.1–1.9); pain or physical discomfort 3 times
or more per week 5.9 (2.2–19.0); any wheezing or
whistling from chest at night 3.2 (1.4–8.0); use of
medications with sleepiness as a common side
effect 1.9 (1.1–3.3); andmale sex1.9 (1.0–3.5). Peri-
odic limbmovements were not associated with hy-
persomnia in this study. As it is beyond the scope
of this article to discuss each of these disorders,
we will focus instead on specific aspects related
to older adults.

Disruptions in sleep may be due to changes in
sleep structure that can take place with advancing
age, including circadian rhythm dysregulation56–58

and weakening of the homeostatic sleep system.59

Whereas clinicians generally tend to think of older
adults as more likely to have advanced sleep-
phase disorder, research suggests that many also

Table 1
Medications associated with hypersomnia

Category or Indication Examples

Analgesic Diclofenac, etodolac, fentanyl, hydrocodone, ketoprofen, naproxen,
oxycodone, pregabalin, tramadol

Antibiotic Cephalosporins, norfloxacin, ofloxacin

Antidepressant Amitriptyline, clomipramine, escitalopram, fluvoxamine, paroxetine,
sertraline, trazodone, venlafaxine

Antihistamine Dimenhydrinate, diphenhydramine, hydroxyzine, loratadine, meclizine,
propoxyphene, terfenadine

Antihypertensive Amlodipine, clonidine, prazosin

Antiparkinson Benztropine, levodopa, pramipexole

Antipsychotic Quetiapine, olanzapine

b-Blocker Atenolol, carvedilol, labetolol, metoprolol, pindolol, propranolol

Cholesterol lowering Fluvastatin, niacin

Cognitive impairment Donepezil

Diabetes Glipizide, metformin

Epilepsy Gabapentin, phenytoin, topiramate, valproic acid

Gastrointestinal Hyoscyamine, metoclopramide, promethazine

Hormone Estrogen, progestin

Muscle relaxant Baclofen, cyclobenzaprine, metaxalone

Sedative Alprazolam, chlordiazepoxide, clonazepam, diazepam, eszopiclone,
flurazepam, lorazepam, meprobamate, oxazepam, temazepam, triazolam,
valerian, melatonin

Urinary incontinence Oxybutynin

Based on a review of the US Pharmacopeia for medications with hypersomnia (drowsiness, somnolence, sleepiness, unusu-
ally tired, unusual tiredness, fatigue) identified as being “more common.”
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have delayed sleep-phase disorder.58 Insomnia
symptoms (including unrefreshing sleep) may also
lead to daytime sleepiness.60 However, some
insomnia patients may have a hyperarousal com-
ponent that reduces their daytime sleep propen-
sity, resulting in increased daytime alertness as
measured by longer MSLT values compared with
controls.61 These patients may present with
complaints of daytime fatigue, therefore fatigue
scales are recommended as part of the research
evaluation of insomnia.32,62 In older adults, sleepi-
ness assessment using measures such as the
Functional Outcomes of Sleepiness Questionnaire
suggest increased levels of sleepiness in those
with insomnia; however, there is considerable over-
lap between those with and without insomnia, and
specific cutoff points could not be identified that
distinguish either group effectively.63

Sleep-disordered breathing and associated
disorders (eg, obstructive sleep apnea [OSA],
central apnea, and mixed sleep apnea become
more common with advancing age: nearly 20% of
older adults have sleep-disordered breathing
when using a criteria of an apnea-hypopnea index
of 15 events or more per hour, compared with
approximately 10% of younger subjects, for
example.64 Decreases in the quality of nighttime
sleep and increased daytime sleepiness65 may be
the result of oxygen desaturation related to
episodes of apnea and hypopnea caused by coex-
isting snoring and sleep disruptions,66 although
findings have not always been consistent.55,66

Instead, some investigators suggest that a third
variable, such as obesity, may actually mediate
the relationship between daytime sleepiness
and sleep-disordered breathing.9,55 Dixon and
colleagues66 found sleepiness remained even after
treatment ofOSA in obese individuals, and contend
that thismaybedue tomultiple comorbidities asso-
ciated with obesity. Similar findings were obtained
for a group of diabetic patients. Chasens and
colleagues67 found that those patients reporting
greater daytime sleepiness also had a higher body
mass index, rated their own health more poorly,
had poorer sleep quality, and had more comorbid-
ities. Treatment of sleep-disordered breathing can
lead to reductions in daytime sleepiness, even in
patients with cognitive impairment.68

Although sleep disorders are often thought of as
isolated diagnoses, older adults may have multiple
sleep disorders. These patients are particularly
vulnerable to daytime sleepiness effects, with
one study showing the most prominent functional
impairments from daytime sleepiness occurring
in subjects with both insomnia and sleep-
disordered breathing relative to subjects that had
either disorder alone or no sleep disorders.69

CONSEQUENCES OF DAYTIME SLEEPINESS

There is compelling evidence of the negative
effects of daytime sleepiness on health and well-
being. Across all age groups, hypersomnia has
been independently linked to consequences that
range from functional and cognitive impairment to
being at an increased risk of mortality, and these
risks become particularly important during old
age.69,70 Identifying EDS, either as a symptom of
a disease or disorder or as a consequence of
poor sleep, is difficult because of the competing
risk from comorbidity associated with existing
diseases or disorders.71 In this context, it becomes
difficult to identify any specific effect that is inde-
pendently associatedwith daytime sleepiness.67,71

However, within an older population, hypersomnia
has been found to be related to increased inci-
dences of health-related disorders and comorbid-
ities, as well as being independently associated
with an overall decline in functional outcomes.69

This section provides an overview of the conse-
quences of EDS within the elderly population.

Functional Outcomes

Older adults who experience extreme daytime
sleepiness typically describe having a reduction
in quality of life and a decline in day-to-day func-
tioning. As mentioned previously, for some adults,
changes in social status (ie, retirement) may result
in greater amounts of unstructured free time and
a reduction in the number and availability of avail-
able friends or colleagues, resulting in less daily
social contact, more free time, less purpose, and
increased daytime sleepiness.72 It has been re-
ported that individuals who do experience the
greatest daytime sleepiness are more sedentary,
exercise less, are less vigilant, have more relation-
ship problems, have lower overall subjective
well-being, and have more symptoms of depres-
sion.1,69,73–75 When daytime sleepiness is com-
bined with comorbidities (eg, type 2 diabetes), as
is common with advancing age, the impact on
physical daytime functioning (ie, walking up and
down stairs, writing with a pen or pencil) and
psychological functioning (ie, depressive symp-
tomatology) is even more pronounced, making
daytime sleepiness a threat to functional well-
being in later life.67

Falls

The elderly typically have less strength and poorer
balance, and are more likely to fall after slipping or
tripping than are younger adults or children.76 For
the elderly who are already physically frail, who
have reduced cognitive functioning, or who have
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impaired balance, the addition of being sleepy
during the day decreases alertness and increases
the risk of fall-related injuries.77,78 Indeed, even
after taking into account additional factors of
age, comorbidities, medications, and depressive
symptoms, EDS still remains significantly related
to the number of falls experienced by older
adults.79 In addition, the risk of injury after falling
becomes greater with age and is associated with
many sleepiness-related factors, such as disrup-
ted nighttime sleep,80 residual sleepiness from
psychotropic, benzodiazepines, and antidepres-
sant medications,79,81 and deconditioning due to
a lack of physical activity.76 These fall-related
injuries are also a leading cause of placement
into long-term health care facilities and increased
risk of mortality.76 Treatment of underlying sleep
disorders, such as sleep-disordered breathing,
with associated reductions in hypersomnia, may
reduce the risk of falls in older adults.82

Napping

Hypersomnia that leads to long naps is associated
with increased illness, falls, and mortality.54,83 In
a community-dwelling sample of elderly women,
abnormal daytime sleepiness was associated
with greater risk of falls, and nappers who had 3
or more napping hours per week reported 2 or
more hip fractures over a period of 1 year when
compared with nonnappers.84 The effect of
napping, however, may actually depend on the
length of the nap and the stage of sleep fromwhich
one awakens. Shorter naps of between 10 and 45
minutes are less likely to consist of slow-wave
sleep and may be more refreshing than longer
naps, which may result in feelings of inertia on
awakening and increase the risk of falling.85 In
addition, taking long daily naps increases the total
amount of sleep received each day, and sleeping
more than 9 hours in a 24-hour day is also associ-
ated with poorer quality of life and poorer self-
rated health for the elderly.86

Depression

Although insomnia has a more prominent relation-
ship with depression than does daytime sleepi-
ness,87 EDS has been found to independently
predict some types of depression (eg, bipolar
depression, seasonal affective disorder).88 Even
so, hypersomnia and decreased daytime energy
levels are commonly considered symptoms of
depression56,89andmaybeassociatedwithaphys-
iologic stress response on circadian rhythms56,88

that may contribute to circadian dysregulation,89

or may be a result of antidepressant treatment.90

Although the exact mechanisms linking daytime

sleepiness to depression are not known, daytime
sleepiness has been found to predict future
depression independent of both insomnia and the
use of antidepressant medication.88 Such findings
from this recent longitudinal study suggest that
the relationship between daytime sleepiness and
depression may in fact be different to the relation-
ship between insomnia and depression.88

Cardiovascular Disease

EDS has also been identified as an independent
risk factor for morbidity and cardiovascular
mortality in older adults.91,92 In a prospective
study, Goldstein and colleagues73 reported that
even though daytime sleepiness remained stable
across a 5-year period, healthy men and women
between the ages of 55 and 80 years who had
more sleepiness at baseline were more likely to
have a diagnosis of hypertension by the 5-year
follow-up. In addition, while investigating different
types of sleep disturbances that included difficulty
falling asleep, awakening frequently during the
night, snoring, and waking too early in themorning,
Newman and colleagues92 found only daytime
sleepiness to be independently associated with
all incident cardiovascular morbidity and mortality,
myocardial infarction, and chronic heart failure.
Daytime sleepiness is also independently associ-
ated with increased risk of cardiovascular-related
mortality, suggesting that a robust relationship
exists between sleepiness and cardiovascular
disease.93

Dementia

Age-related daytime sleepiness may also lead to
cognitive decline,65 future cognitive disorders, and
even the development of dementia.83,94 Foley and
colleagues95 found men between the ages of 71
and 93 years who were within a normal cognitive
range at baseline and but reported EDS not only
hadagreaterdecline incognitive functioning3years
later, but were alsomore likely to be diagnosedwith
incident dementia, having an estimated relative risk
of dementia of 2.19 (95% confidence interval 1.37–
3.50) when compared with participants without
daytime sleepiness. Having the most severe
daytime sleepiness, however, has come to be
strongly predictive of future dementia.83,96 One
group of aging men reporting frequent daytime
sleepiness at baseline was 3 times more likely to
develop vascular dementia at the 10-year follow-
up than the men who did not have daytime sleepi-
ness at baseline.96 Other current research suggests
that frequent daytime sleepiness may actually
be a prodromal symptom of vascular dementia,96

Alzheimer disease,94 or Parkinson disease,97
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suggesting EDS may also become a predictor of
future cognitive disease.

Mortality

The gravest consequence of hypersomnia is its
relationship to increases in risk of mortality. As
previously discussed, the risk of mortality from
daytime sleepiness may depend on the underlying
cause of sleepiness and any comorbidities. There
are many possible mediating factors in this rela-
tionship, including gender differences, depression,
and risk of cardiovascular disease.60,93,98

Although EDS has repeatedly been identified
as an independent risk factor for increased
mortality,60,92,93,99 when sleep-disordered breath-
ing and daytime sleepiness are both present the
mortality rate is further increased.100 One study
of older adults noted that those with sleep-
disordered breathing and EDS were at 2.3 times
greater risk of mortality than individuals having
only one or neither of these conditions, even after
controlling for other known risk factors such as
age, ethnicity, and comorbidities.100

Treatment

Light therapy is often used by itself or alongside
pharmacotherapy tosynchronizecircadian rhythms,
and may also have daytime alerting effects.56

Whereas light therapy in the evening is an effective
treatment for phase-advanced circadian-related
insomnia in older adults, light treatment given earlier
in the day can help reduce daytime sleepiness.101

This factor may be particularly important for the
elderly in long-term care facilities where daytime
lighting is often not optimal.102,103

Napping was previously mentioned as an ad-
verse consequence of hypersomnia. However, for
healthy adults (ie, without insomnia) a daytime
nap may be beneficial and mitigate the neurocog-
nitive effects of daytime sleepiness. In these indi-
viduals, there can be improved alertness and
cognitive performance immediately following the
nap that continues into the next day.104,105

Napping has also been shown to improve mood
and to reduce both subjective and objective sleep-
iness.106 In addition, for healthy adults, long daily
sleep time may not necessarily dictate poor
daytime functioning or EDS,107 but may be a way
of compensating for a disrupted or short nighttime
sleep.108

Conversely, exercise and increased physical
activity can also reduce daytime sleepiness. For
example, a lack of physical activity has been
correlated with increased daytime sleepiness in
both a community sample and in long-term care
facilities, such as nursing homes, where residents’

sleep and circadian rhythms are frequently disrup-
ted.74,109 In fact, using an intervention design,
Martin and colleagues109 found increasing day-
time activities, maintaining a routine bedtime, and
reducing nighttime noise and light were effective in
decreasing daytime sleepiness for nursing home
residents. Similar results of decreased sleepiness
following the implementation of an exercise pro-
gram were also found in a group of community-
dwelling women with a history of heart failure.110

Several medications can be used to reduce
daytime sleepiness. Some agents, such as stimu-
lants (ie, amphetamines,methylphenidates, dextro-
amphetamines), enhance wakefulness during the
daytime, but these medications may also have
a disruptive effect on nighttime sleep,with common
side effects that include irritability, tremor, head-
aches, and heart palpitations.111 Other alerting
drugs (ie, modafinil) act in a manner different to
that of stimulants, and do not affect nighttime
sleep.112 However, these agents have not been
extensively studied in older adults.

SUMMARY

Hypersomnia is a common clinical complaint in
older patients. A distinction needs to made bet-
ween napping and hypersomnia, as they are not
necessarily correlated in older adults. Although
frequently thought to have a compensatory rela-
tionship with insomnia or other sleep disorders,
hypersomnia is now known to be independently
related to, or even predictive of, a broad array of
disorders and diseases, as well as to an increased
risk of mortality. In this respect, the assessment of
EDS in older adults should be considered as part
of a diagnostic plan rather than dismissed as
inconsequential. However, the challenge of as-
sessing and managing daytime sleepiness still
remains, because of the multiple potential etio-
logic factors in older adults.
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Hypersomnia in Children
Suresh Kotagal, MDa,b,c,*

Daytime sleepiness is an important symptom of
impaired health during childhood and adolescence.
It is consequent to a set of diverse pathophysiologic
circumstances. The initial manifestations are often
underrecognized by parents, school authorities,
and health professionals alike. The consequences
of daytime sleepiness are significant, especially
from the standpoint of its impact onmood, learning,
behavior, and dexterity.1,2 The purpose of this
article is to provide an overview of childhood
daytime sleepiness, with an emphasis on clinical
assessment and management. In areas where
there is insufficient evidence in childhood, the
author has extrapolated information from adult
sleep literature.

HOW PREVALENT IS CHILDHOOD DAYTIME
SLEEPINESS

Nevéus and colleagues3 conducted a question-
naire survey in 1413 Swedish children aged 6 to
10 years and found a 4% prevalence rate for
daytime sleepiness. When Yang and colleagues4

conducted the validated School Sleep Habits
Survey in a sample of 1457 Korean school children
aged 9 to 19 years, they found that 6.6% of the
respondents admitted to daytime sleepiness being

a “very big problem.” As seniority in school in-
creased from the 5th to the 12th grade, so also
did the prevalence of daytime sleepiness. The
increase in prevalence of daytime sleepiness
with advancing grade levels in children and
adolescents is also supported by Ohayon and
colleagues.5 Using a telephone survey, the investi-
gators sampled 1125 French, British, German, and
Italian adolescents aged 15 to 18 years.5 A preva-
lence rate of 19.9% was found for daytime sleep-
iness, with 11.9% of the sample complaining also
of difficulty waking up in the morning. Although
Yang and colleagues4 believe that sleepiness
was slightly more prevalent in girls than in boys,
gender differences in prevalence of childhood
daytime sleepiness have not been definitively es-
tablished. The key point established by survey
instruments is that daytime sleepiness is a signifi-
cant pediatric health problem, with prevalence
ranging from 4% in preadolescents to almost
20% in high school seniors.3–5

WHAT FACTORS PREDISPOSE TO CHILDHOOD
DAYTIME SLEEPINESS

A convergence of multiple factors increases the
vulnerability of teenagers to daytime sleepiness.
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KEY POINTS

� Further refinements are needed in the diagnostic testing of childhood daytime sleepiness.

� It is not known whether the multiple sleep latency test in childhood should use 4 or 5 naps.

� Longitudinal studies are needed to determine if treating sleepiness by medications corresponds
with improved neuropsychological function. Given the small number of patients with childhood
narcolepsy at each sleep center, a consortium-based approach is needed for gathering prospective
high-quality evidence regarding optimum treatment measures, be they pharmacologic or nonphar-
macologic in nature.
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Concurrent with maturation, children and adoles-
cents show a tendency to sleep fewer hours at
night. In a longitudinal study of 493 healthy chil-
dren and adolescents, Iglowstein and colleagues6

found that the mean sleep duration in 10-year-old
children was 9.9 hours (standard deviation [SD],
0.6), whereas the mean sleep duration in 16-
year-old adolescents had decreased to around
8.1 hours (SD, 0.7). When this reduced total sleep
time is juxtaposed with the need for teenagers to
wake up between 5:30 AM and 6:30 AM to arrive
at school by around 7:30 AM, the end result can
be daytime sleepiness.
Dim-light melatonin onset (DLMO) is a physio-

logic marker for the time of sleep onset. DLMO
shifts to a later time in the evening in older adoles-
cents in comparison with preadolescents. In
a study by Taylor and colleagues,7 the mean
DLMO time was found to be 2033 hours (SD, 49
minutes) in 9 prepubertal children who were of
Tanner stage I sexual development (mean age,
11.1 years), whereas the mean DLMO time had
shifted to 2129 hours in 11 pubertally mature
adolescents who were of Tanner stage V (mean
age, 13.9 years). The resulting physiologic delay
in sleep onset to a later time of the night predis-
poses to sleep deprivation, especially on school
nights. Wolfson and Carskadon8 surveyed about
3000 high school students in New England using
the School Sleep Habits Survey and found that
students who self-reported higher grades reported
more total sleep time and earlier bedtimes on
school nights than children with lower grades
(P<.001). Furthermore, early school start times
are associated with decreased total sleep time,
increased daytime sleepiness, and poorer school
performance.9

The intrusion of technological devices, such as
televisions, computers, cell phones, video games,
and the Internet, into the bedroom tends to further
postpone the sleep-onset time on school nights
and leads to insufficient night sleep, with conse-
quent daytime sleepiness. Sadeh and colleagues10

have evaluated the effect of relative sleep restric-
tion by an average of 41minutes on school children.
The investigators found that even a very moderate
but accumulated sleep deficit (eg, watching one
more television show) can have adverse neurobe-
havioral effects, especially when it comes to exec-
utive functioning.
A disruption of key central wake-promoting

mechanisms, as seen in narcolepsy-cataplexy,
can also lead to excessive daytime sleepiness
(EDS). Patients with narcolepsy-cataplexy lose
hypocretin (orexin)-secreting neurons from the
dorsolateral region of the hypothalamus. These hy-
pocretin neurons have widespread projections to

the forebrain and brainstem. Hypocretin promotes
alertness and locomotor activity.11,12 Immune-
mediated or anatomic lesions of the hypothalamus
and rostral midbrain (such as neoplasms, inflam-
mation, or trauma) can be associated with hyper-
somnia by virtue of alterations in the balance
between the sleep-enhancing and wakefulness-
promoting influences. Saper and colleagues13

have proposed the concept of autonomic regula-
tion via a sleep-wake switch. The investigators
postulate that the tuberomammillary nucleus
(histaminergic in nature), the locus coeruleus
(noradrenergic in nature), and the raphe system
(serotonergic in nature) work together to enhance
alertness. They have a reciprocal relationship with
the sleep-promoting neurons of the ventrolateral
preoptic (VLPO) nucleus, which are g-aminergic in
nature. Some cells in the VLPO (termed VLPO
cluster) promote non–rapid eye movement sleep,
whereas other cells (VLPO extended) facilitate
rapid eye movement (REM) sleep. Hypocretin
(orexin) serves to stabilize the relationship between
these 2 sets of physiologically opposing influences.

WHATARE THE CONSEQUENCES OF DAYTIME
SLEEPINESS

Similar to adults, adolescents with daytime sleepi-
ness manifest changes in behavior and a decline in
performance.2,14 Conversely, the treatment of sleep
disruption by improving sleep hygiene or treating
specific sleep disorders results in improvements
in daytime performance.15 Ha and colleagues16

performed objective computerized testing on 24
patients with narcolepsy (being treated with stimu-
lants,meanage30.7�12.8years,mean intelligence
quotient of 119, 79% male) and 24 matched
controls. The patients with narcolepsy performed
more frequent omission and commission errors on
a vigilance test and more omission errors on
a continuous performance test.
Stores and colleagues17 studied psychosocial

problems in children with narcolepsy (n 5 42) and
nonnarcolepsy hypersomnia (EDS, n 5 18) along
with 23 age-matched controls. The investigators
observed that patients with both narcolepsy
and EDS exhibited more behavioral difficulties
than controls on the Strengths and Difficulties
Questionnaire. Both groups (patients with narco-
lepsy and nonnarcolepsy hypersomnia) showed
more depressed mood on the Child Depression
Inventory and lower quality of life on the Child
Health Questionnaire’s mental health subscale
when compared with controls. These findings
suggest that deficits inmood, behavior, and quality
of life were more related to hypersomnia than
specifically to narcolepsy. Furthermore, patients
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with narcolepsy seem to show impaired quality
of life, more from sleepiness and less from
cataplexy.18

This may be a moot issue, but it is hard to sort
out from studies in the literature whether the cogni-
tive and behavioral changes in children with EDS
are a consequence of hypersomnia, nocturnal
sleep disruption, or both. Furthermore, are the
sequelae of nocturnal sleep disruption occurring
in association with hypoxemia (as in obstructive
sleep apnea) similar to those related to sleep frag-
mentation without gas exchange abnormalities as
seen in periodic limb movement disorder or
anxiety? These questions remain unanswered
and are methodologically difficult to study.

CLINICAL ASSESSMENT

To make an accurate sleep diagnosis, it is es-
sential to combine a carefully elicited history
with appropriate screening questionnaires and
sleep laboratory studies. The history should
determine whether the hypersomnolence is
constant or episodic; the latter is observed in
Kleine-Levin syndrome (KLS). Circumstances un-
der which the child becomes sleepy should be
elicited in a child with narcolepsy; for example,
there may be a history of falling asleep in the
classroom or during conversations. The impact
of sleepiness on daily function, such as decline
in grades, negative moods, accidents, and social
withdrawal, should also be studied. Ancillary
symptoms, such as cataplexy, hypnagogic halluci-
nations, and sleep paralysis, indicate narcolepsy.
Habitual snoring, mouth breathing, and weight
gain may suggest obstructive sleep apnea–hypo-
pnea syndrome. A habitual inability to fall asleep
until the early morning hours and not being able
to awaken until the late morning hours is common
in delayed sleep phase syndrome. Feelings of
sadness may point to underlying depression, al-
though sometimes depressed moods may be con-
sequent to the sleepiness itself. The medication
history helps understand potential iatrogenic influ-
ences on sleepiness and decides what medications
could be used for future treatment.

There are about 27 pediatric sleep-wake ques-
tionnaires that have had their psychometric proper-
ties validated.19 These questionnaires can be also
incorporated into the clinical assessment. These
scales evaluate circadian rhythms, sleep apnea,
periodic limb movements, restless legs, dreams,
and daytime sleepiness to variable degrees. They
usually contain questions that can be answered
on a 4- to 5-point Likert scale. The commonly
used questionnaires that address sleepiness
include the Child Sleep Habits Questionnaire,20

the Sleep Disorders Inventory for Students,21 the
Sleep Disturbance Scale for Children,22 the Pedi-
atric Sleep Questionnaire,23 the Cleveland Adoles-
cent Sleepiness Scale,24 and the Pediatric
Daytime Sleepiness Scale (PDSS)25 (Table 1). The
author prefers the PDSS because of its simplicity.
This is an 8-item questionnaire, with each question
to be answered on a scale of 0 to 4. The higher the
score, the greater the degree of sleepiness, with the
highest score being 32. A percentile score can be
assigned for the degree of sleepiness. Pediatric
sleep questionnaires are useful in clinical practice.
Nevertheless, they possess the same limitations
that are common to all survey instruments, such
as recall bias. Furthermore, patients who are sleepy
are not able to accurately estimate their degree of
sleepiness. A certain biasmay also influence survey
instruments such as the Child Sleep Habits Ques-
tionnaire,20 which are completed primarily by the
parent. How well does questionnaire-determined
hypersomnia correlate with objective tests for
sleepiness? In a level I study of children with
obstructive sleep apnea–hypopnea syndrome,
Chervin and colleagues26 found a significant
but weak correlation of sleepiness between the
Pediatric Sleep Questionnaire sleep latency and
the multiple sleep latency test (MSLT; r 5 �0.23,
P 5 .006).

Wrist actigraphy and sleep logs maintained
for 2 to 3 weeks are used to assess suspected de-
layed sleep phase syndrome or inadequate sleep
hygiene. Nocturnal polysomnography (PSG) in-
dicates suspected obstructive sleep apnea–hy-
popnea syndrome and sleep-related epilepsy.
Whenever there is a concern about possible
narcolepsy or idiopathic hypersomnia, the MSLT
is performed the day after PSG. This test consists
of a series of 4 to 5 nap opportunities that are
provided at 2-hourly intervals. The electroen-
cephalogram (EEG), eye movements, and sub-
mental electromyogram are monitored during
each 20-minute nap opportunity. The test mea-
sures the speed at which the patient falls asleep
(sleep latency). A mean sleep latency (MSL) is
derived by averaging the values from all the 4 or
5 nap opportunities.27 In preadolescent children,
the normal MSL is often in the 16- to 18-minute
range, decreasing to about 14 minutes during
adolescence. Reference values for MSL as mea-
sured on the MSLT are provided in Table 2. In
narcolepsy, the MSL is usually less than 8
minutes.28,29 When the MSL is less than 8
minutes, a urine drug screen should be obtained
to exclude hypersomnolence from drug-seeking
behavior. In patients with narcolepsy, REM at
sleep onset (SOREMP) is encountered in 2 or
more nap opportunities.
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Table 1
Survey instruments commonly used for assessing daytime sleepiness

Name Authors
Year
Published

Age Range of
Patients (y)

Who Completes the
Questionnaire

Total/Sleepiness
Items Remarks

Sleep Disturbance
Scale for Children

Bruni et al22 1996 5–15 Parent 27 Internal consistency a 5 0.79
Test-retest reliability r 5 0.71

Pediatric Sleep
Questionnaire

Chervin et al23 2000 2–18 Parent 22/4 Internal consistency for
sleepiness subscale a 5 0.66

Test-retest reliability r 5 0.66

PDSS Drake et al25 2003 11–15 Patient 8/8 Internal consistency a 5 0.81

Cleveland Adolescent
Sleepiness
Questionnaire

Spilsbury et al24 2007 12–15 Patient 16/16 Internal consistency a 5 0.89

Children’s Sleep Habits
Questionnaire

Owens et al20 2000 4–10 Parent 35/8 Internal consistency a 5 0.65
(control population) and
0.70 (clinic population)

Test-retest reliability r 5 0.69

School Sleep
Habits Survey

Wolfson and
Carskadon8

1998 13–17 Patient 140/15 Internal consistency a 5 0.73
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INADEQUATE SLEEP HYGIENE

Inadequate sleep hygiene may be free standing or
superimposed on other sleep disorders. Onset
is usually around adolescence. Bed-onset and
sleep-onset times are delayed. With the morning
wake-up times remaining relatively unchanged
between 6 AM and 7 AM because of school, the total
sleep time becomes truncated, leading to insuffi-
cient sleep and secondary daytime sleepiness.10,30

The factors that contribute to delayed bed onset
include excessive caffeine or nicotine intake, illicit
substance abuse, excessive late-night physical
activity, watching television in the bedroom at
bedtime, working on the computer while in bed,
using cell phones while in bed to chat with friends
at night, text messaging while in bed, and so forth.

The management of delayed bed onset includes
a discussion with the patient (and the parents
when appropriate) on the importance of getting
adequate sleep at night, making a clear separation
between activities of wakefulness and the process
of falling asleep, building an approximately 30-
minute buffer of quiet time between wakefulness
and sleep onset, and using relaxing activities that
do not involve technology. The issues of avoiding
caffeine, nicotine, and the use of illicit substances
should be addressed when indicated.

PERIODIC HYPERSOMNIA

Periodic hypersomnia, also termed KLS or recur-
rent hypersomnia, is generally seen in adoles-
cents. This disorder is predominant in males,
with a mean age of onset of around 15 years.31

Patients develop periods of sleepiness lasting
1 to 2 weeks, during which they may sleep 18 to
20 hours a day and also manifest cognitive and

mood disturbances in association with compulsive
hyperphagia and hypersexual behavior, with an
intervening 2 to 4 months of normal alertness
and behavior. Incomplete and atypical forms of
the disorder in which anorexia or insomnia
predominate have also been recognized. Hyper-
phagia can manifest in the form of binge eating
and may actually be associated with a 2- to 5-kg
increase in body weight. There is a predilection
to consume chocolate and other high-calorie
food items. Nocturnal PSG, when the patient is
symptomatic, shows decreased sleep efficiency,
shortened REM latency, and decreased per-
centage of time spent in stage N3 and REM sleep.
The MSLT shows moderately shortened MSL, in
the 5- to 10-minute range, but without the 2 or
more SOREMPs observed in narcolepsy. There
may be diffuse slowing on the EEG. Structural
brain imaging and evaluation of the cerebrospinal
fluid (CSF) for inflammatory markers show a nega-
tive result. Brain scintigraphy may disclose areas
of hypoperfusion in the thalamic, hypothalamic,
and frontotemporal regions.31 Periodic hypersom-
nia may gradually subside over 2 to 3 years, or
evolve into classic depression, bringing up the
issue of whether the disorder is a variant of
depression. A disturbance of hypothalamic func-
tion has been hypothesized but not established.
In a 14-year-old girl with KLS, Podesta and
colleagues32 have documented a 2-fold reduction
in CSF levels of hypocretin during the period in
which she was symptomatic in comparison
with when she was not symptomatic. The associ-
ation of KLS with the histocompatibility antigen
DQB1*0201 has not been replicated in large case
series.31 Familial clustering and a potential Jewish
founder effect seem to support the role for poten-
tial genetic susceptibility factors.31 There is no
satisfactory treatment, although lithium,33 sodium
valproate,34 and lamotrigine35 have been reported
to be modestly effective in case reports.

NARCOLEPSY

The characteristic clinical features of narcolepsy
are chronic daytime sleepiness, fragmented night
sleep, and superimposition of REM sleep phe-
nomena onto wakefulness in the form of hy-
pnagogic hallucinations (vivid dreams at sleep
onset), sleep paralysis, and cataplexy (sudden
loss of skeletal muscle tone in response to
emotional triggers, such as laughter, fright, or
surprise). Based on an epidemiologic survey per-
formed in Olmsted County, Minnesota, the inci-
dence of narcolepsy in the United States (with
and without cataplexy) has been estimated at
1.37 per 100,000 persons per year (1.72 for men

Table 2
Reference values for the MSLT

Tanner Stage

General
Corresponding
Age (y)

MSL
(min) SD

Stage I �10 18.8 1.8

Stage II 10–12 18.3 2.1

Stage III 11.5–13.0 16.5 2.8

Stage IV 13–14 15.5 3.3

Stage V �14 16.2 1.5

Older
teenagers

�14 15.8 3.5

Data from Carskadon MA. The second decade. In: Guille-
minault C, editor. Sleeping and waking disorders: indica-
tions and techniques. Menlo Park (CA): Addison Wesley;
1982. p. 99–125.
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and 1.05 for women).36 The incidence is highest in
the second and third decades of life, followed by
a gradual decline thereafter. In the same study,
the prevalence of narcolepsy was approximately
56 persons per 100,000. There are no published
data on the relative prevalence in childhood of
narcolepsy-cataplexy compared with narcolepsy
without cataplexy. It is the author’s opinion,
however, based on clinical experience, that the
former is far more common than the latter in child-
hood. This is an issue that needs further study.
Although the onset of narcolepsy is generally in

the latter half of the first or second decade of life,
cases with onset of extreme sleepiness and cata-
plexy even before ages 5 or 6 years have been re-
ported.37 Daytime sleepiness may be overlooked
by parents, schoolteachers, and physicians alike.
Children who are sleepy may be mistaken for
being lazy. These children frequently also exhibit
mood swings and inattentiveness. Cataplexy is
present in about two-thirds of patients with narco-
lepsy. Cataplexy attacks generally last for a few
seconds to minutes and are characterized by
loss of tone in the antigravity muscles and absence
of muscle stretch reflexes in the face of fully
preserved consciousness. Mild cataplexy may
present with transient ptosis, the jaw dropping
open, and a slight drooping of the neck. More
severe episodes may be followed by unsteadiness
and falling. The most common triggers for cata-
plexy are laughter, excitement, and the anticipa-
tion of a reward. Although cataplexy can be
subtle, the examiner needs to ask leading ques-
tions about episodic muscle weakness in the lower
extremities or neck and trunk. Children younger
than 7 or 8 years may be unable to articulate a reli-
able history of cataplexy, hypnagogic hallucina-
tions, or sleep paralysis. Narcolepsy may be
variably associated with periodic limb movement
disorder.38 The patients exhibit less circadian
drive–dependent alertness during the daytime
and sleepiness at night. In rare instances,
secondary narcolepsy may develop after closed
head injury, primary brain tumors, lymphomas, or
viral encephalitis.39

The presence of the histocompatibility antigen
DQB1*0602 in close to 100% of persons with
narcolepsy-cataplexy, as compared with a 12%
to 32% prevalence in the general population, indi-
cates a genetic susceptibility. This indication per
se, however, is insufficient to precipitate the clin-
ical syndrome; monozygotic twins can remain
discordant for developing narcolepsy.40 In geneti-
cally susceptible individuals who are DQB1*0602
positive, acquired life stresses such as minor
head injury, systemic illnesses such as infectious
mononucleosis, and bereavement may trigger

narcolepsy. These stresses have been reported
to occur in about two-thirds of patients: the two-
hit hypothesis.
Hypocretin deficiency is the key pathophysio-

logic event in narcolepsy-cataplexy.41 Hypocretin
(orexin) is a peptide that is produced by neurons
of the dorsolateral hypothalamus. Hypocretins 1
and 2 (synonymous with orexins A and B) are
peptides that are synthesized from preprohypoc-
retin. Hypocretin neurons have widespread
projections to the forebrain and brainstem. This
peptide promotes alertness and increases motor
activity and basal metabolic rate.42 Of significance
is the autopsy finding by Thannickal and col-
leagues43 in human narcolepsy. The study re-
ported that a reduction of 85% to 95% was
observed in the number of hypocretin-secreting
neurons in the hypothalamus, whereas melanin-
concentrating hormone neurons that are in-
termingled with hypocretin neurons remained
unaffected, thus suggesting a targeted neurode-
generative process. It is hypothesized that degen-
eration of the hypocretin-producing cells of the
hypothalamus (perhaps predisposed to HLA
DQB1*0602 positivity) provokes a decrease in
forebrain noradrenergic activation, which in turn
decreases alertness. A corresponding decrease
of noradrenergic activity in the brainstem leads
to disinhibition of brainstem cholinergic systems,
thus triggering cataplexy and other phenomena
of REM sleep, such as hypnagogic hallucinations
and sleep paralysis. Other manifestations of hypo-
cretin deficiency that are seen in the early stages
of childhood narcolepsy-cataplexy are increased
appetite, binge eating, obesity (presumably re-
lated to hypocretin deficiency), and precocious
puberty.44

The decrease in the secretion of hypocretin-1
that is characteristic of human narcolepsy-
cataplexy is reflected in the CSF. Using a radioim-
munoassay, Nishino and colleagues41 found that
the mean level of hypocretin-1 was 280.3 � 33.0
pg/mL in healthy controls and 260.5 � 37.1 pg/mL
in neurologic controls, whereas in those with
narcolepsy, hypocretin-1 was either undetectable
or less than 100 pg/mL. Low to absent levels of
hypocretin-1 were found in 32 of 38 patients with
narcolepsy, who were also HLA DQB10*0602
positive. Patients with narcolepsy who were also
HLA DQB1*0602 negative tend to have normal to
high CSF hypocretin-1 levels. In another study of
patients with narcolepsy with cataplexy, narco-
lepsy without cataplexy, and idiopathic hypersom-
nia, Kanbayashi and colleagues45 found that 9
patients with narcolepsy-cataplexy who had CSF
hypocretin deficiency were HLA DQB1*0602
positive, including 3 preadolescents. By contrast,
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patients with narcolepsy without cataplexy and idio-
pathic hypersomnia showed normal CSF hypocretin
levels. The application of CSF hypocretin-1 assays
for the diagnosis of narcolepsy-cataplexy is most
useful when an HLA DQB1*0602–positive patient
with suspected narcolepsy-cataplexy is already
receiving central nervous system stimulants or
selective serotonin reuptake inhibitors on initial
presentation and when discontinuation of these
medications for the purpose of obtaining a PSG
and MSLT is medically unsafe or impractical.

Are narcolepsy with cataplexy and narcolepsy
without cataplexy 2 presentations of the same
disorder, or do they represent 2 distinct entities?
This is an intriguing question, the answer to which
is not known. Deficiency of CSF hypocretin-1 level
is seen only in narcolepsy-cataplexy. Furthermore,
HLA DQB1*0602–positive status, although seen in
about 30% of the general population, occurs in
narcolepsy-cataplexy but not in narcolepsy
without cataplexy. These findings therefore sug-
gest that the 2 forms of narcolepsy are pathophy-
siologically distinct. On the other hand, older
literature suggests that narcolepsy is a unitary
phenomenon, with cataplexy sometimes devel-
oping 5 to 10 years after onset of daytime sleepi-
ness. However, the PSG features described later
are common to both subtypes.

A combined battery of nocturnal PSG and MSLT
is still the most widely accepted method for diag-
nosing narcolepsy. The nocturnal PSG shows
almost immediate sleep onset, possible REM-
onset sleep (occurring within 15 minutes of sleep
onset), increased arousals, elevated periodic limb
movement index, and absence of any other signif-
icant sleep pathology, such as obstructive sleep
apnea. REM sleep behavior disorder or REM sleep
without atonia may also be present.37,46 The MSLT
is performed the day after the nocturnal PSG. The
MSLT consists of the provision of 4 daytime nap
opportunities in a darkened quiet environment
at 2-hourly intervals, for example, 0900, 1100,
1300, and 1500 hours. The patient should be
drug free for at least 2 weeks. Owing to their
REM sleep–suppressant effect, drugs with very
long half-lives, such as fluoxetine, may have to
be stopped for protracted periods (such as 3–4
weeks, provided it is safe to do so). The time
between lights out and sleep onset is defined as
sleep latency. In narcolepsy, the MSL that is
derived from averaging the sleep latency of the 4
naps is less than 8 minutes. Furthermore, the tran-
sition from wakefulness to sleep is directly into
REM sleep during at least 2 of the 4 nap opportu-
nities. By way of reference, in unaffected children
the MSL ranges from 16 to 18 minutes (see
Table 2). The MSLT is generally invalid in children

younger than 5 to 6 years because it may be diffi-
cult to differentiate physiologic daytime napping
from pathologic daytime sleepiness. In these
patients, as well as in situations when the psycho-
tropic medication that the patient is already
receiving cannot be stopped, testing for reduc-
tion in the CSF hypocretin-1 level of less than
110 pg/mL (diagnostic for narcolepsy-cataplexy)
is indicated.41

The management requires a combination of life-
style changes and pharmacotherapy. A planned
daytime nap of 20 to 30 minutes at school and
another nap in the afternoon on returning home
may enhance alertness. The patient should
observe regular sleep onset and morning wake-
up times, avoid alcohol, and exercise regularly.
To minimize the risk of accidents, the patient
should stay away from sharp moving objects.
Driving should be avoided until daytime alertness
has been brought into the normal or near normal
range. Drugs commonly used in the management
of daytime sleepiness and cataplexy are listed in
Table 3. Besides selective serotonin reuptake
inhibitors, emotional and behavioral problems
that commonly accompany childhood narcolepsy
may also require supportive psychotherapy. Be-
cause of possible underlying immune dysregula-
tion, patients with narcolepsy-cataplexy have
been treated in small open-label series using intra-
venous immunoglobulin G, with variable results.47

Modification of T-cell function has not yet been
targeted.

IDIOPATHIC HYPERSOMNIA

Idiopathic hypersomnia is a disorder characterized
by chronic nonimperative sleepiness in associa-
tion with long unrefreshing naps and difficulty
reaching full alertness even after napping. In
severe cases, there may be sleep drunkenness.
Night sleep is qualitatively and quantitatively
normal, with excellent sleep efficiency. In the
MSLT the patients exhibit pathologic daytime
sleepiness, with the MSL being in the 5- to 10-
minute range. However, 2 or more sleep-onset
REM periods that are characteristic of narcolepsy
are not seen. Bassetti and Aldrich48 reviewed 42
cases of idiopathic hypersomnia. Hypersomnia
began at a mean age of 19 � 8 years (range,
6–43 years). As is evident from this series, the
onset of the condition may sometimes be in child-
hood. The onset of hypersomnia was associated
with symptoms such as insomnia, weight gain,
viral illness, or head injury. The naps lasted 30
minutes or more and were generally not refreshing.
The management of sleepiness calls for treatment
measures similar to those for narcolepsy.
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DELAYED SLEEP PHASE DISORDER

Delayed sleep phase disorder (DSPD) is a circa-
dian rhythm disturbance related to dysfunction of
the suprachiasmatic nucleus, which serves as
the circadian timekeeper. The disorder typically
has onset in adolescence, with predominance in
men. Patients have a constitutional difficulty in
advancing (phase advancing) sleep and can only
fall asleep at progressively later times at night.49

Patients are frequently misdiagnosed as having
severe insomnia. Sleep-onset time may be de-
layed past midnight into the early morning hours.
Once asleep, and if allowed to sleep uninterrupted,
patients show normal sleep quantity and quality.
Most patients are obligated to wake up by 6:30 AM

or 7:00 AM to attend school, which results in chronic
sleep deprivation, sleep drunkenness on awak-
ening, daytime sleepiness along with variable
degrees of depression, and personality changes.

In an unsuccessful attempt to regulate their sleep-
wake function, patients with DSPD may abuse
stimulants during the daytime and hypnotics at
night.
Polymorphisms in the hPer gene, arylalkylamine-

N-acetyltransferase gene, HLA-DR1 gene, and
hClock gene have been associated with increased
predisposition to DSPD. There is increased clus-
tering of DSPD within some families.
DSPD must be differentiated from school avoid-

ance seen in adolescents with delinquent and anti-
social behavior because these individuals may be
able to fall asleep at an earlier hour at night in the
controlled sleep laboratory setting. Sleep logs
combined with wrist actigraphy for 2 to 3 weeks
are helpful in establishing the diagnosis.
Bright light therapy is helpful in advancing the

sleep-onset time. The therapy involves the provi-
sion of 8000 to 10,000 lux of bright light via a light
box for 20 to 30 minutes immediately on

Table 3
Drugs commonly used for treating narcolepsy

Symptom/Drug Dosage

Daytime Sleepiness

Modafinila 100–400 mg/d in 2 divided doses

Armodafinilb 150–300 mg/d in 2 divided doses

Methylphenidate hydrochloride 5–10 mg, 1–2 times/d, to a maximum of 60 mg/d

Dextroamphetamine 5–10 mg, 1–2 times/d, to a maximum of 40 mg/d

Methamphetamine 5–25 mg/d in 2 divided doses

Amphetamine/dextroamphetamine
mixture

10–40 mg once a day

Lisdexamfetamine 30 mg once daily to a maximum of 70 mg/d

Cataplexy

Sodium oxybateb 3–9 g in 2 divided doses at night

Venlafaxineb 35–75 mg/d in divided doses

Fluoxetine 10–30 mg once every morning

Sertraline 25–200 mg once every morning

Clomipramine 25–100 mg/d in divided doses

Imipramine 25–75 mg/d in divided doses

Protriptyline 5–15 mg/d in divided doses

Periodic Limb Movements

Elemental iron 1–2 mg/kg in 1–2 divided doses

Gabapentin 100–300 mg at bedtime

Clonazepam 0.5–1.0 mg at bedtime

Levodopa-carbidopab 1–2 tablets of 25/100 or 50/200 mg at bedtime

Pramipexoleb 0.125–0.250 mg at bedtime

Ropiniroleb 0.25–0.50 mg at bedtime

a Usage is off-label for individuals younger than 16 years.
b Usage is off-label.
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awakening in the morning. The light box is kept at
a distance of 18 to 24 in from the face, leading to
a gradual advancement (shifting back) of the
sleep-onset time at night. Bright light therapy
may be combined with melatonin that is adminis-
tered about 5 to 5.5 hours before the required
bedtime, in a dose of 0.5 mg. Diminished exposure
to light in the evening, such as by using
sunglasses, may also facilitate earlier sleep onset
at night. The other therapeutic option is one of
gradually delaying bedtime by 3 to 4 hours per
day until it becomes synchronized with socially
acceptable sleep-wake times and then adhering
to this schedule (phase advancing, chronothe-
rapy). Over time, however, all patients with DSPD
remain at a risk for drifting forward to progressively
later and later bedtimes. Daytime stimulants, such
as modafinil (100–400 mg/d in 2 divided doses),
may also improve daytime alertness. The physi-
cian may also need to write a letter to the
school requesting a late midmorning school start
time on medical grounds. General and specific
measures used to treat common childhood disor-
ders associated with hypersomnia are shown in
Table 4.

CHALLENGES AND OPPORTUNITIES

Further refinements are needed in the diagnostic
testing for childhood daytime sleepiness. It is not

known whether the MSLT in childhood should
use 4 or 5 naps. Is there any significance in the
sequence of appearance of SOREMPs on the
MSLT, that is, is there a greater likelihood of narco-
lepsy if REM-onset sleep is seen in naps 3 and 4
rather than in naps 1 and 2? Does the shortening
of initial REM latency on the nocturnal PSG have
a predictive value for childhood narcolepsy? There
is limited availability of testing for CSF hypocretin
level in aiding narcolepsy-cataplexy diagnosis in
preschool-aged children, an age group in which
the MSLT is invalid. Evidence of the utility of PSG
and the MSLT in the diagnosis of daytime sleepi-
ness is sparse, and comprises mainly of level 3
or 4 studies. For example, 10 studies have been
published to date with regard to the MSLT in child-
hood hypersomnia, 9 pertaining to narcolepsy and
1 to KLS. One study can be categorized as having
level 1 evidence, 2 as having level 3 evidence, and
7 as having level 4 evidence. There is thus a need
to generate studies of better evidentiary quality.
Longitudinal studies are needed to determine
whether treating sleepiness with medication cor-
responds with improved neuropsychological func-
tion. Given the small number of patients with
childhood narcolepsy at each sleep center, a con-
sortium-based approach is needed for gathering
prospective high-quality evidence regarding op-
timum treatment measures, be they pharmaco-
logic or nonpharmacologic in nature.

Table 4
Management approach for common disorders associated with hypersomnia

Condition Nonpharmacologic Pharmacologic

Narcolepsy Regular exercise
Regular sleeping-waking
schedules

Avoiding alcohol
Psychological counseling
for emotional support

Excessive sleepiness: modafinil/
armodafinil, salts of methylphenidate,
dextroamphetamine

Cataplexy: sodium oxybate, protriptyline,
venlafaxine, or clomipramine

Depression: a selective serotonin reuptake
inhibitor

Idiopathic hypersomnia Regular exercise
Regular sleeping-waking
schedules

Avoiding alcohol
Psychological counseling
for emotional support

Modafinil/armodafinil, salts of
methylphenidate, dextroamphetamine

Recurrent
hypersomnia (KLS)

— Lithium or lamotrigine (off-label usage)

Delayed sleep
phase syndrome

Bright light therapy, with
8000–10,000 lux during
the first 20–30 min on
awakening in the morning

Daytime exercise

Melatonin, 0.5 mg, about 5.5–6 h before
the desired bedtime

Modafinil, 100–200 mg, on awakening to
counter residual sleepiness
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