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ally disastrous, socioeconomic consequences in the classroom, work-
place or on the highways. For instance, it is likely that more than
100,000 motor vehicle crashes annually in the United States are caused
by driving while drowsy. Major disasters such as Three Mile Island,
Exxon Valdez, Bhopal and Challenger were all officially attributed to
sleepiness-related impaired judgement in the workplace1. The most
common cause of hypersomnia is volitional sleep deprivation for
social or economic reasons (we get 20% less sleep than previous gen-
erations, and there is no evidence that earlier generations required
more sleep, or that ours needs less). Sleepiness not explained by voli-
tional sleep deprivation is almost always due to an underlying sleep
disorder, most commonly obstructive sleep apnoea or narcolepsy.

Obstructive sleep apnoea 
Obstructive sleep apnoea (OSA) is the most common medical disor-
der causing hypersomnia, affecting over 2% of adult women and 4% of
adult men. It is seen primarily in people who are loud snorers and is
characterized by collapse of the upper airway during sleep. This upper
airway collapse may be associated with a fall in the blood oxygen level
and results in repetitive arousals (up to 100 per hour of sleep) to re-
establish upper airway airflow. These brief arousals are not perceived
by the individual but result in excessive daytime sleepiness. Important
insights into OSA have been that, contrary to initial reports, OSA is
not confined to middle-aged, overweight males but may be seen in
children (3% of all children), women and thin individuals. The fact
that OSA is a risk factor for hypertension and has been associated with
heart disease and type 2 diabetes is of particular concern given the
high prevalence of OSA and that obesity (currently an epidemic in
many countries) is one risk factor for the development of OSA2.

Narcolepsy
Narcolepsy is a relatively rare neurological disorder affecting 1 in 2,000
individuals. It is characterized by the tendency to fall asleep inappro-
priately during the daytime, particularly during sedentary or non-
stimulating activities, despite having obtained an adequate amount of
sleep the preceding night. Narcolepsy is the only known disorder rep-
resenting abnormalities of the wake/sleep generators. Other symptoms

Wake/sleep complaints are second only to complaints of pain as a
cause to seek medical attention. Undiagnosed and untreated
wake/sleep complaints exact an enormous toll at the personal level in
terms of misery and at the societal level in socioeconomic conse-
quences. Knowledge of sleep and sleep disorders has markedly
increased over the past half-century, spearheaded by the discovery that
sleep is far more than the passive absence of wakefulness. Not only is
sleep an active brain process, but it actually represents two completely
different states of being: non-rapid eye movement (NREM) and rapid
eye movement (REM) sleep. These states are as different from each
other as each is from wakefulness.

Most parts of the brain are active during all three states of being —
wakefulness, NREM sleep and REM sleep — but active in a different
mode, reflecting a striking reorganization of brain activity and func-
tion during these different states. Knowledge gained from basic
research on sleep in animals has led to amazing advances in the under-
standing of human sleep, with important diagnostic and effective ther-
apeutic implications. In addition, research guided by human sleep
disorders is leading to important basic sleep concepts. These include
the ideas that sleep may not be a global, but rather a local, brain phe-
nomenon, and that wakefulness, NREM sleep and REM sleep are not
mutually exclusive states: state dissociation or admixture might
explain fascinating clinical phenomena. In Fig. 1, a period of ‘ambigu-
ous’ sleep, with the simultaneous appearance of elements of both REM
and NREM sleep, can be seen.

Although there are nearly 100 identified sleep/wake disorders, most
sleep complaints conveniently fall into four categories: hypersomnia
(excessive daytime sleepiness without obvious explanation), insomnia
(trouble falling or staying asleep), circadian rhythm (biological clock)
disorders, and parasomnias (complex behaviours arising from the
sleep period). This review will focus on key disorders in each category
that have provided important and exciting insights to our under-
standing of the wake/sleep process.

Hypersomnia
Hypersomnia should be taken very seriously, as sleepiness from any
cause results in impaired sustained attention, with adverse, occasion-
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of narcolepsy include: first, cataplexy (sudden brief spells of muscle
weakness), often triggered by emotionally laden events; second, hyp-
nagogic (occurring at sleep onset) or hypnopompic (occurring at sleep
offset) hallucinations; third, sleep paralysis (awakening to find the
entire body paralyzed, with the exception of being able to breathe and
move the eyes); fourth, automatic behaviour; and last, disrupted night-
time sleep3.

The study of narcolepsy has been instrumental in promoting the
concept of state dissociation: wakefulness and sleep are not necessar-
ily mutually exclusive states, and furthermore, elements of one state of
being may intrude inappropriately into another, often with striking
consequences. Importantly, people with narcolepsy do not sleep more
per 24 hours than non-narcoleptics; they are unable to keep the nor-
mal boundaries of wakefulness, NREM sleep and REM sleep4. The
automatic behaviour (driving past the desired freeway exit, putting
clothing into the refrigerator) represents an admixture of wakefulness
and NREM sleep. There is enough wakefulness to perform complex
behaviour but not enough for conscious awareness of the behaviours. 

Sleep paralysis and cataplexy represent the simultaneous occur-
rence of REM sleep-related muscle paralysis and wakefulness. If the
paralysis intrudes into wakefulness, the result is cataplexy. If it persists
into wakefulness from a period of REM sleep, sleep paralysis results.
The waking hallucinations represent the release of sleep-related
dreaming into wakefulness, and the disrupted night-time sleep is a
manifestation of the ‘state-boundary dyscontrol’ aspect of narcolepsy.
Sleep paralysis and hypnagogic/hypnopompic hallucinations, but not
cataplexy, are often experienced by people who do not have narcolepsy,
particularly in the setting of sleep deprivation.

There was a time when narcolepsy was felt to be a psychiatric con-
dition. There were somewhat plausible psychodynamic explanations
(primarily as avoidance behaviours) for the symptoms of sleepiness,
cataplexy and sleep paralysis. But narcolepsy is clearly caused by
abnormalities of the central nervous system.

Narcolepsy has a clear genetic component, with over 90% of indi-
viduals with narcolepsy carrying the HLA-DR2/DQ1 (under current
nomenclature HLA-DR15 and HLA-DQ6) gene (found in less than
30% of the general population). It is currently felt that DQ6, which cor-
responds at the genomic level to the subregions DQB1*0602 and
DQA1*0102 on chromosome 6, is one of the more reliable markers for
narcolepsy across ethnic groups5. This association is present in the dif-
ferent ethnic populations to varying degrees and represents the high-
est disease–HLA linkage known in medicine. Despite a genetic

component, the risk of a first-degree relative developing narcolepsy is
only 1–2%, but that represents a 10–40-fold increase compared with
the general population6. Clearly, there is a genetic component. How-
ever, that component is neither necessary nor sufficient to cause nar-
colepsy.

One of the most important and exciting discoveries in the field of
sleep medicine resulted from animal experiments into narcolepsy and
was the identification of the relationship between hypocretin-1 (also
known as orexin) and narcolepsy. Hypocretin-1 is a neuropeptide con-
fined to a small number of cells in the hypothalamus. It seems that
patients with narcolepsy have lost these hypocretin-producing cells,
possibly through an immune-mediated mechanism7. Undetectable
levels of hypocretin-1 in the cerebrospinal fluid (CSF) are very specific
for patients with narcolepsy who have cataplexy and who are HLA
DQB1*0602 positive. Absent CSF hypocretin-1 levels have not been
found in any other conditions that could be confused clinically with
narcolepsy, and this suggests that CSF hypocretin determinations may
be of value in the diagnosis of narcolepsy in difficult cases8.

There are numerous effective treatments for narcolepsy such as
stimulant medications. Discovery of the role of hypocretin deficiency
in narcolepsy will undoubtedly lead to more specific targeted treat-
ments for narcolepsy and will teach much about wake/sleep function
in general. It has already been shown that systemic administration of
hypocretin-1 in narcoleptic dogs reduced cataplexy and normalized
sleep and waking durations9.

Insomnia
Insomnia is the most prevalent sleep complaint in the general popula-
tion. It is not defined by total sleep time, but, rather, by the inability to
obtain sleep that is sufficiently long or ‘good enough’ to result in feel-
ing rested or restored the following day. Although insomnia may be
due to many underlying medical, psychiatric or psychological condi-
tions, there is growing evidence that some insomnia is constitutional
in nature. Many people with insomnia do not have any identifiable
psychiatric or psychological problems. Furthermore, there is evidence
that untreated insomnia is a risk factor for the development of psychi-
atric problems such as depression or substance abuse. Importantly, the
relationship between insomnia and psychiatric conditions is bi-direc-
tional: depression may cause insomnia, and insomnia may cause
depression.

There is convincing evidence that insomniacs may be in a constant
state of hyperarousal. Many are actually less sleepy during the day than

Figure 1 | Ambiguous sleep in a patient with narcolepsy. Note the simultaneous occurrence of elements of NREM sleep (sleep spindles) and REM sleep
(rapid eye movements, saw-tooth waves and muscle atonia). EEG, electroencephalogram; EMG, electromyogram.
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motor restlessness often appears to follow a circadian pattern, peaking
between midnight and 04:00 (ref. 22). The higher prevalence of
depression and anxiety found associated with RLS is felt to be sec-
ondary to the RLS23.

Recent studies suggest there may be a susceptibility gene locus,
which would explain why RLS is often familial24. RLS is commonly
seen in pregnancy, haemodialysis or peritoneal dialysis for renal fail-
ure and iron-deficiency anaemia. Its relationship with iron metabo-
lism abnormalities has led to studies indicating that RLS is associated
with abnormal iron metabolism within the central nervous system25.
Recent elegant functional neuroimaging studies have identified thal-
amic, red nucleus and brainstem involvement in the generation of
periodic limb movements in patients with RLS26. One PET study
found reduced dopamine 2 binding in the caudate and putamen27. A
subcortical origin of RLS is supported by transcranial magnetic stim-
ulation studies28.

Demonstration of a continuous hypersensitivity to pin-prick, but
not to light touch, confirms a sensory component to RLS29 and may
explain the efficacy of opiate medications in RLS30.

Most cases of RLS respond gratifyingly to medical treatment
including anti-parkinsonian agents, benzodiazepines, opiates and
anti-convulsant medication. The dopaminergic anti-parkinsonian
medications are particularly effective24. Further study of the relation-
ship between dopamine and central nervous system iron metabolism
will be of great interest and value to neurophysiologists, neuro-
chemists, neuropharmacologists and, of course, patients.

Circadian rhythm disorders
Most living creatures follow a relentless and pervasive daily rhythm of
activity and rest that is ultimately linked to the geophysical light–dark
cycle. Plants, animals, even unicellular organisms, show daily varia-
tions in metabolic activity, locomotion, feeding and many other func-
tions31. The importance of the light–dark cycle upon the human
biological clock is underscored by the fact that in totally blind humans,
only one-third will be entrained to the environment. One-third will
have a cycle that is 24 hours but out of phase with the environment,
with the remaining third experiencing a free-running pattern longer
than 24 hours32.

The primary symptom of circadian rhythm disorders is the inabil-
ity to sleep during the desired sleep time. Once asleep, there is no
abnormality of sleep, only an abnormality of the timing of sleep. The
cause of all circadian rhythm disorders is an inability of the individual’s
biological clock to adjust to the demands of the geophysical environ-
ment. Wake–sleep schedule disorders fall into two categories: primary
(malfunction of the biologic clock per se) and secondary (resulting
from environmental effects upon the underlying clock). The sec-
ondary disorders (such as jet-lag and shift work) are usually immedi-
ately apparent upon simple questioning of the patient. The primary
disorders may be much more difficult to diagnose, as they typically
masquerade as other sleep, medical or psychiatric disorders such as
hypersomnia, insomnia, substance (sedative-hypnotic or stimulant)

non-insomniacs as measured by objective daytime nap studies. And
they also have an increase in metabolic rate across the 24-hour
period10. It has been proposed that chronic insomniacs may suffer
from a more general disorder of hyperarousal that may be responsible
for both the daytime symptoms and poor nocturnal sleep11. Insomni-
acs experience on overall increase of adrenocorticotropic hormone
(ACTH) and cortisol secretion12. The increased arousal level shown in
electroencephalogram (EEG) power-spectra studies could help
explain the impairment of the perception of having slept experienced
by many insomniacs13. Neuroimaging studies in insomnia lend further
support to underlying physiological abnormalities14. 

Behavioural treatment for insomnia can be quite effective but can
be time-consuming. Numerous pharmacological treatments are avail-
able. Over-the-counter sleep aids are of very questionable benefit15.
Commonly, medications used to treat depression are prescribed to
treat insomnia, although there is very little evidence that antidepres-
sant medications are effective in the treatment of insomnia that is not
associated with depression16. There are two classes of medication
approved for the treatment of insomnia: the benzodiazepines and the
newer, non-benzodiazepines. The risks of tolerance, abuse and depen-
dency associated with chronic benzodiazepine administration for
patients with well-documented sleep disorders have been greatly over-
rated17. Combined behavioural and pharmacological treatments are
often effective18. Benzodiazepines may be safely and effectively admin-
istered for longer than three weeks19.

There has been much interest in using melatonin as a sleep-induc-
ing agent. Melatonin is secreted by the pineal gland, and its secretion
is controlled by the light–dark cycle. Although often thought of as a
‘sleep’ hormone, it is actually a ‘darkness’ hormone, being secreted at
night in both day-active and night-active species. Its effect on sleep is
variable. Melatonin may prove useful in certain specific conditions.
For example, melatonin is effective in improving sleep in a subgroup
of elderly patients with insomnia who have low melatonin levels. Mela-
tonin is clearly ineffective in a sizable number of those suffering from
insomnia, and its use in the general treatment of insomnia remains to
be clarified20. Melatonin agonists are being evaluated as sleep-induc-
ing agents.

Awareness of the neurophysiological factors that predispose to
insomnia and the mechanism of action of sedative-hypnotic agents are
important elements in the diagnosis and successful management of
insomnia. Further study of insomnia in neurological conditions will
expand our understanding of sleep/wake patterns and brain function.
If some patients with insomnia are physiologically hyperaroused, a
case may be made for chronic administration of sedative-hypnotic
agents. The recent identification of a number of sleep/wake-related
neurotransmitters and neuropeptides will lead to the development of
newer and more selective sleep-promoting agents.

Restless legs syndrome
Restless legs syndrome (RLS) is one of the most common causes of
severe insomnia. It is a neurological sensory/movement disorder
affecting 5–15% of the general population21. RLS is characterized pri-
marily by a vague and difficult-to-describe unpleasant sensation in the
legs. This discomfort appears primarily during periods of inactivity,
particularly during the transition from wake to sleep in the evening.
Patients often have difficulty in describing the unpleasant sensations;
they rarely use conventional terms of discomfort such as ‘numbness,
tingling or pain’, but rather bizarre terms such as ‘pulling, searing,
drawing, crawling, shimmering or boring’, suggesting that RLS sensa-
tions are unlike any experienced by unaffected individuals. These dis-
tressing sensations are typically relieved only by movement or
stimulation of the legs. Many different techniques have been found by
patients: walking about, stomping the feet, rubbing, squeezing or
stroking the legs, taking hot showers or baths, or applying ointment,
hot packs or wraps to the legs. Although these treatments are effective
while they are being performed, the discomfort usually returns as soon
as the individual becomes inactive or returns to bed to try to sleep. The

●The total sleep requirement is genetically determined on an individual 
basis.

●Although the average is 7.5–8 hours per night, the range is between 4 
hours and 10–11 hours.

●One is sleep-deprived if:
One uses an alarm clock to be awakened in the morning (otherwise,
the brain would have awakened before the alarm went off when it had
accumulated as much sleep as it needs).
One tends to fall asleep during periods of reduced environmental
stimulation. Boring lectures, dimly lit rooms, heavy meals or long
automobiles drives do not cause sleepiness, they simply unmask it.

●The best way to determine one’s constitutional sleep requirement is to 
recall (or speculate as to) what one’s would be if one were in an 
environment where the wake-sleep pattern was completely free of 
external demands or constraints from work, family, school, social or meals.

Box 1 | How much sleep do you need?
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abuse or psychiatric conditions.
Until recently, the circadian rhythm disorders were only of acade-

mic interest, as no effective treatments existed. Fortunately, this has
changed, and many patients with these often incapacitating disorders
will benefit from accurate diagnosis and appropriate treatment. The
mainstays of treatment are chronotherapy and phototherapy. In addi-
tion, there are promising new pharmacological treatments on the hori-
zon33.

In chronotherapy, the desirable total sleep time is determined by
sleep logs during a ‘free-running’ period. The patient then delays or
advances sleep onset, by a few hours every day and sleeping only the
predetermined number of hours until the sleep onset time is at the
desired time, at which time the patient attempts to maintain that
time34. This method requires several days of free time and can be dif-
ficult if sleeping quarters cannot be kept dark and quiet when sleep will
be occurring during the daytime.

Phototherapy (exposure to bright light) has a potent effect upon the
biological clock, and exposure at strategic times of the wake/sleep cycle
results in a change in the underlying rhythm. This has afforded an
opportunity to treat circadian dysrhythmias effectively. The timing
and duration of the phototherapy depend upon diagnosis and indi-
vidual response. The patient sits at a prescribed distance from a bright
light producing 2,500 lux at the point where it reaches the patient. The
effect of light upon human rhythms varies with intensity, wavelength,
timing and duration of exposure. Once the desired sleep period time
has been achieved, continued light exposure must be maintained.
Much remains to be learned regarding these variables and the effec-
tiveness of phototherapy in the clinical setting35.

Delayed sleep syndrome
In delayed sleep-phase syndrome (DSPS), the patient falls asleep late
and rises late. There is a striking inability to fall asleep at an earlier,
more desirable time. This may present itself as either sleep-onset
insomnia or daytime hypersomnia (particularly in the morning).
DSPS is the most common of the primary circadian dysrhythmias, and
may, in part, be the consequence of societal increases in night-time
activities36. For example, a college student is habitually unable to fall
asleep until 02:00, and has great difficulty getting up in time for her
08:00 classes from Monday to Friday. She finds herself dozing off dur-
ing morning classes. On Saturday and Sunday she sleeps in until about
10:00, and feels rested upon arising, with no episodes of dozing during
the day. Combinations of chronotherapy, phototherapy and medica-
tions may be effective in ‘resetting’ the clock. Unfortunately, the treat-
ment regimen must be maintained, or the clock will again become
delayed.

Advanced sleep-phase syndrome
Individuals suffering from advanced sleep-phase syndrome (ASPS)
fall asleep early and awaken earlier than desired. They are unable to
remain awake until the desired time, falling asleep in the early evening
and awakening in the very early hours of the morning. This may pre-
sent as hypersomnia (particularly in the evening) or sleep-mainte-

nance insomnia. Patients complain of interruption of evening activi-
ties by their sleepiness. They may avoid evening social activities, fear-
ing the intrusive sleepiness. The undesirable early morning
awakenings in this condition  may lead to a misdiagnosis of depres-
sion.  Bright light exposure in the evening may delay the clock to a
more acceptable pattern.

Other, less common, circadian dysrhythmias beyond the scope of
this review include a ‘non-24-hour wake–sleep pattern’ and ‘irregular
wake–sleep pattern’.

Underscoring the inherent nature of these conditions, human
genetic studies have identified specific genes associated with both
advanced and delayed sleep-phase syndromes37–39.

Drugs that shift biological rhythms are called chronobiotics. One
promising pharmacological treatment is melatonin. Melatonin is
secreted by the pineal gland, and its secretion is coupled to the
wake–sleep cycle and to the circadian cortisol rhythm. It is a valuable
marker of the underlying wake–sleep period. It is likely that melatonin
plays an important role in biological rhythms. There is evidence that
administration of exogenous melatonin may alter the biological
rhythm in certain conditions33,40.

Circadian dysrhythmias are common, and may be disabling in
terms of academic, employment or family consequences, and so the
sleep medicine field is eagerly awaiting the development of effective
chronobiotics.

Parasomnias
Parasomnias are defined as unpleasant or undesirable behavioural or
experiential phenomena that occur predominantly or exclusively dur-
ing sleep. They were initially thought to be a single phenomenon, often
attributed to psychiatric disease. It is now clear that parasomnias are
not a unitary phenomenon but rather are the manifestation of a wide
variety of completely different conditions, most of which are diagnos-
able and treatable. The common parasomnias are another example of
‘dissociated sleep states’, representing the simultaneous admixture of
wakefulness and either NREM sleep (disorders of arousal such as
sleepwalking or sleep terrors) or wakefulness and REM sleep (REM
sleep behaviour disorder). Parasomnias may result in striking clinical
phenomena, which appear as the brain becomes reorganized across
states, and are therefore apt to occur during the transition from one
state to another.

In view of the large number of neural networks, neurotransmitters
and other state-determining substances that must be recruited syn-
chronously for full state declaration and the frequent transitions
among states during the wake–sleep cycle, it is surprising that errors
in state declaration do not occur more frequently than they do41. In
addition to the phenomenon of state dissociation, in which two states
of being overlap or occur simultaneously, there are probably additional
underlying physiological phenomena that contribute to the appear-
ance of complex motor behaviours during sleep. These include: acti-
vation of locomotor centres during sleep, sleep inertia (a period of
confusion or disorientation during the transition from sleep to wake-
fulness) upon arousal and sleep state instability (oscillation between

Figure 2 | A sleepwalking episode. A 23-year-old female demonstrates a very rapid progression from lying in her bed in deep sleep (slow-wave NREM sleep)
to have a precipitous arousal with immediate standing up and sleepwalking that culminates with her tripping and nearly falling out of bed.
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years of age, and is far more common in adults (nearly 4%) than gen-
erally acknowledged54,55. Sleepwalking may be either calm or agitated,
with varying degrees of complexity and duration (Fig. 2).

Sleep terrors
The sleep terror is the most dramatic disorder of arousal, frequently
initiated by a loud, blood-curdling scream associated with extreme
panic, followed by prominent motor activity such as hitting the wall,
running around or out of the bedroom, even out of the house, result-
ing in bodily injury or property damage. A universal feature is incon-
solability, and attempts at consolation are fruitless and may serve only
to prolong or even intensify the confusional state. Complete amnesia
for the activity is typical, but may be incomplete56. The intense 
endogenous arousal and exogenous unarousability constitute a curi-
ous paradox. As with sleepwalking, sleep terrors are much more preva-
lent in adults than generally acknowledged (up to 3%) (ref. 54).
Although usually benign, these behaviours may be violent (Fig. 3),
resulting in considerable injury to the victim or others or damage to
the environment, occasionally with forensic implications57. Treatment
options include reassurance, behavioural or pharmacological
approaches58.

REM sleep parasomnias 
The most common and best-studied REM sleep parasomnia is the
REM sleep behaviour disorder (RBD). In patients with RBD, somatic
muscle atonia, one of the defining features of REM sleep, is absent, per-
mitting the acting out of dream mentation, often with violent or inju-
rious results (Fig. 4). Figure 5 demonstrates the striking release of
motor activity during REM sleep in a patient with RBD.

The cases so far reported indicate strikingly similar clinical fea-
tures59. The presenting complaint is that of vigorous sleep behaviours
usually accompanying vivid dreams. These behaviours may result in
repeated injury, including ecchymoses, lacerations and fractures. Some
of the self-protection measures taken by the patients (tethering them-
selves to the bed, using sleeping bags or pillow barricades, or sleeping
on a mattress in an empty room) reveal the recurrent and serious

wakefulness and sleep)42.
The parasomnias, which are usually due to admixtures of states of

being, along with narcolepsy, support the concept that wake and sleep
are not mutually exclusive states, and that sleep is not necessarily a
global brain phenomenon.

NREM parasomnias 
The disorders of arousal are the most impressive and most common of
the NREM sleep parasomnias. These share common features. They
tend to arise from slow-wave sleep (stages 3 and 4 of NREM sleep) and
therefore usually occur during the first third of the sleep cycle (and
rarely during naps). They are common in childhood, usually decreas-
ing in frequency with increasing age43,44.

Disorders of arousal may be triggered by febrile illness, alcohol,
previous sleep deprivation, physical activity, emotional stress or
medications. Such precipitants should be thought of as triggering
events in susceptible individuals and not the cause. Persistence of
these behaviours beyond childhood or their development in adult-
hood has erroneously been taken as an indication of underlying psy-
chopathology. Careful clinical evaluations of patients with disorders
of arousal have dispelled the myth that these conditions are the man-
ifestation of significant underlying psychiatric or psychological
problems45–47.

Disorders of arousal occur on a broad spectrum ranging from con-
fusional arousals, through somnambulism (sleep walking) to sleep ter-
rors. Some take the form of ‘specialized’ behaviours such as
sleep-related eating and sleep-related sexual activity48–51.

Confusional arousals
These are often seen in children and are characterized by movements
in bed, occasionally thrashing about or inconsolable crying52. ‘Sleep
drunkenness’ is probably a variation on this theme53. The prevalence
of confusional arousals in adults is approximately 4% (ref. 54).

Sleepwalking
Sleepwalking is prevalent in childhood (1–17%), peaking at 11–12

Figure 3 | The rapid evolution of a sleep terror episode. A 24-year-old male patient has a long and increasingly severe history of violent sleep terrors. In the
video prints shown here, the patient emerged precipitously from slow-wave NREM sleep, without any physiological or motor forewarning. This is typical
of sleep terrors (see the text for more details).

Figure 4 | REM sleep behaviour disorder. Pictures taken from a video in a sleep laboratory of older men who have RBD. These men throw punches while
dreaming of fighting during REM sleep.
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nature of these episodes. The potential for injury to self or a bed part-
ner raises interesting and difficult forensic medicine issues. Two strik-
ing demographic characteristics of RBD are that it predominantly
affects males (about 90%) and usually begins after the age of 50 years.
Chronic RBD may be preceded by a lengthy prodrome. RBD in
humans occurs in both an acute and chronic form. The acute form is
often due to undesirable side-effects of prescribed medications, most
commonly antidepressant medications, particularly the serotonin-
specific reuptake inhibitors (SSRIs)60.

The chronic form of RBD is usually either idiopathic or associated
with neurological disorders. One of the most interesting implications
of chronic RBD is its growing association with neurodegenerative dis-
orders, particularly the synucleinopathies (Parkinson’s disease, multi-
ple system atrophy or dementia with Lewy body disease). RBD may be
the first manifestation of these conditions, and may precede any other
manifestation of the underlying neurodegenerative process by more
than 10 years61. As patients with RBD are followed over time, it is
becoming clear that more are developing neurodegenerative disorders.
This has led to the suggestion that the term ‘idiopathic’ RBD be
replaced by ‘cryptogenic’ RBD. The striking relationship between RBD
and neurodegenerative disorders has led to fascinating neuroimaging
and cerebral blood flow studies in patients with RBD62–68. Such clini-
cal/neuroimaging studies in a variety of neuological conditions will
undoubtedly reveal much about brain function and sleep/wakefulness.
The fact that RBD may be a very early harbinger of Parkinson’s disease
will become very important when a neuroprotective pharmacological
agent is developed for Parkinson’s disease. In keeping with the fact that
both narcolepsy and RBD represent state boundary dyscontrol condi-
tions, it should be no surprise that there is a higher incidence of RBD
in patients with narcolepsy. Adding to the likelihood that RBD will
occur in patients with narcolepsy, medications prescribed to treat cat-
aplexy associated with narcolepsy (tricyclic antidepressants, SSRIs and
monoamine oxidase inhibitors) can trigger or exacerbate RBD69.

Fortunately, the benzodiazepine clonazepam is a highly effective
treatment for RBD70. The mechanism of action of clonazepam in RBD
is unknown.

Isolated, often bizarre, sleep-related events may be experienced by
perfectly normal people, and most do not warrant further extensive or

expensive evaluation. Serious attention should be made to complaints
of sleep-related behaviours that are potentially violent or injurious.
Forensic issues may result from such behaviours57.

Future directions
Progress in basic science sleep physiology and clinical sleep medicine
is rapid at the moment. Knowledge gained from sleep research in
insects and animals will undoubtedly lead to even more effective treat-
ments for the myriad human sleep disorders. Identification of sleep
and circadian abnormalities in transgenic mouse models of
Alzheimer’s disease and Huntington’s disease are just two exam-
ples71–73. The evolving relationship between RBD and neurodegenera-
tive disorders and sleep in the prion diseases (Creutzfeldt–Jakob, fatal
familial insomnia and and bovine encephalopathy) is another. Many
aspects of sleep and wakefulness are genetically influenced74. Increas-
ingly, studies in Drosophila are providing important information
regarding genetic influences in sleep patterns (duration and timing of
sleep)75–77. In addition, questions raised by human sleep disorders will
help direct basic science research. Close collaboration between basic
science sleep researchers and sleep medicine clinicians will continue
to result in great discovery. ■

1. National Commission on Sleep Disorders Research. Report of the National Commission
on Sleep Disorders Research (Research DHHS Pub. No. 92. Supplier of Documents, U. S.
Government Printing Office, Washington, DC, 1992).

2. Caples, S. M., Gami, A. S. & Somers, V. K. Obstructive sleep apnea. Ann. Intern. Med. 142,
187–197 (2005).

3. Guillemiault, C. & Framherz, S. in Principles and Practice of Sleep Medicine (eds Kryger, 
M. H., Roth, T. & Dement, W. C.) 780–790 (Elsevier Saunders, Philadelphia, 2005).

4. Nobili, L. et al. Ultradian aspects of sleep in narcolepsy. Neurophysiol. Clin. 26, 51–59
(1996).

5. Bassetti, C. & Aldrich, M. S. Narcolepsy. Neurologic Clinics 14, 545–571 (1996).
6. Mignot, E. Genetic and familial aspects of narcolepsy. Neurology 50 (suppl. 1), S16–S22

(1998).
7. Taheri, S., Zeitzer, J. M. & Mignot, E. The role of hypocretins (orexins) in sleep regulation

and narcolepsy. Annu. Rev. Neurosci. 25, 283–313 (2002).
8. Mignot, E. et al. The role of cerebrospinal fluid hypocretin measurement in the diagnosis

of narcolepsy and other hypersomnias. Arch. Neurol. 59, 1553–1562 (2002).
9. Johns, J., Wu, M.-F. & Siegel, J. M. Systemic administration of hypocretin-1 reduces

cataplexy and normalizes sleep and waking durations in narcoleptic dogs. Sleep Res.
Online 3, 23–28 (2000).

10. Bonnet, M. H. & Arand, D. L. Activity, arousal, and the MSLT in patients with insomnia.
Sleep 23, 205–212 (2000).

Left eye

Right eye

Legs EMG

Heart monitor (ECG)

Left central EEG

Chin EMG

Arms EMG

Right central EEG

Rapid eye movements

Muscle twitching and body movements
 

Position of electrode

Figure 5 | REM sleep without atonia in a patient with REM sleep behaviour disorder. Note the prominent muscle activity and body movements during REM
sleep, which is normally accompanied by active muscle paralysis. EEG, electroencephalogram; EMG, electromyogram.

05 Mahowald 27-33 NS NEW   21/10/05  11:31 AM  Page 32

Nature  Publishing Group© 2005



© 2005 Nature Publishing Group 

 

NATURE|Vol 437|27 October 2005 INSIGHT REVIEW

1285

46.Guilleminault, C., Moscovitch, A. & Leger, D. Forensic sleep medicine: nocturnal
wandering and violence. Sleep 18, 740–748 (1995).

47. Llorente, M. D., Currier, M. B., Norman, S. & Mellman, T. A. Night terrors in adults:
phenomenology and relationship to psychopathology. J. Clin. Psychiatr. 53, 392–394
(1992).

48.Shapiro, C. M., Trajanovic, N. N. & Fedoroff, J. P. Sexsomnia — a new parasomnia? Can. J.
Psychiatr. 48, 311–317 (2003).

49. Winkelman, J. W., Herzog, D. B. & Fava, M. The prevalence of sleep-related eating
disorder in psychiatric and non-psychiatric populations. Psychol. Med. 29, 1461–1466
(1999).

50. Schenck, C. H. & Mahowald, M. W. Review of nocturnal sleep-related eating disorders.
Int. J. Eat. Dis. 15, 343–356 (1994).

51. Rosenfeld, D. S. & Elhajjar, A. J. Sleepsex: a variant of sleepwalking. Arch. Sex. Behav. 27,
269–278 (1998).

52. Rosen, G., Mahowald, M. W. & Ferber, R. in Principles and Practice of Sleep Medicine in the
Child (eds Ferber, R. & Kryger, M.) 99–106 (W. B. Saunders, Philadelphia, 1995).

53. Nino-Murcia, G. & Dement, W. C. in Psychopharmacology: the Third Generation of Progress
(ed. Meltzer, H. Y.) 873–879 (Raven, New York, 1987).

54. Ohayon, M., Guilleminault, C. & Priest, R. G. Night terrors, sleepwalking, and confusional
arousals in the general population: their frequency and relationship to other sleep and
mental disorders. J. Clin. Psychiatr. 60, 268–276 (1999).

55. Klackenberg, G. Somnambulism in childhood — prevalence, course and behavior
correlates.  A prospective longitudinal study (6–16 years). Acta Paediatr. Scan. 71,
495–499 (1982).

56. Kahn, E., Fisher, C. & Edwards, A. in The Mind in Sleep. Psychology and Psychophysiology
(eds Ellman, S. D. & Antrobus, J. S.) 437–447 (John Wiley & Sons, New York, 1991).

57. Mahowald, M. W. & Schenck, C. H. in Principles and Practice of Sleep Medicine (eds Kryger,
M. H., Roth, T. & Dement, W. C.) 960–968 (Elsevier/Saunders, Philadelphia, 2005).

58. Mahowald, M. W. & Cramer-Bornemann, M. A. in Principles and Practice of Sleep Medicine
(eds Kryger, M. H., Roth, T. & Dement, W. C.) 889–896 (Elsevier/Saunders, Philadelphia,
2005).

59. Schenck, C. H. in Encyclopedia of the Neurological Sciences (eds Aminoff, M. J. & Daroff, 
R. B.) 146–149 (Academic, San Diego, 2003).

60.Mahowald, M. W. & Schenck, C. H. in Principles and Practice of Sleep Medicine (eds. Kryger,
M. H., Roth, T. & Dement, W. C.) 897–916 (Elsevier/Saunders, Philadelphia, 2005).

61. Boeve, B. F. et al. Synuceinopathy pathology often underlies REM sleep behavior disorder
and dementia or parkinsonism. Neurology 61, 40–45 (2003).

62. Eisensehr, I. et al. Reduced striatal dopamine transporters in idiopathic rapid eye
movement sleep behavior disorder. Comparison with Parkinson’s disease and controls.
Brain 123, 1155–1160 (2000).

63. Eisensehr, I. et al. Increased muscle activity during rapid eye movement sleep correlates
with decrease of striatal presynaptic dopamine transporters. IPT and IBZM SPECT
imaging in subclinical and clinically manifest idiopathic REM sleep behavior disorder,
Parkinson’s disease, and controls. Sleep 26, 507–512 (2003).

64.Albin, R. L. et al. Decreased striatal dopaminergic innervation in REM sleep behavior
disorder. Neurology 55, 1410–1412 (2000).

65. Shirakawa, S.-I. et al. Study of image findings in rapid eye movement sleep behavioral
disorder. Psychiatr. Clin. Neurosci. 56, 291–292 (2002).

66. Fantini, M. L. et al. Slowing of electroencephalogram in rapid eye movement sleep
behavior disorder. Ann. Neurol. 53, 774–780 (2003).

67. Miyamoto, M. et al. Brainstem function in rapid eye movement sleep behavior disorder:
the evaluation of brainstem function by proton MR spectroscopy (1H-MRS). Psychiatr.
Clin. Neurosci. 54, 350–351 (2000).

68. Gilman, S. et al. REM sleep behavior disorder is related to striatal monoaminergic deficit in
MSA. Neurology 61, 29-34 (2003).

69. Schenck, C. H. & Mahowald, M. W. Motor dyscontrol in narcolepsy: rapid-eye-movement
(REM) sleep without atonia and REM sleep behavior disorder. Ann. Neurol. 32, 3–10 (1992).

70. Schenck, C. H. & Mahowald, M. W. Polysomnographic, neurologic, psychiatric, and
clinical outcome report on 70 consecutive cases with REM sleep behavior disorder
(RBD): sustained clonazepam efficacy in 89.5% of 57 treated patients. Cleveland Clin. J.
Med. 57 (Suppl.), S9–S23 (1990).

71. Petersen, A. et al. Orexin loss in Huntington’s disease. Hum. Mol. Genet. 14, 39–47 (2005).
72. Morton, A. J. et al. Disintegration of the sleep-wake cycle and circadian timing in

Huntington’s disease. J. Neurosci. 25, 157≠–163 (2005).
73. Wisor, J. P. et al. Sleep and circadian abnormalities in a transgenic mouse model of

Alzheimer’s disease: a role for cholinergic transmission. Neuroscience 131, 375–385
(2005).

74. Dauvilliers, Y., Maret, S. & Tafti, M. Genetics of normal and pathological sleep. Sleep Med.
Rev. 9, 91–100 (2005).

75. Huber, R. et al. Sleep homeostasis in Drosophila melanogaster. Sleep 27, 628–639  (2004).
76. Hendricks, J. C. & Sehgal, A. Why a fly? Using Drosophila to understand the genetics of

circadian rhythms and sleep. Sleep 27, 334–342 (2004).
77. Cirelli, C. et al. Reduced sleep in Drosophila Shaker mutants. Nature 434, 1087–1092 (2005).

Supplementary Information A video sequence is available linked to the online
version of the paper at www.nature.com/nature.

Author Information Reprints and permissions information is available at
npg.nature.com/reprintsandpermissions. The authors declare competing financial
interests: details accompany the paper on www.nature.com/nature.
Correspondence should be addressed to M.W.M. (mahow002@umn.edu).

11. Stepanski, E., Zorick, F., Roehrs, T., Young, D. & Roth, T. Daytime alertness in patients with
chronic insomnia compared with asymptomatic control subjects. Sleep 11, 54–60 (1998).

12. Vgontzas, A. N. et al. Chronic insomnia is associated with nyctohemeral activation of the
hypothalamic-pituitary-adrenal axis: clinical implications. J. Endocrinol. Metab. 86,
3787–3794 (2001).

13. Perlis, M. L., Merica, H., Smith, M. T. & Giles, D. E. Beta EEG activity and insomnia. Sleep
Med. Rev. 5, 365–376 (2001).

14. Smith, M. T. et al. Neuroimaging of NREM sleep in primary insomnia: a Tc-99-HMPAO
single photon emission computed tomographic study. Sleep 25, 325–335 (2002).

15. Lasagna, L. Over-the-counter hypnotics and chronic insomnia in the elderly. J. Clin.
Psychopharmacol. 15, 383–386 (1995).

16. Mendelson, W. B. et al. The treatment of chronic insomnia: drug indications, chronic use
and abuse liability. Summary of a 2001 new clinical drug evaluation unit meeting
symposium. Sleep Med. Rev. 8, 7–17 (2004).

17. Schenck, C. H. & Mahowald, M. W. Long-term, nightly benzodiazepine treatment of
injurious parasomnias and other disorders of disrupted nocturnal sleep in 170 adults. Am.
J. Med. 100, 333–337 (1996).

18. Hajak, G., Bandelow, B., Zulley, J. & Pittrow, D. ‘As needed’ pharmacotherapy combined
with stimulus control treatment in chronic insomnia — assessment of a novel
interventional strategy in a primary care setting. Ann. Clin. Psychiatry 14, 1–7 (2002).

19. Morin, C. M., Bastien, C. H., Brink, D. & Brown, T. R. Adverse effects of temazepam in older
adults with chronic insomnia. Hum. Pschyopharmacol. Clin. Exper. 18, 75–82 (2003).

20. Dawson, D. & van den Heuvel, C. J. Integrating the actions of melatonin on human
physiology. Ann. Med. 30, 95–102 (1998).

21. Phillips, B. et al. Epidemiology of restless legs symptoms in adults. Arch. Intern. Med. 160,
2137–2141 (2000).

22. Trenkwalder, C. et al. Circadian rhythm of periodic limb movements and sensory
symptoms of restless legs syndrome. Mov. Dis. 14, 102–110 (1999).

23. Winkelman, J. et al. ‘Anxietas Tibiarum’. Depression and anxiety disorders in patients with
restless legs syndrome. J. Neurol. 252, 67–71 (2005).

24. Desautels, A. et al. Restless legs syndrome. Confirmation of linkage to chromosome 12q,
genetic heterogeneity, and evidence of complexity. Arch. Neurol. 62, 591–596 (2005).

25. Allen, R. P. & Earley, C. J. Restless legs syndrome: a review of clinical and pathophysiologic
features. J. Clin. Neurophysiol. 18, 128–147 (2001).

26. Bucher, S. F., Seelos, K. C., Oertel, W. H., Reiser, M. & Trenkwalder, C. Cerebral generators
involved in the pathogenesis of the restless legs syndrome. Ann. Neurol. 41, 639–645
(1997).

27. Turjanski, N., Lees, A. J. & Brooks, D. J. Striatal dopaminergic function in restless legs
syndrome. Neurology 52, 932–937 (1999).

28. Tergau, F., Wischer, S. & Paulus, W. Motor system excitability in patients with restless legs
syndrome. Neurology 52, 1060–1063 (1999).

29. Stiasny-Kolster, K., Magerl, W., Oertel, W. H., Moller, J. C. & Treede, R.-D. Static
mechanical hyperalgesia without dynamic tactile allodynia in patients with restless legs
syndrome. Brain 127, 773–782 (2004).

30. von Spiczak, S. et al. The role of opioids in restless legs syndrome: an [11C]diprenorphine
PET study. Brain 128, 906–917 (2005).

31. Moore-Ede, M. C., Sulzman, F. M. & Fuller, C. A. The Clocks That Time Us: Physiology of the
Circadian Timing System (Harvard Univ. Press, Cambridge, MA, 1982).

32. Sack, R. L., Lewy, A. J., Blood, M. L., Keith, L. D. & Nakagawa, H. Circadian rhythm
abnormalities in totally blind people; incidence and clinical significance. J. Clin. Endocrinol.
Metab. 75, 127–134 (1992).

33. Sack, R. L., Lewy, A. J. & Hughes, R. J. Guidelines for prescribing melatonin for sleep and
circadian rhythm disorders. Ann. Med. 30, 115–121 (1998). 

34. Czeisler, C. A., Richardson, G. S. & Coleman, R. M. Chronotherapy: resetting the circadian
clocks of patients with delayed sleep phase insomnia. Sleep 4, 1–21 (1981).

35. Reid, K. J. & Zee, P. C. in Principles and Practice of Sleep Medicine (eds Kryger, M. H., Roth, T.
& Dement, W. C.) 691–701 (Elsevier Saunders, Philadelphia, 2005). 

36. Yamadera, H., Takahashi, K. & Okawa, M. A multicenter study of sleep-wake rhythm
disorders: clinical features of sleep-wake rhythm disorders. Psychiatr. Clin. Neurosci. 50,
195–201 (1996).

37. Xu, W. et al. Functional consequences of a CKI-delta mutation causing familial advanced
sleep phase syndrome. Nature 434, 640–644 (2005).

38. Toh, K. L. et al. An hPer2 phosphorylation site mutation in familial advanced sleep phase
syndrome. Science 291, 1040–1043 (2001).

39. Archer, S. N. et al. A length polymorphism in the circadian clock gene Per3 is linked to
delayed sleep phase syndrome and extreme diurnal preference. Sleep 26, 413–415
(2003).

40.Dagan, Y., Yovel, I., Hallis, D., Eisenstein, M. & Raichik, I. Evaluating the role of melatonin in
the long-term treatment of delayed sleep phase syndrome (DSPS). Chronobiol. Inter. 15,
181–190 (1998).

41. Mahowald, M. W. & Schenck, C. H. Evolving concepts of human state dissociation. Arch.
Ital. Biol. 139, 269–300 (2001).

42. Mahowald, M. W. & Schenck, C. H. in Principles and Practice of Sleep Medicine (eds. Kryger,
M. H., Roth, T. & Dement, W. C.) 786–795 (W. B. Saunders, Philadelphia, 2000).

43. Fisher, C., Kahn, E., Edwards, A. & Davis, D. M. A psychophysiological study of nightmares
and night terrors. I. Physiological aspects of the stage 4 night terror. J. Nerv. Ment. Dis. 157,
75–98 (1973).

44.Fisher, C., Kahn, E., Edwards, A., Davis, D. M. & Fine, J. A psychophysiological study of
nightmares and night terrors. III. Mental content and recall of stage 4 night terrors. J. Nerv.
Ment. Dis. 158, 174–188 (1974).

45. Schenck, C. H., Hurwitz, T. D., Bundlie, S. R. & Mahowald, M. W. Sleep-related injury in 100
adult patients: a polysomnographic and clinical report. Am. J. Psychiatr. 146, 1166–1173 (1989).

05 Mahowald 27-33 NS NEW   21/10/05  11:31 AM  Page 33

Nature  Publishing Group© 2005



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 450
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 450
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 2400
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck true
  /PDFX3Check false
  /PDFXCompliantPDFOnly true
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.30000
    0.30000
    0.30000
    0.30000
  ]
  /PDFXOutputIntentProfile (OFCOM_PO_P1_F60)
  /PDFXOutputCondition (OFCOM_PO_P1_F60)
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f300130d330b830cd30b9658766f8306e8868793a304a3088307353705237306b90693057305f00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /FRA <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <FEFF004e005000470020005000520049004e005400200050004400460020004a006f00620020004f007000740069006f006e0073002e002000320032006e0064002000530065007000740065006d00620065007200200032003000300034002e002000500044004600200031002e003300200043006f006d007000610074006900620069006c006900740079002e>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [665.858 854.929]
>> setpagedevice


