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Clinical, Anatomical, and Physiologic Relationship
Between Sleep and Headache

 

David W. Dodick, MD; Eric J. Eross, MD; James M. Parish, MD

 

The intimate relationship between sleep and headache has been recognized for centuries, yet the relationship
remains clinically and nosologically complex. Headaches associated with nocturnal sleep have often been per-
ceived as either the cause or result of disrupted sleep. An understanding of the anatomy and physiology of both
conditions allows for a clearer understanding of this complex relationship and a more rational clinical and thera-
peutic approach. Recent biochemical and functional imaging studies in patients with primary headache disorders
has lead to the identification of potential central generators which are also important for the regulation of normal
sleep architecture.

Medical conditions (e.g. obstructive sleep apnea, depression) that may disrupt sleep and lead to nocturnal or
morning headache can often be identified on clinical evaluation or by polysomnography. In contrast, primary
headache disorders which often occur during nocturnal sleep or upon awakening, such as migraine, cluster head-
ache, chronic paroxysmal hemicrania, and hypnic headache, can readily be diagnosed through clinical evaluation
and managed with appropriate medication. These disorders, when not associated with co-morbid mood disorders
or medications/analgesics overuse, seldom lead to significant sleep disruption.

Identifying and classifying the specific headache disorder in patients with both headache and sleep distur-
bances can facilitate an appropriate diagnostic evaluation. Patients with poorly defined nocturnal or awakening
headaches should undergo polysomnography to exclude a treatable sleep disturbance, especially in the absence of
an underlying psychological disorder or analgesic overuse syndrome. In patients with a well defined primary head-
ache disorder, unless there are compelling historical or examination findings suggestive of a primary sleep distur-
bance, a formal sleep evaluation is seldom necessary.

Key words: headache, hypnic, hypothalamus, sleep, sleep apnea

Abbreviations: CH cluster headache, CPH chronic paroxysmal hemicrania, OSA obstructive sleep apnea, PLMS
period leg movements of sleep, REM rapid eye movement, NREM nonrapid eye movement, SCN
suprachiasmatic nuclei
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That a relationship exists between sleep and
headaches has been known for more than a century,
yet the exact nature of this association remains enig-

matic. The great neurologic clinicians of the 19th and
20th centuries recognized that sleep deprivation and
excessive sleep were both associated with headache
in general, and with migraine in particular, yet sleep
itself has long been known as a powerful method to
terminate an attack. As early as 1853, Romberg
wrote that “The attack is generally closed by a pro-
found and refreshing sleep” and Liveing remarked in
1873 that for an acute attack of migraine “The most
frequent termination by far is in 

 

sleep.

 

”

 

1,2

 

In contrast, several well-described primary head-
ache disorders, such as migraine, cluster headache
(CH), and chronic paroxysmal hemicrania (CPH),
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may occur mainly during either nocturnal or diurnal
sleep. Moreover, hypnic headache syndrome appears
to occur 

 

exclusively

 

 during sleep. These findings
suggest that the physiology of sleep itself may be re-
lated somehow to the mechanism underlying an
acute headache attack in a biologically predisposed
individual.

 

CLASSIFICATION

 

Controversy often implies two opposing and con-
tentious viewpoints, each of which is debated and dis-
puted by those espousing the other side. However,
controversy can also refer to an issue still open to
question or under discussion. Such is the case with
sleep and headache, especially because of the sparse
research on the subject. The complex relationship be-
tween sleep and headache has led to various models
of potential interaction (Tables 1 and 2) that attempt
to enhance our understanding of these disorders and
ensure accurate diagnosis and management.

 

3,4

 

Several investigators have concluded that “chronic
headache sufferers” often present with complex sleep
disturbances that may be related to the headaches.

 

5-7

 

In addition, morning or nocturnal headaches have
been found to be related often or frequently to a pri-

mary sleep disturbance.

 

3

 

 In other words, the relation-
ship is one of “guilt by causation.”

Unfortunately, many studies analyzing the rela-
tionship between sleep and headache have not ade-
quately defined their headache populations. First, the
headache populations are often described simply as
“chronic” headache sufferers rather than being classi-
fied into diagnostic categories. Second, the term

 

chronic

 

 itself is not defined. Chronicity can be de-
fined either by the duration of a headache disorder
(more than 6 months) or by the frequency of head-
ache attacks (on more than 15 days per month).
These two parameters differ profoundly, particularly
with respect to their potential effects on sleep. Fi-
nally, little evidence is available on the frequency of
comorbid illness (eg, depression, anxiety, medical
conditions) that may contribute to either the head-
aches, the sleep disturbance, or both.

In contrast, clearly defined primary headache
disorders in isolation are rarely associated with major
sleep disturbances, despite their occurrence predomi-
nantly or even exclusively during sleep.

 

4

 

 Further-
more, when specific sleep disorders are associated
with headaches, the headaches are often easily distin-
guished from the major headache syndromes and fre-
quently are accompanied by other features (eg, ex-
cessive daytime somnolence, cognitive impairment,
depression, anxiety) or by extensive sleep disruption.

Given the substantial clinical, anatomic, and bio-
logic overlap between the physiology of sleep and the
pathophysiology of headache, their frequent associa-
tion can be considered to be one of “guilt by associa-
tion.” However, their relationship might be defined
more accurately by the following three paradigms:

 

Table 1.—Extent of Relationship Between
Sleep and Headache*

 

Sleep-related headaches (during or after sleep)
Sleep-phase–related headaches

III, IV, rapid eye movement: migraine
Rapid eye movement: cluster headache, chronic paroxysmal

hemicrania
Length of sleep and headaches

Excessive deep sleep
Lack of sleep
Sleep disruption

Sleep relieves headaches
Migraine and other types of headaches

Sleep disorders and headaches
Sleep apnea and headaches
Somnambulism and headaches
Other parasomnias and headaches

Effect of headaches on sleep
Minimal to major sleep disruption

Dreams and headaches

*Data from Sahota and Dexter.

 

4

 

 Reprinted with permission of
the American Headache Society.

 

Table 2.—Relationship Between Headache and Sleep*

 

Headache is a symptom of a primary sleep disturbance
Sleep disturbance is a symptom of a primary headache

disorder
Sleep disturbance and heqadache are symptoms of an

unrelated medical disorder
Sleep disturbance and headache are both manifestations of a

similar underlying pathogenesis

*Data from Paiva et al.
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1. Headache is the result of disrupted noctur-
nal sleep or the underlying process that dis-
rupts sleep.
a. Obstructive sleep apnea (OSA) or noc-

turnal hypoxia or hypercarbia
b. Restless legs syndrome or periodic leg

movements of sleep (PLMS)
c. Psychophysiologic insomnia
d. Chronic pain syndrome or fibromyalgia
e. Depression or anxiety

2. Headache is the “cause” of a disturbance
of nocturnal sleep.
a. Chronic tension-type headache (more

than 15 headache days per month for
more than 6 months)

b. Chronic migraine with or without anal-
gesic abuse or depression or anxiety

3. Headache and sleep are intrinsically re-
lated by anatomy and physiology.
a. Migraine
b. Cluster headache
c. Chronic Paroxysmal Hemicrania
d. Hypnic headache

 

Headache as a Result of Sleep Disruption.—

 

Head-
aches and sleep disturbances are two of the most
common and ubiquitous disorders faced in clinical
practice. Frequently encountered in the same patient,
the two complaints may have a relationship that is of-
ten unclear. However, most headaches related to a
sleep disturbance often lack distinguishing features,
are diffuse or poorly localized, and occur after exten-
sive sleep disruption. They can occur during noctur-
nal sleep periods or more often upon awakening. Al-
though the mechanism by which sleep deprivation or
sleep disruption leads to headache is unknown, the
association has been recognized for decades. Dull,
frontal-aching headaches will develop both in normal
subjects and in those who suffer from tension-type
headaches who are deprived of sleep.

 

8

 

 In a recent
prospective longitudinal study examining the tempo-
ral relationships between daily stress, sleep, and
headache using time-series analysis with lagged cor-
relations, Penzien and colleagues found that altered
sleep patterns played a key role in precipitating or ex-
acerbating recurrent headache.

 

9

 

In an earlier study of 288 consecutive patients at-
tending a headache clinic, Paiva and colleagues found
that 49 (17%) complained of nocturnal or early morn-
ing headaches.

 

7

 

 Of this group, 26 (53%) were diag-
nosed with an identifiable sleep disorder, such as OSA,
PLMS, psychophysiologic insomnia, or fibromyalgia.
Treatment directed toward the underlying sleep dis-
order led to overall amelioration or improvement in
the headaches of most patients, except in the group
with PLMS. Although Paiva and colleagues con-
cluded that headaches occurring during the night or
early morning are often related to a sleep disturbance,

 

7

 

they did not delineate the frequency or characteris-
tics of headaches.

Still earlier, Paiva and colleagues had studied 25
patients with nocturnal or early morning headaches,

 

3

 

21 of whom had subjective sleep complaints. Of these
21, 13 had a change in their headache diagnosis after
overnight polysomnography,

 

3

 

 leading to final diag-
noses that consisted of OSA, PLMS, fibromyalgia, or
insomnia associated with chronic substance abuse.
These patients had presented with a variety of head-
ache diagnoses, including tension-type, “mixed ten-
sion-vascular,” and headaches caused by substance
abuse. In contrast, none of the patients with CH,
CPH, or migraine had their diagnosis changed after
polysomnography, except for those with migraine
who were abusing analgesics or who had experienced
a recent change in the character or frequency of their
headaches.

Nondescript morning headaches are common in
patients with sleep apnea, with a frequency ranging
from 36% to 58%,

 

10,11

 

 and headache may be the pre-
senting feature. Patients with chronic hypoxemia of-
ten complain of diurnal headache, patients with noc-
turnal respiratory failure due to various conditions,
including neuromuscular disease, complain of early
morning headaches. Adequate nocturnal oxygen-
ation through the use of continuous positive airway
pressure often eliminates nocturnal or morning head-
aches.

 

12

 

 Therefore, the pathogenesis of headaches in
patients with sleep apnea is more likely related to the
physiologic and cerebral hemodynamic effects of hyp-
oxia or hypercapnia than to a disturbance in sleep
physiology. In keeping with this observation, Rains
and colleagues identified a relationship between morn-
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ing headache and sleep-disordered breathing in a clini-
cal sample of 826 patients who presented to a sleep
disorders center.

 

13

 

 Thirty-five percent of the patients
reported daily or occasional morning headache that
was found to be related to their apnea-hypopnea in-
dex and, dose-dependently, to the nadir nocturnal
oxygen concentration. A concurrent association also
was found between morning headache and the num-
ber of arousals from sleep, probably because most re-
spiratory events are terminated with arousal from
sleep to restore breathing.

In a prospective study of 312 patients referred for
polysomnography a high frequency of headache (32.3%)
and solely morning headache (18.9%) was found in
164 patients with OSA.

 

39

 

 However, headache preva-
lence in a group of snorers without OSA was similar
and was strongly correlated with mood disorders, rather
than with nocturnal respiratory and sleep architecture
parameters. Headache is also a frequent symptom in
patients with chronic pain syndromes, fibromyalgia,
and depression or anxiety disorders that often cause a
disturbance in quality of sleep. These diagnoses
should be readily evident during clinical evaluation
so a formal sleep study would be indicated rarely.

In summary, patients who present with poorly
defined headaches that occur at night or on awaken-
ing may require a formal sleep evaluation with poly-
somnography to exclude the possibility of a treatable
sleep disturbance (eg, OSA or PLMS) that causes ex-
tensive sleep fragmentation. Such an evaluation
would be called for in particular when there is no evi-
dence of an underlying psychiatric disorder or anal-
gesic overuse.

 

Headache as a Cause of Sleep Disruption.—

 

Many
patients with headache complain of poor sleep, and
sleep disturbances have been shown to play a role in
chronic pain. Studies documenting sleep disturbances
in patients with headache often demonstrate that
most of these patients have (1) tension-type, “muscle
contraction” headache, (2) “mixed-element, tension-
vascular headache,” or (3) headache associated with
chronic substance abuse.

 

3,5,7,14,15

 

 Although proof of a
correlation between headache frequency and sleep
disturbances is often lacking, a direct correlation may
nevertheless exist between the two.

 

15

 

In both children and adults, chronic tension-type
headache is frequently associated with subjective sleep

complaints and objective disturbances in sleep quality,
night awakenings, and daytime sleepiness.

 

5

 

 Chronic
tension-type headache and headache associated with
analgesic abuse often lead to sleep disturbances simi-
lar to those in patients with chronic musculoskeletal
pain, fibromyalgia, and depression. These distur-
bances include decreases in total sleep time, sleep ef-
ficiency, and slow-wave sleep, as well as frequent
awakenings and increased nocturnal movements.

The mechanism of the sleep disturbance in these
chronic headache populations has therefore been at-
tributed to the presence of an underlying depression
or anxiety disorder. In fact, some researchers have
suggested that “when an individual complains of long
periods of sleep loss because of headache, it is well to
consider anxiety or depression as the dominant as-
pect of the illness.”

 

4

 

 In general, clearly defined pri-
mary headache syndromes, such as migraine and CH,
are associated with minimal subjective sleep distur-
bance unless accompanied by depression or an anxi-
ety syndrome.

 

Headache as a Sleep-Related Phenomenon.—

 

In
contrast to tension-type headache, analgesic-induced
headache, and headaches associated with sleep dis-
ruption or deprivation, primary headache disorders
(eg, migraine, CH, CPH, and possibly hypnic head-
aches) often occur during specific sleep stages and there-
fore may be associated intimately with the physiology of
sleep itself. Migraine appears to occur in association
with rapid eye movement (REM) sleep, and in associa-
tion with excessive amounts of stage III, stage IV, and
REM sleep.

 

16,17

 

 Attacks of both CH and CPH appear
to predominate during sleep and often occur during
REM sleep,

 

16,18

 

 particularly in the presence of OSA.

 

19

 

Although these headache disorders have a nocturnal
predilection and occur during specific stages of sleep,
their effect on quality of sleep is probably minimal.

 

ANATOMY AND PHYSIOLOGY OF SLEEP

 

The following discussion will consider how the
anatomy and physiology of sleep may explain the
genesis and pathophysiology of headache and, there-
fore, how they are guilty by association rather than
by causation.

 

Definitions.—

 

Sleep can be defined as a normal
reversible state of loss of perception of, and respon-
siveness to, the external environment. The state of
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sleep encompasses almost one third of a person’s life,
and disturbances of sleep often mirror disturbances
in the physiology of body and mind. A normal night
of sleep for an adult consists of four to six sequential
cycles, each lasting about 90 minutes, during which a
relatively longer period of nonrapid eye movement
(NREM) sleep is followed by a relatively shorter pe-
riod of REM sleep. Nonrapid eye movement sleep is
arbitrarily divided into four stages of increasing
depth, which is defined as the intensity of sensory
stimuli required to cause arousal. For young adults,
approximately 95% of a night of sleep is composed of
NREM sleep (50%, stage II; 20%, stage III or stage
IV) and 25% of REM sleep. Slow-wave sleep (stages
III and IV) predominates early in the night, whereas
REM sleep predominates toward morning. Initial
REM latency is about 80 minutes. This architecture
changes with advancing age. The percentage of REM
sleep declines during the first decade, then remains
constant throughout life, whereas the percentage of
slow-wave sleep begins to decline in adolescence and
continues to decline until it is not apparent in persons
older than 60 years. Sleep in the elderly is also char-
acterized by increased awakenings and probable dis-
turbance in sleep-wake rhythms, with increased
napping during the day and possibly an advanced
sleep-phase pattern. Periodic leg movements of sleep
become more common and sleep-related respiratory
disturbances also increase.

 

11

 

Rapid Eye Movement Sleep.—

 

The anatomical
basis of REM sleep has been delineated by transec-
tion, ablative, and unit-recording experiments. Rapid
eye movement sleep “on” cells have been localized to
the lateral nucleus reticularis pontis oralis, a nucleus
ventral to the locus ceruleus in the pontine tegmen-
tum. Rapid eye movement sleep “off” cells have been
found in the noradrenergic locus ceruleus and sero-
tonergic dorsal raphe nucleus. These cells discharge
regularly during wakefulness, slowly during NREM
sleep, and not at all during REM sleep. Their role in
the initiation or modulation of REM sleep remains
hypothetical.

 

37

 

Nonrapid Eye Movement Sleep.—

 

With few ex-
ceptions, NREM sleep is characterized by a general re-
duction in cerebral blood flow, glucose utilization, and
neuronal activity.

 

37

 

 Nonrapid eye movement sleep is
controlled by a widespread network of cell groups in

the brain stem, diencephalon, and prosencephalon (ie,
forebrain) rather than by a single generator. The pri-
mary areas involved in NREM sleep are the medullary
nucleus of the solitary tract, nucleus reticularis of the
thalamus, anterior hypothalamus, and basal forebrain.

 

Neurotransmitters and Sleep.—

 

No single neuro-
transmitter appears to be involved in wakefulness or
in any of the stages of sleep, but the chemicals in-
volved do depend on the anatomical systems acti-
vated. Acetylcholine may be responsible for intrinsic
activation processes in wakefulness and in REM
sleep. Infusion of physostigmine during NREM sleep
results in a transition to REM sleep, whereas infusion
during REM sleep produces wakefulness. Drugs that
increase norepinephrine at the synaptic cleft (eg, tri-
cyclic antidepressants, monoamine oxidase inhibi-
tors, and clonidine) inhibit REM sleep, probably via

 

�

 

-adrenergic receptors. This is not surprising because
locus ceruleus cells discharge less frequently during
NREM sleep and essentially stop firing during REM
sleep.

 

37

 

 Similar firing rates have been noted in the
dorsal raphe nuclei during NREM and REM sleep.
Dopamine, histamine, 

 

�

 

-aminobutyric acid (GABA),
adenosine, opioid, and other neuropeptides have also
been implicated in sleep and wakefulness, but their
exact role is unclear.

 

Circadian Physiology.—

 

The sleep-wake cycle is
only 1 of more than 20 physiologic systems that fol-
low an approximately 24-hour cycle. All of these sys-
tems can be considered as effector pathways of a cen-
tral timekeeping mechanism. Numerous experiments
have shown that the principal biological clock is lo-
cated in the suprachiasmatic nuclei (SCN) of the hy-
pothalamus.

 

38

 

 Isolation of these nuclei from the rest
of the brain results in an abolition of circadian
rhythm outside the small hypothalamic island, but
neural circadian rhythm persists within the nuclei
themselves. Uptake of 2-deoxyglucose within the nu-
clei follows a circadian rhythm, as does the neuronal
electrical activity.

 

38

 

 Compared with the environmen-
tal cycle of 24 hours, the human biological pacemaker
has an intrinsic periodicity of 24.9 hours. This conver-
sion between the intrinsic rhythm and the environ-
mental rhythm is known as “entrainment,” and the
factors responsible for it are known as “zeitgebers,”
of which the most influential is the change in lumi-
nosity between day and night.
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Photic entrainment is mediated by two pathways:
a direct retinal projection to the SCN conveys infor-
mation about the level of ambient light, and an indi-
rect pathway from the lateral geniculate nucleus
sends it to the SCN of the hypothalamus. Photic in-
formation relayed from the SCN to the pineal gland
is closely reflected there in the secretion of melato-
nin. Endogenous melatonin is probably the strongest
biological marker of the circadian rhythm in humans.
Despite the uncertainties and doubts that still sur-
round the role of melatonin in human physiology and
pathophysiology, substantial evidence points to mela-
tonin as playing a role in the regulation of circadian
rhythms, sleep, and headache.

 

27

 

CLINICAL ASSOCIATION

 

The primary headache disorders, particularly mi-
graine and CH, are characterized by a striking associ-
ation with the sleep-wake cycle and other circadian
biorhythms, suggesting that they may represent cen-
trally originating chronobiological disorders. The hy-
pothalamus, specifically the SCN, has therefore been
considered to be this site of origin. The following dis-
cussion will examine the relationship among head-
ache, sleep, and circadian biology for migraine and
CH, the most studied and understood primary head-
ache disorders.

 

Migraine.—

 

Migraine has long been recognized
as occurring during nocturnal sleep, after brief peri-
ods of diurnal sleep, and (most frequently) on awak-
ening. In fact, migraine attacks sometimes follow a
circadian rhythm with a peak occurrence in the early
morning. Migraine attacks have also been well docu-
mented to occur during specific sleep stages. In par-
ticular, attacks are more likely to occur during peri-
ods of REM sleep and with morning arousals
associated with larger amounts of stage III, stage IV,
and REM sleep. Clinically, migraine can sometimes
arise out of a dream.

 

20

 

 Of interest, as discussed below,
is that autonomic activity and systemic serotonin con-
centrations increase and decrease, respectively, in
both REM sleep and during a migraine attack.

Parasomnias, defined as undesirable physical
phenomena that appear during sleep, have been
shown by several independent groups to occur with
much greater frequency in patients with migraine

than in control subjects.

 

4,21

 

 The occurrence of som-
nambulism in patients with migraine ranges from
30% to 55% (range in controls, 5% to 16%), and
other parasomnias such as pavor nocturnus are also
more prevalent with migraine.

Almost 60% of patients with migraine report
symptoms of elation, irritability, depression, hunger,
thirst, or drowsiness during the 24 hours preceding
headache, which suggests a hypothalamic site of ori-
gin.

 

22

 

 Support for this hypothesis can be found in the
cyclic or periodic nature of the migraine syndrome,
which is triggered in most patients by various changes
in the external or internal milieu. Triggers include al-
terations in biorhythms, such as hormonal changes
(menstruation), sleep-wake cycles and sleep phases,
jet lag, shift work; geoclimatic factors, such as seasonal
cycles and changes in temperature, barometric pres-
sure, and the light-dark cycle; emotional or affective
disturbances, particularly psychological stress; and
changes in social habits or daily routine such as meal-
times, work-rest activity, weekends, or any kind of
scheduled activity. These features support the theory
that migraine is a disturbance of the cerebral circuits
concerned with adaptive homeostatic mechanisms.

 

Cluster Headache.—

 

Substantial clinical evidence
supports a relationship between CH, sleep, and the
biological clock. The most distinctive feature of this
disorder is its episodic nature, from which its name is
so aptly derived. Patients describe their headaches as
turning on and off like clockwork, following a daily
(circadian) rhythm that has the stamp of the biologi-
cal clock. In fact, although CH attacks vary consider-
ably from person to person, they often occur at the
same hour each day in the same individual, with peak
times of 1 to 2 am, 1 and 3 pm, and 9 pm. Moreover,
the remarkable half-year, yearly, or even biennial cy-
cling of CH bouts is one of the most striking cyclic
processes of human biology. An increase in bouts is
associated with the summer and winter solstices, and
a relative reduction in CH attacks occurs around the
equinoxes, apparently related to the duration of the
photoperiod (length of daylight). The highest fre-
quency of CH periods occurs 2 weeks after the sol-
stices, the longest and shortest days of the year
(about June 21 and December 21, in the northern
hemisphere), and decreases within 2 weeks after the
changing of the clocks for daylight savings time on
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the first Sunday in April and for standard times on the
last Sunday in October.

The association between CH and sleep has long
been recognized because of the dramatic predilection
for attacks to occur during nocturnal sleep. Indeed,
Wolff’s

 

23

 

 early observation that the majority of clus-
ter headaches occurs always or commonly during
sleep, with pain so severe that it startles the patient
from bed before he or she is fully awake, has been
confirmed by many authors as a seminal diagnostic
feature of this disorder. The attacks often occur
about 90 minutes after the person falls asleep, which
coincides with the onset of the first REM sleep. Al-
though reports in the literature conflict, episodic at-
tacks of CH tend to occur during REM sleep.

 

16

 

 Simi-
larly, CPH, a headache disorder that clinically
resembles CH, also appears to be closely associated
with REM sleep.

 

18

 

 Cluster headache attacks have also
been found to occur during stages II and IV of sleep,
and patients with CH may sometimes show a de-
crease both in total and in percentage of REM sleep,
and an increase in stages III and IV sleep during ac-
tive cluster periods.

 

4

 

The involvement of the human biological clock in
CH is also supported by the efficacy of lithium, which
is effective in treating several periodic syndromes
with a circadian or circannual periodicity, such as bi-
polar disorder, cyclic migraine, and hypnic headache.
Lithium selectively accumulates in the hypothalamus,
enhances and stabilizes serotonergic transmission in
the central nervous system, alters circadian rhythm,
and dampens REM sleep.

It is useful to remember however that in some
patients, the physiologic consequences of OSA may
trigger CH during the first few hours of sleep. There-
fore, in patients with a clinical history suggestive of
OSA, or in patients whose cluster headache occur ex-
clusively during sleep, an overnight polysomnogram
may be necessary to exclude a nocturnal respiratory
disturbance.

 

40

 

ANATOMICAL AND PHYSIOLOGIC
ASSOCIATION

 

In addition to the clinical association between
headache and sleep, their relationship also hinges on
whether there is a relationship between the hypothal-
amus (and other regions crucial to the regulation of

 

sleep) and those areas involved in nociception and
migraine pathogenesis. If so, then dysfunction in the
regulation of the sleep-regulating system must be ca-
pable of generating headaches.

 

Migraine.—

 

The hypothalamus sends input to
and receives input from the limbic system, retinohy-
pothalamic tract, visceral relay nuclei (including the
nucleus of the tractus solitarius and the ventrolateral
medulla), and brain stem aminergic nuclei (including
those of the dorsal raphe and the locus ceruleus).
This anatomical framework at least may provide an
explanation for the affective, prodromal, and vegetative
symptoms, as well as for the visual, gastrointestinal,
and autonomic symptoms that are the core features
of the migraine syndrome. In addition, hypothalamic
modulation of pain is well known. Experiments have
shown that nociceptive neurons in the spinal cord
projecting directly to the hypothalamus can be stimu-
lated antidromically by the hypothalamus itself. Also,
bidirectional pathways exist between the locus cer-
uleus and dorsal raphe nucleus, as well as among
opioidergic centers in the brain stem, including the
periaqueductal gray matter. These brain regions con-
stitute what is known as the central antinociceptive
network.

The locus ceruleus and dorsal raphe are, respec-
tively, the main repositories for norepinephrine and
serotonin (5-hydroxytryptamine [5-HT]) in the hu-
man brain. As such, they not only help regulate sleep-
wake states but also gate afferent nociceptive infor-
mation, modulate cerebral blood flow and blood-
brain barrier permeability, and serve as crucial sites
in migraine pathogenesis. The serotonergic system
demonstrates circadian and circannual rhythmicity
and is, like other biorhythms, under the pacemaker
control of the SCN. Furthermore, serotonin-contain-
ing terminals arising from the dorsal raphe nuclei dis-
tribute in a dense plexus in the SCN and are capable
of serotonin uptake.

Several lines of evidence and observations during
the past 3 decades have established a relationship be-
tween serotonin and migraine. During the onset of a
migraine attack, the urinary excretion of 5-hydroxy-
indoleacetic acid (5-HIAA), which is the main me-
tabolite of serotonin, increases and platelet 5-HT de-
creases rapidly; pharmacologic depletion can induce
a migraine attack, and intravenous 5-HT can abort
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acute migraine attacks. As discussed above, systemic
serotonin also decreases during REM sleep when the
dorsal raphe is silent, which may account in part for
the relationship between REM sleep and migraine.
These observations about serotonin and migraine led
to the development of the serotonin-receptor ago-
nists (triptans), which have revolutionized the treat-
ment of migraine and CH in the past decade.

Serotonin also exerts a phasic rather than a tonic
influence on integrated functional activity in the
brain, and a central disturbance of serotonin activity
appears to be associated with a periodic functional
failure of the central nervous system to adapt to in-
ternal and external environmental changes. Clinical
evidence of this failure can be found in persons with
primary headaches and affective disorders. In affec-
tive disorders, the periodicity of the illness appears to
be related to a phase shift of the biological clock in
relation to the photic message, as suggested by a cir-
cadian rhythm disturbance in sleep-wake patterns,
melatonin secretion, and serotonin kinetics. A phase
shift in this temporal message has been claimed to
underlie CH and perhaps migraine headache.

The centrality of these regions to the pathogene-
sis of migraine has been underscored by findings that
these structures contain binding sites for specific anti-
migraine compounds, that lesions in the parasympa-
thetic ganglion and dorsal raphe nucleus can evoke
migraine-like headache, and that these aminergic nuclei,
as demonstrated by recent positron emission tomog-
raphy, become strongly activated on the side con-
tralateral to the headache during and after a migraine
attack.

 

24

 

 Thus, brain stem activation may be inherent
in the migraine attack itself. Indeed, these nuclei are
strong candidates for the lesion in the classical sense
because of their modulatory control is “timed” to
dysfunction by a disturbance in circadian biorhythms,
it may set in motion the migrainous process.

This concept is certainly valid when one con-
siders two of the most consistent clinical features
of migraine—the association between migraine at-
tacks and the emotional state of an individual—and
the presence of the “classic” migraine visual aura.
The cortical inputs to these aminergic nuclei origi-
nate 

 

exclusively

 

 from the paralimbic areas and most
of the ascending monoaminergic projections to the

cortex arrive in the sensory cortex, primarily the vi-
sual cortex. These nuclei, therefore, provide a mecha-
nism through which attention and emotion can affect
neocortical activity, cerebral blood flow, and auto-
nomic activity.

 

Cluster Headache.—

 

Beyond the overwhelming
clinical evidence that CH is a chronobiological disor-
der with a strong association with sleep, convincing
experimental evidence supports the hypothesis that
the hypothalamus is its site of origin.

First, alterations in the circadian secretory rhythm
of several hormones, including melatonin, cortisol,
testosterone, prolactin, growth hormone, thyrotropin,
and 

 

�

 

-lipotropin, have been documented in patients
with CH.

 

25

 

 These alterations in secretory rhythm occur
during a cluster period, then return to normal during
cluster remission, thus supporting the presence of pe-
riodic hypothalamic dysfunction.

Second, and perhaps most convincing, the role of
the hypothalamus in the pathogenesis of CH was
highlighted recently by a study in which nine patients
were examined using positron emission tomography
during an acute CH attack.
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 Findings included evi-
dence of neuronal activation (marked increases in ce-
rebral blood flow) in the anteroventral hypothalamic
gray matter, as well as in areas known to be involved
in pain processing. This area of the hypothalamus
contains the circadian pacemaker neurons of the
SCN. In the context of the clinical profile and bio-
chemical abnormalities of this group of patients with
headache, this finding strongly suggests the SCN as
the site where cluster attacks are initiated.

 

Melatonin and Headache.—

 

Because of the pro-
pensity for headache to occur in response to changes
in the internal or external milieu, including changes
in the seasons (or duration of the photoperiod), some
authorities in the field of headache consider migraine
and CH to be the result of a maladaptive response to
such changes in the internal and external environ-
ment in a biologically (genetically) predisposed indi-
vidual. Because the pineal gland has been thought to
play an influential role in maintaining homeostatic
equilibrium in close relationship with changing envi-
ronmental conditions, Brzezinski suggested that mel-
atonin is involved in migraine and other primary
headache disorders.
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Melatonin indeed demonstrates several actions
within the central nervous system, which may ac-
count for its putative analgesic role in headache.
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First, melatonin potentiates the inhibitory action of
GABA. Thus, reduced concentrations of melatonin
might lower the activation threshold of pain circuits
normally inhibited by GABAergic transmission. Sec-
ond, because melatonin modulates the entry of cal-
cium into cells, a reduction in melatonin might alter
the tone or vasoreactivity of cerebral blood vessels.
Furthermore, melatonin receptors have been identi-
fied on cerebral arteries and melatonin has also been
shown to modulate 5-HT

 

2

 

 receptors on cerebral ar-
teries. Antagonism at this 5-HT receptor is exploited
by drugs used to prevent migraine and CH (eg, fluna-
rizine, cyproheptadine, methysergide). Finally, mela-
tonin inhibits the synthesis of prostaglandin E

 

2

 

, which
has been identified as one of many substances that
can lead to sterile perivascular inflammation (neuro-
genic inflammation) that activates the trigeminovas-
cular nociceptive afferents.

Indirect evidence for the potential role of mela-
tonin in the pathogenesis of headache comes from
the ability of lithium, which is effective in treating
both CH and hypnic headache, to enhance absorption
of tryptophan and promote its transformation to se-
rotonin, which both serve as precursors for melatonin
synthesis. The therapeutic effect of lithium may be
mediated partly by an increasing concentration of
melatonin. Melatonin has been shown to be effective
in patients with headache who suffer from delayed
sleep phase syndrome, the most frequent circadian
rhythm disorder, which is characterized by a persis-
tent inability to fall asleep at conventional times.
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Both urinary melatonin and plasma melatonin
have been shown to be decreased and phase shifted
in patients with migraine, menstrual migraine, and
status migrainosus.
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 Similarly, patients with CH ex-
hibit an acrophase delay in peak melatonin during
cluster periods, blunted nocturnal melatonin re-
sponses, and reduced 24-hour melatonin production
during cluster periods.
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 A double-blind, placebo-
controlled trial has shown the efficacy of oral melato-
nin treatment for the prophylaxis of CH.
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 Manipula-
tion of the sleep-wake cycle and alteration of the
photoperiod by manipulating the amount of ambient

light exposure have also been shown to lead to sup-
pression of cluster attacks. These observations fur-
ther support the role for the SCN-pineal-melatonin
axis in the pathophysiology of these primary head-
ache disorders. The regulatory role of this region in
the circadian rhythm and sleep-wake cycles also pro-
vides strong evidence for an inherent relationship be-
tween sleep physiology and headache.

 

Hypnic Headache.—

 

There is perhaps no better
proof for an inherent relationship between sleep and
headache than the example of the hypnic headache
syndrome. Hypnic headache is a benign, recurrent
headache disorder of the elderly that occurs only dur-
ing diurnal and nocturnal sleep. In the 40 cases re-
ported, the female-to-male ratio has been 2:1. In indi-
vidual patients, these headaches usually occur with
striking consistency the same time every night. They
are often frequent, usually occurring every night or
more than 4 nights per week.

 

34

 

 Hypnic headaches,
which also can occur during daytime naps, are typi-
cally bilateral, moderately severe, and short-lasting
(less than 2 hours). This headache disorder usually
responds well to treatment with lithium carbonate.

 

35

 

Although the characteristics of hypnic headache
may vary, there is no mistaking its exclusive relation-
ship with sleep and its tendency to occur, with rare
exceptions, in persons older than aged 60 years.
These features imply not only that this headache dis-
order is related to the physiology of sleep, but also
that the changes in sleep physiology that occur in the
elderly may be particularly relevant to understanding
the sleep-headache relationship and, indeed, to un-
derstanding the pathogenesis of these headaches.

In addition to an increase in nocturnal awaken-
ings, sleep in persons older than aged 60 years is char-
acterized by a dramatic decline in, and almost disap-
pearance of, slow-wave sleep. Elderly adults also
appear to have a disturbed sleep-wake rhythm that
causes increased napping during the day and possibly
an advanced sleep-phase pattern. Whether total 24-
hour sleep time is reduced is questionable, but noc-
turnal sleep time certainly diminishes in old age. As
discussed earlier, numerous experiments have shown
that the principal biological clock is located in the
SCN of the hypothalamus. Cell numbers in the SCN
decrease dramatically with age. This reduction in cell
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number is accompanied by a subsequent reduction in
melatonin, because the synchronized release of mela-
tonin is controlled by the SCN. In humans, the circa-
dian rhythm for release of melatonin from the pineal
gland is closely synchronized with the habitual hours
of sleep, which may account for the fragmentation of
circadian rhythms, including the sleep-wake cycle,
common with advancing age. Melatonin concentra-
tions have also been found to be much reduced in
several other circadian disorders, such as bipolar dis-
order and seasonal affective disorder.

Thus, one may speculate that the decline in mela-
tonin secretion evident in elderly subjects is second-
ary to neuronal attrition in the SCN, which results
not only in disruption of multiple circadian rhythms,
including the sleep-wake cycle, but also in the devel-
opment of hypnic headaches in biologically predis-
posed persons. Melatonin secretion, as outlined
above, has been shown to be reduced in several pri-
mary headache disorders, including migraine and
CH, and it also has been found to be effective in the
treatment of these headache disorders. Any evalua-
tion of the efficacy of melatonin in patients with hyp-
nic headache will therefore be of great interest.

 

SUMMARY

 

There is substantial clinical, anatomical, bio-
chemical, and physiologic evidence to support an in-
herent association between the normal physiology of
sleep and the genesis of headache in biologically pre-
disposed persons. This relationship is most evident
for the well-described primary headache disorders of
migraine and CH. The intrinsic relationship between
sleep and headache is underscored by the hypnic
headache syndrome, in which headaches occur exclu-
sively during sleep. A primary sleep disturbance is
neither necessary nor sufficient for the expression of
these headache disorders. Furthermore, although
these disorders may be associated with true sleep dis-
orders (eg, migraine, parasomnias), they rarely give
rise to insufficient sleep syndromes or complaints of
insomnia, and their diagnosis is not likely to be al-
tered after polysomnography.

Diffuse, vague, and ill-defined headaches may
occur when nocturnal sleep is greatly disrupted. They
do not occur during specific sleep stages (except for

OSA), and they often do not awaken people from
sleep. Rather, such headaches often occur on awak-
ening or during the course of nocturnal wakefulness.
An overnight sleep study in these patients should be
considered because the presence of disturbed noctur-
nal sleep is not always obvious from the patient his-
tory. Treatment of the underlying disorder, particularly
OSA and psychophysiologic insomnia, can consolidate
sleep and eliminate the headaches of some patients.

Finally, it is most unusual for headache disorders
to cause major disruptions in sleep. Patients who
present with subjective sleep complaints as a manifes-
tation of headache often suffer from chronic daily
headache and usually have a comorbid condition,
such as depression, anxiety, analgesic overuse, or fi-
bromyalgia, that leads to a disturbance of nocturnal
sleep.

 

CONCLUSION

 

To achieve a better understanding of the interplay
of sleep and headache and, ultimately, to develop bet-
ter treatment methods, clinicians should identify and
classify the headache disorder when evaluating pa-
tients who complain of both headache and sleep dis-
turbance, particularly when the headaches occur fre-
quently during nocturnal sleep or on awakening.
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