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Abstract This review describes empirical evidence for a
bidirectional relationship between tension-type headache
(TTH) and sleep. In its most severe form, chronic TTH
(CTTH) affects 2–3 % of the population and can be very
disabling. Sleep dysregulation triggers episodic TTH, and
sleep disorders may complicate and exacerbate headache.
The majority of CTTH sufferers also have insomnia, and
longitudinal data suggest that insomnia is a risk factor for
new-onset TTH. Similarly, observational studies suggest that
sleep disturbance is a risk factor for new-onset TTH and for
progression from episodic to chronic TTH (i.e., headache
“chronification”). CTTH is the most common headache sec-
ondary to sleep apnea and other sleep-related breathing disor-
ders. Psychiatric disorders are comorbid with both TTH and
insomnia and may further complicate diagnosis and treatment.
Developments in diagnostic classification of sleep-related
headache are presented.

Keywords Tension-type headache . Headache . Awakening
headache .Morningheadache .Sleep-relatedheadache .Sleep
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Introduction

Tension-type headache (TTH) is the most common headache
and, indeed, pain condition worldwide, but TTH historically
has been a relatively neglected subject of research. TTH
ranges from infrequent, mild variants to a chronic, severe,
and disabling condition. TTH has receivedmuch less attention
than its migraine counterpart, although the two often co-occur,
especially in more severe and complicated headache presen-
tations. Likely, the relative neglect of TTH stems from the
historical view of TTH as psychogenic and perhaps also from
the fact that milder forms are almost ubiquitous and relatively
innocuous. Though less is known about the pathophysiology
of TTH compared to migraine, the past decade has yielded
important diagnostic, epidemiological, observational, clinical,
and experimental evidence advancing our understanding of
TTH and interrelated sleep disorders and processes.

The association between sleep and headache has been
recognized in the medical literature for over a century and
has been described extensively in earlier literature reviews [1,
2•, 3, 4]. Earlier studies often lacked diagnostic precision,
frequently reporting on headaches proximally related to sleep
(e.g., morning headache, awakening headache) rather than
formal headache diagnoses. Diagnostic precision has im-
proved in recent studies and may be facilitated by new devel-
opments in classification. The diagnostic manual for sleep
disorders recently appended the manual with a section for
sleep-related headaches. Thus, as described below, classifica-
tion of sleep-related headache is now recognized to some
extent in the diagnostic manuals for both headache and sleep.

TTH is the most common headache and the most common
headache symptom pattern associated with sleep disorders [4].
Empirical research discussed below demonstrates the bidirec-
tional relationship between sleep and headache. Sleep loss is
an acute “headache trigger” confirmed in prospective time
series analysis, and going to sleep is one of the most frequent
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and effective self-management responses to headache.
Interestingly, a recent biobehavioral model has proposed that
short-term headache relief of sleeping may ultimately under-
mine basic processes involved in sleep-wake regulation. Sleep
dysregulation has been shown to lower pain threshold in the
pain literature, a finding consistent with literature on sleep-
related headache triggers. Sleep dysregulation, then, may
increase propensity to headache and further sleep problems
in a vicious cycle.

Classification, Epidemiology, and Impact

Tension-Type Headache

Headache diagnosis follows the International Classification of
Headache Disorders, 3rd edition, beta version (ICHD-3β) [5],
which was released to facilitate integration with the forthcom-
ing 11th edition of the International Classification of Diseases
(ICD-11) by the World Health Organization.

TTH is distinguished from migraine by its bilateral loca-
tion, mild-to-moderate pain intensity, and non-pulsatile (e.g.,
pressing, tightening, or band-like) pain characteristics
(Table 1). Unlike migraine, TTH is not exacerbated by phys-
ical activity and not associated with significant nausea or
vomiting, although mild nausea, photophobia, or
phonophobia may be present. TTH is subclassified by fre-
quency and the presence or absence of tenderness of the
pericranial muscles. Episodic TTH (ETTH) episodes last
30 min to 7 days and may be characterized as infrequent
(<1 day per month or <12 days per year) or frequent (1–
14 days per month or <180 days per year). Chronic TTH
(CTTH) includes high-frequency headache attacks (>15 days
per month or >180 days per year) that, in some cases, may be
unremitting.

TTH Prevalence and Impact Tension-type headache is the
second most prevalent medical condition in the world [6]. A
recent review of global headache prevalence concluded that 1-
year prevalence of episodic TTH is 42 % among adults, with
2–3 % of adults experiencing chronic TTH [7]. Among those
with ETTH, 32 % report experiencing headache several
times a month and 10 % report experiencing TTH
weekly [8]. Tension-type headache is slightly more com-
mon among women than men, and prevalence peaks between
ages 30 and 39 [9].

Tension-type headache is associated with numerous nega-
tive consequences including significant reductions in quality
of life, decreased work performance, and increased health-
care costs both to the individual and society. Because it is
much more prevalent than migraine, the societal burden
resulting from disability caused by TTH is greater than that
caused by migraine [7]. Specifically, the cost of medical

services and medications are 54 % higher for TTH than
migraine, and TTH results in three times more missed work-
days across the population than migraine [9].

When TTH I s Pre emp t ed by O the r Headache
Diagnoses Some TTH patterns are better characterized by
other primary headache diagnoses, depending on historical
features and precipitating factors [5]. Examples include the
following: CTTH that emerges abruptly or de novo is diag-
nosed as new daily-persistent headache, and frequent head-
aches resembling TTH that occur exclusively during sleep
(and usually among older adults) are diagnosed as hypnic

Table 1 International Headache Society diagnostic criteria for chronic
tension-type headache and sleep apnea headache [5]

Chronic tension-type headachea

A. Headache occurring on ≥15 days per month on average for
>3 months (≥180 days per year), fulfilling criteria B–D

B. Lasting hours to days or unremitting

C. At least two of the following four characteristics:

1. Bilateral location

2. Pressing or tightening (non-pulsating) quality

3. Mild or moderate intensity

4. Not aggravated by routine physical activity such as walking or
climbing stairs

D. Both of the following:

1. No more than one of photophobia, phonophobia, or mild nausea

2. Neither moderate or severe nausea nor vomiting

E. Not better accounted for by another ICHD-3 diagnosis

Sleep apnea headache

A. Headache present on awakening after sleep and fulfilling criterion C

B. Sleep apnea (Apnea-Hypopnea Index ≥5) has been diagnosed
C. Evidence of causation demonstrated by at least two of the following:

1. Headache has developed in temporal relation to the onset of sleep
apnea

2. Either or both of the following:

a. Headache has worsened in parallel with worsening of sleep
apnea

b. Headache has significantly improved or remitted in parallel
with improvement in or resolution of sleep apnea

3. Headache has at least one of the following three characteristics:

a. Recurs on >15 days per month

b. All of the following:

(i) Bilateral location

(ii) Pressing quality

(iii) Not accompanied by nausea, photophobia, or phonophobia

c. Resolves within 4 h

D. Not better accounted for by another ICHD-3 diagnosis

a Criteria A (headache frequency) and B (headache duration) vary by
diagnosis for infrequent ETTH, frequent ETTH, and CTTH. Each diag-
nosis may be subclassified by the presence or absence of pericranial
tenderness. “Probable” is added to the diagnosis when all criteria but
one are met
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headache. Secondary headaches are those attributable to an-
other condition such as overuse of acute headache medica-
tions (medication overuse headache), trauma to the head or
neck (posttraumatic headache), or another medical problem
[e.g., infection, other cranial or cervical disorders, substance
use, psychiatric disorders (in very rare cases)]. Headache
secondary to sleep apnea is most relevant to this review.

Sleep Apnea Headache

Across studies of patients with obstructive sleep apnea (OSA),
the prevalence of any headache ranges from 18 to 60 %
(across 12 studies) and that of morning headache from 11 to
58 % (5 studies) [10]. Sleep apnea headache (SAH) is defined
by proximity of headache to sleep in the context of a positive
diagnosis for sleep apnea (Table 1) [5]. Headache is present in
the morning upon awakening from sleep. Pain characteristics
usually resemble those of TTH. Alberti et al. [11] demonstrat-
ed that SAH presents commonly as bilateral (53 %) or unilat-
eral (47 %); frontal (33 %), frontotemporal (28 %), or tempo-
ral in location (16 %); usually with pressing or tightening pain
(79 %); and mild (47 %) or moderate intensity (37 %) but can
be severe (16 %). However, unlike ETTH and CTTH, SAH
predictably remits within 4 h. Successful resolution of sleep
apnea resolves these headaches. When SAH represents an
exacerbation of preexisting headache (e.g., tension-type head-
ache, migraine, cluster), both primary and secondary headache
diagnoses would be conferred.

Mechanisms of Sleep Apnea Headache Whether headache
related to sleep apnea [considered a secondary headache at-
tributable to a disorder of homeostasis (ICHD-3β)] is a func-
tion of “hypoxia, hypercapnia, or disturbance in sleep” [5, p.
751] has been a source of considerable debate. In their review
of the literature, Provini et al. [10] concluded that it was
unclear whether the mechanisms underlying SAH were hyp-
oxemia or hypercapnia or, instead, another non-respiratory
consequence of sleep apnea (i.e., sleep disturbance, autonomic
arousal, cervical/cranial muscle tension, intracranial cerebro-
spinal fluid pressure changes). Perhaps, the most compelling
research supporting metabolic mechanisms of SAH was poly-
somnographic research by Loh et al. [12], who observed a
dose-response relationship between apnea severity (e.g., num-
ber of apneic events, degree of oxygen desaturation) and
morning headache severity. Contradicting studies found that
hypoxemia or other respiratory measures did not account for
SAH [13–16]. Finally, evidence supporting the importance of
both sides came from Alberti et al. [11], who compared a
series of apneic versus insomniac patients; roughly half of
patients in each group exhibited awakening headache,
although likelihood of awakening headache was greater
in apneic patients, particularly those with more severe
sleep apnea.

Definitive evidence has recently confirmed that nocturnal
intermittent hypoxemia is an independent risk factor for morn-
ing headache as well as other pain. Doufas et al. [17•] utilized
data from the Cleveland Family Study, the largest longitudinal
cohort study to date, to examine spontaneous pain reports in
association with recurrent nocturnal hypoxemia versus sleep.
Nocturnal hypoxemia was associated with an increased risk
for headache and chest pain, independent of sleep fragmenta-
tion, and the relationship was maintained after controlling for
systemic inflammation. When comparing the lowest quartile
of average minimum oxygen saturation (<75 %) with the
highest quartile (>92 %), the odds ratios (ORs) for self-
reported morning headache (OR=2.08; 1.21–3.69), headache
disrupting sleep (OR=1.83; 1.26–2.73), and chest pain in bed
(OR=2.15; 1.27–3.62) are approximately doubled.

Other Forms of Sleep-Related Headache

Sleep-related headaches were recently included in the
International Classification of Sleep Disorders, 3rd edition
(ICSD-3) [18•]. Under “sleep-related medical and neurologi-
cal disorders,” the five-page appendix describes the associa-
tion of several headache diagnoses including migraine, clus-
ter, and hypnic headache. Although this addition represents a
significant step forward in acknowledging the relationship
between sleep and headache disorders, the most common
sleep-related headache—TTH—was not addressed.
Likewise, ICSD-3 includes no diagnosis for sleep apnea head-
ache; only the narrow and highly specific diagnosis “central
sleep apnea due to high altitude periodic breathing” lists
“awakening headache” among the symptoms, although awak-
ening headache is an empirically supported diagnostic symp-
tom for obstructive sleep apnea and other sleep-related breath-
ing disorders. Perhaps, further research and refinement of
diagnosis of sleep-related headaches will follow.

Evidence of a Bidirectional Relationship Between Sleep
and TTH

Sleep-Related Headache Triggers

In TTH (as well as migraine), sleep dysregulation (e.g., sleep
disturbance, sleep loss, oversleeping) is a frequently reported
trigger of acute headache attacks. In a cross-sectional study of
1219 patients in a neurological clinic in China, Wang et al.
[19] reported that the most common headache triggers for
patients with TTH were negative affect (32 %) and sleep
disturbance (29 %). A literature review identified lack of
sleep as a trigger in 26 to 72 % of TTH patients (two studies)
and oversleeping as a trigger in 13 % (one study) [20]. Other
common triggers include menstruation and fasting. Among
adolescents, the most common headache triggers were stress
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(42 %) and several sleep-related variables including tiredness
(72%), too little sleep (42%), and too much sleep (10%) [21].

Time Series Analysis Confirms that Sleep Triggers
Headache Sleep-related triggers of TTH were confirmed pro-
spectively using individual time series analysis. Houle et al.
[22•] examined the relationship between daily stress, sleep
duration, and headache (sum of headache severity four times
daily) in patients diagnosed with TTH (n=22) who completed
28 days of self-monitoring. The relationship between sleep
and headache intensity was non-linear, with both extremes of
the sleep period distribution (short=<6 h; long=>8.5 h) asso-
ciated with increased headache intensity. The lowest headache
activity was associated with traditional sleep periods (7–8 h).
An interaction with stress was found, even among those with
near-daily headache, suggesting that sleep may be a moderat-
ing variable in the stress-headache relationship. Headache
activity was highest when high stress and low-duration sleep
occurred in conjunction over a 2-day period. These data
suggest indirectly that consistent sleep patterns may provide
a buffer against stress, supporting the importance of sleep
regulation in headachemanagement, especially during periods
of stress.

Actigraphy Confirms that Oversleeping Triggers
Headache Kikuchi et al. [23] examined sleep parameters
objectively using actigraphy over a 7-day period and collected
headache intensity ratings provided at 6-h intervals (four times
daily) in 27 TTH patients, most of whom were female (74 %)
and had CTTH (74 %). Headache intensity was recorded on
electronic diaries in a watch-like microcomputer. Sleeping for
longer than usual duration, termed by authors as oversleeping,
was associated with more intense headache, although insuffi-
cient sleep, which earlier studies identified as a frequent
headache trigger, was not associated with subsequent head-
ache. Potentially, a longer assessment period, such as the 28-
day interval used by Houle et al. [22•] and recommended by
guidelines for headache research [24], would have increased
power to identify an effect for sleep loss.

Headache Prompts Sleeping, Napping, or Resting

Headache also triggers sleep disturbance. Prospective research
reviewed above confirms that sleep dysregulation may pre-
cede and precipitate headache, but headache can also beget
dysregulated sleep. Headache sufferers often sleep, nap, or
rest as a palliative response to pain. Haque et al. [25] examined
headache triggers and relieving factors in 500 patients pre-
senting to a neurological practice for treatment, half with TTH
and half with migraine. Sleeping (52 % TTH and 58 %
migraine) and medication taking (50 % TTH and 61 % mi-
graine) were the most commonly endorsedmeans of headache
relief. Stress was identified as the most common trigger for

TTH. Migraineurs were more likely than TTH patients to
endorse fatigue (13 vs. 7 %) and sleep deprivation (20 vs.
14 %) as a headache trigger. Similarly, Ong and colleagues
[26] demonstrated in a young non-clinical sample that those
with TTH strongly endorsed sleep problems (56 %) and stress
(94 %) as headache triggers and sleeping (81 %) and medica-
tion taking (75 %) as the most common responses to pain.
Longitudinal studies are needed to clarify the impact of head-
ache on future sleep cycles.

Sleep Disorder Linked to More Frequent/Severe Headache

Population Studies Observational studies demonstrate a com-
pelling relationship between chronic headache and sleep dis-
turbance, especially insomnia. Using the Nord-Trøndelag
Health Study (HUNT)-3 data described above, a cross-
sectional analysis of 297 individuals found that severe sleep
disturbance was threefold more likely to occur among those
with TTH (n=135) and fivefold more likely to occur among
those with migraine (n=51) than those without headache [27].
Those with chronic headache were 17-fold more likely to have
severe sleep disturbance [28•].

In a UK cross-sectional study, Boardman et al. [29] iden-
tified a relationship between headache severity and sleep (i.e.,
trouble falling asleep, waking up several times, trouble staying
asleep, or waking after a usual amount of sleep feeling tired or
worn out). Among 2662 respondents, headache frequency
was associated with slight (age/gender adjusted OR=2.4;
1.7–3.2), moderate (OR=3.6; 2.6–5.0), and severe (OR=7.5;
4.2–13.4) sleep complaints. Likewise, a European study using
18,980 telephone interviews found that “chronic morning
headache” was associated with increased rates of insomnia
(OR=2.14; 1.79–2.57) [30].

In a cross-sectional study of 1000 Copenhagen residents,
Rasmussen et al. [31] found that sleep problems were more
common in those with TTH than migraine in the general
population; waking non-refreshed was more common among
women with TTH than migraine in the population. The 12-
year follow-up survey of the Lyngberg et al. cohort [8] deter-
mined that sleep problems were associated with a poorer
headache outcome (i.e., at least 180 headache days per year
at follow-up due to increased frequency from episodic to
chronic or unremitting headache) in those individuals with
sleep complaints (OR=2.7; 1.1–6.3) for TTH but not mi-
graine. Poorer prognosis for TTH was predicted by fewer
hours of sleep (OR=1.4; 1.1–2.0), waking non-refreshed
(OR=2.0; 1.1–3.7), and fatigue (OR=2.5; 1.3–4.6) [8].

Clinical Studies Sancisi et al. [32] matched chronic headache
patients with episodic headache controls drawn from an Italian
neurology service. The chronic headache sample (n=105)
included probable migraine or probable TTH with medication
overuse (n=50 and n=30, respectively), chronic migraine (n=
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4), and CTTH (n=21). Compared to episodic headache con-
trols, chronic headache patients had a higher risk for insomnia
every day (54 vs. 24 %; OR=2.71; 1.15–6.36), sleep apnea
and/or snoring (49 vs. 37 %; p<0.01), daytime sleepiness (49
vs. 24 %; p<0.05), and anxiety and/or depression (43 vs.
27 %; OR=2.11; 1.17–3.77). Insomnia results were particu-
larly notable: 68 % of the chronic headache group complained
of insomnia, with 23 % reporting the daily use of hypnotics
(vs. 10 % of episodic). Further multivariate analysis showed
that the presence of insomnia was independently associated
with chronic headache (OR=5.01; 2.30–10.91). Other vari-
ables independently associated with chronic headache were
lower education, lower age of headache onset, and antidepres-
sant therapy. While antidepressant use is probably a marker
for more severe psychiatric comorbidity, it is also commonly
employed in headache prophylaxis.

Insomnia Is a Risk Factor for New-Onset Headache

Longitudinal research has identified insomnia as a risk factor
for TTH. The HUNT was one of the largest longitudinal
population health studies in history, and headache was includ-
ed in the collection of the health histories of 75,000 individ-
uals in Norway beginning in 1984–1986 (HUNT-1) and
assessed at regular intervals. Insomnia (HUNT-2, 1995–
1997) was found to predict new-onset headache 11 years later
(HUNT-3, 2006–2008) [28•]. Of 15,268 headache-free indi-
viduals in HUNT-2, a total of 2323 individuals developed
new-onset headache in HUNT-3, most of which was TTH
(n=1299 vs. n=388 for migraine, n=251 for probable mi-
graine, and n=370 for unclassifiable headache). After control-
ling for gender, age, and sleep medication, insomnia was
associated with increased risk during the 11-year interval for
TTH [relative risk (RR)=1.4; 1.2–1.8] and both migraine
(overall RR=1.4; 1.0–1.9) and unclassifiable headache
(RR=1.4; 1.0–2.0). For those with insomnia who reported
impairment in ability to work, there was a 60 % increased risk
(RR=1.6; 1.3–2.1) for developing headache compared to
those with insomnia but without work impairment.

Biobehavioral Model of Bidirectional Sleep-Headache
Relationship

A novel biobehavioral model was recently proposed to ex-
plain the vicious cycle of sleep dysregulation and chronic
headache [33•]. Using a prevailing theory of basic sleep
processes (two-process model of sleep-wake regulation,
depicting interplay of homeostatic sleep drive and circadian
processes) and conceptual understanding of the development
of chronic insomnia (“3-P model” of predisposing, precipitat-
ing, and perpetuating factors for insomnia), Ong and Park
[33•] proposed three tenets: (1) The palliative behavioral
response to headache of sleeping/resting can precipitate and

perpetuate sleep disturbance over time, (2) the subsequent
disruption in sleep physiology increases propensity for head-
ache, and (3) over time, this vicious cycle may serve to
transform episodic headache into chronic headache. These
tenets parallel the well-known phenomenon in which daytime
napping undermines nocturnal sleep drive and causes in-
creased night awakenings, which in turn leads to increased
daytime tiredness and more napping, which further disinte-
grates nocturnal sleep. This cycle undermines the basic phys-
iological sleep-wake processes, which also happens to be
critical in the regulation of pain and headache.

Psychiatric Comorbidity

The symptom constellation including headache-sleep-
affective disorders is a common and challenging clinical case
for a headache specialist. Psychiatric disorders are comorbid
with both headache and sleep disorders, especially insomnia
[2•]. Rates of psychiatric disorders among CTTH patients are
similar to those observed in migraineurs [34], although non-
migrainous headache in general (including ETTH and other
headache conditions) is not as strongly associated with psy-
chiatric disorders as migraine (odds ratios vs. no headache=
2.0 and 3.1, respectively) [35]. In their review of studies using
validated measures of both psychiatric disorders and head-
ache, Heckman and Holroyd [34] found that CTTH was
frequently comorbid with affective disorders. Anxiety disor-
ders were more common than mood disorders (mean preva-
lence=48 vs. 30 %, respectively). Not surprisingly, clinic
patients had higher rates of comorbid psychiatric disorders
than headache sufferers identified in population studies.
Among headache patients with comorbid disorders, these
and other comorbidities account for the majority of disability
associated with headache [35], suggesting that clinical atten-
tion to these comorbid conditions is essential.

Disturbances in sleep are often present during periods of
depression and anxiety, and insomnia is the sleep disturbance
most commonly associated with these psychiatric disorders
[36, 37]. Whether insomnia is a consequence of depression/
anxiety (secondary insomnia) remains a source of debate in
the sleep medicine community [38, 39]. Data from studies of
migraineurs, however, suggest that the association between
sleep disturbance and headache is not fully attributable to
comorbid psychiatric symptoms [40, 41] and thus deserves
independent attention.

Sleep Dysfunction as a Risk for Headache Chronification

The pattern of progression or transformation from episodic
TTH (or migraine) to chronic headache sub-forms (i.e.,
“chronification”) has been documented [42]. Risk factors for
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this phenomenon include medication overuse, psychiatric co-
morbidity, stress, obesity, other pain, and sleep variables—
habitual snoring and sleep disturbance [43]. Regulation of
sleep and early detection of sleep disorders could eventually
be used as tools of primary or secondary prevention to halt
progression, although research is needed to explore this pos-
sibility. At this time, however, there are few drawbacks in
headache patients pursuing efforts to regulate sleep, as these
strategies are highly compatible with and easily integrated into
usual headache care [44].

Pathophysiology

The convergence of sleep and headache disorders is believed
to be based on common neuroanatomy primarily in the
brainstem and hypothalamus, influenced by melatonin, aden-
osine, and orexins. Evers [45] recently reviewed the biological
basis and processes thought to underlie the relationship

between sleep and trigeminal pain. Hypothetical models have
primarily considered migraine, cluster, and hypnic headache.
Central sensitization is thought to be a key process in the
pathophysiology of CTTH [46, 47]. Sleep disturbance or
deprivation and resulting fatigue lead to sympathetic activa-
tion to boost metabolic process for availability of energy, and
the subsequent sympathetic activation may precipitate and
perpetuate TTH.

Clinical Implications

Because of their prevalence and impact, comorbid sleep and
psychiatric disorders warrant consideration in the diagnosis
and treatment for TTH.

Sleep Apnea Headache In the case of SAH, the identifi-
cation of OSA can be accomplished using a brief
screening tool (STOP-Bang in Fig. 1) or other screeners

Screen high frequency episodic TTT, CTTT, any chronic daily or awakening headache

STOP-Bang Tool:*
Snoring loudly
Tiredness/sleepiness
Observed apnea
Pressure (hypertension)
Body mass index > 35 kg/m2

Age >50 years
Neck circumference >40 cm
Gender male

Diagnosis[18] by Polysomnography (laboratory or unattended portable monitoring)

Obstructive Central Sleep-Related Sleep-Related
Sleep Apnea Sleep Apnea Hypoventilation Hypoxemia
Disorders Syndromes Disorders Disorders

-Adult, Pediatric -Primary CSA -Obesity Not accounted for
(respiratory events -Secondary to medical -Central alveolar by apnea or hypo-
>5 per hour) disorder or substance -Secondary to medical  ventilation

-Cheyne-Stokes Breathing disorder or substance
-High altitude 

Treatment Options for Sleep-Related Breathing Disorders

-Positive airway pressure (continuous, Bi-level, or adaptive servo-ventilation for
central or complex apnea)

-Oral appliances (mandibular advancement devices, tongue retaining devices)
-Surgery (e.g., Uvulopalatopharyngoplasty, tonsillectomy, tracheostomy)
-Hypoglossal nerve stimulation
-Oxygen case by case
-Conservative measures

-Positional therapy to avoid supine sleep
-Weight loss
-Avoid alcohol, muscle relaxants, anxiolytics, sedatives and hypnotics

Reevaluate Headache following 1 month of treatment (assess adherence to PAP)

Fig. 1 Screening, differential
diagnosis, and treatments of sleep
apnea headache. Asterisk high
risk for sleep apnea defined as
approximately greater or equal
to three affirmative
STOP-Bang answers
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described elsewhere [2•]. The STOP-Bang screener, ini-
tially developed for presurgical screening for sleep ap-
nea risk, has since been validated in the general medical
population [48]. Positive endorsement of three or more
items on the STOP-Bang is highly predictive of moderate-to-
severe OSA [49] such as that associated with morning
headache [17•].

The goal for treatment of SAH is to improve or
resolve headache by treating underlying apnea. No con-
trolled trials exist, but anecdotal evidence indicates that
SAH treated with continuous positive airway pressure
(CPAP) improved or resolved headache in one third to
one half of cases [1, 2•, 3, 4]. A month of CPAP
treatment should be sufficient to demonstrate headache
improvement in patients who are adherent to treatment.
Concurrent treatment of headache, using the options
articulated below, is usually needed. Opiates, muscle
relaxants, and other medications known to exacerbate apnea
or suppress respiration should be avoided in headache patients
with untreated sleep apnea.

Prophylactic Medications Because patients with SAH usually
have insomnia or daytime sleepiness, prophylactic (and acute)
medications should be chosen based on their sedating versus
neutral or alerting effects. The antidepressant amitriptyline is
consistently recommended as the first choice with grade A
evidence for prophylactic treatment of CTTH, and patients
with insomnia may benefit from bedtime dosing. Mirtazapine,
clomipramine, venlafaxine (each with grade B evidence) may
also be considered [50, 51]. Psychiatric symptoms, especially
anxiety and depression, may also influence selection of treat-
ments. Antidepressants (e.g., amitriptyline, mirtazapine, traz-
odone, doxepin) are also often used off-label in the
treatment of insomnia; thus, sedating antidepressants
may be particularly appropriate in the treatment of
TTH with insomnia but should be avoided in individ-
uals with excessive daytime sleepiness. Muscle relaxants
such as tizanidine [50] and cyclobenzaprine [51] have grade B
evidence for TTH but are contraindicated for sleep
apnea headache.

Cognitive and Behavioral Treatments Preventive non-
pharmacologic treatments are consistently recommended for
CTTH, especially biofeedback training (grade A evidence)
and cognitive-behavioral therapy (CBT; grade B) [50, 51].
CBT includes self-management of headache triggers (sleep
deprivation, oversleeping, stress, etc.). Although insomnia is
the sleep complaint most often identified in clinical headache
populations, published studies on the treatment of insomnia in
TTH patients are lacking. There is some evidence that regu-
lation of sleep may improve chronic migraine [52, 53]. The
best empirical evidence supporting the treatment of insomnia
in CTTH comes from parallel pain literatures that demonstrate

that insomnia improves with behavioral sleep interventions,
although it is not known if improvement in insomnia improves
pain. Behavioral insomnia therapies are the preferred treat-
ment for insomnia [grade A; 54] and have been adapted to
headache patients, although these adaptations have not been
validated [55]. Patients with TTH and chronic insomnia
should be treated or referred for CBT [56].

Psychiatric Referral or Treatment As noted above, sleep dis-
turbances are diagnostic symptoms of a number of psychiatric
disorders, and they occur in the majority of patients with
depression, anxiety, or substance abuse. Although there are
no evidence-based algorithms to guide treatment, patients
with insomnia, depression, or anxiety may benefit from head-
ache prophylaxis using sedating antidepressants or anticon-
vulsants, while patients with hypersomnia warrant neutral or
more alerting medication options. In many cases, treating the
comorbid insomnia and psychiatric disorder will require the
use of agents separate from those used to treat headache.
Patients with severe psychiatric symptomatology should be
referred to a mental health professional for concomitant
treatment.

Conclusions

A strong association between headache and sleep has been
recognized for many years. Conventional wisdom encouraged
patients to avoid sleep variations that could trigger headaches
(e.g., oversleeping, sleep deprivation) and to sleep off an
existing headache. Recent research with sound methodology
has certainly supported the bidirectional relationship between
TTH and sleep processes. Prospective research demonstrates
that sleep variables can trigger acute headaches, predict new-
onset headache, and negatively impact prognosis and
chronification of headache.

TTH is the most common headache phenotype presenting
secondary to a sleep disorder—best established in the case of
SAH. Although sleep apnea headache may present like other
TTHs, compelling evidence shows underlying mechanisms to
be at least in part attributable to hypoxemia, and screening and
treatment of OSA is an essential component of headache care.
Insomnia is the most common sleep disorder in clinical head-
ache populations, and the majority of patients with CTTH
suffer from insomnia. Insomnia can predict new-onset head-
ache and more chronic and severe headache conditions and
complicate treatment. Insomnia is also a symptom common to
depression and anxiety, and emerging research suggests that
treating insomnia directly may improve headache. Because of
their impact on headache, in clinical settings, insomnia
and psychiatric disorders should be assessed and con-
sidered in the selection of pharmacological and cognitive-
behavioral treatments.
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