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Abstract: Current research into the pathogenesis of tension-type headache (TTH) and
migraine is focused on altered nociceptive pain processing. Among the potential factors that
influence sensitization mechanisms, emotional stress, depression, or sleep disorders all have
an essential role: they increase the excitability of nociceptive firing and trigger hyperalgesic
responses. Sleep disturbances and headache disorders share common brain structures and
pathogenic mechanisms and TTH, migraine, and sleep disturbances often occur together;

for example, 50% of individuals who have either TTH or migraine have insomnia. Moreover,
insomnia and poor sleep quality have been associated with a higher frequency and intensity
of headache attacks, supporting the notion that severity and prevalence of sleep problems
correlate with headache burden. It should be noted that the association between headaches
and sleep problems is bidirectional: headache can promote sleep disturbances, and sleep
disturbances can also precede or trigger a headache attack. Therefore, a better understanding
of the factors that affect sleep quality in TTH and migraine can assist clinicians in determining
better and adequate therapeutic programs. In this review, the role of sleep disturbances in
headaches, and the association with depression, emotional stress, and pain sensitivity in

individuals with TTH or migraine are discussed.
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Introduction

Tension-type headache (TTH) and migraine are
the most common headache disorders, and both
have an important socio-economic impact and bur-
den for society.! For example, the general costs of
headache in Europe, mostly attributed to migraine
and TTH, were €13.8 billion in 2010.2 The global
prevalence of TTH has been estimated to be around
42%,? and that of migraine to be almost 12%.% In
the Global Burden of Disease Study, headache was
the second most prevalent disorder in the world,
leading to a high economic burden, estimated to be
around 1.6 billion dollars.> In fact, most of the costs
from the Global Burden of Disease Study derived
from TTH and migraine headaches.>

Current research into the pathogenesis of TTHS
and migraine” is focused on altered nociceptive
pain processing and its role on chronification.
Although both primary headaches can exhibit

C

similar pathogenic mechanisms, some differences
can be observed. In TTH, sensitization of the
pain pathways seems to result in facilitation of
nociceptive gain due to sensitization of the
trigeminocervical nucleus caudalis, leading to
typical clinical manifestations of TTH,® whereas
in migraine, it has been established that the pain
is associated with abnormal neuronal excitability
leading to cortical spreading depression and to
central sensitization of the trigeminovascular pain
pathways.”

Several factors, including physical, neurophysio-
logic, or emotional, can increase the excitability of
nociceptive firing to the central nervous system.
For example, stress can precipitate a headache
attack in patients with TTH by reducing the thresh-
olds to noxious input from pericranial sensitized
structures.® In individuals with chronic headaches,
defined in the International Classification of
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Headache Disorders 3rd edition (beta version) as
persistent headache for 15 days or more per month
on average for more than 3 months, stress and sleep
disturbances are the most common headache
triggers® and, when combined, have an additive
effect.!® For example, two consecutive days of
decreased sleep have been associated with an
increased risk for headache, and in individuals with
chronic headaches, shorter sleep duration has been
associated with more severe pain.!® Moreover, 48—
74% of patients with migraine and 26-72% of
patients with TTH identified “lack of sleep” as a
factor triggering a headache attack.!!-12 Interestingly,
although stress is considered to precipitate head-
aches, its role has been proposed to be less robust
than previously suggested, at least in migraine.!3

In this review, we discuss the role of sleep distur-
bances in TTH and migraine, as well as potential
interactions between emotional and psychological
factors with sleep quality. We conducted a search
in PubMed for English-language papers pub-
lished between 1990 and July 2017. The follow-
ing search terms were used: ‘tension-type
headache’, ‘migraine’, ‘sleep disturbances’, ‘sleep
deprivation’, ‘sleep quality’, ‘depression’, ‘anxi-
ety’, ‘pressure pain sensitivity’, and ‘insomnia’.
Reference lists of included articles were searched
for additional articles, and articles introducing
general concepts were included. Papers were
selected by reading the method section of the full
papers. Articles on other headache conditions
were excluded.

Sleep disturbances in TTH and migraine

Prevalence and comorbidities

The term ‘sleep disturbances’ includes sleep dis-
orders, such as insomnia or obstructive sleep
apnea, as well as other sleep perturbations, such
as poor sleep quality.!* Sleep deprivation has been
proposed to have severe effects on human health:
it is a risk factor for the presence of neurologic
diseases in general, and particularly, headaches.!>
Indeed, headache disorders and sleep disorders
have a well-established comorbid association.!6:17

In patients with chronic headache, insomnia
seems to be the most common sleep disorder.
Kelman and Rains found that approximately half
of individuals with migraine reported at least
occasional symptoms of insomnia, 38% reported
sleeping for less than 6 h per night, and 50%
reported that sleep disturbances triggered their

migraines.!® Uhlig and colleagues observed that
the prevalence of insomnia was 1.8 times higher
in subjects with TTH compared with those with-
out headache.’® The same study also found
migraine to be linked with an increased risk of
insomnia (odds ratio [OR] 1.4-2.6).1° In another
study, insomnia was found to be even more com-
mon in individuals with TTH than in those with
migraine.? De Luca Canto and colleagues
reported that TTH and migraine were also asso-
ciated with sleep bruxism with respective ORs of
3.12 (95% confidence interval [CI] 1.25-7.7)
and 3.8 (95% CI 1.8-7.8).2!

It is important to note that the sleep problems
increase in line with the frequency of headaches;
indeed, the majority (68-84%) of individuals
with chronic migraine suffer from insomnia on a
near-daily basis.?2 In fact, insomnia is considered
a risk factor for higher headache frequency, par-
ticularly in TTH and migraine.?3

Besides loss of sleep, poor sleep quality may also
be a risk factor for progression from episodic to
chronic TTH.2* Moreover, worse sleep quality
has been associated with a higher intensity of
headache in patients with TTH.2> Chronic head-
aches have been linked with daytime sleepiness
and snoring.2® Poor sleep quality has several com-
ponents such as sleep disruption, early morning
awakening, and difficulty in falling asleep, which
may explain some of the inconsistency in studies
evaluating its role in headache Although
Caspersen and colleagues found worse self-per-
ceived sleep quality in patients with TTH, they
also reported that the hours of sleep per night
were not significantly different between headache
patients and healthy controls.??

According to a recent study, subjects with migraine
experience more insufficient sleep than those with
nonmigraine headache.?® Discrepancies between
studies are related to the fact that sleep distur-
bances can have different manifestations depend-
ing on each particular headache. Supporting this
hypothesis, Verma and colleagues observed that
subjects with chronic TTH showed better slow-
wave sleep but significantly increased daytime
sleepiness compared with those with chronic
migraine.2®

Bidirectional relationship
Finally, clinicians should be aware that associa-
tion between headaches and sleep disorders is
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bidirectional: headache promotes sleep distur-
bances, but sleep disturbances can also precede
and trigger headaches. For example, a large pop-
ulation-based cohort study reported a higher risk
(adjusted hazard ratio 3.52, 95% CI 3.28-3.79)
of developing a subsequent migraine in subjects
with non-apnea sleep disorders.3® Further,
patients with headaches are at significantly higher
risk of developing sleep problems (OR 2.5, 95%
CI 2.0-3.1) than headache-free subjects, regard-
less of specific headache type.3! In this study,
adults with headache reported more difficulty in
initiating sleep (OR 2.0, 95% CI 1.6-2.5), diffi-
culty staying asleep (OR 2.5, 95% CI 2.1-3.0),
early morning awakening (OR 2.0, 95% CI 1.7—
2.5), and more daytime fatigue (OR 2.6, 95% CI
2.2-3.2).31 This bidirectional relationship can be
related to the fact that sleep and headaches share
common brain structures, such as the thalamus,
hypothalamus, and brainstem nuclei, including
the locus coeruleus and raphe nuclei.3?

Poor sleep quality is an umbrella term including
symptoms that can interact with several other
variables. Sleep quality is usually self-defined by
the patient on the basis of several characteristics
such as total sleep time, sleep onset latency, total
wake time, sleep fragmentation, sleep efficiency,
and the presence of sleep-disruptive events.33 An
individual will describe their sleep quality based
on several aspects, including tiredness on waking
and throughout the day, feeling rested and
restored on waking, and the number of awaken-
ings that they experienced in the night. A better
understanding of the potential relationships
between these variables potentially associated
with sleep quality in patients with TTH and
migraine could assist clinicians in determining
better therapeutic programs.

Clinical and emotional variables associated
with sleep quality

Sleep and depression

A recent systematic review found moderate evi-
dence indicating that depression, anxiety, poor
sleep, medication overuse, stress, and poor self-
efficacy for managing headaches were potential
factors associated with poor prognosis and unfa-
vorable outcomes from preventive drug treatment
in chronic headaches.3* It is possible that these
variables interact at the same time, but at differ-
ent levels, in patients with headache. Among
these variables, particular attention has been

given to mood disorders, i.e. depression and anxi-
ety, because they are commonly associated with
sleep disturbances.3>

In the general population, prevalence of depres-
sion is 4.4-5.0%73¢ and that of anxiety 4.8-11%,37
respectively. TTH is often associated with comor-
bid anxiety and depression.?® For example, a
recent study has reported anxiety to feature in
9.5% of individuals with TTH and depression in
14.2%.3° Individuals with chronic TTH were
particularly likely to experience anxiety (21.4%,
OR 4.0).3° Another study reported the prevalence
of depression to be increased (64%) in patients
with chronic headaches.4?

Sleep, depression, and pain sensitivity

Chronic pain,*! including headache,*? has been
reported to be associated with impaired sleep
quality and depression, and poor sleep quality has
been linked to higher levels of depression and
pain.*3> Moreover, poor sleep quality is associated
with lower daily life activities?* in patients with
chronic pain, including those with migraine.%
This association may be mediated by the capabil-
ity of depression and sleep disorders to trigger
hyperalgesic responses within the central nervous
system by increasing excitability of nociceptive
firing.4% An example of this hyperexcitability, allo-
dynia, is a clinical sign of central sensitization
strongly related to sleep quality in individuals
with migraine.*” Moreover, patients with TTH
who exhibit sleep disturbances also show lower
pressure pain thresholds.4® Bezov and colleagues
suggested that unfulfilled need for sleep enhances
central sensitization, probably underlying the
observed pressure sensitivity to pain in patients
with TTH.%® Others have reported sleep distur-
bances and depression to be independently asso-
ciated with sensitivity to pressure, supporting an
independent role for each factor.>° Although it is
possible that a bilateral relationship exists, it is
more likely that depression leads to a lowered
pain threshold than wvice versa, particularly given
that the relationship persisted after adjustment
for pain group.3® These findings have lead to the
hypothesis that underlying etiology of depression,
sleep, and headaches can share common brain
mechanisms,?* that is, hypothalamic alterations
and serotonin and melatonin dysregulation.>!
Another mechanism may be an emotional modu-
lation of pain by depression via supraspinal
mechanisms.32 It is more plausible that depres-
sion and poor sleep quality enhance central
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sensitization leading to decreased pain thresh-
olds, rather than the opposite.

Sleep and headache frequency

Poor sleep may contribute to this increased pain
sensitivity by also increasing the frequency of
headache attacks, given the finding that severity
and frequency of sleep problems increase in line
with the frequency of headaches.1? In fact, it has
been found recently that depression and sleep
quality mediated the relationship between head-
ache frequency and the emotional burden of
headache and pain experience in a sample of
patients with chronic TTH.?>3 To summarize, a
complex interplay of sleep quality, depression,
and headache seems to underlie the increased
excitability of the central nervous system.

Clinical applications

Despite the uncertainty over the biological mech-
anisms of the interactions described above, they
have several implications for clinical practice.
Given that poor sleep quality is a common trigger
of TTH and migraine, management of sleep per-
turbations seems crucial. In this review, we have
described factors associated with poor sleep qual-
ity, including depression, emotional stress, and
pain hypersensitivity. Some of these factors,
namely, emotional stress and depression, are also
modifiable risk factors of chronic pain.5*

Pain alleviation per se may not be the most effec-
tive strategy to improve sleep quality in patients
with headache. Rather, sleep quality may be best
restored by reducing emotional stress and pain
sensitivity, potentially combined with proper
management of depressive symptoms. Therefore,
current findings suggest that therapeutic manage-
ment of patients with TTH and migraine should
include approaches targeting depression (i.e. psy-
chological approaches), the emotional burden of
the headache (i.e. cognitive behavioral tech-
niques), quality of sleep (i.e. coping strategies, a
conscious effort from the patient to solve a per-
sonal problem), and pain (i.e. pharmacologic
drugs and physical interventions). This multi-
modal therapeutic proposal agrees with current
literature showing that longer sleep periods is a
common self-management coping strategy used
by subjects with TTH?53 and that cognitive behav-
ioral treatment of insomnia produced large reduc-
tions in the frequency of headache.’® This
multimodal approach, comprising pharmacologic

treatment, education, and lifestyle modification
including sleep hygiene, has been also proposed
as a therapeutic strategy in children suffering
from headaches.>”

Conclusion

Research findings support an association between
TTH, migraine, and sleep disturbances. This asso-
ciation is bidirectional: headache can promote
sleep disturbances but sleep problems can also
trigger headache. The bidirectional association can
be explained by the fact that sleep and headache
share common brain structures and pathogenic
mechanisms. The interactions between sleep qual-
ity, depression, headache, and pain sensitivity pro-
vide an opportunity for multimodal therapeutic
intervention.
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Abstract

Background: There is still controversy regarding the association between primary headaches and obstructive sleep
apnea. We explored the relationship between tension-type headache (TTH) and obstructive sleep apnea (OSA) using
a large nationwide population-based data set in Taiwan.

Methods: We identified 4759 patients diagnosed with OSA from the Taiwan Longitudinal Health Insurance
Database, based on polysomnography, as the OSA group. We then randomly selected 19036 subjects without OSA,
matched by sex and age, to serve as the non-OSA group. The multivariate Cox proportional hazards model with
matching for age and sex was used to assess the possible associations between TTH and OSA among the patients.

Results: The prevalence of TTH was 10.2% among OSA patients and 7.7% among non-OSA patients (p < 0.001). The
multivariate Cox proportional hazards model revealed patients with OSA were more likely to have TTH (hazard ratio,

Hypopnea

1.18; 95% Cl, 1.06-1.31) (p =0.003) than patients in the non-OSA group.

Conclusion: Patients with OSA had a higher likelihood of developing TTH than patients in the non-OSA group.
Further studies of physiological patterns between OSA and TTH are needed to confirm the study findings.

Keywords: Polysomnography; Sleep study; Health insurance database; Taiwan; Sleep disturbance; Headache;

Background

Obstructive sleep apnea (OSA) is by far the most com-
mon sleep disturbance, affecting some 24% of men and
9% of women by the time they reach middle age [1]. Re-
peated episodes of apnea or hypopnea caused by upper
airway blockage during sleep characterize OSA. A typical
measurement of sleep apnea is the apnea-hypopnea
index. This is an average that represents the combined
number of episodes of apnea and hypopnea that occur
per hour of sleep, which is calculated from the results of
overnight polysomnography. The definitive diagnostic
test for OSA is polysomnography. Obstructive sleep
apnea is receiving increased attention as an important
cause of medical morbidity, including excessive daytime
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sleepiness, metabolic derangement, and cardiovascular
disease.

People in the general population frequently experience
headache pain, placing a burden on health care and
other economic expenditures. Headaches may be intrin-
sically related to sleep, may cause sleep disturbances, or
manifestations of sleep apnea. The International Classifi-
cation of Headache Disorders (ICHD II) [2] includes two
specific diagnoses for sleep-related headaches, “sleep
apnea headache” and “hypnic headache”. Sleep apnea
headaches present upon awakening with an apnea-
hypopnea index > 5, as demonstrated by overnight PSG.
Hypnic headaches develop only during sleep and always
awaken patients. Nevertheless, sleep disorders may still
be associated with other primary headaches, especially
tension-type headaches (TTH).

Several studies [3-6] have illustrated positive correlations
between TTH and sleep disturbances including sleep
apnea. Nevertheless, several studies [7-9] have shown no
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correlation. In a recent cross-sectional population-based
study, Kristiansen et al. [8,9] showed that sleep apnea had
little if any influence on the development of TTH. There-
fore, the goal of this research was to explore the possible
association between TTH and OSA within a nationwide,
population-based data set in Taiwan.

Methods

Data sources

Taiwan’s National Health Insurance (NHI) program, which
started March 1, 1995, provides comprehensive coverage
for medical care of people living in Taiwan. This program
was built on the concept of mutual assistance, and it de-
pends on the insured paying their premiums according to
regulations. At the end of 2012, there were 23 million
people (approximately 99% of Taiwan’s population) enrolled
in the program. The Bureau of NHI collects data from the
NHI program and sends it to the National Health Research
Institutes (NHRI) to form the original files of National
Health Insurance Research Database (NHIRD). The study
used data from the Longitudinal Health Insurance Database
2000 (LHID2000), which was created by the NHRI and
contained all the original claims data for one million indi-
viduals (approximately 5% of Taiwans population) ran-
domly sampled from the 2000 Registry of Beneficiaries of
the NHIRD. The NHRI confirmed that there was no signifi-
cant difference in gender distribution between the patients
in the LHID2000 and the original NHIRD.

All information allowing a specific patient to be iden-
tified was encrypted. The encryption procedure was
consistent between datasets; thus, all claims belonging
to each patient were linked. The confidentiality of the
data abides by the data regulations of the Bureau of
National Health Insurance. The Institutional Review
Board of Taipei City Hospital approved this study (IRB
no.: TCHIRB-1020715-W).

Study sample

We first identified all patients with a new diagnosis of
OSA (International Classification of Diseases, Ninth Re-
vision, Clinical Modification [ICD-9-CM] codes 327.23,
780.51, 780.53, or 780.57) based on polysomnography
(AHI > 5) between January 1, 2004 and December 31,
2010 (n=5023). We excluded patients younger than
18 years from the analysis (n =264). For each case, the
date of the first diagnosis was assigned as the index date.
Finally, the OSA group included 4759 patients.

We selected 19,036 patients without OSA (four for each
OSA case) from the remaining subjects of the LHID2000
as the non-OSA group. The patients in the non-OSA
group were matched with the case subjects in OSA group
by sex, age group (<30, 30-39, 40-49, 50-59, > 60), and
year of the index date. None of the selected non-OSA
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patients had been diagnosed with OSA after 1995, the ini-
tiation year of the NHI program.

We also investigated the pre-existing comorbidities of
hypertension (ICD-9-CM 401), epilepsy (ICD-9-CM
345), major depression disorders (ICD-9-CM 296.2 and
296.3), and anxiety disorders (ICD-9-CM 300.00, 300.01,
300.02 and 300.09). We selected these comorbidities due
to their possible associations with OSA and TTH as
documented in earlier studies [10-14].

Cases of TTH were identified based on their corre-
sponding ICD-9-CM codes. We used ICD-9-CM codes
307.81 and 339.1 for TTH. Neurologists diagnosed all
headaches. We included patients in this group only
when TTH was diagnosed after the OSA index date.

Statistical analysis

SAS version 9.3 (SAS Institute Inc., Cary, NC, USA) was
used to link the data in the LHID2000; Stata 13 (Stata
Corporation, College Station, TX, USA) was used to per-
form the statistical analyses. Demographic information of
patients with or without OSA were compared using a x2
test for categorical variables. The threshold for statistical
significance was set at two-tailed P value < 0.05. The risk of
TTH among OSA patients and OSA-free group between
January 1, 2004 and December 31, 2010 was analyzed. The
log-log survival curve was used to test the proportional as-
sumption. The log-log plots indicated that the data might
be suitable for the Weibull distribution parameters estima-
tion. A sensitivity test of the Weibull model was performed.
Cox proportional hazards regression model was used to es-
timate the adjusted hazard ratio (HR) and 95% confidence
intervals (CI) for developing TTH. The analysis included
potential correlation factors of TTH such as hypertension,
epilepsy, major depression disorder, and anxiety disorder.
Finally, HRs were calculated for specific subgroups with ad-
equately adjusted regression models.

Results

After matching for sex and age, we found that patients
with OSA had higher proportions of certain comorbidi-
ties than the non-OSA group did (Table 1), including
hypertension (38.3% vs. 30.2%, p < 0.001), epilepsy (2.5%
vs. 1.6%, p <0.001), major depression disorder (5.5% vs.
2.7%, p <0.001), and anxiety disorder (26.7% vs. 15.3%,
p<0.001). Table 1 shows the relationships between
sociodemographic characteristics and OSA. Patients with
OSA were more likely to have monthly incomes of NT$
40,000 or higher (p<0.001) and live in northern and
central Taiwan (p < 0.001).

The prevalence of TTH was 10.2% among OSA pa-
tients, and was higher than in non-OSA patients (7.7%,
p <0.001).

Table 2 shows the incidence rates (IR) in each group
over the 6-year follow-up period. The incidence rate of
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Table 1 Demographic characteristics of patients with obstructive sleep apnea (OSA) and non-OSA-diagnosis patients

from 2004 to 2010

Variable Matched controls Patients with OSA p-value
(N =19036) % (N =4759) %
Sex 1.000
Female 5524 290 1,381 290
Male 13,512 710 3,378 710
Age 1.000
<30 1,956 103 489 103
30-39 3,780 199 945 199
40-49 4,720 24.8 1,180 24.8
50-59 4,768 250 1,192 250
260 3,812 20.0 953 20.0
Monthly Income, NT$ <0.001
<20,000 2,285 120 515 108
20,000-39,999 6,599 34.7 1,461 30.7
240,000 4,447 234 1,588 334
Union/association member 2,647 139 455 9.6
Local government enrollee 3,058 16.1 740 15.5
Region <0.001
Northern 8,529 44.8 2476 520
Central 4,131 217 1434 30.1
Southern 5,943 312 811 17.0
Eastern 433 23 38 08
Comorbidity
Hypertension 5,755 30.2 1,823 38.3 <0.001
Epilepsy 297 1.6 121 2.5 <0.001
Major depression disorder 520 2.7 264 55 <0.001
Anxiety disorder 2911 153 1,270 26.7 <0.001
Tension type headache <0.001
No 17,567 92.3 4,275 89.8
Yes 1,469 7.7 484 10.2
Total 19,036 4,759

TTH was higher in OSA patients (37 per 1000 person-
years) than in non-OSA patients (28 per 1000 person-
years).

We used multivariate Cox proportional hazards re-
gression model for predicting the chances of developing
TTH (Table 3). After adjustment for sex, age, sociode-
mographic factors, and comorbidities, patients with
OSA were more likely to have TTH (HR =1.18, 95% CI
1.06-1.31, p=0.003) than patients in the non-OSA
group. Patients with hypertension tended to have TTH
(HR =1.28, 95% CI 1.16-1.42, p < 0.001).

Among affective disorders, patients with major depres-
sion disorder were more likely to have TTH (HR =1.73,
95% CI 1.47-2.03, p<0.001). Patients with anxiety

disorder also had greater chances of developing TTH
(HR =2.30, 95% CI 2.09-2.54, p < 0.001).

We found that men had a lower chance of having
TTH (HR =0.61, 95% CI 0.56—-0.67, p < 0.001) than did
women. TTH occurred more often among older age
adults (age 50-59 years, HR =1.76, 95% CI 1.42-2.18,
p <0.001).

Regarding economic condition and geographic loca-
tion, we found that the chances of developing TTH in-
creased when monthly income was less than NT$
20,000 and patients resided outside of northern Taiwan.

Table 4 shows the subgroup analysis of the variables. Re-
gardless of gender, patients with OSA were more likely to
have TTH than were non-OSA patients. Patients with
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Table 2 The incidences of tension-type headache in each
group from 2004 to 2010
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Table 3 Multivariate Cox regression model for predictor
of tension-type headache development

Variables Tension-type headache Variable Tension-type headache
Person-Years TTH (N) IR (%o/yr) HR 95% CI p-value

Total 64,864 1,953 30 Sex
Sex Female 1.00
Female 18,102 810 45 Male 0.61 0.56-0.67 <0.001
Male 46,762 1,143 24 Age

Age <30 1.00
<30 6,938 104 15 30-39 1.56 1.25-1.94 <0.001
30-39 13,122 316 24 40-49 158 1.27-1.96 <0.001
40-49 16,460 464 28 50-59 1.76 142-2.18 <0.001
50-59 15,996 579 36 260 1.65 1.31-2.06 <0.001
260 12,348 490 40 Monthly Income

Monthly Income <20,000 1.00
<20,000 9122 217 24 20,000-39,999 1.34 1.14-1.56 <0.001
20,000-39,999 20,610 628 30 240,000 1.09 0.92-1.30 0.298
240,000 16,365 384 23 Union/association member 151 1.27-1.80 <0.001
Union/association member 8,564 363 42 Local government enrollee 135 1.14-1.60 <0.001
Local government enrollee 10,202 361 35 Region

Region Northern 1.00
Northern 30,023 749 25 Central 1.09 0.96-1.23 0173
Central 14,865 448 30 Southern 1.50 1.35-1.67 <0.001
Southern 18,709 719 38 Eastern 1.06 0.76-1.48 0.720
Eastern 1,266 37 29 Comorbidy

Comorbidy Hypertension 1.28 1.16-142 <0.001
Hypertension 21,434 882 41 Epilepsy 0.79 0.56-1.11 0.170
Epilepsy 1,153 34 29 Major drpression disorder 1.73 147-2.03 <0.001
Major drpression disorder 2,226 177 80 Anxiety disorder 2.30 2.09-2.54 <0.001
Anxiety disorder 11,579 769 66 Obstructive sleep apnea

Obstructive sleep apnea No 1.00
No 51,824 1,469 28 Yes 1.18 1.06-1.31 0.003
Yes 13,040 484 37

p-value < 0.001 in all results.
IR: incidence rate.

OSA 50-59 years of age with monthly income of NT$
40,000 or more had a statistically significant association
with TTH. All OSA patients, even those without the se-
lected comorbidities, showed a statistically significant as-
sociation with TTH compared to non-OSA patients.

Discussion

According to our results, obstructive sleep apnea is asso-
ciated with gender, age, sociodemographic characteris-
tics, metabolic consequences, and affective disorders
(Table 1). TTH is the most common primary headache.
Nonetheless, there has been much less study of TTH
compared with migraine. It is likely that patients suffer
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less with TTH than other chronic headaches. A recent
study showed that headache patients who do not seek
medical assistance are more likely to have TTH [15].
TTH is associated with certain mental illnesses, espe-
cially anxiety and major depression disorder [16]. We
extracted possible overlapping variables from the data-
base to make clear their direct or indirect effects on mi-
graine and TTH.

In accordance with our findings, one cross-sectional
population based study with 297 participants enrolled
from Norway used a modified short form of the Karo-
linska Sleep Questionnaire and Epworth Sleepiness Scale.
They found severe sleep disturbance was three times more
likely for individuals with TTH [6]. Authors of another
retrospective analysis reported that among 82 chronic
headache patients with migraine or TTH or both, 52
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Table 4 Risk comparison of tension-type headache
between OSA and non-OSA participants

Variable N Tension-type headache
HR 95% CI
Sex
Female 6,905 1.17 1.00-1.39
Male 16,890 117 1.02-1.35
Age
<30 2,445 1.27 0.80-2.00
30-39 4,725 1.03 0.78-135
40-49 5,900 140 1.13-1.73
50-59 5,960 1.29 1.06-1.56
260 4,765 0.93 0.74-1.17
Monthly Income
<20,000 2,800 1.05 0.75-1.47
20,000-39,999 8,060 1.16 0.96-141
240,000 6,035 1.37 1.11-1.70
Union/association member 3,102 0.88 0.65-1.18
Local government enrollee 3,798 122 0.96-1.54
Region
Northern 11,005 122 1.04-143
Central 5,565 1.25 1.02-1.53
Southern 6,754 0.99 0.80-1.23
Eastern 471 247 0.90-6.81
Comorbidity
Hypertension
No 16,217 122 1.06-1.42
Yes 7,578 1.08 0.92-1.26
Epilepsy
No 23,377 1.19 1.07-1.32
Yes 418 0.75 0.31-1.82
Major depression disorder
No 23,011 1.18 1.06-1.32
Yes 784 1.18 0.86-1.61
Anxiety disorder
No 19614 1.25 1.08-1.45
Yes 4,181 1.10 0.94-1.28

Each factor was adjusted for all other factors.

patients (63%) also had OSA. The headache improve-
ment rate was up to 49% after receiving either standard
medical therapy or continuous positive airway pressure
therapy [17].

The main finding of our study showed a positive rela-
tionship between OSA and TTH. Regardless of gender, pa-
tients with OSA were more likely to have TTH after
adjustment for age, residential region, monthly income,
and possible comorbidities. In Table 4, patients with OSA

11
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showed stronger positive associations with TTH in most
comorbidity-free groups than in comorbidity groups. We
assumed patients with the selected comorbidities had
poorer health-related quality of life and did not undergo
OSA testing, which is not considered an emergency, but
needs to be confirmed by a time-consuming polysomno-
graphy study.

Lack of sleep itself is related to headaches. Common
sleep disorders include OSA, central sleep apnea, insom-
nia, periodic limb movement disorder [18], and bruxism
[19]. The mechanisms by which headaches are associated
with specific sleep disturbances are complex and manifold.
In cluster headaches, oxygen desaturation below 89% dur-
ing sleep preceded 8 out of 14 attacks of cluster headache
among 10 patients [20], giving positive support for the re-
lationship of cluster headache and OSA.

Serotonin and several other neurotransmitters influ-
ence TTH. Pain thresholds elicited in patients with
chronic, painful pathologies are linked to serum sero-
tonin levels [21]. Additionally, many TTH patients show
changes in serotonin levels [22-26]. Interestingly, sero-
tonin dysfunction may also play a role in OSA [27,28].
Serotonin delivery is reduced to upper airway dilator
motor neurons during sleep, and this contributes to
sleep-related reductions in dilator muscle activity and
thus, upper airway obstruction [27]. Fluctuation of sero-
tonin concentrations could be a primary or secondary
factor common to different mechanisms. Such a hypoth-
esis provides a possible explanation for the manifestation
of OSA and TTH. Furthermore, a growing number of
studies show that sleep disturbance increases pain sensi-
tivity and exacerbates chronic pain, including fibromyal-
gia, rheumatoid arthritis, and headache [29-31]. Smith
et al. [32] suggested that sleep fragmentation impairs en-
dogenous pain inhibitory function and increases spon-
taneous pain in middle-aged healthy women. Lentz et al.
[33] found that slow wave sleep disruption without redu-
cing total sleep was also associated with decreased pain
thresholds in middle-aged women. Khalid et al. [34]
demonstrated that patients with severe OSA were hyper-
algesic, and their pain sensitivity improved with continuous
positive airway pressure treatment, and the improvement
disappeared immediately with discontinuation of continu-
ous positive airway pressure therapy. We suggest patients
with refractory TTH undergo evaluation for OSA. Treating
OSA might not only improve headaches, but also decrease
the risk of related comorbidities.

Clinical importance and limitations

In this study, we utilized a nationwide population database
to investigate the epidemiologic associations between
OSA and TTH. One of the key strengths of the study, in
addition to a large sample size, was selecting patients with
an OSA diagnosis confirmed by polysomnography. We

11
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believe this selection criterion is more precise and strict
than patient recall in response to a questionnaire. None-
theless, this could also lead to underestimation of the en-
rolled OSA patients in the total population. The National
Health Insurance Administration in Taiwan samples the
medical charts routinely and makes detailed assessments
for accuracy of medical coding. The reliability and validity
of the NHI research database for epidemiologic investiga-
tion has been reported [35].

A key limitation of the study is the relatively low
prevalence of OSA and headache. The prevalence of
TTH in the general population varies from 30% to 78%
(2) because of differences in research study design. A
diagnosis of TTH may be overlooked or delayed because
symptoms can be mild or infrequent. In addition, some
symptoms can mimic TTH of other conditions, such as
acute or chronic paranasal sinusitis, transient ischemic
attack, meningitis, chronic subdural hemorrhage, and
brain tumor. TTH diagnoses of patients enrolled in our
study were made by neurologists, which means we may
have reliable accuracy of the clinical diagnoses in our
study. Similarly, according to epidemiological studies,
the prevalence rates of OSA in the general population
vary from 3% to 7% [36]. It was about 0.48% (4759/
1000000) in our study due to the strict selection of
polysomnography-confirmed cases only. A disadvantage
of our study is that we could not have face-to-face inter-
views with patients. Thus, we can only set higher limita-
tions on case selection to lower inaccuracy from such a
large study sample. Even if the prevalence were underes-
timated, we still would have convincing findings.

Another limitation of the study is that the degree of
OSA and the pattern of headache attack could not be
determined from the database. Thus, we could not de-
termine whether the severity of OSA influenced TTH
frequency, duration, and pain characteristics. We could
not differentiate TTH from episodic and chronic type
headaches. Additionally, some possibly relevant con-
founding factors, such as body mass index, smoking,
and alcohol consumption were not included in the data
set. Therefore, they were not analyzed.

In our findings, the incidence rates (Table 2) over the 6-
year follow-up period (from 2004 to 2010, 30 to 78 per
1,000 person-years) were higher than some earlier studies
(13). Not being able to completely exclude recurrences
should be taken into account, especially in older age group.
The substantially increasing trend in the incidence of fre-
quent headache in past 10 years was also found in other
studies [37]. Additional researches on the occurrence and
causes of increasing headache incidences are needed.

Conclusions

Our results support the notion that patients with OSA are
more likely to develop TTH. The mechanism underlying
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this association is not clear but includes changes in sero-
tonin levels. Further studies of physiological patterns of
OSA and TTH are needed to confirm the study findings
and to enrich our understanding of their interactions.
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Excessive daytime sleepiness (EDS) is a prevalent sleep-related complaint across the
general population and has been reported to be associated with headache. Tension-type
headache (TTH) is the most commonly encountered headache and accounts for a
significant amount of disease burden. However, the association between EDS and
TTH is currently scarce. In the present study, we investigated the impact of EDS on
the prevalence and clinical presentation of TTH. We utilized data from the Korean
Headache-Sleep Study, a national survey that sought to identify headache and sleep
characteristics in Korean adults. Participants with an Epworth sleepiness scale score
greater or equal to 11 were considered as having EDS. Of the 2,695 participants enrolled,
570 (21.2%) and 313 (11.6%) had TTH and EDS, respectively. EDS was highly prevalent
in individuals with chronic tension-type headache (CTTH) than in those without headache
(85.7 vs. 9.4%, p < 0.001). The prevalence of EDS in episodic tension-type headache
(ETTH) individuals with a headache frequency <1 per month (8.3%, p = 0.511) and
ETTH individuals with a headache frequency of 1-14 per month (13.5%, p = 0.054)
was not significantly different from that in individuals without headache (9.4%). TTH
participants with EDS had a higher headache frequency per month (4.3 + 8.1 vs. 1.7 &+
4.2, p = 0.013), more severe headache intensity (Visual Analog Scale, 5.0 [3.0-6.0] vs.
4.0 [3.0-6.0], p = 0.008), a higher impact of headache (Headache Impact Test-6 score,
471 £ 7.3vs. 43.5 £ 7.6, p < 0.001), and a higher prevalence of depression (12.7 vs.
3.2%, p < 0.001) than TTH participants without EDS. Consequently, CTTH is associated
with higher EDS prevalence compared to ETTH and without headache. Moreover, TTH
with EDS had more severe TTH symptoms compared to TTH without EDS.

Keywords: excessive daytime sleepiness, tension-type headache, headache, sleep, epidemiology

INTRODUCTION

Excessive daytime sleepiness (EDS) is a well-known complaint encountered in sleep clinics and
can occur in up to 12% of the general population (1, 2). EDS can result in reduced quality of life,
accidents, reduced performance, and cognitive and mood impairment (3-5). Various neurological
and psychological conditions have been reported to contribute to EDS. Patients with common
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neurological disorders such as parkinsonism, multiple sclerosis,
stroke, and epilepsy often present with EDS. Moreover, a previous
study showed that individuals with depression, anxiety, and
schizophrenia often reported EDS (5).

Tension-type headache (TTH) is the most prevalent type
among primary headaches and individuals with TTH usually
have mild or no disability. However, some individuals with TTH
experience disabling symptoms that result in a significant amount
of disability and reduced quality of life (6). Because of its high
prevalence, the disease burden of TTH is estimated to be greater
than that of migraine (7).

Previous studies have reported a significant association
between EDS and headache. It has been reported that
migraineurs experience more EDS than non-migraineurs, with
EDS being associated with the exacerbation of migraine
symptoms (8, 9). Frequency of EDS was shown to be higher
among individuals with episodic and chronic migraine than
among individuals without headache (10, 11). However, there
is currently limited information on the prevalence of EDS in
TTH individuals and the impact of EDS on TTH. Therefore, we
conducted a study with a population-based sample to investigate
the following: (1) the prevalence of EDS in TTH individuals; (2)
the clinical presentations of TTH associated with EDS; (3) The
factors contributing EDS occurrence in TTH individuals.

MATERIALS AND METHODS
Study Protocol

We conducted a cross-sectional study to analyze data from
the Korean Headache-Sleep Study (KHSS), which is a national
population study for headache and sleep. Detailed methods
of this survey were previously described (12). Briefly, two-
stage random cluster sampling was used to reflect the
regional distribution in Korea except for Jeju-do. Well-
trained interviewers performed this survey by door-to-door
visiting using a structured questionnaire. The questionnaire was
composed of questions asking yes-no answers or Likert scales.
Each participant provided informed consent before the survey
and the study protocol was reviewed and approved by the
Institutional Review Board and Ethics Committee of Hallym
University Sacred Heart Hospital (Approval No. 2011-1077).

Headache Assessment

Participants that experienced more than 1min of headache
during the previous year, they were classified as having headache.
If participants did not experience a headache lasting more
than 1min during the previous year, they were classified as
participants without headache.

TTH Assessment

For TTH diagnosis, we used diagnostic criteria B to D for
infrequent episodic TTH (code 2.1) in the third edition, beta
version of the International Classification of Headache Disorders
(ICHD-3 beta) (B: lasting from 30 min to 7 days; C: at least two of
the following four characteristics [i.e., bilateral location, pressing
or tightening (non-pulsating) quality, mild or moderate intensity,
and not aggravated by routine physical activity such as walking or

climbing stairs]; D: attacks associated with both of the following:
no nausea or vomiting and no more than one of photophobia
or phonophobia). Participants who fulfilled these criteria were
classified as having TTH. Diagnostic criterion A (at least 10
episodes of headache) was not applied in TTH diagnosis. Thus,
TTH individuals included in this study had infrequent TTH
(code 2.1), frequent TTH (code 2.2), and chronic TTH (code 2.3).
If a participant classified as having headache and fulfilling B to
D criteria for infrequent episodic TTH, she/he was classified as
having TTH. Based on ICHD-3 beta, participants that fulfilled
with both diagnostic criteria for probable migraine (PM) and
TTH were considered as having TTH.

EDS Assessment

The Epworth Sleepiness Scale (ESS) was used for EDS assessment.
The total ESS score ranges from 0 to 24 points. Participants with
a score equal to or >11 were considered as having EDS. We used
a previously verified Korean version of ESS (13).

Short Sleep Duration and Poor Sleep

Quality Assessment

Short sleep duration was defined as an average sleep duration of
6h or less. The average sleep duration was calculated using the
following formula; [(workday sleep duration x 5) + (free day
sleep duration x 2)]/7; the sleep durations on the weekdays and
free days were independently measured using the survey data on
sleep onset and wakeup time.

The Pittsburgh Sleep Quality Index (PSQI) was adopted to
assess sleep quality. The PSQI consists of 19 questions on various
aspects of perceived sleep status. The total PSQI score ranges
from 0 to 21 points. Poor sleep quality was defined as a PSQI score
of 6 or more (14).

Anxiety and Depression Assessment

Anxiety was assessed using the Goldberg Anxiety Scale (GAS),
which is composed of a total of nine items, four screening
items, and five supplementary items (15). Participants who had
five or more positive answers for all the items, with two or
more being for the screening items, were considered as having
anxiety. The Korean version GAS has a sensitivity of 82.0% and
a specificity of 94.4% for diagnosing anxiety (16). This study
evaluated depression using the Patient Health Questionnaire-9
(PHQ-9) (17). The PHQ-9 was developed based on the DSM-
IV criteria for major depression and has been widely used in
epidemiological studies (18-20). Response options were rated
on a four -point scale from 0 to 3, regarding the past 2 weeks
experienced. Participants with a PHQ-9 score of 10 or more were
classified as having depression. The sensitivity and specificity of
the Korean version of PHQ-9 were previously validated as 81.1
and 89.9%, respectively (21).

Statistical Analysis

Normality of distribution was evaluated using Kolmogorov-
Smirnov test. After normality of distribution was confirmed,
Student’s ¢-test was used to compare two groups. If the normality
of distribution was not confirmed, Mann-Whitney U-test was
used to compare two groups. Chi-square test was used to
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compare the prevalence rates. Univariable and multivariable
analyses were performed to determine factors contributing to
EDS among TTH individuals. For univariable analyses, factors
with significant differences between TTH individuals with EDS
and those without EDS were considered. For multivariable
analyses, three models were developed to examine the association
between EDS and TTH. In Model 1, sociodemographic factors
(sex, age, size of residential area, and level of education) were
adjusted. In Model 2, sociodemographic factors and sleep-
related parameters (short sleep duration and poor sleep quality)
were adjusted. In Model 3, sociodemographic factors and
psychiatric comorbidity (anxiety and depression) were adjusted.
In the final model (Model 4), sociodemographic factors, sleep-
related parameters, and psychiatric comorbidity were adjusted.
Statistical Package for Social Sciences version 22.0 (SPSS 22.0;
IBM, Armonk, NY, USA) was used for all statistical analysis.
Statistical significance was defined as a two-tailed p < 0.05.

Several variables had missing data because of non-response.
Available data were used for the final analysis. There was no
missing data for all 2,695 participants except for educational level,
which had 26 non-respondents.

RESULTS

Survey
We approached 7,430 subjects and 3,114 (41.9%) subjects agreed
to respond to the survey. Finally, 2,695 (36.3%) participants

completed the survey (Figure 1). Collected data on demographic
factors (age, sex, size of residential area, and level of education)
revealed no significant difference from that of the Korean general
population (Table 1).

Prevalence of TTH, Non-headache, and

EDS

Of the 2,695 participants, 570 (21.2%) had TTH while 1,422
(52.8%) did not have a headache during the previous year.
Among TTH individuals, 113 (19.8%) also had PM. Three-
hundred and thirteen (11.6%) participants were classified as
having EDS (Table 1).

Prevalence of Anxiety, Depression, Short

Sleep Duration, and Poor Sleep Quality

A total of 268 (9.9%) participants had anxiety while 116 (4.3%)
had depression. The prevalence rates of anxiety (9.5 vs. 5.3%, p =
0.001) and depression (4.2 vs. 1.8%, p = 0.001) were significantly
higher among TTH individuals than among individuals without
headache. A total of 469 (17.4%) participants reported having an
average sleep duration of <6 h, and were classified as having short
sleep duration. A total of 715 (26.5%) participants were classified
as having poor sleep quality.

EDS Prevalence in Individuals With TTH
Among the 570 participants with TTH, 63 (11.1%) reported
experiencing EDS. The EDS prevalence in individuals with TTH

Clustered random sampling
proportional to population distribution,
with target population from all Korean

adults, aged 19-69 years

Approached 7,430 individuals

l

v

3,114 individuals
accepted the survey

l

2,695 individuals
completed the survey

!

63 TTH individuals with EDS

570 individuals with TTH

FIGURE 1 | Flow chart depicting the participation of subjects in the Korean Headache-Sleep Study.

'

l

507 TTH individuals without EDS
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TABLE 1 | Demographic characteristics of the survey participants; total population; and participants with tension-type headache (TTH) and excessive daytime sleepiness

(EDS).
Survey participants, N (%) Total population, N (%) P TTH, N, % (95% Cl) EDS, N, % (95% Cl)

Sex

Men 1,345 (49.3) 17,584,365 (50.6) 0.854* 268, 19.9 (17.8-22.0) 161, 12.0 (10.2-13.7)

Women 1,350 (50.7) 17,198,350 (49.4) 302, 22.3 (20.1-24.6) 152,11.3(9.6-12.9)
Age

19-29 542 (20.5) 7,717,947 (22.2) 0.917* 119, 22.0 (18.5-25.5) 52,9.6 (7.1-12.1)

30-39 604 (21.9) 8,349,487 (24.0) 127,21.0(17.8-24.3) 71,11.8 (9.2-14.3)

40-49 611 (23.1) 8,613,110 (24.8) 131, 21.4 (18.2-24.7) 62, 10.1 (7.7-12.5)

50-59 529 (18.9) 6,167,505 (17.7) 107, 20.2 (16.8-23.7) 66, 12.5 (9.7-15.3)

60-69 409 (15.6) 3,934,666 (11.3) 86, 21.0 (17.1-25.0) 62, 15.2 (11.7-18.6)
Size of residential area

Large city 1,248 (46.3) 16,776,771 (48.2) 0.921* 251, 20.1 (17.9-22.4) 150, 12.0 (10.2-13.8)

Medium-to-small city 1,186 (44.0) 15,164,345 (43.6) 243, 20.5 (18.2-22.8) 134, 11.3 (9.5-13.1)

Rural area 261 (9.7) 2,841,599 (8.2) 76, 29.1 (23.6-34.7) 29, 11.1 (7.3-14.9)
Education level

Middle school or less 393 (14.9) 6,608,716 (19.0) 0.752* 96, 24.5 (20.1-28.7) 58, 14.8 (11.2-18.3)

High school 1,208 (44.6) 15,234,829 (43.8) 247,20.5 (18.2-22.7) 135, 11.2 (9.4-13.0)

College or more 1,068 (39.6) 12,939,170 (37.2) 223, 20.9 (18.4-23.3) 119, 11.1 (9.3-13.0)

Not responded 4,15.4 (0.5-30.2) 1,3.8(0.0-11.8)
Total 2,695 (100.0) 34,782,715 (100.0) 570, 21.2 (19.6-22.7) 313, 11.6 (10.4-12.8)

*Comparison of sex, age group, size of residential area, and educational level distributions between the sample in the present study and the total population of Korea.
TTH, tension-type headache; EDS, excessive daytime sleepiness; N, number; Cl, confidence interval.

was not significantly different from that in individuals without
headache (11.1 vs. 9.4%, p = 0.271). The prevalence of EDS was
not significantly different between TTH participants fulfilling PM
criteria and TTH participants not-fulfilling PM (11.6 vs. 8.8%,
p=0.404).

EDS prevalence was analyzed with regard to headache
frequency. Individuals with 15 or more TTH attacks per month
had a significantly higher EDS prevalence compared to that those
without headache (35.7 vs. 9.4%, p < 0.001). Individuals with 1-
14 TTH attacks per month (13.5 vs. 9.4%, p = 0.054) and with
<1 attack per month (8.3 vs. 9.4%, p = 0.511) did not have a
significantly different EDS prevalence compared to those without
headache (Figure 2).

Clinical Presentation of TTH According to
the Presence of EDS

Osmophobia and depression were more prevalent among
TTH participants with EDS compared to those without. TTH
participants with EDS showed significantly higher headache
frequency, visual analog scale (VAS) scores for headache
intensity, and Headache Impact Test-6 scores compared to those
without EDS (Table 2).

Univariable and Multivariable Analysis for
Contributing Factors to EDS Among TTH

Individuals
Univariable analysis showed that depression (odds ratio [OR] =
4.5, 95% confidence interval [CI] = 1.8-10.9) and poor sleep

Prevalence of EDS (%)

Non-headache <1 1—-14

v
=
[

Headache frequency, days per month

FIGURE 2 | Prevalence of excessive daytime sleepiness according to the
frequency of tension-type headache. *p < 0.05.

quality (OR = 5.0, 95% CI = 2.9-8.7) were associated with an
increased risk of EDS in TTH individuals. Multivariable analysis
of sociodemographic factors revealed no statistically significant
association with EDS (Model 1). In Model 2, which included
sociodemographic factors, depression, and anxiety, depression
(OR=4.5,95% CI = 1.7-11.7) showed increased ORs for EDS. In
Model 3, which included sociodemographic factors, short sleep
time, and poor sleep quality, poor sleep quality (OR = 6.6, 95% CI
= 3.6-12.1) showed increased ORs for EDS; however, high school
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TABLE 2 | Demographics and clinical presentation of individuals with tension-type
headache (TTH) according to the presence of excessive daytime sleepiness (EDS).

TTH with EDS TTH without EDS P
(N =63) (N = 507)
Demographics
Mean age + SD (years) 45.4 £ 135 42.4 £13.7 0.092
Women, N (%) 31(49.2) 271 (563.5) 0.524
Headache characteristics
Bilateral pain, N (%) 36 (57.1) 338 (66.7) 0.133
Non-pulsating quality, 24 (38.1) 203 (40.0) 0.766
N (%)
Mild-to-moderate severity, 62 (98.4) 498 (98.2) 0.915
N (%)
Non-aggravation by 51 (81.0) 400 (78.9) 0.705
movement, N (%)
Associated symptoms
Photophobia, N (%) 6 (9.5) 40 (7.9) 0.653
Phonophobia, N (%) 22 (34.9) 159 (31.4) 0.567
Osmophobia, N (%) 17 (27.0) 78 (15.4) 0.020
Headache frequency per 4.3+ 8.1 1.7+42 0.018
month, mean + SD
VAS score, mean + SD 49+16 43+19 0.007
HIT-6 score, mean + SD 471+ 7.3 435+ 7.6 <0.001
Anxiety 9(14.3) 45 (8.9) 0.167
Depression 8(12.7) 16 (3.2) <0.001

TTH, tension-type headache; EDS, excessive daytime sleepiness; N, number; SD,
standard deviation; VAS, visual analog scale; HIT-6, headache impact test-6.

graduates (OR = 0.4, 95% CI = 0.1-0.9) showed decreased ORs
for EDS. In Model 4, which included sociodemographic factors,
anxiety, depression, short sleep time, and poor sleep quality, poor
sleep quality (OR = 6.0, 95% CI = 3.2-11.2) showed increased
ORs for EDS while high school graduates (OR = 0.4, 95% CI =
0.1-0.9) showed decreased ORs for EDS (Table 3).

DISCUSSION

The key findings of this study include: (1) The overall prevalence
of EDS in TTH participants was similar to that in participants
without headache; (2) The prevalence of EDS among individuals
with chronic tension-type headache (CTTH) was higher than
that in individuals with episodic tension-type headache (ETTH)
and without headache; and (3) TTH participants with EDS had a
higher headache frequency, severe headache intensity, increased
impact of headache, and a higher prevalence of depression
compared to TTH participants without EDS.

There have been limited reports on the prevalence and impact
of EDS in TTH. The prevalence of EDS in CTTH participants
was found to be similar to that in participants with chronic
migraine (CM). It has also been reported that individuals with
a headache frequency >80 per 3 months experience EDS more
frequently compared to those with a headache frequency <80
per 3 months (22). Moreover, a previous study reported that
EDS prevalence in TTH individuals did not significantly differ
from that in individuals without headache (9). However, the

prevalence of EDS among individuals with CTTH in comparison
with those with ETTH and without headache has not yet been
reported in a population-based setting. The present study is the
first to report a significantly higher prevalence of EDS among
individuals with CTTH compared to that in individuals with
ETTH and individuals without headache.

Epidemiological studies have reported the prevalence of
EDS to range from 8 to 30%. A Singaporean study reported
an EDS prevalence of 9.0% (23). A Korean population-based
study using data from the Korean Genome Epidemiology Study
found an EDS prevalence of 12.2% (24). An Australian study
reported an EDS prevalence of 15.3% (25). The similarity in EDS
prevalence between this study and previous studies suggests that
the assessment of EDS in this study is reliable.

The present study found that the overall prevalence of EDS
in TTH individuals was similar to that in individuals without
headache; however, the EDS prevalence in CTTH individuals
was higher than in ETTH and individuals without headache.
These findings are similar to those of a Norwegian study that
reported that the overall EDS prevalence in TTH individuals
was similar to that in non-headache individuals (9). In this
previous study, the prevalence of EDS in CTTH, which was
reported to be higher in individuals without headache (8, 9), was
similar to that in individuals with CM. The prevalence of EDS
in CTTH individuals (35.7%) in the present study was somewhat
higher than that in the Norwegian study (20.8%). One possible
explanation for this discrepancy is the difference in ethnicity
and sociodemographic distribution between the two studies.
A possible reason for sociodemographic distribution difference
could be that while our study used data from the KHSS, which
sampled participants proportionally to the regional distribution
in Korea, the Norwegian study used a community-based sample
aged 30-44 from Akershus County, Norway. Therefore, this
difference in sociodemographic distribution may account for
the discrepancy in the prevalence of EDS in CTTH individuals
between the two studies. Moreover, the cultural difference in ways
of reporting sleepiness could be another source of discrepancy.
A previous study reported large variations in the EDS prevalence
across the world (26), with the difference in survey methods being
another possible explanation for the discrepancy.

EDS is defined as the inability to stay awake and alert during
major working episodes of the day, resulting in periods of
irrepressible need for sleep or unintended lapses into drowsiness
or sleep, based on the third edition of International Classification
of Sleep Disorders (27). EDS is one of the most disabling
conditions caused by poor nocturnal sleep and can lead to poorer
occupational and social functioning, and is strongly related to
an increased risk of vehicular and occupational accidents (28,
29). The present study found that a significant proportion of
individuals with TTH had EDS. Considering the effect of EDS
and daytime dysfunction, some of burden by TTH could be
attributed to EDS. Therefore, proper diagnosis and treatment of
EDS in TTH could be a useful way to reduce burden of TTH.

Univariable analysis in the present study showed that
depression and poor sleep quality among TTH individuals
were significant factors for EDS. After adjusting for potential
covariates, multivariable analyses only showed high school
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TABLE 3 | Logistic regression for the contributing factors of excessive daytime sleepiness (EDS) among individuals with tension-type headache (TTH).

Univariable Multivariable Multivariable Multivariable Multivariable
analysis OR, analysis OR, 95% analysis OR, 95% analysis OR, 95% analysis OR, 95%
95% CI Cl (Model 1) Cl (Model 2) Cl (Model 3) Cl (Model 4)
Sex 1.2 (0.7-2.0) 1.2 (0.7-2.1) 1.2 (0.7-2.1) 1.2 (0.7-2.2) 1.2(0.7-2.2)
Age
19-29 Reference Reference Reference Reference Reference
30-39 1.5 (0.6-3.6) 1.6 (0.7-4.0) 1.5(0.6-3.8) 1.4 (0.6-3.6) 1.4 (0.6-3.5)
40-49 1.7 (0.7-4.0) 1.9(0.8-4.6) 1.9(0.8-4.6) 2.0 (0.8-5.0) 2.0 (0.8-5.0)
50-59 1.4 (0.6-3.5) 1.2 (0.4-3.5) 1.3 (0.4-3.6) 1.0(0.3-2.9) 1.0(0.3-3.1)
60-69 2.2(0.9-5.4) 1.7 (0.6-5.3) 1.8 (0.6-5.4) 1.5(0.5-4.6) 1.5(0.5-4.7)
Size of residential area
Large city Reference Reference Reference Reference Reference
Medium-to-small city 1.2 (0.7-2.0) 1.2 (0.7-2.0) 0.5(0.2-1.2) 1.2 (0.7-2.1) 1.1 (0.6-2.0)
Rural area 0.4 (0.2-1.3) 0.4 (0.7-2.1) 0.6 (0.2-1.6) 0.4 (0.1-1.2) 0.4 (0.1-1.2)
Educational level
Middle school or less Reference Reference Reference Reference Reference
High school 0.6 (0.3-1.2) 0.5(0.2-1.2) 0.5(0.2-1.2) 0.4 (0.1-0.9) 0.4 (0.1-0.9)
College or more 0.7 (0.3-1.3) 0.6 (0.2-1.6) 0.6 (0.2-1.6) 0.4 (0.2-1.2) 0.4 (0.2-1.3)
Anxiety 1.7 (0.8-3.7) 1.2(0.5-2.8) 1.1(0.5-2.7)
Depression 4.5 (1.8-10.9) 4.5(1.7-11.7) 1.8 (0.7-5.3)
Short sleep duration (<6h) 1.2(0.6-2.2) 0.5 (0.3-1.1) 0.5(0.3-1.1)
Poor sleep quality (PSQI >5) 5.0 (2.9-8.7) 6.6 (3.6-12.1) 6.0 (3.2-11.2)

Model 1, adjusted for sociodemographic factors (age, sex, size of residential area, educational level); Model 2, adjusted for sociodemographic factors, anxiety, and depression; Model
3: adjusted for sociodemographic factors, short sleep duration, and poor sleep quality; Model 4, adjusted for sociodemographic factors, anxiety, depression, short sleep duration, and
poor sleep quality. OR, odds ratio; Cl, confidence interval; PSQI, pittsburgh sleep quality index.

educational level and poor sleep quality as significant factors
for EDS. These findings are similar to those of other studies on
the association between EDS and migraine. A Norwegian study
revealed that a high headache frequency and depression were
significant factors for EDS in migraineurs and TTH individuals
(9). Our previous study also found that depression and poor sleep
quality were significant factors for EDS in migraineurs (8). These
findings suggest that EDS in CM and CTTH may be improved
by improving depression and poor sleep quality. Depression has
been shown to be successfully treated by pharmacological and
non-pharmacological treatment (30). A previous study reported
that poor sleep quality was closely associated with insomnia
and that insomnia could be successfully managed by improving
sleep hygiene, behavioral cognitive therapy, pharmacological
treatment, etc. (31). Considering that EDS is associated with an
exacerbation of TTH symptoms, improving EDS may be helpful
in improving TTH symptoms.

This study has several limitations. First, this study assessed
EDS using the ESS rather than objective measurement. ESS
is a simple self-administered questionnaire, and is the most
widely used tool for assessing subjective sleepiness. The ESS
score is highly correlated with partners’ independent reports
of the subjects’ report (32). There is evidence on the validity
of ESS and its usefulness in assessing EDS and its changes
after treatment (33-35). We used the Korean version of the
ESS, which was validated in Korean patients. This ensured
that we had successfully evaluated EDS in the participants
from the Korean general population. Nevertheless, objective

measurement may provide more information regarding total
sleep time, sleep architecture, sleep efficacy, and other sleep
derivatives. Second, we did not investigate medication use in the
present study. Various medications, including anticonvulsants,
antidepressants, antiemetics, antihistamines, antihypertensives,
hypnotics, and muscle relaxants, may affect sleepiness (3). Third,
the response rate in this study, which was 36.3%, was not
high. However, we used two-stage random clustered sampling
to reflect the population distribution in Korea. Moreover, there
was no significant difference in the sociodemographic factors
between participants in the present study and the Korean
general population. Further, the prevalence of TTH and EDS
was similar to that reported in previous studies. Lastly, we
used 1-year time interval for the assessment of headache,
TTH and without headache. Consequently, participants with
TTH experienced TTH attack less than one attack per
year, they were classified as participants without headache.
We did not investigate participants’ life-time headache or
TTH and could not assess the difference in EDS prevalence
between participants without TTH during their lifetimes
and TTH participants experiencing less than one attack
per year.

This study has several strengths. First, this study adopted the
Korean version of the used questionnaires, which were previously
validated for evaluating TTH, EDS, anxiety, depression, and
poor sleep quality. Second, this study used a sample that
reflected the Korean general population distribution, which
allowed us to accurately investigate the prevalence of TTH, EDS,

Frontiers LTgeurology | www.frontiersin.org

December 2019 | Volume 10 HAgwcle 1282



Kim et al.

EDSin TTH

anxiety, depression, and poor sleep quality with a low sampling
error. Third, we investigated potential covariates, including
sociodemographic factors, anxiety, depression, and poor sleep
quality for EDS, and analyzed the contributing factors to EDS
in TTH.

CONCLUSION

Although the overall prevalence of EDS in TTH individuals
was not significantly different from that in individuals without
headache, CTTH individuals had a higher prevalence of
EDS compared to ETTH and individuals without headache.
Furthermore, TTH participants with EDS experienced more
severe symptoms of TTH compared to those without EDS.
Therefore, EDS should be carefully investigated during the
management of TTH.
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