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Abstract

Background: Insomnia and migraine are closely related; insomnia aggravates migraine symptoms. This study was
conducted to investigate the impact of migraine on the clinical presentation of insomnia symptoms.

Methods: The data of the Korean Headache-Sleep Study (KHSS) were used in the present study. The KHSS is a
nation-wide cross-sectional population-based survey regarding headache and sleep in Korean adults aged 19 to
69 years. If a participant’s Insomnia Severity Index (ISI) score = 10, she/he was classified as having insomnia. The
clinical presentation of insomnia symptoms was assessed using total and subcomponent scores of the ISI.

Results: Of 2695 participants, 290 (10.8%) and 143 (5.3%) individuals were assigned as having insomnia and migraine,
respectively. The proportions of migraine (12.8% vs. 4.4%, p < 0.001) and non-migraine headache (59.0% vs.
39.9%, p < 0.001) were higher among individuals with insomnia compared to those without insomnia. Among
participants with insomnia, total ISI scores were not significantly different among participants with migraine,
non-migraine, and non-headache [median and interquartile range: 13.0 (11.0-17.5) vs. 13.0 (11.0-17.5) vs. 12.0
(11.0-16.0), p=0.245]. ISI scores for noticeability of sleep problems to others were significantly higher among
participants with migraine [3.0 (2.0-4.0) vs. 2.0 (2.0-3.0), p=0.011] and non-migraine headache [3.0 (2.0-4.0) vs.
2.0 (2.0-3.0), p=0.001] compared to those without headache history. Other ISI subcomponent scores did not

significantly differ between headache status groups.

significantly influenced by the headache status.

Conclusions: Participants with insomnia had an increased risk of migraine and non-migraine headache
compared to those without insomnia. Among participants with insomnia, overall insomnia severity was not
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Background

Migraine is a common neurological disorder and affects
5-15% of the general population [1]. Owing to its disab-
ling symptoms, migraineurs encounter disability and de-
creased quality of life [2]. Even in periods without
migraine symptoms, migraineurs may have a fear of de-
veloping a headache because migraine attacks often
cause a failure to perform social obligations at school,
the workplace, or at home [3]. Sleep disturbances are
common complaints among migraineurs [4-6].
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Individuals with migraine or headache with sleep distur-
bances often encounter more severe symptoms and de-
crease quality of life [5, 7, 8].

Insomnia is another disorder with high prevalence, af-
fecting 10-30% of the general population [9]. Insomnia
is associated with hypertension, coronary heart disease,
and diabetes, among others [10]. Furthermore, insomnia
in the working age population is one of the factors that
cause a decrease in productivity [11]. Therefore, insom-
nia is an important public health problem like migraine.

Migraine and insomnia exhibit a strong relationship.
Cross-sectional studies have persistently demonstrated a
significant comorbidity for these two disorders in clinical
and population-based studies [12]. Two longitudinal
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studies using a single dataset show a bidirectional co-
morbidity of migraine and insomnia. Individuals have an
increased risk of developing migraine 11 years after the
onset of insomnia and vice versa [13, 14]. The risk for
developing insomnia increases in patients with an in-
creased migraine headache frequency, and the risk for
developing migraine was positively correlated with se-
vere insomnia. Such a strong bidirectional comorbidity
suggests shared pathophysiological mechanisms [15].

According to previous studies, migraineurs have an in-
creased risk of developing insomnia compared to patients
suffering from non-migraine headache and healthy sub-
jects. Furthermore, migraineurs with insomnia present
with a higher headache frequency and increased headache
intensity compared to those without insomnia [8]. Never-
theless, information about the impact of migraine on the
prevalence and clinical presentation of insomnia in a
population-based sample is currently limited. We hypoth-
esized that migraine affects the prevalence and clinical
presentation of insomnia symptoms. The purposes of the
present study were to investigate 1) the prevalence of mi-
graine and insomnia, 2) the impact of migraine on the
prevalence of insomnia, and 3) the impact of migraine on
the clinical presentation of insomnia in a general
population-based sample.

Methods

Study population and survey process

The data of the Korean Headache-Sleep Study (KHSS)
were used in the present study. The KHSS was a
nation-wide, cross-sectional survey regarding headache
and sleep disorder among Korean adults aged 19 to
69 years. It also included items regarding symptoms of
anxiety and depression. The study design, methods, and
process were described in detail previously [6]. In brief,
the KHSS adopted a two-stage clustered random sam-
pling method for all Korean territories except Jeju-do.
This method sampled participants proportionally to the
population distribution and socioeconomic status. Trained
interviewers conducted the survey by face-to-face inter-
views using a questionnaire. All trained interviewers were
employees of Gallup Korea and had previous experience
in social surveys. Data collection of the KHSS was per-
formed from November 2011 to January 2012. The KHSS
was approved by the Institutional Review Board and
Ethics Committee of Hallym University Sacred Heart
Hospital (IRB No. 2011-1077). Written informed consent
was obtained from all participants.

Migraine assessment

Diagnosis of migraine was based on criteria A to D for
migraine without aura in the third edition beta version
of the International Classification of Headache Disorders
(ICHD-3 beta; code 1.1: A, 5 or more attacks in a

Page 2 of 8

lifetime; B, attack duration of 4-72 h; C, any 2 of the 4
typical headache characteristics [i.e., unilateral pain, pul-
sating quality, moderate-to-severe pain intensity, and ag-
gravation by routine physical activity]; and D, attacks
associated with at least one of the following: nausea,
vomiting, or both photophobia and phonophobia) [16].
We did not distinguish between migraine without aura
(code 1.1) and migraine with aura (code 1.2). Therefore,
migraine included both migraine with aura and migraine
without aura. Our survey method has been reported to
have a sensitivity of 75.0% and a specificity of 88.2% [17].

Non-migraine headache assessment

Participants that experienced more than one minute of
headache in the last twelve months but did not satisfy
the criteria for migraine diagnosis were classified as a
distinct non-migraine headache group.

Insomnia assessment

Insomnia was evaluated by using the Insomnia Severity
Index (ISI), which is a self-report questionnaire with the
following seven items: difficulties in sleep onset, difficul-
ties in sleep maintenance, early awakening in the morn-
ing, sleep dissatisfaction, interference of sleep problems
with daily functioning, noticeability of sleep problems to
others, and worries caused by the sleep problems. This
index measures the individual’s perceptions of their sleep
problem by evaluating the severity of the insomnia prob-
lems within the last two weeks. The total ISI score
ranges from O to 28 [18]. Participants with a total ISI
score of 10 or more were classified in our study as suf-
fering from insomnia according to a previous epidemio-
logical study [19]. Additionally, we investigated whether
the sleep was usually non-refreshing. We asked partici-
pants to choose from the categories none, mild, moder-
ate, severe, and very severe and graded each response as
0, 1, 2, 3, and 4, respectively.

Statistical analyses

The Kolmogorov-Smirnov test was used to evaluate the nor-
mality of the distribution. After normality was confirmed,
Student’s t-test or analysis of variance was used to compare
continuous variables. If normality was not confirmed, the
Mann-Whitney U test was used to compare differences
between two independent groups. For comparison of ordinal
variables among more than three groups, we used
Kruskal-Wallis test. To adjust for multiple testing, p-values
were calculated using the Bonferroni post hoc test. Categor-
ical variables were compared using the chi-square test. The
significance level was set at p < 0.05 for all analyses. Statistical
analyses were performed using the Statistical Package for
Social Sciences 22.0 (SPSS 22.0; IBM, Armonk, NY, USA).
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Results

Survey

During the survey, interviewers contacted 7430 individ-
uals, and 3144 permitted to participate. Of those, 449 indi-
viduals waived participation, and thus 2695 participants
completed the whole survey (cooperation rate of 36.3%;
Fig. 1). The distributions of age, sex, size of the residential
area, and education level of KHSS participants was not
significantly different from those of the Korean general
population (Table 1).

Prevalence of insomnia and migraine

Of the 2695 participants, 290 (10.8%) participants reported
an ISI score > 10 and were classified as having insomnia.
The ISI score of all participants was [2.0 (1.0-5.0), median
and interquartile range]. Of the 1273 (47.2%) participants,
who reported that they experienced at least one attack of
headache during the last year, 143 (5.3%) participants were
classified as having migraine. Therefore, 1130 (41.9%) were
classified as having non-migraine headache (Table 1).

Prevalence of migraine and non-migraine headache
according to the presence of insomnia

Among the 290 participants with insomnia, 37
(12.8%), 171 (59.0%), and 82 (28.3%) participants were
classified as having migraine, non-migraine headache,
and non-headache, respectively. The prevalence of mi-
graine (12.8% vs. 4.4%, p<0.001) and non-migraine
headache (59.0% vs. 39.9%, p <0.001) was significantly
higher among participants with insomnia compared to
that in participants without insomnia (Fig. 2).
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Total and subcomponent ISl scores among participants
with insomnia according to the headache status

In the 290 participants with insomnia, the total ISI
score was not significantly different among migraine,
non-migraine headache, and non-headache groups. A
further analysis of the seven ISI subcomponent scores
revealed that only the categories interference with
daily functioning and noticeability of sleep problems
to others exhibited significantly different scores
among the three headache groups. Furthermore, our
additional parameter non-refreshing sleep showed sig-
nificant score differences among these groups. Post
hoc analyses revealed that the scores for noticeability
of sleep problems to others, and non-refreshing sleep
were significantly higher in participants of the
non-migraine headache group than those in the
non-headache group and score for noticeability of
sleep problems to others was significantly higher in
participants of the migraine group than those in the
non-headache group. However, subcomponent for
interference with daily functioning did not show sig-
nificance in post hoc analysis (Table 2).

Prevalence of insomnia according to the headache status
Insomnia prevalence among participants with mi-
graine, non-migraine headache, and non-headache
was 25.9%, 15.1%, and 5.8%, respectively (Fig. 3). The
prevalence of insomnia among migraineurs was sig-
nificantly higher compared to participants with
non-migraine headache (p =0.001) and non-headache
(p <0.001).

Clustered random sampling proportional to population distribution with target population from all Korean adults, aged 19-69 years

}

Approached 7,430 individuals

)

3,114 individuals
accepted the survey (41.9%)

!

2,695 individuals
completed the survey (36.3%)

L

A,

'

Fig. 1 Flowchart depicting the participation of subjects in the KHSS

Participant with migraine Participant with non-migraine headache Participant with non-headache
(N =143) (N =1130) (N =1422)
With insomnia Without insomnia With insomnia Without insomnia With insomnia Without insomnia
(N =37) (N =106) (N=171) (N=959) (N =82) (N =1340)
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Table 1 Sociodemographic characteristics of survey participants, the total Korean population, and cases identified as having
migraine, non-migraine headache, and insomnia

Survey participants  Total population P Migraine Non-migraine headache  Insomnia
N (%) N (%) N, % (95% Cl) N, % (95% Cl) N, % (95% Cl)

Gender

Men 1345 (49.3) 17,584,365 (50.6) 0.854°  36,2.7 (1.8-3.5) 471, 35.0 (325-37.6) 117,87 (7.2-10.2)

Women 1350 (50.7) 17,198,350 (49.4) 107,79 (65-94) 659, 48.8 (46.2-51.5) 173,12.8 (11.0-14.6)
Age

19-29 542 (20.5) 7,717,947 (22.2) 0917¢ 25,45 (27-6.2) 231, 426 (38.4-46.8) 59,109 (83-135)

30-39 604 (21.9) 8,349,487 (24.0) 42,70 (49-9.1) 269, 44.5 (40.6-48.5) 53,88 (6.5-11.0)

40-49 611 (23.1) 8,613,110 (24.8) 39, 6.5 (4.5-84) 277,453 (41.4-493) 66, 10.8 (8.3-13.3)

50-59 529 (18.9) 6,167,505 (17.7) 22,41 (24-59) 204, 386 (34.4-42.7) 63,119 (9.1-14.7)

60-69 409 (15.6) 3,934,666 (11.3) 15,39 (20-5.7) 149, 364 (31.7-41.1) 49,120 (8.8-15.1)
Size of residential area

Large city 1248 (46.3) 16,776,771 (48.2) 0.921¢  76,6.1 (48-7.5) 525, 42.1 (39.3-44.8) 136, 109 (9.2-12.6)

Medium-to-small city 1186 (44.0) 15,164,345 (43.6) 48,40 (29-5.2) 488, 41.1 (38.3-44.0) 125, 10.5 (8.8-12.3)

Rural area 261 (9.7) 2,841,599 (8.2) 19,74 (4.2-10.6) 117, 44.8 (38.8-50.9) 29, 11.1 (7.3-14.9)
Education level

Middle school or less 393 (14.9) 6,608,716 (19.0) 0.752° 22,55 (42-7.7) 156, 42.0 (37.1-46.9) 62, 158 (12.2-194)

High school 1208 (44.5) 15,234,829 (43.8) 60, 5.0 (3.8-6.3) 502, 41.6 (38.8-444) 116, 9.6 (7.9-11.3)

College or more 1068 (39.6) 12,939,170 (37.2) 60, 5.6 (4.3-7.0) 457,428 (40.0-45.8) 109, 10.2 (84-12.0)

Not responded 26 (1.0) 1,38 (00-11.8) 6, 23.1 (5.7-404) 3,11.5 (0.0-24.7)
Total 2695 (100.0) 34,782,715 (100.0) 143,53 (45-62) 1130, 419 (40.0-43.8) 290, 10.8 (9.6-11.9)

“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
N, number; CJ, confidence interval
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Fig. 2 Comparison of headache type according to the presence of insomnia
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Table 2 Total ISI and its subcomponent scores among participants with insomnia in relation to the headache status
Migraine Non-migraine headache Non-headache P
(N=37) (N=171) (N=82)

Total ISI score 13.0 (11.0-17.5) 13.0 (11.0-17.0) 12.0 (11.0-16.0) 0.245
Falling asleep 20 (1.0-3.0) 20 (1.0-3.0) 20 (1.0-3.0) 0.796
Staying asleep 20 (1.0-3.0) 20 (1.0-3.0) 2.0 (1.0-3.0) 0671
Early awakening 2.0 (1.0-3.0) 2.0 (1.0-3.0) 2.0 (1.0-3.0) 0.303
Satisfaction 4.0 (3.5-4.0) 4.0 (3.0-5.0) 40 (3.0-4.0) 0.245
Interference 3.0 (3.0-4.0) 3.0 (20-4.0) 3.0 (20-3.0) 0.032
Noticeability 30 (20-4.0)° 30 (20-4.07° 20 (20-3.0) 0.002
Worry 3.0 (2.0-4.0) 3.0 (2.0-4.0) 3.0 (20-3.0) 0.364

Non-refreshing sleepb 2.0 (20-3.0) 3.0 (2.0-4.0° 2.0 (1.0-3.0) 0.001

Variables are presented as median (interquartile range)

Kurskal-Wallis test was used to compare among three groups

Significantly higher in the post hoc analysis compared to the non-headache group

PNon-refreshing sleep score is not included in the total ISI score

Headache frequency, headache intensity, and impact non-migraine headache, headache frequency per

of headache according to the presence of insomnia
among participants with migraine and non-migraine
headache

The Visual Analogue Scale (VAS) score for headache
intensity (median [interquartile range], 7.0 [5.0-9.0]
vs. 6.0 [5.0-7.0]; p=0.003) and the Headache Impact
Test-6 (HIT-6; 60.0+9.5 vs. 52.3+84; p<0.001)
score were significantly higher in migraineurs with
insomnia compared to those in migraineurs without
insomnia. Headache frequency per month was dis-
cernibly different according to the presence of insom-
nia without reaching statistical significance (5.7 + 8.2

month, VAS score for headache intensity, and HIT-6
score were significantly higher when insomnia was
present (Table 3).

Discussion

The key findings of the present study were as follows: 1)
The prevalence of migraine and non-migraine headache
was significantly higher among participants with insom-
nia compared to those without insomnia; 2) Among par-
ticipants with insomnia, the total ISI score was not
significantly different among migraine, non-migraine
headache, and non-headache groups and 3) Among par-

vs. 3.2+54, p=0.093). Among participants with ticipants with migraine, the prevalence of insomnia was
N
35
P<0.01
30
P=0.01 P <0.01
= '
= 25
g o
) 25.9 %
172}
£ 20
S
©
=
S 15
z
<) o,
2 15.1%
S 10
A
5
5.8%
0
Migraine Non-migraine headache Non-headache
Fig. 3 Comparison of the prevalence of insomnia according to headache type
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Table 3 Headache frequency, VAS score of headache intensity, and impact of headache in relation to the presence of insomnia

among participants with migraine and non-migraine headache

Migraine with Migraine without P Non-migraine headache Non-migraine headache P
insomnia (N =37) insomnia (N =106) with insomnia (N=171) without insomnia (N =959)
Headache frequency 57+82 32+54 0.093 37+68 21+49 0.004
VAS score® 7.0 (5.0-9.0) 6.0 (5.0-7.0) 0.003 5.0 (4.0-7.0) 5.0 (3.0-6.0) < 0.001
HIT-6 score 60095 523+£84 <0.001 50.1£86 444+6.7 <0.001

VAS Visual Analogue Scale, HIT-6 Headache Impact Test-6

Variable is analyzed by Mann-Whitney U test and shown as a median (interquartile range)

higher than participants with non-migraine headache
and non-headache. Migraine symptoms exacerbated with
the presence of insomnia.

There is limited information available about the im-
pact of insomnia on the clinical presentation of head-
ache. It has been reported that in individuals with
headache or migraine, those with insomnia present an
increased symptom severity compared to those without
[13]. Nevertheless, information regarding the impact of
headache or migraine on the clinical presentation of in-
somnia is currently scarce. Our study is the first report
in a population-based setting that individuals with in-
somnia have an increased risk of suffering from migraine
and non-migraine headache. Furthermore, the insomnia
severity as reflected by the total ISI score did not differ
among headache status groups in individuals with in-
somnia (Table 2). These findings suggest that the head-
ache status does not influence the overall severity of
insomnia among affected individuals. In contrast, insom-
nia has a significant impact on the clinical presentation
of migraine. Migraineurs with insomnia experienced a
higher headache intensity and impact of headache
(HIT-6 score) compared to migraineurs without insom-
nia (Table 3).

What could be the underlying mechanism for the dif-
ference between the impact of migraine on insomnia se-
verity and the impact of insomnia on migraine severity?
It is possible that their distinct anatomy and pathophysi-
ology contribute to the contrast findings. Hypothalamus
has been understood to play key regulatory roles both
for migraine and sleep controls. The supraoptic nucleus
in anterior region plays a key role in the regulation of
sleep and arousal. Pain perception was regulated by
arcuate nucleus in tuberal region [20]. Although supra-
optic nucleus and arcuate nucleus are located nearby in
hypothalamus, they have distinctive anatomical loca-
tions. A recent functional magnetic resonance imaging
study showed that posterior hypothalamic activation was
noted during the acute migraine stage [21]. Orexinergic
system acts a regulatory role both in sleep and pain.
Orexin-A and orexin-B were synthesized in hypothal-
amus and promote arousal. Nevertheless, they do differ-
ent roles in pain modulation. Orexin-A is able to inhibit
neurogenic dural vasodilation via activation of the orexin

receptor type 1, resulting in inhibition of prejunctional
release of calcitonin-gene related peptide from trigemi-
nal neurons [22]. In contrast, orexin-B increases the A
and C-fibre responses to dural electrical stimulation as
well as spontaneous activity [23].

Among the ISI subcomponents, the score for noticeability
of sleep problems to others was significantly higher among
participants with migraine and non-migraine headache
compared to participants without headache. Furthermore,
the score for non-refreshing sleep were significantly higher
among participants with non-migraine headache compared
to participants without headache (Table 2). In contrast,
other subcomponent scores including difficulties in sleep
onset, difficulties in sleep maintenance, early awakening,
sleep dissatisfaction, and worries caused by the current sleep
problems were not significantly different. The distinct asso-
ciation of the headache status with only certain subcompo-
nents of insomnia suggests that certain subcomponents are
distinctive from other subcomponents. Further, our findings
are in agreement with the previous findings that nonrestora-
tive sleep (NRS) is a distinctive subtype of insomnia from
other subtypes of insomnia. These studies showed that indi-
viduals with NRS was more frequently associated with day-
time impairment than individuals with difficulty initiation of
sleep (DIS), difficulty maintaining sleep (DMS) and early
morning awakening (EMA) [24—27]. While NRS is reported
to be associated with longer sleep latency, shorter sleep
duration, increased alpha activity during non-rapid eye
movement sleep, longer duration of cyclic alternating pat-
terns and chronic pain condition, information on the dif-
ferences in pathophysiology of NRS from other subtypes
of insomnia is currently sparse [25, 28—30]. Therefore,
more research on pathophysiology of NRS is needed for
better management of NRS.

In the present study, we used the ISI to assess insom-
nia. This psychometric scale includes items for difficulty
in falling asleep, difficulty in staying asleep, and early
awakening which enables the classification of insomnia
subtypes [18]. Although we did not identify insomnia
cases by interviews based on International Classification
of Sleep Disorders, 3rd edition or the Diagnostic and
Statistical Manual of Mental Disorders, 5th edition cri-
teria which are the ‘gold standard’ for the evaluation of

insomnia, we are convinced that we successfully
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evaluated insomnia because the insomnia prevalence in
the present study is in a similar range found in Asian
countries by previous studies [29, 31, 32].

The present study has some limitations. First, we could
not evaluate whether participants of this study underwent
pharmacological or non-pharmacological treatment for in-
somnia. Second, as this is a cross-sectional study, we could
not investigate changes in insomnia symptoms before and
after migraine treatment. Third, the overall response rate
was not high in our study. However, we used a two-stage
clustered random sampling, proportional to the population
distribution of Korea. Therefore, the distribution of age, sex,
size of residential area, and educational level of our partici-
pants was similar to those of the Korean general population.
In addition, the prevalence of migraine, non-migraine and
insomnia in the KHSS were similar to that of previous stud-
ies [17, 33]. Despite these limitations, there are several
strengths in the present study. First, the impact of migraine
on the severity and clinical presentation of insomnia symp-
toms as well as on the prevalence of insomnia was evalu-
ated. Second, the present study also evaluated the impact of
insomnia on the clinical presentation migraine. Third, the
distributions of age, sex, size of the residential area, and edu-
cation level in this study’s participants were not significantly
different from the general population in Korea. The results
of this study seem to appropriately reflect the characteristics
of the general Korean population.

Conclusions

Subjects with insomnia have an increased prevalence of
migraine and vice versa in a population-based setting.
Although insomnia is associated with increased head-
ache frequency and severity among migraineurs, insom-
nia severity is, apart from some subcomponents, not
significantly influenced by the presence of migraine. Our
findings indicate that migraine and insomnia affect each
other but their asymmetric causal relationship needs fur-
ther investigation in future studies.

Abbreviations

Cl: Confidence Interval; DIS: Difficulty Initiating Sleep; DMS: Difficulty
Maintaining Sleep; DSM: Diagnostic and Statistical Manual of Mental
Disorders; EMA: Early Morning Awakening; HIT-6: Headache Impact Test-6;
ICHD: International Classification of Headache Disorders; ICSD: International
Classification of Sleep Disorders; ISI: Insomnia Severity Index; KHSS: Korean
Headache-Sleep Study; NRS: Non-Restorative Sleep; VAS: Visual Analogue Scale

Acknowledgements
The authors would like to thank Gallup Korea for providing technical support
for the Korean Headache-Sleep Study.

Funding
This study was supported by a 2011 grant from the Korean Academy of
Medical Sciences.

Availability of data and materials
Data and materials for this study are available by request.

Page 7 of 8

Authors’ contributions

JYK conceptualized and designed the study, analysed the data and wrote
the manuscript. SJC, WK, KIY, and CHY conceptualized the study and
collected the data. MKC conceptualized and designed the study, collected
and analysed the data, and wrote the manuscript. All authors read and
approved the final manuscript.

Ethics approval and consent to participate

The study was approved by Institutional Review Board and Ethics Committee
of Hallym University Sacred Heart Hospital (IRB No. 2011-1077) and conducted
according to the Declaration of Helsinki. Written informed consent was ob-
tained from all participants.

Competing interests

Jiyoung Kim has no potential conflicts of interest.

Soo-Jin Cho was a site investigator of multicenter trial sponsored by Otsuka
Korea, Eli Lilly and Company, Korea BMS, and Parexel Korea Co., Ltd.. Soo-Jin
Cho also worked as an advisory member for Teva. Soo-Jin Cho received re-
search support from Hallym University Research Fund 2016 and Academic
award of Myung In Pharm. Co. Ltd. Soo-Jin Cho also received lecture honor-
aria from Yuyu Pharmaceutical Company and Allergan Korea.

Won-Joo Kim has no potential conflicts of interest.

Kwang Ik Yang has no potential conflicts of interest.

Chang-Ho Yun has no potential conflicts of interest.

Min Kyung Chu was a site investigator for a multi-center trial sponsored by
Otsuka Korea, Novartis International AG and Eli Lilly and Company. Min
Kyung Chu worked an advisory member for Teva, and received lecture hon-
oraria from Allergan Korea and Yuyu Pharmaceutical Company in the past
24 months.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details

'Department of Neurology, BioMedical Research Institute, Pusan National
University Hospital, Pusan National University School of Medicine, Busan,
South Korea. “Department of Neurology, Dongtan Sacred Heart Hospital,
Hallym University College of Medicine, Hwaseong, South Korea. *Department
of Neurology, Gangnam Severance Hospital, Yonsei University College of
Medicine, Seoul, South Korea. 4Sleep Disorders Center, Department of
Neurology, Soonchunhyang University College of Medicine, Cheonan
Hospital, Cheonan, South Korea. *Clinical Neuroscience Center, Department
of Neurology, Seoul National University Bundang Hospital, Seongnam, South
Korea. ®Department of Neurology, Severance Hospital, Yonsei University
College of Medicine, 50-1 Yonsei-ro, Seodaemoon-gu, Seoul, Republic of
Korea.

Received: 17 July 2018 Accepted: 7 September 2018
Published online: 14 September 2018

References

1. Stovner L, Hagen K, Jensen R, Katsarava Z, Lipton R, Scher A, Steiner T,

Zwart JA (2007) The global burden of headache: a documentation of

headache prevalence and disability worldwide. Cephalalgia 27(3):193-210

Lipton RB, Stewart WF, Diamond S, Diamond ML, Reed M (2001) Prevalence

and burden of migraine in the United States: data from the American

migraine study Il. Headache 41(7):646-657

3. Lampl C, Thomas H, Stovner LJ, Tassorelli C, Katsarava Z, Lainez JM, Lanteri-
Minet M, Rastenyte D, Ruiz de la Torre E, Andree C, Steiner TJ (2016)
Interictal burden attributable to episodic headache: findings from the
Eurolight project. J Headache Pain 17:9

4. Kim J, Cho SJ, Kim WJ, Yang KI, Yun CH, Chu MK (2017) Insufficient sleep is
prevalent among migraineurs: a population-based study. J Headache Pain
18(1):50

5. Kim J, Cho SJ, Kim WJ, Yang KI, Yun CH, Chu MK (2016) Excessive daytime
sleepiness is associated with an exacerbation of migraine: a population-
based study. J Headache Pain 17(1):62

6. Cho SJ, Chung YK, Kim JM, Chu MK (2015) Migraine and restless legs
syndrome are associated in adults under age fifty but not in adults over
fifty: a population-based study. J Headache Pain 16:554

N



Kim et al. The Journal of Headache and Pain (2018) 19:86

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32,

33.

Chung PW, Cho SJ, Kim WJ, Yang KI, Yun CH, Chu MK (2017) Restless legs
syndrome and tension-type headache: a population-based study. J
Headache Pain 18(1):47

Kim J, Cho SJ, Kim WJ, Yang KI, Yun CH, Chu MK (2016) Insomnia in
probable migraine: a population-based study. J Headache Pain 17(1):92
Ohayon MM (2002) Epidemiology of insomnia: what we know and what we
still need to learn. Sleep Med Rev 6(2):97-111

Morin CM, Jarrin DC (2013) Epidemiology of insomnia: prevalence, course,
risk factors, and public health burden. Sleep Med Clin 8(3):281-297

Daley M, Morin CM, LeBlanc M, Gregoire JP, Savard J (2009) The economic
burden of insomnia: direct and indirect costs for individuals with insomnia
syndrome, insomnia symptoms, and good sleepers. Sleep 32(1):55-64
Uhlig BL, Engstrom M, Odegard SS, Hagen KK, Sand T (2014) Headache and
insomnia in population-based epidemiological studies. Cephalalgia 34(10):
745-751

Odegard SS, Sand T, Engstrom M, Stovner LJ, Zwart JA, Hagen K (2011) The
long-term effect of insomnia on primary headaches: a prospective population-
based cohort study (HUNT-2 and HUNT-3). Headache 51(4):570-580

Odegard SS, Sand T, Engstrom M, Zwart JA, Hagen K (2013) The impact of
headache and chronic musculoskeletal complaints on the risk of insomnia:
longitudinal data from the Nord-Trondelag health study. J Headache Pain 14:24
Yang CP, Wang SJ (2017) Sleep in patients with chronic migraine. Curr Pain
Headache Rep 21(9):39

Headache Classification Subcommittee of the International Headache S
(2004) The international classification of headache disorders: 2nd edition.
Cephalalgia : an international journal of headache 24 Suppl 1:.9-160

Kim BK, Chu MK, Lee TG, Kim JM, Chung CS, Lee KS (2012) Prevalence and
impact of migraine and tension-type headache in Korea. J clin neurol 8(3):
204-211

Bastien CH, Vallieres A, Morin CM (2001) Validation of the insomnia severity
index as an outcome measure for insomnia research. Sleep Med 2(4):297-307
Morin CM, Belleville G, Belanger L, Ivers H (2011) The insomnia severity
index: psychometric indicators to detect insomnia cases and evaluate
treatment response. Sleep 34(5):601-608

Sun YG, Gu XL, Lundeberg T, Yu LC (2003) An antinociceptive role of
galanin in the arcuate nucleus of hypothalamus in intact rats and rats with
inflammation. Pain 106(1-2):143-150

Schulte LH, Allers A, May A (2017) Hypothalamus as a mediator of chronic
migraine: evidence from high-resolution fMRI. Neurology 88(21):2011-2016
Holland PR, Akerman S, Goadsby PJ (2005) Orexin 1 receptor activation
attenuates neurogenic dural vasodilation in an animal model of
trigeminovascular nociception. J Pharmacol Exp Ther 315(3):1380-1385
Bartsch T, Levy MJ, Knight YE, Goadsby PJ (2004) Differential modulation of
nociceptive dural input to [hypocretin] orexin a and B receptor activation in
the posterior hypothalamic area. Pain 109(3):367-378

Roth T, Jaeger S, Jin R, Kalsekar A, Stang PE, Kessler RC (2006) Sleep
problems, comorbid mental disorders, and role functioning in the national
comorbidity survey replication. Biol Psychiatry 60(12):1364-1371

Ohayon MM (2005) Prevalence and correlates of nonrestorative sleep
complaints. Arch Intern Med 165(1):35-41

Roth T, Zammit G, Lankford A, Mayleben D, Stern T, Pitman V, Clark D,
Werth JL (2010) Nonrestorative sleep as a distinct component of insomnia.
Sleep 33(4):449-458

Stone KC, Taylor DJ, McCrae CS, Kalsekar A, Lichstein KL (2008)
Nonrestorative sleep. Sleep Med Rev 12(4):275-288

Terzano MG, Parrino L, Spaggiari MC, Palomba V, Rossi M, Smerieri A (2003)
CAP variables and arousals as sleep electroencephalogram markers for
primary insomnia. Clin Neurophysiol 114(9):1715-1723

Ohayon MM, Hong SC (2002) Prevalence of insomnia and associated factors
in South Korea. J Psychosom Res 53(1):593-600

White KP, Speechley M, Harth M, Ostbye T (1999) The London fibromyalgia
epidemiology study: comparing the demographic and clinical
characteristics in 100 random community cases of fibromyalgia versus
controls. J Rheumatol 26(7):1577-1585

Li K, Sun X, Cui L (2008) A survey on sleep quality of the people aged over
18-years-old in Hebei Province. Chin Ment Health J 22(4):302

Yeo BK, Perera IS, Kok LP, Tsoi WF (1996) Insomnia in the community.
Singap Med J 37(3):282-284

Suh S, Yang HC, Fairholme CP, Kim H, Manber R, Shin C (2014) Who is at
risk for having persistent insomnia symptoms? A longitudinal study in the
general population in Korea. Sleep Med 15(2):180-186

Page 8 of 8

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Study population and survey process
	Migraine assessment
	Non-migraine headache assessment
	Insomnia assessment
	Statistical analyses

	Results
	Survey
	Prevalence of insomnia and migraine
	Prevalence of migraine and non-migraine headache according to the presence of insomnia
	Total and subcomponent ISI scores among participants with insomnia according to the headache status
	Prevalence of insomnia according to the headache status
	Headache frequency, headache intensity, and impact of headache according to the presence of insomnia among participants with migraine and non-migraine headache

	Discussion
	Conclusions
	Abbreviations
	Acknowledgements
	Funding
	Availability of data and materials
	Authors’ contributions
	Ethics approval and consent to participate
	Competing interests
	Publisher’s Note
	Author details
	References

