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Background and Purpose Sufficient sleep is an essential part of good health and well-being. Tension-type headache (TTH) is the most common type of primary headache and has
negative impacts on the quality of life and work performance. We aimed to determinethe relationship between TTH and insufficient sleep in the general population.
Methods This study used data from the Korean Headache Sleep Study, which was a popula-

tion-based survey about headache and sleep among Korean adults. Insufficient sleep was defined when the discrepancy between sleep need and average sleep duration was at least 1 hour.

Results Among the 2,695 included subjects, 570 (21.2%) and 727 (27.0%) were classified as
having TTH and insufficient sleep, respectively. The prevalence of insufficient sleep was significantly higher among subjects with TTH than among those without headaches (28.8% vs.
20.4%). For subjects with TTH, the scores on a visual analogue scale (4.7±1.8 vs. 4.3±1.9,
mean±SD) and the Headache Impact Test-6 (44.9±7.0 vs. 43.6±6.1) were much higher in subjects with insufficient sleep than in those without insufficientsleep. Multivariable analyses revealed that insomnia [odds ratio (OR)=2.1], poor sleep quality (OR=1.7), and short sleep duration
(OR=6.9) were significantly associated with insufficient sleep in subjects with TTH.
Conclusions Our findings suggest that insufficient sleep is prevalent among subjects with TTH
and is linked to an exacerbation of TTH. Therefore, the proper evaluation and management of
sleep may lead to the better management of TTH.


headache, headache, sleep, sleep deprivation, epidemiology.
Key Words tension-type

INTRODUCTION
Tension-type headache (TTH) affects more people than any other type of headache.1 TTH
has negative impacts on the quality of life and work performance, and increases the healthcare costs for both the affected individuals and society as a whole.2 Because TTH is more
common, its associated social burden of disability is greater than that caused by migraine.1
Insufficient sleep is a common and chronic persistent condition that is associated with
various health problems such as cardiometabolic disease, mental health disorders, accidents,
injuries, occupational errors, and noise exposure.3-6 Insufficient sleep is also implicated in sleep
disturbances including excessive daytime sleepiness, insomnia, and short sleep duration.7
While an intimate relationship between migraine and sleep disturbances has been documented, the role of sleep disturbances in TTH has only recently been examined. Insomnia
has been found to be more prevalent among individuals with TTH than in those without
headaches.8 An 11-year longitudinal cohort study found that individuals experiencing TTH
had a higher risk of developing insomnia.9 Restless legs syndrome (RLS) is reportedly also
more common in individuals with TTH than in individuals without headache.10 In concc This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (https://creativecommons.org/licenses/by-nc/4.0) which permits unrestricted non-commercial
use, distribution, and reproduction in any medium, provided the original work is properly cited.

Copyright © 2018 Korean Neurological Association
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trast, the prevalence of excessive daytime sleepiness was similar in individuals with chronic TTH and those with chronic
migraine.11
The aims of the present study were 1) to estimate the prevalence of TTH and insufficient sleep in the general Korean
population, 2) to determine the clinical impact of insufficient
sleep on subjects with TTH, and 3) to identify the relationship between insufficient sleep and TTH while adjusting for
covariates such as sleep quality, sleep duration, sociodemographic factors, and psychiatric conditions.

METHODS
Population and survey process

This study used data from the Korean Headache Sleep Study
(KHSS). The detailed procedure of the KHSS has been described previously.12 In brief, the KHSS surveyed the headache and sleep status in Koreans aged 19 to 69 years as a nationwide, cross-sectional, and population-based survey that
applied a two-stage clustered random sampling method. The
survey was conducted in all Korean territories except for Jeju-do, and the sample of subjects was proportionally representative of the general Korean population (Table 1).
The survey was administered from November 2011 to January 2012 via door-to-door visits and face-to-face interviews
using a questionnaire. All of the interviewers were employed
by Gallup Korea (Seoul, Korea) and had previous experience
of administering social surveys, but they were not medical
professionals. The study was conducted with permission from
the Institutional Review Board and ethics committee of Hallym University Sacred Heart Hospital (IRB No. 2011-I077).
All subjects provided written informed consent.

Assessment of TTH

TTH was assessed using the current version of the International Classification of Headache Disorders (ICHD-3 beta),
and diagnosed when criteria B to D for infrequent TTH (code
2.1) were met: B, symptom duration from 30 minutes to 7
days; C, at least two of the four characteristics present (bilateral location, nonpulsating nature, mild or moderate severity,
and not aggravated by physical activity); and D, attacks associated with neither nausea or vomiting and no more than
one of photophobia and phonophobia.13 The frequency criterion (criterion A) was not used in this study to diagnose
TTH, and hence all cases of infrequent (code 2.1), frequent
(code 2.2), and chronic (code 2.3) TTH were included. Subjects who satisfied all except one of the diagnostic criteria for
migraine (ICHD-3 beta) were defined as having probable migraine (PM). Any subject who satisfied the criteria for both
PM and TTH was diagnosed as TTH.13 The questionnaire for
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diagnosing TTH was validated by comparison with diagnoses confirmed by doctors via additional telephone interviews. The sensitivity and specificity of the questionnaire for
a TTH diagnosis were 86.2% and 75.5%, respectively.14

Assessments of average sleep duration and short
sleep duration
The average sleep duration was calculated as:
Workday sleep duration per day×5+
free day sleep duration per day×2
7
Short sleep duration was defined as existing when the average sleep duration was 6 hours or less.

Assessments of sleep need and insufficient sleep

We assessed sleep need by asking subjects the following question: “How long do you want to sleep in a day?” Insufficient
sleep was defined when the discrepancy between sleep need
and average sleep duration was at least 1 hour.7

Assessment of insomnia, poor sleep quality, and
risk of sleep apnea

The Insomnia Severity Index (ISI) was used for diagnosing
insomnia. The ISI is a simple 7-item questionnaire that assesses the severity of insomnia,15 and a subject with an ISI
score of 10 or more is defined as having insomnia.16 We used
the Pittsburgh Sleep Quality Index (PSQI) to evaluate sleep
quality,17 with subjects scoring 6 or more in the PSQI considered to have poor sleep quality. The Berlin Questionnaire
(BQ) was used to assess the risk of sleep apnea. The BQ was
developed to screen sleep apnea based on risk factors, and it
comprises ten items in the following three categories: snoring and cessation of breathing, symptoms of excessive daytime sleepiness, and a history of hypertension.18 A BQ score
of ≥2 indicates a high risk of sleep apnea. The Korean version
of the BQ has shown a sensitivity of 72% and a specificity of
43% for detecting moderate or severe sleep apnea.19

Assessment of anxiety and depression

The Goldberg Anxiety Scale (GAS) consists of four screening items and five supplementary items.20 Individuals who
answered positively to at least two of the screening items and
at least five of the scale items were defined as having anxiety.
The Korean GAS was found to have a sensitivity of 82.0% and
a specificity of 94.4% for diagnosing anxiety.21 Depression was
assessed using the Patient Health Questionnaire-9 (PHQ-9),22
with a PHQ-9 score of 10 or more indicating the presence of
depression. The Korean version of the PHQ-9 has shown a
www.thejcn.com
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Table 1. Sociodemographic characteristics of the survey participants, the general Korean population, and cases identified as having tension-type
headache and insufficient sleep
Sex
Male
Female
Age, years
19–29
30–39
40–49
50–59
60–69
Size of residence area
Large city
Medium-sized-to-small city
Rural area
Education level
Middle school or lower
High school
College or higher
Not answered
Monthly income, KRW†
<2,000,000
2,000,000–4,999,999
≥5,000,000
Not answered
Total

Survey participants General population p value Tension-type headache
0.854*
1,345 (49.3)
17,584,365 (50.6)
268, 19.9 (17.8–22.0)
1,350 (50.7)
17,198,350 (49.4)
302, 22.3 (20.1–24.6)
0.917*
542 (20.5)
7,717,947 (22.2)
119, 22.0 (18.5–25.5)
604 (21.9)
8,349,487 (24.0)
127, 21.0 (17.8–24.3)
611 (23.1)
8,613,110 (24.8)
131, 21.4 (18.2–24.7)
529 (18.9)
6,167,505 (17.7)
107, 20.2 (16.8–23.7)
409 (15.6)
3,934,666 (11.3)
86, 21.0 (17.1–25.0)
0.921*
1,248 (46.3)
16,776,771 (48.2)
251, 20.1 (17.9–22.4)
1,186 (44.0)
15,164,345 (43.6)
243, 20.5 (18.2–22.8)
261 (9.7)
2,841,599 (8.2)
76, 29.1 (23.6–34.7)
0.752*
393 (14.9)
6,608,716 (19.0)
22, 5.5 (4.2–7.7)
1,208 (44.5)
15,234,829 (43.8)
60, 5.0 (3.8–6.3)
1,068 (39.6)
12,939,170 (37.2)
60, 5.6 (4.3–7.0)
26 (9.6)
1, 3.8 (0.0–11.8)
0.503*
403 (14.8)
4,452,188 (12.8)
96, 24.5 (20.1–28.7)
1,813 (67.3)
24,417,466 (70.2)
247, 20.5 (18.2–22.7)
422 (15.7)
5,913,062 (17.0)
223, 20.9 (18.4–23.3)
57 (2.1)
4, 15.4 (0.5–30.2)
2,695 (100.0)
34,782,715 (100.0)
570, 21.2 (19.6–22.7)

Insufficient sleep

p value
0.003

329, 24.5 (22.2–26.8)
398, 29.5 (27.0–31.9)
0.003
147, 27.1 (23.4–30.9)
174, 28.8 (25.1–32.4)
186, 30.4 (26.7–34.1)
140, 26.5 (22.7–30.2)
80, 20.0 (15.7–23.4)
0.733
334, 26.8 (24.3–29.2)
327, 27.6 (25.0–30.1)
66, 25.3 (20.0–30.6)
90, 22.9 (18.7–27.1)
345, 28.6 (26.0–31.1)
286, 26.7 (24.1–29.4)
6, 23.1 (5.7–40.4)
0.167
86,11.8 (9.6–14.3)
499, 68.6 (65.2–71.9)
124, 17.1 (14.3–19.9)
18, 2.5 (1.4–3.7)
727, 27.0 (25.3–28.7)

Data are n (%) or n % (95% CI) values.
*Comparison of sex, age group, size of residence area, education level, and monthly income distributions between the sample in the present study
and the general population of Korea, †1 USD=1,126 KRW as at April 1, 2017.

sensitivity of 81.1% and a specificity of 89.9% for diagnosing
depression.23

Statistics

Kolmogorov-Smirnov tests were used to determine whether
the sample data conformed to a normal distribution. When
normality was confirmed, continuous variables were analyzed using Student’s t-test. Categorical variables were compared using the chi-square test. Univariable analyses were
used to assess the relationships between insufficient sleep
and the variables such as sociodemographic factors (sex, age,
size of residence area, and education level) , psychiatric conditions [anxiety (GAS) and depression (PHQ-9 ≥10)] and
sleep-related factors [insomnia (ISI ≥10), poor sleep quality
(PSQI ≥6), short sleep duration (average sleep duration <6
hours per day), and high risk of sleep apnea (BQ score ≥2)].
We subsequently performed multivariable analyses to identify the independent effects of insufficient sleep on TTH.
Sociodemographic factors were adjusted in the first step
(Model 1), and analyses in the second step (Model 2) were
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completed after also adjusting for psychiatric conditions
(anxiety and depression) in addition to the factors adjusted in
Model 1. In the third step (Model 3), sleep-related factors
(insomnia, poor sleep quality, short sleep duration, and high
risk of sleep apnea) were added to the sociodemographic factors of Model 1. The fourth step (Model 4) included all adjusted factors from the first three models.
All statistical analyses were performed using the Statistical Package for Social Sciences 22.0 (SPSS 22.0, IBM Corp.,
Armonk, NY, USA), and p values <0.05 were regarded as indicating statistical significance.

RESULTS
Survey

Interviews were conducted with 7,430 subjects, and the survey was completed by 2,695 of them (Fig. 1; cooperation rate
36.3%). The sociodemographic characteristics of our sample
did not differ significantly from those of the general Korean
population (Table 1).

Oh JH et al.

Clustered random sampling to ensure a
proportional population distribution
targeting all Korean adults
aged 19–69 years

Interviewed 7,430 subjects

Survey distributed to
3,114 subjects

Survey completed by
2,695 subjects

Table 2. Average sleep duration, prevalence of short sleep duration
(average sleep duration of <6 h), sleep need, and insomnia in participants with tension-type headache and those without headache
Without
headache
(n =1,422)
Average sleep duration, h
7.3±1.2
Short sleep duration
227 (15.9)
Sleep need, h
7.8±1.3
Insomnia (ISI score ≥10)
82 (5.8)
Data are mean±SD or n (%) values.
ISI: Insomnia Severity Index.

Fig. 1. Flow chart for the participation of subjects in the Korean
Headache Sleep Study. TTH: tension-type headache.

Prevalence of TTH and insufficient sleep

Among the 2,695 included subjects, 570 (21.2%) had TTH
and 1,422 (52.8%) did not have headaches. Additionally, 113
of the 570 (19.8%) subjects with TTH fulfilled the criteria
for PM.
Insufficient sleep—needing at least 1 hour more of extra
sleep in addition to the current average daily sleep—was reported by 727 (27.0%) subjects. Insufficient sleep was more
prevalent in women than in men (29.5% vs. 24.5%, p=0.003)
(Table 1), and was most prevalent in the age range of 30–50
years and least prevalent in those aged 60–69 years. The prevalence of insufficient sleep did not differ significantly with
size of residence area or education level.

Average sleep duration, short sleep duration, and
sleep need

The average sleep duration, prevalence of short sleep duration, and sleep need of subjects with TTH and those without
headaches are summarized in Table 2. The average sleep duration of all subjects was 7.3±1.2 h daily, and did not differ
significantly between subjects with TTH and those without
headaches (7.2±1.2 h vs. 7.3±1.2 h, p=0.087). A short sleep
duration was present in 469 (17.4%) subjects, and was more
common in subjects with TTH than in those without headaches (19.6% vs. 15.9%, p=0.048). The sleep need differed marginally (but not significantly) between TTH subjects and those
without headaches (7.9±1.2 h vs. 7.8±1.3 h, p=0.068).

Insufficient sleep (%)

40

406 TTH subjects without
insufficient sleep

Tension-type
headache p value
(n =570)
7.2±1.2
0.087
112 (19.6)
0.048
7.9±1.2
0.068
75 (13.2)
<0.001

p=0.015

570 subjects with TTH

164 TTH subjects with
insufficient sleep
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p=0.729

p<0.001

30
28.4%

20

30.1%

20.4%
10
0

Without
headache

TTH not fulfilling
PM criteria

TTH fulfilling
PM criteria

Fig. 2. Prevalence of insufficient sleep among subjects without
headache, TTH not-fulfilling PM criteria, and TTH fulfilling PM criteria. PM: probable migraine, TTH: tension-type headache.

Insomnia, poor sleep quality, anxiety, and depression
Insomnia was present in 290 (10.8%) of the 2,695 subjects,
and was more common in subjects with TTH than in those
without headaches (13.2% vs. 5.8%, p<0.001) (Table 2). Poor
sleep quality was present in 715 (26.5%) subjects, and was
more common in subjects with TTH than in those without
headaches (36.3% vs. 26.2%, p<0.001). Anxiety and depression were present in 268 (9.9%) and 116 (4.3%) subjects, respectively. Subjects with TTH were much more likely than
those without headaches to have anxiety (9.5% vs. 5.3%, p=
0.001) and depression (4.2% vs. 1.8%, p=0.002).

Insufficient sleep and TTH

Insufficient sleep was more prevalent in subjects with TTH
than in those without headaches (28.8% vs. 20.4%, p<0.001),
but its prevalence did not differ between subjects with TTH
who fulfilled the criteria for PM and those who did not fulfill the criteria (30.1% vs. 28.4%, p=0.729) (Fig. 2). The rate
of insufficient sleep differed between non-PM TTH subjects
and those without headaches (28.4% vs. 20.4%, p<0.001).
The frequency of TTH attacks had no significant effect on
insufficient sleep. The prevalence of insufficient sleep in subjects with <1 attack per month (26.6%) did not differ sigwww.thejcn.com
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nificantly from that in subjects with 1–14 attacks per month
(32.3%, p=0.145) or from that in subjects with >15 attacks per
month (21.4%, p=0.668).

tion, and poor sleep quality were all significantly higher in
TTH subjects with insufficient sleep than in those with sufficient sleep (Table 3).

Population characteristics and clinical
manifestations of TTH according to the presence
of insufficient sleep

Univariable and multivariable analyses of
insufficient sleep in subjects with TTH

The age and sex distributions were not significantly related
to the presence of insufficient sleep. The headache characteristics, headache frequency per month, and risk of sleep apnea
did not differ significantly with the existence of insufficient
sleep. In contrast, the score on a visual analogue scale for pain
intensity, the Headache Impact Test-6 score, and the prevalence rates of anxiety, depression, insomnia, short sleep duraTable 3. Demographics and clinical presentation of subjects with
TTH according to the presence of insufficient sleep
TTH subjects TTH subjects
with
with
p
insufficient
sufficient value
sleep (n =164) sleep (n =406)
Demographics
Age, years
Females
Headache characteristics
Bilateral pain
Nonpulsating quality
Mild-to-moderate severity
Not aggravated by physical
activity
Associated symptoms
Photophobia
Phonophobia
Headache frequency per
month
Headache intensity, visual
analogue scale
Headache Impact Test-6 score
Anxiety, GAS
Depression, PHQ-9 score ≥10
Insomnia, ISI score ≥10
Short sleep duration, average
sleep duration <6 h

41.8±13.6
86 (52.4)

43.1±13.8
216 (53.2)

0.326
0.869

106 (64.6)
69 (42.1)
161 (98.2)
129 (78.7)

268 (66.0)
158 (38.9)
399 (98.3)
322 (79.3)

0.754
0.486
0.931
0.862

16 (9.8)
58 (35.4)
2.0±4.5

30 (7.4)
123 (30.3)
2.0±4.9

0.348
0.239
0.901

4.7±1.8

4.3±1.9

0.018

44.9±7.0
25 (15.2)
15 (9.1)
42 (25.6)
74 (45.1)

43.6±6.1
29 (7.1)
9 (2.2)
33 (8.1)
38 (9.4)

0.012
0.003
<0.001
<0.001
<0.001

Poor sleep quality,
PSQI score ≥6

84 (51.2)

High risk of sleep apnea,
BQ score ≥2

23 (14.0)

86 (21.2)
141 (9.4)

<0.001
0.103

Data are mean±SD or n (%) values.
BQ: Berlin Questionnaire, GAS: Goldberg Anxiety Scale, ISI: Insomnia
Severity Index, PHQ-9: Patient Health Questionnaire-9, PSQI: Pittsburgh
Sleep Quality Index, TTH: tension-type headache.

570

J Clin Neurol 2018;14(4):566-573

Univariable analyses showed that anxiety [odds ratio (OR)=
2.3, 95% CI=1.3–4.1], depression (OR=4.4, 95% CI=1.9–
10.3), insomnia (OR=3.9, 95% CI=2.4–6.4), poor sleep quality (OR=3.9, 95% CI=2.7–5.8), and short sleep duration (OR=
8.0, 95% CI=5.1–12.5) were significantly related to insufficient sleep (Table 4).
Multivariable analyses adjusted for sociodemographic
factors (Model 1) indicated that sex and age were not significant predictors of insufficient sleep. Multivariable analyses
including sociodemographic factors and psychiatric conditions (Model 2) revealed that anxiety (OR=2.0, 95% CI=1.1–
3.6) and depression (OR=3.5, 95% CI=1.5–8.4) were significantly related to insufficient sleep. In Model 3 (adjusted for
sociodemographic variables and sleep-related factors), insomnia (OR=2.4, 95% CI=1.3–4.4), poor sleep quality (OR=
1.8, 95% CI=1.1–2.9), and short sleep duration (OR=6.8, 95%
CI=4.1–11.4) were significant factors. The final model (Model 4, adjusted for sociodemographic factors, psychiatric conditions and sleep-related factors) revealed that insomnia, poor
sleep quality, and short sleep duration had significant positive
associations with insufficient sleep (Table 4).

DISCUSSION
This study investigated the prevalence and impact of insufficient sleep in subjects with TTH in a general population-based
setting. The main results of this study were that 1) more than
a quarter of the subjects with TTH had insufficient sleep,
which was a significantly higher proportion than for subjects
without headaches, 2) the severity and clinical impacts of
headache were significantly greater in TTH subjects with insufficient sleep than in those without insufficient sleep, and
3) insomnia, poor sleep quality, and short sleep duration were
significant risk factors for insufficient sleep in subjects with
TTH. Our findings suggest that insufficient sleep is prevalent
among subjects with TTH and that appropriate management
of sleep could help in the management of TTH.
This study found that the subjects with headaches did not
sleep significantly more or less than subjects without headaches. This finding is similar to our previous finding that the
average sleep duration did not differ significantly between
migraineurs and subjects without migraine.24 Considering
that migraine and TTH are two common primary headache
disorders, our results indicate that the average sleep dura-

Oh JH et al.
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Table 4. Results from univariable and multivariable analyses of insufficient sleep in subjects with tension-type headache adjusted for sociodemographics, anxiety, depression, insomnia, poor sleep quality, short sleep duration, and high risk of sleep apnea

Sex, female
Age, years
20–29
30–39
40–49
50–59
60–69
Anxiety, GAS
Depression, PHQ-9 score ≥10
Insomnia, ISI score ≥10
Poor sleep quality, PSQI score ≥6
Short sleep duration, average sleep duration <6 h
High risk of sleep apnea, BQ score ≥2

Univariable
analysis
1.0 (0.7–1.5)

Model 1
1.0 (0.7–1.5)

Multivariable analysis
Model 2
Model 3
1.0 (0.7–1.5) 1.1 (0.8–1.8)

Model 4
1.2 (0.7–1.8)

Reference
1.1 (0.7–2.0)
1.1 (0.7–2.0)
1.1 (0.6–2.0) 1.1 (0.6–2.1) 1.1 (0.6–2.0)
0.9 (0.5–1.6)
0.9 (0.5–1.6)
0.9 (0.5–1.6) 0.8 (0.4–1.4) 0.8 (0.4–1.4)
0.9 (0.5–1.6)
0.9 (0.5–1.6)
0.9 (0.5–1.7) 0.5 (0.2–1.1) 0.5 (0.2–2.3)
0.8 (0.4–1.5)
0.8 (0.4–1.5)
0.8 (0.4–1.6) 0.9 (0.4–2.0) 1.0 (0.4–2.3)
2.3 (1.3–4.1)
2.0 (1.1–3.6)
1.2 (0.5–2.4)
4.4 (1.9–10.3)
3.5 (1.5–8.4)
1.9 (0.7–5.2)
3.9 (2.4–6.4)
2.4 (1.3–4.4) 2.1 (1.1–4.0)
3.9 (2.7–5.8)
1.8 (1.1–2.9) 1.7 (1.0–2.8)
8.0 (5.0–12.5)
6.8 (4.1–11.4) 6.9 (4.1–11.7)
1.6 (0.9–2.7)
1.3 (0.6–2.5) 1.3 (0.7–2.5)
Data are odds ratio (95% CI) values. Model 1: adjusted for sociodemographic variables (sex, age, size of residence area, and education level), Model 2:
adjusted for sociodemographic variables, anxiety, and depression, Model 3: adjusted for sociodemographic variables, insomnia, poor sleep quality,
short sleep duration, and high risk of sleep apnea, Model 4: adjusted for sociodemographic variables, anxiety, depression, insomnia, poor sleep quality,
short sleep duration, and high risk of sleep apnea.
BQ: Berlin Questionnaire, GAS: Goldberg Anxiety Scale, ISI: Insomnia Severity Index, PHQ-9: Patient Health Questionnaire-9, PSQI: Pittsburgh Sleep
Quality Index.

tion does not differ between subjects with primary headache
disorders and those without headaches. We found that the
sleep need of subjects with TTH differed marginally, but not
significantly, from that of subjects without headaches. This
result contrasts with migraineurs reportedly having a greater sleep need than non-migraineurs.25
Univariable analyses suggested that anxiety and depression were significant risk factors for insufficient sleep (Table
4), but this significance was lost after adjusting for insomnia,
poor sleep quality, and short sleep duration. These findings
suggest that insomnia, poor sleep quality, and short sleep
duration are closely related to anxiety and depression, which
is consistent with significant associations of anxiety and depression with sleep disturbances including insomnia, excessive daytime sleepiness, sleep apnea, RLS, and poor sleep quality also being reported previously.26-30
One possible mechanism underlying insufficient sleep in
subjects with TTH is the higher level of insomnia that they
suffer from compared to those without headaches. A longitudinal study found that risk of developing TTH after 11 years
was 40% higher in subjects with insomnia.9 Insomnia is
strongly associated with poor sleep quality, and so the higher level of insomnia in TTH subjects may lead to higher levels of insufficient sleep. The rate of poor sleep quality is reportedly higher in subjects with TTH than in those without
headaches.31 Another possible mechanism is the higher prevalence of a short sleep duration in TTH. Both sleep quantity
and sleep quantity are key elements of sufficient sleep, and this

study has demonstrated that short sleep duration is more prevalent in subjects with TTH than in those without headaches.
This study investigated insufficient sleep using subjective
questions, which is consistent with several studies evaluating
insufficient sleep by asking whether participants perceived
that they did not get enough sleep.5 Another study assessed
insufficient sleep by asking about the number of days during
the previous month when the participants felt that they did
not get enough sleep.6 In contrast, a Finnish-population-based
study investigated insufficient sleep more objectively by evaluating the difference between the required and actual sleep
times, with a difference of at least 1 hour considered to indicate insufficient sleep.7 We adopted the more-objective method employed by the Finnish study to assess insufficient sleep.
The prevalence of insufficient sleep in the present study was
similar to that in the Finnish study, which suggests that the
present study properly evaluated insufficient sleep.
We used the ISI and PSQI to measure the levels of insomnia and sleep quality, respectively. The Korean versions of the
ISI and PSQI had already been validated for the Korean language using data from hospital settings including various
sleep disorders and normal controls.32,33 However, those studies did not validate the instruments in population-based settings, and so we used the cutoff values for the ISI and PSQI that
have been shown to be valid in population-based studies.16,34
This study gives clues for the optimal management of sleep
in individuals with TTH. Insomnia, poor sleep quality, and
short sleep duration were found to be significant risk facwww.thejcn.com
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tors for insufficient sleep. Insomnia and poor sleep quality
can be treated both pharmacologically and non-pharmacologically, while short sleep duration can be relieved by ensuring
a sufficient sleep duration and good sleep hygiene. Although
the rate of cooperation with the survey was less than ideal, we
adopted a clustered sampling method that ensured a proportional population distribution—the distribution of sociodemographic factors (i.e., age, sex, size of residence area, and
education level) was similar to that of the general Korean population. Previous studies of the prevalence of TTH in Asian
countries (including Korea) found prevalence rates similar to
that in the present study.1,35
This study was subject to some limitations. First, sleep characteristics—including sleep duration, presence of insomnia,
sleep quality, and sleep apnea—were not assessed objectively
using polysomnography or actigraphy, since these methods
are not feasible in a population-based study. Instead, we assessed these parameters using validated instruments (e.g.,
the ISI, PSQI, and BQ). Second, although this study utilized
a two-stage clustered random sampling method with a low
sampling error to reflect the general population, the resulting smallness of the sample of subjects with headache could
have negatively impacted the analyses in some subgroups.
Third, we did not investigate the napping behaviors of or the
hypnotic use by the participants, and therefore did not include
these parameters in the analyses. The napping behavior may
affect the average nocturnal sleep duration, especially in elderly populations.36 In addition, the hypnotic use is associated
with longer sleep duration and poor sleep quality.37,38 Further studies including the napping behavior and hypnotic
use are needed to better clarify the relationship between insufficient sleep and TTH.
Notwithstanding the aforementioned limitations, this study
also had several strengths. First, we used data from a large
sample with clustered random sampling corresponding to the
population distribution in order to make results more representative of the general Korean population. Second, we analyzed the influences of insufficient sleep together with those of
additional sleep parameters (e.g., insomnia and poor sleep
quality) and psychiatric conditions (e.g., anxiety and depression) in subjects with TTH. Third, the headache characteristics were examined in relation to the existence of insufficient
sleep in subjects with TTH.
This is the first population-based study to have investigated the relationship between insufficient sleep and TTH. Our
findings suggest that insufficient sleep affects more than a
quarter of subjects with TTH, which is significantly higher than
the prevalence in subjects without headaches. Moreover, subjects with TTH and insufficient sleep experience more severe headaches and a higher impact of headaches compared
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to subjects with sufficient sleep. Therefore, the proper evaluation and management of insufficient sleep may help to improve the management of TTH.
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