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Abstract The aim of the study was to evaluate the asso-

ciation between sleep disturbance and headache type and

frequency, in a random sample of participants in the third

Nord-Trøndelag Health Survey. The headache diagnoses

were set by neurologists using the ICHD-2 criteria per-

forming a semi structured face-to-face interview. Sleep

problems were measured by the two validated instruments

Karolinska Sleep Questionnaire (KSQ) and Epworth

Sleepiness Scale (ESS). Among 297 participants, 77 sub-

jects were headache-free, whereas 135 were diagnosed with

tension-type headache (TTH), 51 with migraine, and 34

with other headache diagnoses. In the multivariate analyses,

using logistic regression, excessive daytime sleepiness,

defined as ESS C 10, was three times more likely among

migraineurs compared with headache-free individuals

(OR = 3.3, 95% CI 1.0–10.2). Severe sleep disturbances,

defined as KSQ score in the upper quartile, was five times

more likely among migraineurs (OR = 5.4, 95% CI 2.0–

15.5), and three times more likely for subjects with TTH

(OR = 3.3, 1.4–7.3) compared with headache-free indi-

viduals. Subjects with chronic headache were 17 times

more likely to have severe sleep disturbances (OR = 17.4,

95% CI 5.1–59.8), and the association was somewhat

stronger for chronic migraine (OR = 38.9, 95% CI 3.1–

485.3) than for chronic TTH (OR = 18.3, 95% CI 3.6–

93.0). In conclusion, there was a significant association

between severe sleep disturbances and primary headache

disorders, most pronounced for those with chronic head-

ache. Even though one cannot address causality in the

present study design, the results indicate an increased

awareness of sleep problems among patients with headache.
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Introduction

Headache and sleep disturbances are both common in the

general population [1–3]. Sleep-related symptoms are

associated with painful conditions [4], partly because pain

may interfere with sleep and vice versa [5]. This dual cause

and effect relationship has been known for many years

through clinical experience with headache patients [6, 7],

and the scientific literature about the comorbidity of

headache and sleep disturbances are growing [8].

Many epidemiological studies have evaluated this

association in relation to nonspecific headache diagnoses

(e.g. headache, morning headache, chronic daily headache)

[9], whereas relatively few epidemiological studies have

focused on the specific diagnosis of tension-type headache

(TTH) [10, 11]. TTH is associated with sleep disorders

[12], and subjects with TTH often report of sleep com-

plaints related to insomnia [10, 13].

The impact of sleep complaints in migraineurs is more

extensively studied [1]. Migraine is associated with several
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sleep problems, and this observation is supported by

polysomnographic findings [8]. Also, excess of sleep [14],

insufficient sleep duration, and poor sleep quality are

common triggering factors for migraine attacks [15].

Although many studies have looked at the relationship

between headache and sleep disturbances, they have used

varying study methodologies. Most studies have been cross-

sectional [9, 10, 14, 16–19], but there have also been some

case-series [20–24], some with case–control design [13, 25–

27], and some prospective studies [11, 28, 29]. However,

the existing epidemiologic literature tends to lack diag-

nostic precision in the classification of headache [8]. Rel-

atively few studies have used face-to-face interviews by a

neurologist [10, 30]. Similarly, few previous studies have

measured sleep-related symptoms by validated instruments

like Karolinska Sleep Questionnaire (KSQ) and Epworth

Sleepiness Scale (ESS), both with a good correlation to

objective sleep measurements [4, 31–33].

The main object of the present study was to evaluate the

association between sleep disturbance and headache type

and frequency, in a random sample of participants in a

large population-based survey.

Materials and methods

The third Nord-Trøndelag Health Survey (HUNT 3)

Nord-Trøndelag is one of 19 Norwegian counties, located in

the central part of Norway [34]. The geography, demogra-

phy, and inhabitants in Nord-Trøndelag County are fairly

representative of Norway, which makes it well suited for a

survey like HUNT [35]. There are, however, no cities with

more than 25,000 residents [34], and the income and edu-

cation level among its inhabitants is just below average

[35]. The third HUNT study (HUNT = Helseundersøkel-

sen i Nord-Trøndelag) was carried out between October

2006 and June 2008 [30]. In HUNT 3 all inhabitants

[13 years in the Nord-Trøndelag County were invited to

participate. Among 94,194 invited adults aged 20 years or

more, 50,839 (54%) responded to the first questionnaire that

was enclosed with the invitation letter.

Study population of the present study

The method of the present study has been described else-

where [30], mainly designed to validate questionnaire-

based headache diagnoses. A total of eight neurologists

performed a semi-structured interview including questions

about headache, alcohol consumption, musculoskeletal

pain, and sleep-related questions. All invited subjects had

previously answered two different large questionnaires in

the HUNT 3 study, also covering these topics, but their

responses to the questions were unknown for all involved

in this study.

Nord-Trøndelag County was divided into 25 study areas

by the HUNT study administration. The main survey was

performed in two of these study areas, Verdal (14,000

inhabitants) and Stjørdal (20,600 inhabitants), from Sep-

tember to November 2007, and from December 2007 to April

2008, respectively. The present study was performed in

December 2007 in Verdal and in February 2008 in Stjørdal.

The participation rates in the HUNT 3 study were 52% of the

whole adult population in Verdal and 50% in Stjørdal.

Invitation letters were sent to a random sample from a

list of participants in Verdal and Stjørdal (n = 563). The

potential participants were selected from the list consecu-

tively in following order: men B50 years, men [50 years,

women B50 years, and women [50 years, to ensure

acceptable balanced participation for both genders in all

age groups. In the invitation letter they were informed that

they would be contacted on telephone by our research

assistants to give further information and to make an

appointment for the personal interview. The list of partic-

ipants in Verdal and Stjørdal were received shortly before

the time of the interview. Hence, due to lack of time, in

case the research assistants were unable to get in contact

despite a minimum of two attempts, they were instructed to

call the next person on the list.

Headache

The subjects were first asked the following questions:‘‘Have

you suffered from headache during the last 12 months?’’

and ‘‘Have you had a headache during the last 12 months?’’

Subjects who answered yes to the latter question were asked

about frequency, intensity, location, aura symptoms, other

migraine or cluster headache features, and use of medica-

tion. All diagnoses except for medication overuse headache

(MOH) were based on ICHD-2 [36]. For MOH the revised

version was used [37]. Up to three different headache types

were diagnosed in each individual. Subjects who met all,

except one, of the diagnostic criteria for migraine and TTH

were diagnosed with respectively probable migraine and

probable TTH [36].

Sleep related complaints

Karolinska Sleep questionnaire

The first part consisted of a modified short form of the

Karolinska Sleep questionnaire (KSQ) and three additional

questions about morning headache, after dinner nap and

troublesome sweating at night. The KSQ involved eight

items which included the following topics: snoring, apnea,

insomnia, daytime sleepiness, and restless legs syndrome.
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Question 1 (snore highly and inconveniently) and question

2 (apnea) were also merged and categorized as ‘‘snoring

and/or apnea’’. Question 3 (difficulty falling asleep),

question 4 (many awakenings during the night), and

question 5 (too early awakening) were also merged and

categorized as ‘‘insomnia’’. Question 6 (daytime sleepi-

ness) and 10 (very sleepy after awakening) were merged

into the category ‘‘daytime sleepiness’’.

The KSQ is a validated instrument [32] that has been

shown to correlate well with the Karolinska Sleep Diary

(KSD), which earlier has been found to correlate well with

polysomnographic data [31]. Items from the KSQ have

been used to measure «disturbed sleep» in other studies

[32, 38–42]. The response alternatives to the KSQ were

0 = never, 1 = seldom (some times a year, \one time a

month), 2 = sometimes (a few times a month/max one

time a week), 3 = several times a week ([once a week),

4 = always.

Each of the eight different KSQ questions were

dichotomized and evaluated separately, considering a score

of C3 as clinically relevant [39, 42]. In addition, we also

computed a disturbed sleep index by summing the

responses to the eight questions in the KSQ. We defined

subjects with a score in the highest quartile to have a severe

sleep disturbance. Other studies have used a similar

approach, computing sleep index scores from selected KSQ

items, where a high score indicated poor sleep quality [40],

disturbed sleep [32, 38–42], awakening difficulties, or

sleepiness [32]. We used the upper quartile as a cut-off

because no validated cut-off score had been reported in

those studies [32, 38–42].

The Epworth sleepiness scale

The Epworth sleepiness scale (ESS) is a self-administered

eight-item questionnaire [43], which is used as an instru-

ment to evaluate the tendency to doze off during daytime

[18]. The ESS looks at sleepiness as a permanent trait

component, which is evident as the tendency for falling

asleep in low-stimulus situations [44]. The questions in the

ESS refer to eight such situations that are more or less

soporific [33].

The ESS has been shown to have adequate validity and

reliability [4, 33]. It has a significant positive correlation

with several different objective sleep measures, including

polysomnography [4]. The ESS scores correlated signifi-

cantly with mean sleep latency in the multiple sleep latency

tests in some studies [33, 43, 45], while others show no

significant association [46–48].

Responses to each question were ranked from 0 to 3

according to the probability of dozing off/fall asleep in the

different situations (0 = never, 1 = low probability,

2 = moderate probability, 3 = high probability). The

mean of the responses to the eight items was computed. In

addition, a daytime sleepiness index was calculated by

summing the questions in the ESS, postulating that a score

C10 indicates excessive daytime sleepiness [18, 23, 27].

Ethics

The study was included as a part of the HUNT 3 project

which has been approved by the Regional Committee for

Ethics in Medical Research and the Norwegian Data

Inspectorate.

Statistical analyses

Demographic data were compared between headache

diagnoses with independent sample Student’s t test for

continuous variables (age) and the chi-squared (v2) test for

categorical variables. Regarding mean ESS and mean KSQ

scores, non-parametric tests were used for comparisons

between headache groups (Kruskal–Wallis test, Mann–

Whitney U test) because the distribution of these data was

skewed. If statistical significance at the 0.05 level using

Kruskal–Wallis test was achieved, Bonferroni correction

was used for post hoc comparison of pairs of groups

(P \ 0.0125).

In the univariate analyses, the v2 test was also used to

compare the index scores of KSQ and ESS between

headache-free individuals and the different headache

diagnostic groups (TTH, migraine, and ‘‘other head-

aches’’). The constructed ‘‘other headaches’’ group inclu-

ded probable TTH (n = 8), probable migraine (n = 5),

MOH (n = 5), hangover-headache (n = 6), headache

attributed to systemic viral infection (n = 4), rhinosinusitis

(n = 2), cervicogenic headache (n = 1), caffeine-with-

drawal headache (n = 1), persistent idiopathic facial pain

(n = 1), and primary exertional headache (n = 1). Anal-

yses were also performed when probable and definite TTH

and probable and definite migraine were merged, respec-

tively. Subjects with chronic headache (n = 22) consisted

of subjects with definite TTH (n = 11), definite migraine

(n = 4), MOH (n = 5), probable TTH (n = 1), and cer-

viogenic headache (n = 1).

In the multivariate analyses, using logistic regression

with odds ratio (OR) and 95% confidence intervals (CI), we

evaluated the association between headache (diagnoses and

frequency) and high scores of the KSQ and the ESS.

Potential confounding was evaluated by adjusting for age,

sex, and sleep medication. Other potential confounding

factors such as anxiety and depression (measured by

Hospital anxiety and depression scale, HADS), work status,

and level of physical exercise were also evaluated. For

anxiety and depression the HADS cut-off score of C8 were

used [49–51].
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Results

Among the 563 invited potential participants, 297 subjects

participated in the present study. The reasons for not par-

ticipating were as follows: not able to get in contact

(n = 171), not wanting to participate (n = 29), and not

able to come (n = 66). Compared with the 266 non-par-

ticipants, the 297 participants were older (mean age 52.3

vs. 48.6, P = 0.004) and slightly more likely to be men (51

vs. 47%, P = 0.37). No significant difference was found

between participants and non-participants with regard to

prevalence of headache sufferers (overall 39.5 vs. 37.5%,

P = 0.72; men 31.4 vs. 32.9%, P = 0.90; women 46.7 vs.

42.6%, P = 0.55) or prevalence of severe sleep distur-

bance defined as having a KSQ score in the upper quartile

(overall 26.9 vs. 21.9%, P = 0.18; men 23.9 vs. 22.3%,

P = 0.76; women 29.9 vs. 21.4%, P = 0.12). The

migraine-group patients were slightly younger than the

other participants (mean age 44.0 vs. 54.1, P = 0.10), and

they were more likely to be women (63 vs. 46%,

P = 0.03). Intake of painkillers during the previous month

was more common among migraineurs than among indi-

viduals with TTH (70 vs. 34%, P \ 0.001), whereas use of

prophylactic drugs did not differ between these headache

types (Table 1). Among the 297 participants, all except one

headache-free person completed the KSQ, whereas one

headache-free person and one with definite migraine did

not answer the ESS questionnaire.

KSQ

Mean KSQ score was significantly (P \ 0.001) higher for

patients with definite migraine (n = 51) (12.0) and MOH

(n = 5) (19.8) compared with headache-free individuals

(n = 76) (8.8) (Fig. 1). In the unadjusted analyses, the

prevalence of severe sleep disturbances (defined as a KSQ

score the upper quartile) was higher for subjects with

definite migraine (n = 51) (33.3%), definite TTH

(n = 135) (30.4%), and ‘‘other headaches’’ (n = 34)

(32.4%) compared with headache-free individuals

(n = 76) (13.2%) (Table 1). Overall, migraineurs (proba-

ble migraine included) (n = 56) tended to have a higher

prevalence of severe sleep disturbances compared with a

merged group of all other participants (n = 240) (35.7 vs.

24.6%, P = 0.09).

Regarding the separate KSQ items, the prevalence of

daytime sleepiness was higher for migraineurs (n = 51)

(67%) than for subjects with TTH (n = 135) (36%), other

headaches (n = 34) (28%) and without headache (n = 76)

(17%) (Table 2). For migraineurs (n = 51) also the prev-

alence of restless legs syndrome (RLS) tended to be

somewhat higher compared with headache-free individuals

(n = 76) (19.6 vs. 9.1%, P = 0.09). A higher proportion of

migraineurs with RLS had severe sleep disturbances

compared with migraineurs without RLS (70 vs. 24%,

P = 0.01). Subjects with TTH (n = 135) had a higher

prevalence of insomnia compared with the subjects without

Table 1 Distribution of age, sex, sleep medication, mean ESS, and mean KSQ by headache diagnoses

No headache Definite TTH Definite migraine Other headachesa

Number 77 135 51 34

Mean age, with 95% CI (years) 57.2 (54–61) 52.6 (50–55) 44.0 (41–47) 52.6 (48–56)

Womenb (%) 31.2 57.8 62.7* 32.4

Use of painkillers last monthc (%) 0 34.1 70.6* 50.0

Use of prophylactic drugs (%) 0 2.2 2.0 0

Use of sleep medication (%) 2.6 8.1 6.0 14.7*

HADS A C 8 (%) 4.2 13.0* 19.6** 21.2**

HADS D C 8 (%) 4.2 11.5 8.5 12.1

Employed (%) 73.0 73.6 84.0 80.6

Exercise C2 times a week (%) 60.8 54.0 56.3 42.1

Mean ESS score with 95% CI 5.3 (4.5–6.1) 5.2 (4.6–5.7) 6.3 (5.3–7.3) 6.4 (5.1–7.6)

ESS score C10 (%) 9.1 9.6 20.0 23.5

KSQ score C75 percentile (%) 13.2 30.4** 33.3** 32.4*

Compared with headache-free: * P \ 0.05, ** P \ 0.01, *** P \ 0.001
a Probable tension-type headache (TTH) (n = 8), probable migraine (n = 5), medication overuse headache (MOH) (n = 5), hangover-headache

(n = 6), headache attributed to systemic viral infection (n = 4), rhinosinusitis (n = 2), cerviogenic headache (n = 1), caffeine-withdrawal

headache (n = 1), persistent idiopathic facial pain (n = 1) and primary exertional headache (n = 1)
b Compared with all other participants: * P \ 0.05, ** P \ 0.01, *** P \ 0.001
c Compared with subjects with TTH: * P \ 0.05, ** P \ 0.01, *** P \ 0.001
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headache, whereas ‘‘snoring and/or apnea’’ were not dif-

ferent among the groups.

In the multivariate analyses, adjusting for age, sex, and

sleep medication, severe sleep disturbance was five times

more likely among migraineurs (n = 51) (OR = 5.4, 95%

CI 2.0–14.5) and three times more likely for individuals

with TTH (n = 135) (OR = 3.3, 1.4–7.3) compared with

headache-free persons (n = 76) (Table 3).

As demonstrated in Table 4, there was a strong signifi-

cant trend (P \ 0.001) of higher prevalence of severe sleep

disturbance with increasing headache frequency. Overall,

KSQ score in the upper quartile was 17 times more likely

among subjects with chronic headache (n = 22)

(OR = 17.4, 95% CI 5.1–59.8) compared with individuals

without headache, and somewhat more evident for chronic

migraine (n = 4) (OR = 38.9, 95% CI 3.1–485.3) than for

chronic TTH (n = 11) (OR = 18.3, 95% CI 3.6–93.0)

(Table 4). Adjusted for anxiety, depression, and physical

exercise, the ORs decreased slightly for chronic headache

(n = 22) (OR = 12.8, 95% CI 3.7–45.0), chronic TTH

(n = 11) (OR = 13.0, 95% CI 2.5–68.0), and for chronic

migraine (n = 4) (OR = 30.5, 95% CI 1.7–540.9),

respectively.

ESS

Mean ESS score did not differ between the groups

(Table 1). In the unadjusted analyses the prevalence of an

ESS score C10 tended to be higher among migraineurs

(n = 50) than among the headache-free (n = 76) (20.0 vs.

9.2%, P = 0.08) (Table 1). When including subjects with

probable migraine into the migraine group (n = 55) this

difference became significant (23.6 vs. 9.2%, P = 0.02).

Also the prevalence of an ESS score C10 was higher for

migraineurs (probable migraine included) (n = 55)

compared with a merged group of all other participants

(n = 240) (23.6 vs. 10.4%, P = 0.008).

In the multivariate analyses, adjusting for age, sex, and

sleep medication, ESS score C10 was three times more

likely among migraine patients (n = 50) (OR = 3.3, 95%

CI 1.04–10.18) than among headache-free individuals

(n = 76) (Table 3). No significant association was found

for TTH (n = 135). No trend regarding higher prevalence

of an ESS score C10 with increasing headache-frequency

was found (Table 4).

Discussion

In this cross-sectional population-based study, the associ-

ation between severe sleep disturbances defined as KSQ

score in the upper quartile increased markedly with

increasing headache frequency and was somewhat stronger

for migraine than TTH. The association with excessive

daytime sleepiness (ESS C 10) was evident for migraine

only.

As far as we know, this is the first population-based

study evaluating the relationship between primary head-

ache diagnoses and sleep disturbance using the KSQ. To

measure severe sleep disturbances, a KSQ sleep index

score was created by summing the different KSQ items.

The KSQ includes the topics such as snoring, apnea,

insomnia, daytime sleepiness, and restless legs, which

means that subjects with a high KSQ sleep index score

have difficulties with many aspects of the sleep process.

The same approach has been used in other studies with

selected items from the KSQ.

According to the present study, severe sleep disturbance

were five times more likely among migraineurs, and three

times more likely among subjects with TTH. Other studies

using different types of questionnaires have also reported a

higher prevalence of sleep disturbances among migraineurs

[16, 18, 19, 22, 26, 27], and subjects with TTH [10, 13, 25],

respectively.

In accordance with the present findings, other studies

have reported a higher prevalence of daytime sleepiness

among migraineurs [16, 19, 26, 27] and insomnia among

subjects with TTH [10, 13, 25]. Also our finding that a

higher proportion of migraineurs with RLS had severe

sleep disturbances accords with previous studies [52, 53].

The association between headache and severe sleep

disturbance increased markedly in relation to the headache

frequency. In accordance with the present results, other

studies have also reported that the prevalence of sleep

disturbances increased with higher frequency of headache-

days per month [9, 18] and that subjects with chronic

headache [22, 23] had more sleep disturbances compared

with subjects with episodic headaches. However, one study

Fig. 1 Mean KSQ score in the different headache diagnostic groups
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did not find any difference in headache frequency among

subjects with and without sleep problems [25].

In the present study, migraineurs were three times more

likely to have excessive daytime sleepiness (EDS), defined

as ESS C 10, whereas no such association was found for

TTH. Few other studies have compared sleep disturbances

among subjects with different headache diagnoses [18]. No

significant differences in sleep disturbances were found

between migraineurs and subjects with TTH among chil-

dren and adolescents in one study [25]. In contrast, sleep

problems were positively associated with TTH in a cross-

sectional study, whereas migraine was associated with not

feeling well rested when waking up [10]. Direct compari-

son with other studies should be done with caution because

of methodological differences. However, the use of vali-

dated instruments measuring sleep disturbances and neu-

rologist-based headache diagnoses is a methodological

advantage of the present study.

In the present study 20% of the migraine patients had

EDS (ESS score C10). Somewhat higher prevalence of

EDS was found in one uncontrolled clinical-based study

(37%) [23] and one controlled cross-sectional study (34%)

[18]. The latter did not find the prevalence to be signifi-

cantly higher among the migraineurs than in the control

group, but a case–control study found on the other hand a

significant difference with a prevalence of 14% among

subjects with migraine [27]. However, none of these

studies used participants from a population-based study. In

one of the studies [23] an association between the fre-

quency of headache and EDS were found. In contrast to

their results, we did not find a higher prevalence of EDS

among subjects with chronic headache.

The strengths of the study were the population-based

design, and that the headache diagnoses were based on the

ICHD-2 criteria set by neurologists with a special compe-

tence in headaches performing a face-to-face interview.

Furthermore, the information about sleep disturbance and

day time sleepiness was collected by using two validated

instruments previously used in several studies with a good

correlation to objective sleep measurements [4, 31–33].

Other studies have also used the index score we used for

EDS [18, 23, 27], and other studies using the KSQ have

applied a similar approach for making an index score cal-

culated from the different KSQ items [32, 38–42]. Using

two different sleep questionnaires gave us valuable infor-

mation as they measure different aspects of sleep distur-

bances. It should be emphasized that the KSQ question

regarding daytime sleepiness are linked to a feeling of

tiredness, while the ESS measures how likely you are to

fall asleep in different situations.

There are limitations of the study that must be taken into

account. First, it should be emphasized that the cross-

Table 2 The prevalence (%) of subjects with a score of C3 in each KSQ question by headache diagnoses (unadjusted univariate analyses)

KSQ items No headache

(n = 76)

Definite TTH

(n = 135)

Definite Migraine

(n = 51)

Other headachesa

(n = 34)

Snoring (%) 22.4 24.4 23.5 38.3

Apnea (%) 3.9 3.7 3.9 3.7

Snoring and/or apneab (%) 26.3 28.7 27.4 42

Difficulty initiating sleep (%) 5.2 20.7** 21.6** 16.5*

Difficulty maintaining sleep (%) 27.3 47.4** 31.4 38.4

Wake up too early (%) 13.0 11.8 11.8 12.8

Insomniac (%) 45.5 79.9** 64.8 67.7*

Sleepy at daytime (%) 11.7 21.5 35.3** 21.9

Very sleepy when waking up (%) 5.2 14.1* 31.3*** 5.8

Daytime sleepinessd (%) 16.9 35.6** 66.6*** 27.7

Troublesome sweating at night (%) 1.3 5.2 5.9 5.8*

Morning headache (%) 1.3 5.1 11.8* 5.8

Restless legs (%) 9.1 17.1 19.6 15.1

After dinner nap (%) 49.4 31.9* 29.4* 38.2

Compared with headache-free * P \ 0.05, ** P \ 0.01 *** P \ 0.001
a Probable tension-type headache (TTH) (n = 8), probable migraine (n = 5), medication overuse headache (MOH) (n = 5), hangover-headache

(n = 6), headache attributed to systemic viral infection (n = 4), rhinosinusitis (n = 2), cerviogenic headache (n = 1), caffeine-withdrawal

headache (n = 1), persistent idiopathic facial pain (n = 1), and primary exertional headache (n = 1)
b Snoring and/or apnea
c Difficulty initiating sleep and/or maintaining sleep and/or waking up too early
d Sleepy at daytime and/or very sleepy when waking up
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sectional design does not permit any conclusions about

causality. Second, in the present study relatively few

individuals with headache had other diagnoses than

migraine or TTH. Thus, no firm conclusions could be

drawn for the specific diagnoses of MOH, chronic

migraine, and chronic TTH.

The participation rate was good among individuals we

were able to get in contact with, but moderate (53%) when

the total invited group was considered [30]. Because the

overall participation rate of this study was only 27% when

the total invited group in HUNT 3 in Verdal/Stjørdal were

considered (all inhabitants [13 years), generalization of

our results to the whole population must be done with

caution [30]. However, among the invited individuals

selective participation due to headache status or sleep

complaints seems less likely, because the prevalence of

headache sufferers and severe sleep disturbance were quite

similar among participants and non-participants.

ESS and KSQ are both subjective measurements of EDS

and sleep disturbances, respectively. The main problem for

subjective measures is that they are vulnerable to envi-

ronmental and motivational variables. Individuals often

tend to overestimate their own disorders, and self-evalua-

tions risk giving an exaggerated impression of the subject’s

Table 3 Odds ratio (OR) with 95% CI for ESS C 10 and KSQ C 75

percentile related to headache type

Questionnaire P OR 95% CI

Lower Higher

ESS C 10

Headache-free (n = 76) 1.0 Ref

Definite TTH (n = 135) 0.69 1.2 0.5 3.3

Definite or probable TTH (n = 143) 0.49 1.4 0.5 3.7

Definite migraine (n = 50) 0.04 3.3 1.0 10.2

Definite or probable migraine

(n = 55)

0.009 4.4 1.5 13.1

Other headachesa (n = 34) 0.02 3.8 1.2 12.0

Other headachesb (n = 21) 0.36 2.0 0.5 8.6

KSQ C 75 percentile

Headache-free (n = 76) 1.0 Ref

Definite TTH (n = 135) 0.004 3.3 1.4 7.3

Definite or probable TTH (n = 143) 0.004 3.3 1.5 7.3

Definite migraine (n = 51) 0.001 5.4 2.0 14.5

Definite or probable migraine

(n = 56)

\0.001 6.0 2.3 15.9

Other headachesa (n = 34) 0.03 3.2 1.1 9.2

Other headachesb (n = 21) 0.16 2.5 0.7 8.5

Multivariate logistic regression adjusted for age, sex, and sleep-pro-

moting medication
a Probable tension-type headache (TTH) (n = 8), probable migraine

(n = 5), medication overuse headache (MOH) (n = 5), hangover-

headache (n = 6), headache attributed to systemic viral infection

(n = 4), rhinosinusitis (n = 2), cerviogenic headache (n = 1), caf-

feine-withdrawal headache (n = 1), persistent idiopathic facial pain

(n = 1), and primary exertional headache (n = 1)
b Same as footnote (a) without probable TTH and probable migraine

Table 4 Odds ratio (OR) with 95% CI for ESS C 10 and KSQ C 75

percentile related headache frequency

Questionnaire P OR 95% CI

Lower Higher

ESS C 10

All headache groups

No headache (n = 76) 1.0 Ref

\7 headache days/month

(n = 178)

0.2 1.8 0.7 4.5

7–14 headache days/month

(n = 19)

0.09 3.6 0.8 15.2

[14 headache days/month

(n = 22)

0.3 2.1 0.5 9.3

P for trend 0.4

KSQ C 75 percentile

All headache groups

No headache (n = 76) 1.0 Ref

\7 headache days/month

(n = 179)

0.02 2.7 1.2 5.9

7–14 headache days/month

(n = 19)

0.006 5.6 1.6 19.2

[14 headache days/month

(n = 22)

\0.001 17.4 5.1 59.8

P for trend \0.001

TTH

No headache (n = 76) 1.00 Ref

\7 headache days/month

(n = 115)

0.01 2.9 1.3 6.8

7–14 (headache days/month

(n = 9)

0.3 2.8 0.5 17.0

[14 headache days/month

(n = 11)

\0.001 18.3 3.6 93.0

P for trend \0.001

Migraine

No headache (n = 76) 1.00 Ref

\7 headache days/month (n = 38) 0.06 3.4 0.9 12.0

7–14 headache days/month

(n = 9)

0.002 18.6 2.8 121.6

[14 headache days/month (n = 4) 0.004 38.9 3.1 485.3

P for trend \0.001

Multivariate logistic regression adjusted for age, sex, and sleep-pro-

moting medication

Mean KSQ score with 95% CI in headache-free individuals, subjects

with tension-type headache, migraine, MOH, and ‘‘other headaches’’

(probable TTH (n = 8), probable migraine (n = 5), hangover-head-

ache (n = 6), headache attributed to systemic viral infection (n = 4),

rhinosinusitis (n = 2), cerviogenic headache (n = 1), caffeine-with-

drawal headache (n = 1), persistent idiopathic facial pain (n = 1),

and primary exertional headache (n = 1)
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psycho-physical complaints [44]. Some studies do, how-

ever, point out that the ESS [33] and KSQ [31] correlate

well with objective sleep measurements, which could be an

indication that subjects can give reliable self reports about

this aspect of their life [33].

Since the study is cross-sectional, it cannot be deter-

mined whether frequent headache causes sleep disturbance

or vice versa, or whether other risk factors or shared sus-

ceptibility causes this association. One possible explana-

tion might be that pain gives arousals which prevent

initiation of sleep or alters the sleep architecture so that it is

more fragmented, which lead to shorter sleep duration and

daytime sleepiness [54]. An alternative theory is the other

way around, postulating that poor sleep can alter pain

processing and therefore causes pain [55, 56]. Results from

several studies indicate that sleep deprivation might give a

transient disturbance of the descending pain inhibitory

control system [56]. These two perspectives do not exclude

each other, as it could be a dual relationship between sleep

deprivation and the process of pain [55]. A study on the

chronification of headache postulates that this relationship

might become a vicious circle, which could explain why

episodic headache changes to chronic headache in some

individuals [57].

A third perspective is that neither sleep-disturbances

cause pain, nor vice versa, but that both could be secondary

phenomena due to a common neurobiological dysfunction

[55]. Several authors have suggested the hypothalamus as

the location from which this dysfunction might originate

because of its connection to the brainstem and its important

role in both pain and sleep regulation [6, 8, 58, 59].

Moreover, studies using MRI have reported activation of

the brainstem [60, 61] and the hypothalamus [62] during

headache attacks. Although the role of hypothalamus in

migraine remains puzzling [63], the present results may

suggest a stronger link to hypothalamus for migraine than

TTH, because the association with severe sleep distur-

bances and excessive day time sleepiness was most evident

for migraine.

Psychological factors may also be a common denomi-

nator for chronic headache and sleep disturbance, as both

are strongly associated with anxiety and depression [1, 8,

64]. However, the strengths of the association were only

marginally reduced after adjusting for anxiety and

depression measured by HADS in the multivariate analy-

ses. In addition, the analyses were also adjusted for pos-

sible contributing factors like age, sex, sleep medications,

exercise, and work status. However, we cannot rule out that

other unmeasured factors related to sleep disturbance may

influence the association with chronic headache.

In conclusion, the strongest association was found

between sleep disturbance and chronic headache. A close

attention to sleep problems among patients with headache

may have implication for the choice of treatment and the

prognosis, possibly preventing chronification of the head-

ache disorder.
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