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Associations Between Sleep Quality and Migraine Frequency
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Abstract: Migraine has been associated with sleep disturbances.
Relationship between sleep quality and migraine frequency is yet to
be determined. The present study aimed to investigate sleep disturb-
ances among low-frequency, moderate-frequency, high-frequency, and
chronic migraineurs, with and without auras, with well-controlled
confounding variables.

This cross-sectional controlled study included 357 subjects from an
outpatient headache clinic in Taiwan. Standardized questionnaires were
utilized to collect demographic, migraine, sleep, depression, anxiety,
and restless leg syndrome characteristics in all participants. According
to frequency of migraine attacks, patients were divided into 4 groups:
with 1 to 4 migraine days per month, 5 to 8 migraine days in a month, 9
to 14 migraine days in a month, and >14 migraine days per month. The
Pittsburgh Sleep Quality Index (PSQI) and subgroup items were used to
evaluate sleep quality. The association between migraine frequency and
sleep quality was investigated using multivariable linear regression and
logistic regression.

The PSQI total score was highest in patients with high frequent
migraine (10.0 £ 3.4) and lowest in controls (7.0 4= 3.4) with a signifi-
cant trend analysis (P for trend =0.006). Migraine frequency had an
independent effect on the items ‘‘Cannot get to sleep within 30 min-
utes”” (P <0.001), ““Wake up in the middle of the night or early
morning”” (P <0.001), ‘“Bad dreams’” (P=0.001), ‘‘Pain”’
(P=0.004), and ‘“Quality of sleep’ (P <0.001). The result showed
the effect of migraine frequency in both the aura-present (P for
trend = 0.008) and the aura-absent subgroups (P for trend =0.011).
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High migraine frequency correlates with poor sleep quality and a
higher prevalence of poor sleepers. These associations occur in migraine
with aura and without aura.

(Medicine 95(17):3554)

Abbreviations: BDI = Beck’s Depression Inventory, BMI = body
mass index, HADS = hospital anxiety and depression subscales,
ICHD-III beta = international classification of headache disorders,
3rd Edition (beta version), MIDAS = The Migraine Disability
Assessment questionnaire, NREM = nonrapid eye movement, PSQI
= The Pittsburgh Sleep Quality Index, REM = rapid eye movement,
RLS = restless legs syndrome.

INTRODUCTION

M igraine is one of the most common headache disorders,
characterized by lateralized, intense, throbbing, or pul-
satile sensations in the head. According to the Global Burden of
Disease report, migraine is the sixth most burdensome disease
worldwide, and the first among neurological diseases.’
Migraine attacks are often associated with nausea, vomiting,
sound sensitivity, and light sensitivity. Migraine can lead to
poor quality of life and considerable disability in migraineurs.
In addition, migraine is shown to be comorbid with several
psychiatric conditions such as anxiety and depression.” It has
been suggested that there is a relationship between migraine and
sleep disorders. However, the relationship between migraine
frequency and sleep remains uncertain.

Quality of sleep is associated with life satisfaction. In the
general population, one-third of adults are affected by poor
sleep.® Considering the high prevalence of sleep disturbances
and the close relationship between sleep and quality of life, one
can regard sleep quality as an important indicator of quality of
life.> Disturbed sleep is a particularly common problem among
migraineurs (children or adult), affecting 30% to 50% of
migraine patients. Moreover, sleep disruption can be a trigger
of migraine attacks, which are improved with sufficient restful
sleep. Typically, people with chronic migraine are prone to
morning headaches due to sleep insufficiency.* °

Recent studies have shown a higher prevalence of poor
sleep quality in patients with migraine compared to people
without migraine.*”~'* Two large longitudinal studies from
Norway revealed a bidirectional association between insomnia
and primary headache.'"*'> Additionally, a prior systematic
review suggested that migraine and tension-type headaches
were significantly related to insomnia.'® Another population-
based cross-sectional study linking headaches and sleep in
Denmark revealed a high prevalence of concurrent headache
and sleep problems.'” Seidel et al have reported that sleep
quality was particularly poor in patients with 8 or more migraine
days per month and markedly better in control subjects than in
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migraine patients.” Collectively, these studies suggest that there
is an association between sleep and migraine.

Nevertheless, migraine with or without aura, detailed
differentiated migraine frequency and other confounding fac-
tors affecting sleep quality, such as anxiety, depression, and
restless legs syndrome (RLS), need to be taken into account. It is
suggested that the information is useful for the development of
preventive and therapeutic strategies for alleviating the burden
of both migraine and poor sleep quality in these and other
understudied populations.

We hypothesized that migraine frequency was correlated
with poor sleep quality, and that migraine impact on sleep
quality was independent of whether 1 experiences auras. We
evaluated the relationship between sleep quality and migraine
frequency while controlling for the comorbidities of anxiety,
depression, and restless legs syndrome (RLS). The pathophy-
siological interrelation between migraine and sleep was
discussed.

METHODS

Patients

This cross-sectional controlled study enrolled 357 subjects
attending an outpatient headache clinic in the Department of
Neurology at TSGH between June 2013 and May 2015. Of
those, 34 subjects were with chronic migraine (>15/month), 60
were with high-frequency migraine (9—14/month), 44 were with
medium frequency migraine (5—8/month), and 185 were with
low-frequency migraine (1—4/month). In addition, 134 sex- and
age-matched healthy volunteers were selected using several
criteria, including no family history of migraine and no previous
diagnosis of other primary or secondary headache disorders,
except for episodic tension-type headaches (<6 days/year). In
addition, subjects who completed the screening questionnaire
were subsequently interviewed by the corresponding author (F-
CY), a board-certified neurologist and headache specialist, to
confirm the diagnosis according to the International Classifi-
cation of Headache Disorders, 3rd edition (beta version)
(ICHD-III beta).'"® Consecutive migraine patients with and
without aura were enrolled according to the criteria of the
International Headache Society.'® To diagnose migraine more
accurately and exclude other sleep-related headaches (such as
hypnic headache) in this study, all subjects who completed the
screening questionnaire were subsequently interviewed by the
corresponding author (F-CY), a board-certified neurologist and
headache specialist to evaluate their eligibility for migraine,
based on the ICHD-III beta."®

After giving informed consent, the patients were inter-
viewed with a structured questionnaire packet containing an
“RLS symptoms screening questionnaire”” from the Restless
Legs Syndrome Foundation (http://giic.rgps.on.ca/files/
24¢%20Living%20with%20Restless%20Legs%20Syndro-
me%20Booklet%20RLS %20Foundation.pdf), the Pittsburgh
Sleep Quality Index (PSQI),"” the Beck’s Depression Inventory
(BDI),*® and the hospital anxiety and depression subscales
(HADS).?' The “RLS symptoms screening questionnaire”
consists of 11 questions. If a patient answers ““yes’’ to a majority
of these questions, there is a high probability of RLS. The BDI
contains 21 items with a maximum score of 63. Patients who
had a score >18 on the BDI were classified as depressed. The
PSQI estimates one’s sleep quality over the prior month. It
consists of 7 component scores, which are added together to
produce a final score. A PSQI score of >6 was considered
indicative of a poor sleeper.19 The HADS is a 14-item scale,
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with 7 items related to anxiety and 7 items related to depression.
Each item is rated on a 4-point scale (0, not at all; 1, sometimes;
2, often; and 3, all the time), giving a maximum subscale score
of 21 for anxiety and for depression.”* The Migraine Disability
Assessment questionnaire (MIDAS), a 5-item questionnaire
that was designed to evaluate disability during the previous
3 months, was used in this study.”® This study protocol was
approved by the Institutional Review Broad of Tri-Service
General Hospital (TSGH), Taiwan and written informed con-
sent was obtained for all participants prior to enrollment.

Data Analysis

Values of continuous variable were presented as mean with
standard deviation and that of categorical variable were pre-
sented as number and percentage. We tested the linear trend of
the distribution of the subjects’ characteristics across the study
groups (control, low, medium, high, and chronic) using the
Cochran—Armitage chi-square test for categorical variables and
using linear contrasts of univariate linear regression for con-
tinuous variables. To assess the effect of migraine frequency on
sleep quality, we tested the linear trend of PSQI items and total
score across the study groups using linear contrasts in multi-
variable linear regressions for continuous variables and linear
contrasts in multivariable logistic regressions for categorical
variables. Finally, both univariate and multivariable logistic
regression analyses were used to identify the independent
factors of PSQI total score >6 (poor sleep quality). All data
analyses were carried out with SPSS 22 (IBM SPSS, Armonk,
NY: IBM Corp).

RESULTS

Characteristics of the Study Cohort

The demographic and clinical characteristics of each group
are reported in Table 1. There were no significant differences
among the 5 study groups in age, gender ratio, body mass index
(BMI), and attained education level (Table 1). Less than one-
third of the enrolled subjects with migraine experienced auras
(61/225; 27.1%).

Linear trend analyses showed that greater migraine fre-
quency correlated positively with MIDAS as well as higher levels
of RLS screening scores, BDI indication of depression, HADS
indication of anxiety, and HADS indication of depression
(Table 1). Additionally, we found that subjects in the control
group were less likely to be smokers, less likely to drink alcohol,
and less likely to consume coffee than subjects in the migraine
groups (Table 2). Gender ratio, age, BMI, and education level did
not differ across the migraine frequency groups overall, in the
with-aura subgroup, or in the without-aura subgroup (data regard-
ing BMI and education level are not shown).

Effect of Migraine Frequency on Sleep Quality
We next examined the influence of migraine frequency on
PSQI scores. As shown in Table 2, greater migraine frequency
was associated generally with greater PSQI total score
(P=0.006) with adjustment of baseline characteristics. The
high and chronic frequency groups had similar PSQI scores
(Figure 1A). Regarding particular PSQI items, migraine fre-
quency had an independent effect on the items ‘‘Cannot get to
sleep within 30 minutes,’” *“Wake up in the middle of the night
or early morning,”” ‘‘Bad dreams,”” ‘‘Pain,”” and ‘‘Quality of
sleep,’” with the trend leveling off between the high and chronic
frequency groups (Table 2). Our data showed that greater
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TABLE 1. Characteristics of the Study Population (N=357)

Frequency of Migraine (Days per Month for >3 Months)

Low Medium High Chronic

Variable Control (1-4 Days) (5-8 Days) (9-14 Days) (>15 Days) P Value®
Patient number 134 85 44 60 34
Aura - 22 (25.9) 15 (34.1) 15 (25.0) 9 (26.5) 0.918
Female gender 89 (66.4) 56 (65.9) 28 (63.6) 41 (68.3) 24 (70.6) 0.684
Age (years) 355+12.6 31.6+9.2 33.1+£104 333+104 333+11.8 0.564
Current or former smoker 4 (3.0) 24 (28.2) 9 (20.5) 12 (20.0) 6 (17.6) 0.005
Current or former alcohol 27 (20.1) 38 (44.7) 20 (45.5) 19 (31.7) 12 (35.3) 0.048
Coffee consumption 0.003
Never 53 (39.6) 17 (20.0) 11 (25.0) 16 (26.7) 4 (11.8)

<once a month 39 (29.1) 9 (10.6) 8 (18.2) 14 (23.3) 13 (38.2)

=1 day a week 42 (31.3) 59 (69.4) 25 (56.8) 30 (50.0) 17 (50.0)
RLS screening score 1.1+1.7 14+19 1.6+1.7 2.0+2.1 3.0+2.6 <0.001
MIDAS - 21.3+16.7 28.24+19.6 37.5+259 74.6 +66.2 <0.001
BDI 7.1+£6.1 99+74 10.9+7.9 13.1£9.8 12.4£8.2 <0.001
HADS—anxiety 62+38 8.1+4.0 8.5+4.5 94+42 94+52 <0.001
HADS—depression 4.7+3.1 55+£39 5.8+4.8 72+42 7.4+4.6 <0.001

BDI=Beck’s Depression Inventory, HADS =hospital anxiety and depression subscales, MIDAS =The Migraine Disability Assessment
quistionnaire, RLS =restless legs syndrome.
P for linear trend in which included the Cochran—Armitage chi-square test for categorical variables and linear contrast of univariate linear
regression for continuous variables.

TABLE 2. Sleep Quality in Migraine-Free Controls and in Migraine Frequency Groups (N=357)

Frequency of Migraine (Days per Month for >3 Months)

Low Medium High Chronic
Variable Control (1-4 Days) (5-8 Days) (9-14 Days) (>15 Days) P Value®
PSQI total score 7.0+34 7.6+3.5 85+34 10.0+£3.4 9.8+4.1 0.006
Sleep latency (minute) 2244203 20.3+20.3 23.7+31.4 34.1+£28.0 32.6£27.1 0.312
Asleep time (hour) 62£1.5 5.7£24 53+£25 5.8+£23 53+£23 0.232
Sleep disturbance
Cannot get to sleep within 30 min 1.1£0.9 1.1+1.1 1.3+1.1 2.0+1.0 2.1+1.0 <0.001
Wake up in the middle of the 1.2+1.0 14+1.1 1.6+£1.2 2.1£0.9 2.1+£1.0 <0.001
night or early morning
Get up to use bathroom 1.2+1.1 1.1£1.1 1.3+£1.2 1.5+1.2 1.7£1.1 0.145
Cannot breathe comfortably 0.3+0.7 04+0.7 04+0.7 09+1.1 0.7+ 1.1 0.089
Cough or snore loudly 0.6£1.0 0.7£1.0 0.7£1.0 I.1£1.1 1.0£1.2 0.107
Feel too cold 0.4£0.7 0.5£0.9 0.7£1.0 09+1.0 1.0£1.0 0.098
Feel too warm 04+0.8 0.6+£0.9 0.6+0.8 1.0£1.0 0.7£0.8 0.713
Bad dreams 0.6£0.8 0.8+£0.8 0.8£0.9 1.1£1.0 14+1.1 0.001
Pain 04+0.7 0.6+0.8 09+1.0 1.0£1.0 1L.1+1.2 0.004
Other reasons 0.1£04 0.0£0.2 0.1£0.5 0.1+£04 0.0£0.0 0.344
Quality of sleep 1.1+£0.7 1.4+0.8 1.7£0.9 1.9+0.8 20+£0.8 <0.001
Sleep medication 02£0.5 03+0.8 0.5+1.0 0.6£1.0 0.6£1.0 0.184
Difficulties staying awake 0.4+0.7 0.74+0.9 0.6+0.8 0.84+0.9 1.0+1.0 0.224
Lack of enthusiasm for activities 0.7£0.7 1.0£0.8 1.1£0.9 1.3£0.8 1.2£1.0 0.319
PSQI total score =6, % 85 (63.4) 61 (71.8) 36 (81.8) 54 (90.0) 30 (88.2) 0.020'

PSQI = The Pittsburgh Sleep Quality Index.

*P for linear trend of linear contrast in the multivariable linear regression with adjustment of gender, age, body mass index, education level, smoking
status, alcohol consumption, coffee consumption, RLS, BDI, anxiety and depression of HADS.

P for linear trend of linear contrast in the multivariable logistic regression with adjustment of aforementioned covariates.
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FIGURE 1. (A) Median and interquartiles of PSQI total score across the study groups. (B) Median and interquartiles of PSQI total score
stratified by aura in the migraine frequency groups. PSQI=The Pittsburgh Sleep Quality Index.

migraine frequency was associated with a higher prevalence of
poor sleep quality (P =0.020). Like PSQI scores, the preva-
lence of poor sleep quality was similar between the high and
chronic migraine frequency groups.

Independent Factor of Poor Sleep Quality

The univariate and multivariable analysis results regarding
our investigation of migraine frequency as an independent
factor of poor sleep quality (PSQI total score > 6) are reported
in Table 3. The univariate analyses revealed that subjects in the
medium, high, and chronic migraine frequency groups were
more likely to have poor sleep quality than control subjects.

RLS, BDI indicated depression, HADS indicated anxiety, and
HADS indicated depression correlated with a higher prevalence
of poor sleep quality (Table 3). However, only high migraine
frequency and RLS screening scores were identified as inde-
pendent factors of poor sleep quality after adjusting for baseline
characteristics (Table 3).

We performed a subgroup analysis to evaluate the effect of
migraine frequency on the PSQI total score stratified by the
presence of aura in the migraine groups. Linear trend analyses
demonstrated that the effect of migraine frequency was
observed in both the aura-present subgroup (P=0.008) and
the aura-absent subgroup (P =0.011) (Figure 1B).

TABLE 3. Factors Associating With Poor Sleep Quality (PSQI total score > 6)

Univariate Analysis

Multivariable Analysis

Variable OR (95% of CI) P Value OR (95% of CI) P Value
Study group”

Low 1.47 (0.81-2.64) 0.203 1.40 (0.67-2.93) 0.376

Medium 2.59 (1.12-6.03) 0.027 2.10 (0.82-5.37) 0.122

High 5.19 (2.08-12.94) <0.001 3.53 (1.28-9.75) 0.015

Chronic 4.32 (1.44-13.00) 0.009 2.54 (0.76—8.55) 0.132
Female gender 1.05 (0.63-1.73) 0.864 1.07 (0.56-2.05) 0.833
Age (years) 1.00 (0.98—1.03) 0.766 1.01 (0.98—1.04) 0.584
Body mass index (kg/m?) 1.05 (0.98-1.14) 0.181 1.07 (0.97-1.17) 0.158
Higher education level 0.74 (0.45-1.20) 0.221 0.74 (0.41-1.32) 0.304
Current or former smoker 1.44 (0.71-2.93) 0.312 1.21 (0.51-2.90) 0.664
Current or former alcohol 1.37 (0.81-2.32) 0.237 1.00 (0.51-1.96) 0.994
Coffee consumption’

<once a month 0.87 (0.44-1.72) 0.689 0.80 (0.34-1.90) 0.611

=1 day a week 0.79 (0.45-1.40) 0.421 0.53 (0.26—-1.09) 0.085
RLS 1.36 (1.16—1.60) <0.001 1.27 (1.05-1.55) 0.015
BDI 1.12 (1.07-1.17) <0.001 1.07 (0.99-1.15) 0.051
HADS—anxiety 1.16 (1.09-1.23) <0.001 1.05 (0.95-1.16) 0.384
HADS—depression 1.14 (1.06-1.22) <0.001 0.98 (0.87-1.10) 0.733

BDI=Beck’s Depression Inventory, Cl=confidence interval, HADS = hospital anxiety and depression subscales, MIDAS = The Migraine
Disability Assessment questionnaire, OR = odds ratio, RLS =restless legs syndrome.

“Reference category: control group.
Reference category: those never consumed coffee.
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DISCUSSION

In this study, we found that quality of sleep was associated
with migraine frequency, comparing 4 migraine groups differ-
entiated based on the number of days with migraine per month
and an age- and gender-matched healthy control group. The
PSQI total score was strongly associated with migraine fre-
quency after adjustment for well-known confounding factors,
such as gender, age, BMI, education level, smoking status,
alcohol consumption, coffee consumption, RLS screening
scores, BDI score, HADS anxiety score, and HADS depression
score. Moreover, sleep quality (as indicated by the PSQI)
correlated strongly with migraine frequency regardless of
whether patients had migraine with aura or without aura. Over-
all, PSQI total scores were highest for the high and chronic
frequency groups (i.e., >8 days/month of migraine headaches),
and sleep quality was poorest in subjects with chronic migraine.
In addition, these patients most often reported sleep disturb-
ances related to the PSQI items ‘‘cannot get to sleep within
30minutes,”” ‘‘wake up in the middle of the night or early
morning,”” ‘‘bad dreams,’” and ‘‘pain.”’

According to the IHS classification and ICHD-III beta
criteria, migraine can be classified as chronic migraine (attacks
on >15 days/month and for >3 months) or episodic migraine
(others that do not fulfill the criteria for chronic migraine).'® A
previous study divided migraineurs into 3 subgroups based on
the number of days with migraine attacks per month (1—4 days/
month, 5—7days/month, >8 days/month). The authors found
that sleep quality was particularly poor in patients with 8 or
more migraine days per month.” However, the possible relation-
ship between sleep quality and more detailed differentiation of
migraine frequency (such as 9-14days/month, >15 days/
month) remained uncertain. Therefore, we designed this study
comparing 4 migraine groups with more detailed differentiation
based on the number of days with migraine per month and an
age- and gender-matched healthy control group to investigate
the relationship between migraine frequency and sleep quality.
Indeed, our study demonstrates subgroup differences and cor-
relations in migraine frequency and sleep quality.

Unlike previous studies in the literature, our study had a
control group and 4 migraine subgroups differentiated accord-
ing to migraine frequency. Our study was designed in consider-
ation of anxiety, depression, and RLS as potential confounding
factors. Similar to our results, Seidel and colleagues ’ found that
PSQI scores and poor subjective quality of sleep were higher in
migraineurs than in controls. Additionally, our study revealed
that migraineurs’ sleep disturbances are attributed to ‘‘go to
sleep within 30 minutes,”” ‘“wake up in the middle of the night
or early morning,”” and ‘‘bad dreams.”” Consistent with our
findings, Karthik et al found a high prevalence of poor sleepers
among patients with ‘‘migraine without aura,”” who reported
difficulty in sleep initiation, sleep maintenance, and early
morning waking.’ Furthermore, our subgroup of migraine with
aura also had similar findings.

Kelman and Reins* found that migraineurs have difficulty
staying sleep and are prone to waking up with headaches (71%
of migraineurs) early in the morning. Similarly, the migraine
group subjects in our study reported ‘‘wake up in the middle of
the night or early morning.”

Migraine has many comorbid disorders, the most common
of which are depression and anxiety, which have been reported
to occur in 63.8% and 60.4% of migraine patients, respect-
ively.?* Here, we found that high BDI, HADS anxiety, and
HADS depression scores were associated with higher migraine

Copyright © 2016 Wolters Kluwer Health, Inc. All rights reserved.

frequency (linear trends). Schiirks et al showed that RLS
prevalence in migraine ranged from 8.7% to 39.0% and ident-
ified RLS as an important comorbidity of migraine.>® Addition-
ally, results from a prior systematic review and a recent
longitudinal cohort study suggest that mi§raine is associated
with an increased probability of RLS.*2® Similarly, we
observed a strong positive association between RLS screening
score and greater migraine frequency. Hence, our findings
support the notion that migraine frequency correlates with
anxiety, depression, and the possibility of RLS.

In our study, smokers, alcohol drinkers, and coffee drin-
kers tended to have higher migraine frequency, consistent with
a previous study.”’ These findings are consistent with the
possibility that smoking, alcohol consumption, and coffee
consumption may be important triggers of migraine attacks.
Additionally, in this study, high percentages of nonsmokers and
nondrinkers were found; this may be due to cultural differ-
ences.”® Our univariate factor analysis indicated that subjects
with medium, high, and chronic migraine frequency were more
likely to have poor sleep quality than control subjects. Mean-
while, high RLS screening scores, BDI, HADS anxiety, and
HADS depression scores also correlated with a higher preva-
lence of poor sleep quality. Subsequent multivariate factor
analysis indicated that high migraine frequency and RLS are
independent predictors of poor sleep quality after adjusting for
baseline characteristics.

Sleep and migraine may link in a bidirectional way and
share some pathophysiological mechanisms. First, regarding the
mechanism of impact of sleep disturbances on headache,
previous experimental studies have shown that sleep depri-
vation increases self-reported pain.”® Additionally, sleep depri-
vation may lead to a disturbance of the descending pain
inhibitory control system.***' In addition, deficiency of ser-
otonin descending pain inhibitory was suggested to be associ-
ated with migraine pathophysiology.** Second, regarding the
mechanism of impact of headaches on sleep, chronic pain may
lead to alterations of neuron activity in the raphe magnus, which
can regulate the sleep cycle.*® Therefore, this type of alteration
may have an influence on sleep. Third, migraine and sleep
disorders may share some pathophysiological mechanisms. The
pathophysiology of migraine includes cortical spreading
depression, activation and sensitization of the trigeminovascu-
lar system, and excitatory-inhibitory imbalance of the dura,
brainstem, cortex, and subcortical regions.“i36 Furthermore, a
prior review suggested that the hypothalamic orexinergic sys-
tem plays a role in the association between sleep and the
development of a migraine headache.’’ Orexin-containing
neurons in the hypothalamus fire in wakeful states, and disrup-
tion of orexinergic signaling results in excessive sleepiness.
Orexinergic cells affect not only monoaminergic activity across
the sleep cycle, but also pain modulation. Meanwhile, orexin
may affect trigeminovascular tone. Furthermore, migraine
attacks can be triggered by stress, fatigue, sleep deprivation,
or poor sleep habits, which activate the hypothalamus and
orexin system simultaneously. The pineal gland synthesizes
and secretes melatonin, which is stimulated by darkness and
inhibited by light in a 24-hour circadian pattern.*® Low urinary
melatonin and 6-sulfatoxymelatonin levels have been associ-
ated with migraine.***° The melatonin level may not only play a
role in the pathophysiology of migraine, but may also predis-
pose people to awakening from rapid eye movement (REM)
sleep with a headache.*' Collectively, these evidences suggest a
bidirectional relationship between sleep and migraine and
sharing of some pathophysiological mechanisms.
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Interestingly, the high subscores for the PSQI items “‘can-
not get to sleep within 30 minutes,”” “wake up in the middle of
the night or early morning,”” and ‘‘bad dreams’’ in our higher
migraine frequency groups may be related to the fact that
dreams, including nightmares, occur during REM sleep. Hsu
et al found that waking up with a migraine attack occurred most
often during REM sleep.*? Indeed, REM sleep disruption is
suggested to be an underlying mechanism of bad dreams,
untimely waking, and nocturnal migraine attacks.'>**** Our
findings are in agreement with Vgontzas et al** who reported
48.8% of migraineurs complain of sleeping difficulties. In this
study, many of the patients would ‘‘wake up in the middle of the
night or early morning.”” A previous study found that most
patients with hypnic headaches have a history of migraine or
coexisting migraine.*® Additionally, it has been reported that
migraine is a sleep-related headache and that migraine-related
symptoms may disturb sleep quality. In our study, although we
carefully ruled out the presence of hypnic headache, ‘*Waking
up in the middle of the night or early morning”’ may be one of
the sleep-related symptoms of migraine. Further studies are
needed to verify this hypothesis.

In the present study, we found that sleep quality was
associated with migraine frequency in adults. It has been also
reported that migraine may lead to nonrapid eye movement
(NREM) 4parasomnias and sleep-related movement disorders in
children.*’ Furthermore, previous studies showed that migraine
may disturb sleep architecture, with excessive daytime sleepi-
ness, higher prevalence of cosleeping with family, and disorders
in initiating and maintaining sleep in developmental age.*®>2
Additionally, migraines may have some impacts on perce;s)tual
organizational ability,”® mood,** and motor coordination®® in
school-aged children. Collectively, the interrelationship and
influences between migraine and sleep may not only occur
in adults but also in adolescents and children.

The strengths of this study are the controlled study design,
the large number of subjects, the differentiated subgroups, the
use of validated questionnaires, our consideration of comorbid
anxiety, depression and restless leg syndrome, our analysis of
migraine subgroups (with or without aura), the similarity of
the study groups regarding demographics, and our robust
statistical analysis.

Notwithstanding, several limitations of the study must be
taken into consideration. First, we used a cross-sectional design,
which restricts the causal inference between migraine and sleep
quality. Second, our study population consists of patients who
visited the Tri-service General Hospital outpatient department,
thereby limiting the broad generalizability of the findings.
Third, subjective sleep quality and habits were evaluated with
the self-rated PSQI scoring system; we did not measure sleep
with an objective assessment. Regarding, PSQI scores, it should
also be mentioned that the mean PSQI score for the control
group was 7.0 £ 3.4 (poor sleepers, 63.4%), which is higher
than that from a previous cross-sectional study in Austria7, but
similar to data obtained for premenopausal women in Taiwan
(6.1 +2.2; poor sleepers, 60.8%).%° It could be that PSQI scores
differ between Asian and European subjects. Fourth, the RLS
screening score in Table 1 can only suggest the probability of an
RLS diagnosis rather than RLS severity. Further studies are
warranted with use of the IRLS to clarify the relationship
between RLS severity and sleep quality among migraineurs.®’
Fifth, migraines often present with prodromal symptoms includ-
ing sleepiness and postdromal symptoms including fatigue.’®>’
This would potentially confound the outcome in this study.
However, these detailed prodrome or postdrome symptoms
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were unavailable in this study. Further studies are warranted
to establish the potential relationship between premonitory/
postdromal symptoms and sleep quality. Lastly, the chronic
frequency group was relatively small. A future study for
recruitment of more chronic migraine patients is warranted.

In conclusion, poor sleep quality and a higher prevalence
of poor sleepers are associated with greater migraine frequency
regardless of auras. High migraine frequency and RLS emerged
as independent factors of poor sleep quality. These findings may
have clinical implications. In particular, pharmacological epi-
sodic migraine prevention may reduce the tendency for
migraine sufferers to become poor sleepers.
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