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Migraine in Women: Inescapable Femaleness?

Soo-Kyoung Kim

Department of Neurology and Institute of Health Science, Gyeongsang National University College of Medicine and Gyeongsang National

University Hospital, Jinju, Republic of Korea

The understanding of migraines as neurological condi-
tions has significantly advanced in recent years. However,
societal perceptions often attribute migraines, especially
in women, to personality traits instead of acknowledging
them as complex neurological conditions. Two review
papers published in Headache and Pain Research, by Kim
and Park' and by Seo,” focused on migraines in women
and menstrual migraines, highlighting the importance of
recognizing the influence of hormonal fluctuations and
genetic susceptibility on migraines, beyond the scope of
individual characteristics or traits.

The higher incidence of migraines in women has been
linked to various hormonal phases and intervals during
their reproductive years, including menarche, pregnancy,
the postpartum period, breastfeeding, perimenopause,
menopause, and the use of oral contraceptives and hor-
mone replacement therapy. Fluctuations in estrogen, in
particular, are a key factor in the pathophysiology of mi-
graines, markedly affecting the frequency, severity, and
duration of migraine episodes in women.’

Perimenstrual migraine attacks are typically more severe
and harder to manage. Research utilizing headache and
menstruation diaries has shown that these perimenstrual
attacks are more disabling and tend to last longer than
those not associated with the menstrual cycle.' Additional-
ly, interictal plasma concentrations of calcitonin gene-re-
lated peptide are elevated in women who experience

Received: March 27, 2024; Accepted: March 29, 2024
Correspondence: Soo-Kyoung Kim, M.D,, Ph.D.

menstrually related migraines during their periods, com-
pared to healthy women.” However, many women often
downplay the role of menses when initially asked about a
temporal relationship and do not monitor their headaches
or hormonal influences. It is essential for healthcare pro-
viders to take a comprehensive history of hormonal events
during the initial consultation with women who present
with headaches. Pharmacological treatments must take
into account potential pregnancy-related issues and their
effects on fetal development. Concurrently, non-pharma-
cological strategies such as lifestyle adjustments, stress
management, and dietary modifications are equally im-
portant, particularly during pregnancy.

Despite advancements in migraine research, significant
knowledge gaps persist concerning the gender-specific
aspects of its management. Further research is required
to elucidate the underlying mechanisms that lead to vari-
ations in hormone levels, which in turn affect the preva-
lence, symptoms, and treatment responses of migraines.
Moreover, investigations into the safety and efficacy of
migraine treatments during pregnancy remain crucial for
informing clinical practice.

In conclusion, migraines in women constitute a com-
plex condition influenced by hormonal fluctuations and
various life stages. It is essential to develop tailored man-
agement strategies that consider individual needs and
potential considerations related to pregnancy in order to

Department of Neurology, Gyeongsang National University Hospital, Gyeongsang National University College of Medicine, 79 Gangnam-to, Jinju

52727, Republic of Korea

Tel: +82-55-750-8071, Fax: +82-55-755-1709, E-mail: skim.stroke@gmail.com
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optimize outcomes. Continued research focusing on the
gender-specific aspects of migraines is necessary to meet
the unmet needs of women who experience this debilitat-
ing condition. Recognizing migraines as a biological dis-
ease influenced by hormonal changes will hopefully lead
to more effective headache treatments that are customized
to a patient's hormonal status.
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Migraines in Women: A Focus on Reproductive Events

and Hormonal Milestones

Seonghoon Kim , Jeong Wook Park

Department of Neurology, Uijeongbu St. Mary’s Hospital, College of Medicine, The Catholic University of Korea, Seoul, Republic of Korea

Abstract

Migraine, a prevalent neurological disorder, is more common in women than in men. This sex difference is more pronounced
after menarche and diminishes after menopause. Migraines in women are influenced by the menstrual cycle, pregnancy, and
lactation, suggesting a connection to sex hormones, known as the estrogen withdrawal theory. Beyond endogenous hormonal
changes accompanying reproductive events, exogenous hormonal factors such as contraceptives or hormone replacement
therapy may also affect migraines. The hormonal influence cannot be explained simply by serum estrogen levels; instead, it in-
volves a complex interplay of various factors. Here, we delineate aspects of migraines associated with endogenous and exoge-
nous hormonal changes over the course of a woman’s life, exploring the mechanisms and contributing factors through which

sex hormones influence migraines.

Keywords: Gonadal steroid hormone, Migraine disorder, Reproductive history

INTRODUCTION

Migraines are a prevalent neurological disorder that sig-
nificantly affect daily life and pose substantial socioeco-
nomic burdens. More than 10% of the general population
experiences migraines, with a higher prevalence reported
among women.' Sexual differences in migraine prevalence
become more pronounced after puberty and decrease
after menopause, and sex hormones are known to play a
role.” The well-established phenomenon of menstrual mi-
graine, which is characterized by headaches induced by a
decrease in estrogen levels during the late luteal phase, is

known as the “estrogen withdrawal theory.”’

Estrogen also
plays a crucial role in modulating excitatory and inhibitory
pain neurotransmission.” These findings suggest that hor-
monal factors can significantly influence the sexual differ-
ences observed in migraine.

Women experience various endogenous and exogenous
reproductive events, including menstruation, pregnancy,
breastfeeding, menopause, contraception, and hormone
replacement treatment (Figure 1). These events can in-
duce rapid and variable changes in hormonal status, po-
tentially influencing migraine symptoms and prevalence.
Consequently, understanding the association between
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Figure 1. A fluctuations in women’s sex hormones across life stages. Women experience fluctuations in sex hormones with reproduc-
tive events throughout their lives. After menarche, cyclical fluctuations in estrogen and progesterone occur with menstruation. During
pregnancy, estrogen and progesterone remain elevated, normalize after childbirth, and decrease during menopause.

hormones and migraines will be essential to any inves-
tigation of the mechanisms and treatment of migraines.
This review describes the intricate relationship between
migraines and hormones in women. Also, this review de-
scribes the hormonal changes in response to reproductive
events throughout a woman'’s life and how these changes
contribute to patterns in migraine occurrence.

SEX DIFFERENCES IN MIGRAINE
EPIDEMIOLOGY AND SYMPTOMS

The prevalence of migraines is reportedly three times high-
er in women than in men.” According to the American Mi-
graine Prevalence and Prevention study, the overall 1-year
migraine prevalence is of 11.7%, with women experiencing
a prevalence of 17.1% compared with 5.6% in men. The cu-
mulative incidence was 43% in women and 18% in men."’
Another study, utilizing National Health Interview Survey
data, reported a prevalence of 13.2% in the general pop-
ulation, with rates of 17.5% in women and 8.6% in men.’
In a Korean nationwide cross-sectional survey, structured
interviews with 1,507 subjects conducted by trained inter-
viewers showed a 1-year migraine prevalence of 6.1% in
the overall population, 9.2% in women, and 2.9% in men.’
These findings consistently show that migraines are more
common in women than in men.

4 www.e-hpr.org

Sex differences in migraine prevalence vary across age
groups. Studies of pediatric migraines reported a preva-
lence of 4%, with no sex differences before puberty, and
an increase in women older than 11 years.”’ The migraine
prevalence was 4.0% in men and 6.4% in women aged
between 12 and 17 years and it was highest among those
30-39 years of age for both sexes (24.4% in women; 7.4%
in men) and lowest after the age of 60 years (5% in wom-
en; 1.6% in men). The difference in migraine prevalence
between sexes was highest in the 30-39 age group.” Pre-
vious study revealed a bimodal peak in 1-year migraine
prevalence at 20 and 50 years for both sexes. After the age
of 10 years, migraine prevalence was consistently higher
in women than in men. The difference in prevalence was
greatest at age 30.2 years, with a 2.9-fold difference, and
remained about 2-fold after the age of 42 years.’

Women with migraines tend to experience migraines
for longer durations, at greater frequency, and in closer
association with photophobia, phonophobia, nausea, and

vomiting, compared with men."""

The impact of sex on
migraines becomes more significant after the age of 30 in
women.'’ Although there is no significant difference in
migraine medication use according to sex, women with
migraines are more likely than men to take both acute and
preventive medications.'’ Prognostically, a previous study

reported that 23% of pediatric migraines resolve before
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the age of 25, with a higher resolution rate in men (34%)
than in women (15%). By the age of 50 year, 46% were mi-
graine-free, with no significant sex difference.’

ROLES OF SEX HORMONES IN MIGRAINE

Sex differences in migraine prevalence emerge at pu-
berty when women begin to menstruate and experience
periodic hormonal changes during the menstrual cycle.
Estrogen and progesterone are known to be related to mi-
graine pathophysiology. Gonadotropin-releasing hormone
(GnRH) from the hypothalamus stimulates the secretion of
luteinizing hormone (LH) and follicular stimulating hor-
mone (FSH) from the pituitary. LH and FSH trigger ovarian
maturation and ovulation, promoting the secretion of es-
trogen and progesterone, which are regulated by feedback
mechanisms.” Sex hormones have low molecular weights
and lipophilic properties, allowing them to passively dif-
fuse across the blood-brain barrier. Consequently, central
and peripheral levels of sexual steroid hormones are com-
parable, exerting an influence on migraines through neu-

rotransmitter and pain modulation systems. "’

However,
the effects of sexual steroid hormones on migraines are
complex, with mixed effects reported depending on the

site of action, duration, and concentration.

1. The impact of sex hormones on the neurotransmit-
ter system

Several neurotransmitter systems, including serotonin
(5-hydroxytryptamine [5-HT]), noradrenaline, gam-
ma-aminobutyric acid (GABA), opioids, and glutamate
have been implicated in the pathophysiology of migraines.
Sexual steroid hormones play a crucial role in the regula-
tion of these neurotransmitter systems.

Serotonin is a neurotransmitter associated with mi-
graines, and an increased serotonin synthesis capacity has
been observed in migraine patients.'” Triptans, which are
commonly used to treat migraines, are selective serotonin
receptor agonists (5-HT,;, 5-HT,;). Tryptophan hydroxy-
lase (TPH) is the rate-limiting enzyme for serotonin syn-
thesis, and a previous study on oophorectomized monkeys
reported that TPH mRNA activity increased nine-fold with
estrogen supplementation and five-fold with an estro-
gen-progesterone combination.'’ The serotonin reuptake

transporter (SERT) at the presynaptic area is responsible
for serotonin reuptake and degradation. In oophorecto-
mized monkeys, short-term estrogen supplementation
(<28 days) decreased SERT mRNA activity.””’ Monoamine
oxidase (MAO) is the primary enzyme that degrades sero-
tonin. Estrogen decreases the expression of MAO genes in
the hypothalamus and dorsal raphe nucleus.” These find-
ings suggest that estrogen increases serotonergic activity
and potentially promotes migraine symptoms. Progester-
one may have fewer influences on the serotonin system,
and the serotonergic system may respond differently based
on the duration of estrogen supplementation.

The noradrenergic system plays a crucial role in modu-
lating the signal-to-noise ratio of neurons in response to
incoming afferent stimuli. Estrogen is known to increase
the gene expression of tyrosine hydroxylase, the rate-lim-
iting enzyme in noradrenaline biosynthesis.” In animal
studies, estrogen infusion elevated noradrenaline secretion
in the mediobasal hypothalamus and enhanced the gene
expression of tyrosine hydroxylase in the locus coeruleus.”
Glutamic acid, an excitatory neurotransmitter linked to
pain transmission, is also influenced by estrogen. Acute
exposure to estrogen increases the glutaminergic neuronal
firing of hippocampal Purkinje cells, while chronic expo-
sure enhances dendritic spine density and excitatory syn-
apses of hippocampal glutaminergic neurons."’

Glutamic acid decarboxylase is responsible for convert-
ing glutamate to GABA, an inhibitory neurotransmitter,
and shows increased activity with estrogen. This results in
heightened GABA release and up-regulation of GABA re-
ceptors.” Estrogen injections can also increase enkephalin
mRNA activity in the spinal cords of female rats. Both es-
trogen and progesterone contribute to an increased bind-
ing affinity of kappa-opioid receptors in oophorectomized

25-27

rats.” These findings emphasize the intricate influence
of sexual steroid hormones on various neurotransmitter
systems and their potential role in modulating neuronal

responses and pain pathways.

2. Calcitonin gene-related peptide and sex differenc-
es in migraines

Calcitonin gene-related peptide (CGRP) is a key patho-

physiological factor in migraines. It is released in the brain
and influences pain transmission within the trigeminal

www.e-hpr.org 5
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nervous system. During a migraine attack, CGRP levels
increase jugular blood flow, which subsequently decrease
after migraine symptoms improve in response to adminis-

tration of sumatriptan.””

An intravenous CGRP injection
can trigger migraine attacks in 65% of migraine patients
but not in control groups, implying that the former may
possess a lower threshold to CGRP.”"** Clinically, CGRP
receptor antagonist and monoclonal antibodies against
CGRP are employed in migraine treatment.

Several studies suggest a potential association between
CGRP and sex differences in migraines. The administra-
tion of dural CGRP induces a decrease in the facial with-
drawal threshold to mechanical stimuli in female rats but
not in male rats. Intracisternal injections of brain-derived
neurotrophic factor, and interleukin-6 decrease the fa-
cial withdrawal threshold in rats, which recover after 72
hours, and subsequent dural CGRP administration delays
the recovery response only in female rats.”’ In both sexes,
administration of CGRP to the trigeminal ganglion results
in a decrease in the threshold of mechanical stimuli, but
recovery of mechanical allodynia with minocycline and
propentofylline was observed only in male rats.”* CGRP in-
duces vasodilation of meningeal vessels, a process linked
to migraine pathophysiology.” A study investigating vaso-
dilation responses in ovariectomized rats found that estra-
diol premedication increased vasodilation in responses to
electrical stimulation. In meningeal arterial system, estra-
diol increases the CGRP-immunoreactive sensory inner-
vation and promotes release of CGRP from nerve endings
innervating the meningeal artery.”

Transient receptor potential ankyrin 1 (TRPA1), and
transient receptor potential melastatin 8 (TRPM8), both
of which are transient receptor potential channels of tri-
geminal neurons, are closely related to migraine patho-
physiology. TRPA1, found on the primary afferent neurons
innervating the meninges, releases CGRP when activated.
Nitroglycerin increases TRPA1-mediated neuronal activity,
promoting nociceptive hypersensitivity. TRPM8 attenuates
migraine symptom and TRPA1-related pain. The antino-
ciceptive action of TRPMS8 is more pronounced in male
rats and necessitates testosterone. Exogenous testosterone
induces the recovery of mechanical hypersensitivity in
female and orchiectomized male rats, implying potential
sex-dependent effects of TRPM8 on migraines.”’

Interplay between prolactin and CGRP may contribute

6 www.e-hpr.org

to sex differences in migraines. Although serum prolactin
levels do not differ between migraineurs and controls,
prolactin increases during a migraine attack but not in ten-

sion-type headaches.””

Dural prolactin administration
decreases the withdrawal threshold for mechanical stim-
uli in female rats but not in male rats. An immunohisto-
chemical analysis reveals a prolactin receptor in the dural
afferent nerve of female rats but not in male rats. Prolactin
stimulates the release of CGRP and activates the dural tri-

geminal ganglion neurons only in female rats."’

MENSTRUATION AND MIGRAINES
1. Menarche, menstruation, and hormonal dynamics

Menarche marks the onset of the first menstrual period
in women, and in Korea, the mean age of menarche is
reportedly 12.9+1.18 years."' Following menarche, approx-
imately 10 anovulatory menstrual cycles occur per year,
with a serum estrogen level ranging from 10 to 156 pg/mL.
Over subsequent years, the serum estrogen level gradually
aligns with that of an adult.” This transition period signi-
fies the maturation of the reproductive system and involve
adjustments in hormonal levels and menstrual cycle char-
acteristics.

The menstrual cycle can be divided into two main phases:
the follicular phase and the luteal phase, as determined by
the occurrence of ovulation. The follicular phase spans from
the onset of menstrual bleeding to just before ovulation,
while the luteal phase extends from ovulation to the com-
mencement of the next menstrual cycle. With an average
duration of 28 days, a menstrual cycle is characterized by
a constant luteal period of 14 days, and the entire cycle is
predominantly influenced by the follicular phase. In the fol-
licular phase, FSH and LH stimulate follicle maturation and
estrogen secretion, respectively, in the ovary. The early fol-
licular period sees low serum estrogen levels ranging from
25 to 50 pg/mL, with progesterone levels remaining below
1 ng/mL. As the follicular phase progresses, estrogen levels
rise steadily, reaching a peak of 100 to 400 pg/mL during
the late follicular to early luteal periods. This estrogen surge
triggers the abrupt secretion of LH, leading to ovulation.

In the subsequent luteal phase, the corpus luteum,
a temporary endocrine structure formed after ovula-
tion, produces both estrogen and progesterone. During
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this phase, estrogen inhibits GnRH, FSH, and LH, while
progesterone plays a crucial role in maintaining the en-
dometrium of the uterus. In the absence of fertilization,
serum estrogen levels remain between 200 and 300 pg/mL
throughout the luteal period, decreasing to 25-50 pg/mL
before the onset of the next menstrual cycle. Concurrently,
serum progesterone levels increase to 6-10 ng/mL during
the mid-luteal period and decrease to 2 ng/mL in the late
luteal period. These intricate hormonal dynamics orches-
trate the menstrual cycle, regulating the physiological pro-
cesses essential for reproductive health (Figure 2).

2. Menstrual migraine and estrogen withdrawal the-
ory

A menstrual migraine is defined as a migraine that occurs
from two days before to three days after the onset of men-
struation. Previous studies have reported that menstrual
migraines often peak 2 days before menstruation and are
not associated with ovulation.””"' Additionally, there is a
reported connection between serum estrogen levels and
menstrual migraines. These migraines frequently occur
during the late luteal and early follicular periods when se-
rum estrogen levels decrease rapidly. In contrast, migraine
attacks are less frequent when serum estrogen levels are
stable.” For individuals with migraines, attacks during the
perimenstrual period tend to be more severe and last lon-

Follicular phase

Hormone level

ger compared with other phases of the menstrual cycle."”"

Although the mean serum estrogen level does not differ
significantly between migraineurs and those without mi-
graines, migraineurs exhibit a more rapid decline in estro-
gen during the luteal period compared with controls."
These findings support a close relationship between
estrogen decline and migraines, which underlies the estro-
gen withdrawal theory. In the late luteal period, estrogen
supplementation has been shown to delay migraine at-
tacks, while progesterone does not exert the same effect.”””’
However, during the mid-follicular phase, migraines re-
portedly did not occur when short-acting estrogen was ad-
ministered to induce a change in estrogen concentration.
This suggests that priming of estrogen may be necessary
before actual estrogen withdrawal triggers migraines.”’

3. Difference in menstrual migraine between mi-
graines with and without aura

An interesting distinction in menstrual migraine has been
observed between individuals with migraine without aura
(MO) and those with migraine with aura (MA). In a study
examining headache patterns during the menstrual cy-
cle in 81 women with migraines, menstrual cycles were
divided into five study periods (3-7 days before menses,
1-2 days before menses, 0-1 days after menses, 3-5 days
after menses, and 14-15 days before menses) and a control

Luteal phase

Estrogen

------- Progesterone
----- Luteinizing hormone
Migraine incidence

14 days

Ovulation

28 days

Menstruation

Figure 2. Hormonal changes and menstrual migraine during the menstrual cycle: The menstrual cycle can be divided into follicular and
luteal phases according to ovulation. Following ovulation, the corpus luteum produces estrogen and progesterone. In the absence of
fertilization, estrogen secretion decreases, leading to the initiation of menstruation. Menstrual migraines occur during the period from

2 days before to 3 days after menstruation.
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period. The study found that the risk of MO increased in
the period 1-2 days before menses (odds ratio [OR], 2.04;
95% confidence interval [CI], 1.49-2.81), and the period
0-1 day after menses (OR, 1.80; 95% CI, 1.40-2.30). Howev-
er, the risk of MA did not differ significantly among study
periods.” Another study investigated the differences in
migraine symptoms between perimenstrual and non-per-
imenstrual migraines in women with migraines. Perimen-
strual migraine headaches were found to have a longer
duration, higher recurrence risk, increased triptan intake,
higher headache intensity, and more pronounced photo-
phobia and phonophobia compared with non-perimen-
strual headaches. However, the prevalence of aura was
lower in perimenstrual headaches (OR, 0.8; 95% CI, 0.6-
1.0).” A further investigation into perimenstrual migraine
differences between women diagnosed with MO and MA
revealed that, while the prevalence of migraine attacks did
not differ between the two groups (59% for MO versus 53%
for MA, p=0.176). The risk of migraine attack without aura
was significantly higher during the perimenstrual period in
both MO (OR, 1.53; 95% CI, 1.44-1.62) and MA groups (OR,
1.53; 95% CI, 1.44-1.62). However, the risk of MA attacks
did not show a significant change within the perimenstru-
al period (OR, 1.08; 95% CI, 0.93-1.26). This implies that
the most common form of perimenstrual migraine is MO,
even in individuals diagnosed with MA (Figure 3).” The
cause of these differences is unclear but may be related to

e 1007 —— Women with MO diagnosis
1 ----- Women with MA diagnosis

25

207

157

% women with a migraine attack

-10 -5 1 5 10 14
Days of the menstrual cycle

B/

variations in the effects of estrogen on the trigeminal-vas-
cular system and cortical spreading depression (CSD).
In migraine patients, headache occurrence is related to
the trigemino-vascular system and is caused by the short-
term effects of estrogen. In CSD, the occurrence of aura is
thought to be related to the long-term effects of estrogen.”
An animal study investigating the association between
estrogen and CSD found that CSD was more frequently
observed in female rats than in male and ovariectomized
female rats. In female rats, the risk of CSD remained un-
changed during normal menstrual cycles and with long-
term (3-week) estrogen supplementation. However, when
the rats underwent 2 weeks of estrogen treatment followed
by 1 week of withdrawal, the incidence of CSD increased.”
This study suggests that the development of CSD is not
directly linked to estrogen withdrawal during the natural
menstrual cycle. Instead, it appears to be associated with
withdrawal after a prolonged period of estrogen exposure.

PREGNANCY, LACTATION, AND MIGRAINES

During pregnancy, the consistent production of estrogen
and progesterone by the placenta results in a stable hor-
monal environment free from the fluctuations of the men-
strual cycle. In the third trimester, levels of serum estrogen
(30-40 times) and progesterone (20 times) are significantly
elevated compared with the peak levels in the menstru-

100 7 — Migraine attacks without aura
1 ----- Migraine attacks with aura

25

207

157

% women with a migraine attack

,,,,,

-10 -5 1 5 10 14
Days of the menstrual cycle

Figure 3. Differences in perimenstrual migraines between women diagnosed with migraines without aura (MO) and migraines with
aura (MA): (A) The prevalence of migraine attacks did not differ between women with MO and MA. (B) The risk of MO was signifi-
cantly higher during the perimenstrual period in all groups of women with migraines. Modified from Verhagen et al. (Cephalalgia

2023:43:3331024231164322).%°
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al cycle.” Following childbirth, the hormonal status and
menstrual cycles vary depending on whether lactation
occurs. Prolactin, a pituitary hormone associated with
lactation, maintains a serum level of 10-25 ng/mL before
pregnancy. During pregnancy, estrogen and progesterone
promote mammary gland maturation while inhibiting pro-
lactin secretion and lactation. Within 24 hours postpartum,
serum estrogen and progesterone decrease, and prolactin
increases, initiating lactation (Figure 4).”

Pregnant women with a history of migraines reportedly
show significant improvement in the second and third
trimesters, with improvement rates of 46.8% in the first tri-
mester, 83% in the second trimester, and 87% in the third
trimester. Some women even experience complete remis-
sion of migraines during pregnancy, with remission rates
of 11% in the first trimester, 53% in the second trimester,
and 73% in the third trimester. Notably, many of these
changes in migraine patterns during pregnancy revert to
their previous state after childbirth.”

These changes in migraines during pregnancy are likely
associated with hormonal influences. The continuous high
and steady serum estrogen levels during pregnancy align
with the estrogen withdrawal theory, which posits that
stable estrogen levels lead to migraine improvement. The
reversion of migraine patterns after childbirth supports
this hypothesis. Another potential mechanism involves the
influence of pregnancy on pain transmission. Animal stud-

ies have shown™ that both the nociceptive threshold and

T>: Pregnancy
o

[0}

c

o

£ Estrogen

21 e Progesterone

----- Prolactin

e

dynorphin increase in the lumbar spinal cords of pregnant
rats. Simulated pregnancy in animal models using estro-
gen and progesterone demonstrated similar opioid anal-
gesia in the spinal cord.”

However, some women without a previous history of
migraines experience new-onset migraines during preg-
nancy, with occurrence rates of 1.3% to 18%. This phe-
nomenon is predominantly associated with MA. It is more
prevalent during the first trimester and is believed to be
related to a rapid increase in estrogen levels rather than
estrogen withdrawal.’”"’

During lactation, mechanical breast stimulation en-
hances prolactin production. Prolactin inhibits the release
of GnRH, suppressing estrogen and progesterone release
and preventing ovulation.” Subsequently, serum estrogen
levels remain consistently low without fluctuations in lac-
tating women (Figure 4). Clinical studies have found that
most women who bottle-feed their children experience
migraine recurrence within 1 month after delivery com-

** In wom-

pared with only 43.2% of breastfeeding women.
en who bottle-feed, the decrease in prolactin restarts the
menstrual cycle, leading to hormonal fluctuations that can

increase the frequency of migraines.”

MENOPAUSE AND MIGRAINES

Menopause is the cessation of menstruation for more than
1 year without other identifiable causes. The mean age

Lactation

20 wk

30 wk

40 wk
Birth

Figure 4. Sex hormones during pregnancy and lactation: During pregnancy, estrogen and progesterone remain at high levels without
fluctuating. Immediately after childbirth, estrogen and progesterone decrease and prolactin increases. During lactation, prolactin is
maintained at a high concentration and inhibits the secretion of estrogen and progesterone. Their concentrations remain low without

fluctuations.
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of menopause is approximately 50 years, with a reported
mean menopausal age in Korea of 49.3+3.5 years.” Distinct
effects on migraines have been observed between meno-
pause and the perimenopausal period.

A woman’s ovarian follicles are limited in number, with
most producing approximately 400-500 ova over 40 years,
after which ovarian function diminishes. Women typical-
ly experience an irregular menstrual cycle for 2-8 years
before entering menopause, a stage known as perimeno-
pause and characterized by a decline in ovarian function.
During this phase, women experience hypergonadotro-
pism, hypoestrogenism, hypoprogesteronism, and great-
er estrogen fluctuations.” The excessive stimulation of
remaining follicles results in severe estrogen fluctuations.
After menopause, serum estrogen and progesterone levels

remain consistently low without fluctuation.”

According
to the estrogen withdrawal hypothesis, estrogen fluctua-
tions during perimenopause can contribute to frequent
migraine attacks, with an anticipated improvement in mi-
graines after menopause.

A cross-sectional study reported an increase in migraine
prevalence during perimenopause, followed by a decrease
after spontaneous menopause. However, this study fo-
cused on women aged 40 to 54 years and did not com-
* Another
study indicated an increased risk of migraines in peri-
menopausal woman (OR, 1.42; 95% CI, 1.03-1.94) but not
significantly in postmenopausal women (OR, 1.27; 95% CI,

prehensively analyze postmenopausal women.

0.83-1.92) compared with premenopausal women.” These
findings support the exacerbation of migraines during the
perimenopausal period, although the effect of menopause
on migraines remains inconclusive.

While some studies have reported a decrease in migraine
prevalence after menopause, others found no significant
differences among premenopausal, perimenopausal, and

postmenopausal periods.” "

In women with migraines,
improvement after menopause ranges from 8%-36%,
worsening from 9%-42%, and remaining unchanged from
27%-64%. Additionally, 8%-13% of women may experi-
ence their first migraine after menopause.'” Other clinical
factors may affect postmenopausal migraines. The risk of
migraines risk in cases of early artificial menopause, such
as those associated with a hysterectomy or oophorectomy,
with a higher risk has been reported in surgical menopause

compared with spontaneous menopause. Previous studies

10 www.e-hpr.org

reported a migraine risk of 27% in surgical menopause but

45570 Previous-

7% in spontaneous menopausal women.
ly, we reported that a shorter lifetime number of year of
menstruation (LNYM) and hormone replacement therapy
(HRT) may contribute to an increased risk of migraines in
postmenopausal women.”' The LNYM represents the cu-
mulative duration of menstruation cycles and cumulative
exposure to endogenous hormones over a women’s life.”””
Our study suggests an elevated risk of postmenopausal
migraine in women with either exogenous hormone expo-
sure or insufficient endogenous hormone exposure.

The long-term incidence of migraines after menopause
has not been fully elucidated. In a previous study utilizing
the Korean National Health Insurance Service database,
we reported that the risk of migraines was higher in wom-
en in longer postmenopausal groups, including those
postmenopausal for >15 years (HR, 1.196; 95% CI, 1.169-
1.224), <15 years (HR, 1.09; 95% CI, 1.069-1.111), and <10
years (HR, 1.042; 95% CI, 1.027-1.058) compared with the
<5 years group. Our results suggest that an extended pe-
riod after menopause may increase the risk of migraines
again.”' The mechanism is unclear, but it is possible that
prolonged low estrogen levels may lower pain thresholds
due to decreased GABAergic and opioidergic effects of es-
trogen.

EXOGENOUS HORMONAL FACTOR
(CONTRACEPTION AND HORMONE
REPLACEMENT THERAPY) AND MIGRAINES

In women, physiological processes such as menstruation,
pregnancy, and lactation represent endogenous hormonal
changes, while contraception and HRT introduce exoge-
nous hormonal alterations. Male-to-female transsexuals
taking estrogen often experience heightened and exacer-
bated headaches.”” Conversely, some prior studies have
indicated that continuous estrogen or HRT may alleviate
headache symptoms, suggesting a potential influence of

exogenous estrogen on migraine.””"”

The impact of exog-
enous hormones on migraines can vary based on type,
composition, timing, and route of administration.
Contraception is commonly utilized to manage men-
strual cycles and prevent pregnancy, with various admin-
istration methods available. This discussion focuses on

combined oral contraceptives (COCs), the most frequently
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used form. The notion that COCs increase the prevalence
of migraines and worsen migraine symptoms is generally
accepted.”’ Approximately 70% of women who experience
migraines report exacerbation of symptoms with COCs."
This exacerbation tends to be more pronounced in women
with MA compared with those with MO, and the frequency
of auras often increases.” These exacerbations are fre-
quently observed during pill-free periods, with a four-fold
increase in the prevalence of migraine attacks on pill-free
days 3-6.”

Among women without a history of migraine, COC use
has been associated with a significant increase in migraine
prevalence (OR, 1.4; 95% CI, 1.2-1.7) compared with those
who have never used COCs.” However, conflicting findings
exist, with other studies reporting that migraine headache
patterns remained unchanged in 44%-67%, worsened in
24%-36%, and improved in 5%-8% with the use of COCs.”"
Another study suggested that continuous estrogen admin-
istration could decrease the symptoms and frequency of
migraines.” These discrepancies in the effects of COCs on
migraines can be attributed to differences in the composi-
tion and dosage of COCs, with recent research suggesting
that low-dose estrogen pills have a reduced impact on mi-
graines."”

After menopause, women experience various postmeno-
pausal symptoms, such as hot flushes, irritability, insom-
nia, mood changes, and osteoporosis. HRT is commonly
used to alleviate menopausal symptoms and may involve
estrogen alone or in combination with progesterone.”’ The
effects of HRT on migraines remain inconsistent across
studies. In one study investigating changes in migraine
symptoms during HRT, migraine symptoms worsened in
21%, improved in 22%-23%, and remained unchanged
in 57% of migraineurs.” Another study reported that mi-
graine symptoms did not change in 77% of migraineurs
with HRT.” In a population-based study, headache prev-
alence increased in women who did not have a history of
headaches.” Another population-based study of 17,107
postmenopausal women reported that current HRTs sig-
nificantly increase the risk of migraine (OR, 1.42; 95% CI,
1.24-1.62) compared with a non-HRT population.”

Differences in HRT composition and administration
methods can influence its effects on migraines. Continu-
ous estrogen administration is associated with a decrease

60

in migraine severity and attack frequency.” Non-oral es-

trogen may have a more favorable impact on migraines
compared with oral administration.” For example, in one
study, users of transdermal estradiol patches did not expe-
rience changes in headache symptoms, while headaches
worsened in those receiving oral HRT.” However, a popu-
lation-based cross-sectional study reported that the routes
of HRT administration were not associated with migraine
risk, while an HRT group had a greater migraine risk com-
pared with the non-HRT group.”

In summary, COCs are generally associated with mi-
graine exacerbations, and low-estrogen pills may have a
reduced impact on migraines. HRT also tends to exacer-
bate migraines, but the effects are influenced by composi-
tion, dose, and route of administration.

CONCLUSION

Women’s migraines are profoundly influenced by hormon-
al changes, and the dynamic nature of hormonal fluctua-
tions throughout their lives contributes to the complexity
of this relationship. The same hormone can elicit opposite
effects on migraines depending on the timing, dose, and
other factors. It is therefore important to understand the
fluctuations in female hormones and how they affect mi-
graines at different times. In addition to exploring previ-
ous neurotransmitter systems, recent studies investigated
CGRP as a potential mechanism underlying hormonal
effects on migraines. These studies contribute valuable
insights into the intricate interplay between hormonal dy-
namics and the manifestation of migraines. Understanding
the effects of hormones on migraines is a crucial aspect of
research into the mechanisms of migraines and their treat-

ment.
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Menstrual Migraine: A Review of Current Research and
Clinical Challenges

Jong-Geun Seo

Department of Neurology, Kyungpook National University School of Medicine, Daegu, Republic of Korea

Abstract

The term “menstrual migraine” is commonly used to describe migraines that occur in association with menstruation, as dis-
tinct from other migraine types. A significant proportion of women of reproductive age experience migraine attacks related to
their menstrual cycle. Menstrual migraine is characterized by migraine attacks occurring on day 12 (i.e., days —2 to +3) of
menstruation in at least two out of three menstrual cycles. Although the reported prevalence of menstrual migraine varies con-
siderably, population-based studies have found that menstrual migraine affects up to 60% of women with migraines. Several
hypotheses have been proposed to explain the etiology of menstrual migraine, among which the estrogen withdrawal hypothe-
sis is the most widely accepted. Women who experience menstrual migraines often face considerable disability due to peri-
menstrual attacks. Studies have reported that perimenstrual attacks are more severe and more difficult to manage than non-
menstrual attacks. The principles of acute managing perimenstrual attacks are the same as those for managing nonmenstrual
attacks. Short-term preventive therapy is needed to prevent menstrual migraines before they occur during the perimenstrual
period. This review summarizes the prevalence, distinct clinical features, pathophysiological mechanisms, and management of
menstrual migraine.

Keywords: Female, Menstrual cycle, Migraine disorders

INTRODUCTION

Migraine is a disabling neurological disease that affects
14% of the world’s population at all ages.' Characteristic
features include recurrent attacks of severe headache and
accompanying symptoms such as nausea or vomiting,
photophobia, and phonophobia.” Prevalence substantial-
ly varies with age and sex, and it affects 2-3 times more

women than men. A significant number of women of
reproductive age report migraine attacks related to the

*®Several mechanisms includ-

menstrual cycle (Figure 1).
ing hormonal effects have been proposed to explain men-
struation-related migraine in women,’ however, the exact
underlying pathophysiological mechanisms remain poorly
understood.

Many women with migraine meet the criteria for men-
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Figure 1. Relationship between menstrual cycle days and menstrual migraine.

FSH, follicle-stimulating hormone; LH, luteinizing hormone.

Modified with permission of copyright holder from the Korean Headache Society and the author, SK Kim.°

strually related migraine or pure menstrual migraine.
Menstrual migraine can be used to describe a condition in
which migraine attacks occur on day 1+2 (i.e., days -2 to
+3) of menstruation in at least two out of three menstrual
cycles.’

In women who have menstrual migraine, perimenstrual
attacks are associated with considerable disability. Howev-
er, in clinical practice, menstrual migraine is less well-rec-
ognized and managed. This review elucidates the preva-
lence, clinical features, pathophysiological mechanisms,
and management of menstrual migraine.

PREVALENCE

Due to the paucity of data, and differences in the study
design, population, and case definitions, there are large
variations in the prevalence of menstrual migraine. Pop-
ulation-based studies have reported menstrual migraine
affecting up to 60% of females with migraine, however, the
definition of the perimenstrual period was broader than 5
days.”’ Another population-based studies with stricter cri-
teria reported that 4% to 8% of all women and 18% to 25%
of females with migraine have menstrual migraine without

10-12

aura.  Inthe general population, the prevalence of men-

strual migraine with aura has been estimated to be 1.7% to

10,11,13

8.1% of females with migraine. In patients from head-

ache clinics, the prevalence of menstrual migraine without

14-16

aura is higher, varying from 22% to 70%. "~ The discrep-
ancy between clinic-based and population-based studies
might be a diagnostic criterion because women visiting
headache clinics have a higher frequency of migraine.

A recent clinic-based study found that the accuracy
of self-reported menstrual migraine is poor, compared
with a diary-based diagnosis.” Furthermore, most clinical
studies on menstrual migraine use different definitions
of menstrual migraine. For example, in some studies, the
perimenstrual period is extended by several days, whereas
the definition of the perimenstrual period is nonexistent

in others.”"

Clinical studies with the highest prevalence
have looser definitions of menstrual migraine and extend-
ed perimenstrual windows, increasing the likelihood that
a migraine will be classified as menstrual by chance. In ad-
dition, the current diagnostic criteria in the International
Classification of Headache Disorders, third edition (ICHD-
3) for menstrual migraine have several issues that need to
be informed (Table 1)." First, the diagnostic criteria does
not consider migraine frequency. Diagnostic misclassifica-
tion of menstrually related migraine may occur in women
with high frequency episodic migraine or chronic mi-
graine, because women with 8 or more migraine days per
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Table 1. Diagnostic criteria for menstrual migraine according to
the International Classification of Headache Disorders 3 (ICHD-
3)26

Pure menstrual migraine

A. Attacks, in a menstruating woman’, fulfilling criteria for mi-
graine without/with aura and criterion B below.

B. Occurring exclusively on day 1+2 (i.e., days —2 to +3)" of men-
struation in at least two out of three menstrual cycles and at
no other times of the cycle.

Menstrually-related migraine

A. Attacks, in a menstruating woman”, fulfilling criteria for mi-
graine without/with aura and criterion B below.

B. Occurring on day 1+2 (i.e., days —2 to +3)" of menstruation in
at least two out of three menstrual cycles, and additionally at
other times of the cycle.

“For the purposes of ICHD-3, menstruation is considered to be endome-
trial bleeding resulting either from the normal menstrual cycle or from the
withdrawal of exogenous progestogens, as in the use of combined oral
contraceptives or cyclical hormone replacement therapy. "The first day of
menstruation is day 1 and the preceding day is day —1; there is no day O.

month may have high probability of migraine attacks with-
in 5-day perimenstrual window. Second, women with rare
migraine attacks occurring exclusively at menstruation do
not fulfill the diagnostic criteria because the rare migraine
attack frequency does not reach 2 of 3 consecutive men-
strual cycle. Third, timing of migraine attacks is currently
unclear what is meant by ‘occur’ in the diagnostic criteria.
Meaning of ‘occur’ is not clear whether it means migraine
attacks begin and/or end on day 1+2 of menstruation.
There issues have been discussed in other study.'’

CLINICAL FEATURES

Menstrual migraine have similar clinical features com-
pared to migraine unrelated to the menstrual cycle, but
tend to be differ in the severity of symptoms or treatment
response. No differences in the characteristics of perimen-
strual attacks compared with attacks at other times of the
cycle were reported in some studies, whereas other stud-
ies report that perimenstrual attacks are more severe and
more difficult to manage than nonmenstrual attacks.”"'""
Studies using headache and menstruation diary report
that perimenstrual attacks are more disabling and can
persist for up to 35% longer than those unrelated to the

menstrual cycle.”””

Moreover, perimenstrual attacks are
associated with more severe pain and accentuated associ-

ated symptoms such as photophobia and phonophobia.”’

18 www.e-hpr.org

The drug response to triptans also seems to differ between
perimenstrual attacks and those unrelated to the men-
strual cycle, with the former having a higher recurrence
rate of attacks after acute medical treatment.”

DIAGNOSIS

For all types of migraine, menstrual migraine is a com-
monly used term occurring in association with menstru-
ation. The diagnostic criteria of menstrual migraine have
been included in the International Classification of Head-
ache Disorders since its 2nd edition,” in which appendix
criteria were outlined for two types of menstrual migraine
without aura: “pure menstrual migraine” and “menstru-
ally-related migraine” The ICHD-3 included the addition
of criteria for menstrual migraine with or without aura.”
Table 1 illustrates the appendix criteria for pure menstrual
migraine and menstrually-related migraine, as described
in the ICHD-3 from 2018.”° A potential overestimation of
perimenstrual attacks might occur by chance in all women
affected by migraines, and can be mistaken for menstrual
migraine. A headache and menstruation diary may help to
confirm the diagnosis because studies indicate that wom-
en tend to overreport an association between migraine

and menstruation.””**

PATHOPHYSIOLOGY

Several hypotheses have been proposed to explain the eti-
ology of menstrual migraine, with the estrogen withdrawal
hypothesis as the most widely accepted.” The premen-
strual phase of the menstrual cycle is characterized by de-
clining plasma estrogen levels.” The estrogen withdrawal
hypothesis was first introduced by Somerville” in 1972.
The study results demonstrated that the expected onset of
migraine had seemingly been delayed by a few days fol-
lowing the injection of estradiol. His studies suggest that a
precipitous drop in estrogen shortly before menstruation
increases the risk of developing a migraine attack.””' In
a series of small studies, a premenstrual drop in estrogen
was consistently associated with migraine.” This hypoth-
esis was supported by a larger study, which revealed that
the incidence of migraine without aura, but not migraine
with aura, was inversely associated with urinary estrogen
concentrations across the menstrual cycle.’ In general,
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female sex hormones can modulate the activity of several
neurotransmitter systems involved in the migraine patho-
physiology and pain transmission.” Estrogen modulates
the activity in the p-opioid system. Late luteal low estrogen
is associated with a reduced capacity to activate the p-opi-
oid system, resulting in a state of susceptibility to pain.”
Estrogen can also modulate the serotonergic system activ-
ity, and a change in the serotonergic tone accompanying
estrogen withdrawal has been proposed as a possible trig-
ger of attacks.”

In addition to its effects on neurotransmission, estrogen
can regulate the sensitization of trigeminal neurons by
modulating the release of neuropeptides such as calcitonin
gene-related peptide (CGRP).” In some in vitro animal
studies, estradiol was found to reduce CGRP expression in
the trigeminal ganglion.” The relationship between estro-
gen and CGRP levels in humans remains unclear, as stud-
ies have produced conflicting evidence. A study reported
higher interictal plasma CGRP concentrations in women
with menstrually related migraine during menstruation
than in healthy women, which could explain their height-
ened susceptibility to migraine during the perimenstrual
period.”

Some studies suggest that genetic factors may be in-
volved in menstrual migraine.” Genetics may indeed reg-
ulate individual-level sensitivity to estrogen fluctuations,
rendering some women more susceptible to menstrual
migraine.’’ The current evidence is conflicting. Limited
evidence exists for the role of genetics in menstrual mi-
graine. Candidate gene association studies evaluated the
role of estrogen receptor 1 gene (ESR-1),” which medi-
ates estradiol activity. The COMT, CYP1A1, and CYP19A1
genes, which are involved in estradiol synthesis and me-
tabolism, has been a further focus of research.” Although
a British and Italian study reported no significant differ-
ence in functional polymorphisms of estrogen synthesis

and metabolism genes,””"’

an American study identified
one COMT polymorphism and two tyrosine hydroxylase
gene polymorphisms linked to self-reported menstrual
migraine.” Furthermore, two ESR-1 polymorphisms were
associated with menstrual migraine in the Chinese and
Turkish cohorts."”"

ant is likely to account for modest effects in increasing the

Because each identified genetic vari-

risk of menstrual migraine, further research is warranted
to understand the role of genetics in menstrual migraine.

MANAGEMENT

Acute and preventive (short-term or standard) treatments
were summarized in Table 2.

1. Acute treatment

The principles of managing perimenstrual attacks are the
same as those for managing nonmenstrual attacks. Drugs
used for the acute treatment of nonmenstrual migraine
attacks are also effective for perimenstrual migraine.””""""'
Studies for the acute management of menstrual migraine
have shown that most triptans are effective in reducing
pain associated with menstrual migraine. Positive clinical
evidence exists for almotriptan," frovatriptan,” naratrip-
tan,” rizatriptan,” sumatriptan,” and zolmitriptan.” How-
ever, some clinical trials have shown that perimenstrual
attacks in women diagnosed with menstrual migraine do
not respond as well to acute treatment as do their attacks

24,28

outside of this period.” " Perimenstrual attacks last longer

than attacks at other times of the menstrual cycle,”*”
therefore, treatment is usually necessary for several days.
Some studies compared frovatriptan which has a long
elimination half-life of 26 hours with almotriptan, rizatrip-
tan, or zolmitriptan for the treatment of perimenstrual at-
tacks in women diagnosed with menstrual migraine.”*"**
The results demonstrated similar efficacy for a 2 hours
pain relief, pain-free response, and sustained pain absence
at 48 hours, however, the recurrence rate (pain free at 2
hours with headache of any severity returning within 24
hours) was significantly lower with frovatriptan than with

the comparators. This result suggests that frovatriptan may

Table 2. Pharmacological treatments for menstrual migraine

Acute treatment Short-term prevention

NSAIDs* NSAIDs®
Ergotamine derivatives™
Triptans Triptans

Frovatriptan®
Naratriptan™**
Sumatriptan®
Zolmitriptan®

Frovatriptan™
Naratriptan®®

Sumatriptan®®
Zolmitriptan™
Almotriptan™

Rizatriptan™

NSAIDs, nonsteroidal antiinflammatory drugs.
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more appropriate than other triptans for the acute treat-
ment of perimenstrual migraine attacks. Nonsteroidal an-
tiinflammatory drugs, alone or together with triptans, "
and combination analgesics have also been proven effec-
tive for the acute treatment of menstrual migraine.” Re-
cent study showed that lasmiditan was effective for treat-

ment of menstrual migraine.”

2. Prophylactic treatment

1) Standard prophylaxis

There are no strong evidence suggesting potential efficacy
in menstrual migraine. Randomized, prospective, pla-
cebo-controlled trials, assessing the efficacy of standard
long-term migraine preventive therapies for menstrual
migraine are clearly needed. However, in the absence of
these trials, it may be helpful to try medications already es-
tablished as effective for migraine prevention. Effective mi-
graine preventive therapies include topiramate, divalproex

58

sodium, propranolol, and timolol.” Hormonal preventive

therapy using contraceptive was effective to reducing mi-
graine frequency in women with menstrual migraine.*
Recent study revealed that prophylactic use of anti-CGRP
antibodies for women with menstrual migraine leads to

reductions in migraine days during menstrual cycle.”

2) Short-term prevention of menstrual migraine.

The goal of the short-term preventive therapy is to prevent
menstrual migraine headaches before they occur. Treat-
ment is usually initiated several days before the expected
onset of the perimenstrual attack to achieve a steady state
of medication, although this schedule relies on the woman
being able to predict the onset of menstruation, perimen-
strual attacks, or both.

Clinical trial data for perimenstrual prophylaxis with
nonsteroidal antiinflammatory drugs and triptans are
available. Several studies have shown short-term pre-
vention to be an effective treatment with naratriptan,”*’
frovatriptan,” and oral sumatriptan.” Frovatripan 2.5 mg
once daily and twice daily were effective in perimenstrual
prophylaxis.” In this study, patients were treated during
perimenstrual periods (start taking it 2 days before men-
struation is expected and continue for 6 days).” Treatment
began with a double-loading dose of study medication
on day 1.” A systematic review and meta-analysis of trip-

20 www.e-hpr.org

tans used for the prevention of perimenstrual attacks of
migraine concluded that frovatriptan 2.5 mg twice daily
and zolmitriptan 2.5 mg three times daily were the most
effective and best tolerated perimenstrual regimens.”
Naproxen sodium has been demonstrated to be effective
for short-term prevention of migraine” and a number of
other nonsteroidal antiinflammatory agents have been
suggested to be effective when studied in smaller clinical

trials.””*®

Dihydroergotamine mesylate administered as a
nasal spray for 6 days starting 2 days before the expected
onset of headache in 40 women with menstrual migraine

. . . 2
was demonstrated to reduce menstrual migraine severity.”'

CONCLUSIONS

In women diagnosed with migraine, menstrual migraine
is common and is associated with considerable disability.
Although pathophysiological mechanisms remain to be
explored, several mechanisms such as the estrogen with-
drawal hypothesis, CGRP release, and genetic factors have
been proposed to explain menstrual migraine. In women
diagnosed with menstrual migraine, perimenstrual attacks
differ in duration, severity, and response to treatment com-
pared with nonmenstrual migraine attacks. If menstrual
migraine persists despite standard prophylaxis, or if the
response to acute treatment is inadequate, short-term per-
imenstrual prophylaxis should be considered. Menstrual
migraine is overreported when the diagnoses are based on
self-reports. Therefore, further studies are warranted to use
a prospective headache and menstruation diary to confirm
the diagnosis in clinical trials.
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Abstract

Severe acute respiratory syndrome coronavirus 2 is the virus responsible for coronavirus disease 2019 (COVID-19), which
caused a global pandemic and then became an endemic condition. COVID-19 infection may be associated with clinical mani-
festations such as respiratory symptoms and systemic diseases, including neurological disorders, notably headaches. Head-
aches are a common neurological symptom in individuals infected with COVID-19. Furthermore, with the transition to endemic-
ity, COVID-19 infection-related headaches may reportedly persist in the acute phase of COVID-19 infection and in the long term
after COVID-19 infection resolves. Persistent headaches after COVID-19 infection can be a significant concern for patients, po-
tentially leading to disability. The present review discusses the clinical characteristics and potential underlying mechanisms of

COVID-19 infection-related headaches.

Keywords: COVID-19, Headache, Headache disorders, Migraine disorders, SARS-CoV-2

INTRODUCTION

In December 2019, an outbreak of a severe respiratory ill-
ness, later identified as severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2), was initially reported in Wu-
han, China. This outbreak rapidly escalated into a global
pandemic, garnering widespread international focus due
to its significant infectious potential. In February 2020, the
World Health Organization officially designated this illness
as coronavirus disease 2019, abbreviated as COVID-19.
In populations with comorbid conditions such as atrial
fibrillation, heart failure, liver disease, seizures, dementia,

and insulin resistance, the prognosis following COVID-19
infection tends to be poor." Even in the current era of
endemic COVID-19, COVID-19 infection remains a major
global health issue.””

In addition to the respiratory symptoms, the effects of
COVID-19 are more widespread, encompassing a spec-
trum of neurological issues.’ The complications associated
with COVID-19 vary from mild symptoms such as head-
aches and dizziness to more serious conditions including
strokes and seizures.’ Findings from a comprehensive sys-
tematic review and meta-analysis showed that headache
was a common symptom in COVID-19 cases, with a com-
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' Evidence

bined prevalence rate of approximately 25%.
indicates that headaches are the most frequently observed
neurological symptom of COVID-19 and they can some-
times appear as the initial indication of COVID-19 infec-
tion."" In addition to the direct association of headaches
with COVID-19, increased cases of headaches have oc-
curred among the general population and individuals with
a prior history of headaches, which may be attributed to
lifestyle changes during the COVID-19 period. "

Because headaches are the most frequent non-respi-
ratory symptom associated with COVID-19, recognizing
their various types and underlying causes could have im-
portant clinical consequences. To date, the characteristics
of COVID-19 infection-related headaches have been ex-
plored in only a few studies. Thus, in the present narrative
review, clinical characteristics of COVID-19 infection-re-
lated headaches are presented, and potential pathophysi-
ology and treatment options of COVID-19 infection-relat-
ed headaches explored.

CHARACTERISTICS OF AN ACUTE HEADACHE
DURING COVID-19 INFECTION

Headaches typically begin early in the course of COVID-19
symptoms and can start on the first day of the illness in
approximately 40%-55% of patients, and for approxi-
mately 25% of patients, it may be the first symptom of
COVID-19.""” In approximately 10% of cases, a headache
is the only symptom of COVID-19."*"** For 50%-80% of
patients who have a history of headaches, especially pri-
mary headaches, a COVID-19 infection-related headache
can show different characteristics than their usual head-
aches. The COVID-19 infection-related headaches typical-
ly develop gradually and are bilateral, ranging from mod-
erate to severe intensity, and are pressing or tightening
types.””* The COVID-19 infection-related headaches are
often accompanied by photophobia in 14%-49% of cases,
phonophobia in 5%-41%, and nausea and/or vomiting in
14%-43%.""'**"** Although in most studies, tension-type
headaches (TTHs) were reported the most common form,
in several studies, migraines were suggested to be more
frequent.'”'**"** Overall, the nature of post-COVID-19
headaches can be considered as somewhere between
TTHSs and migraines.

As the COVID-19 pandemic progressed, various strains

of the virus have been identified, each showing different
characteristics and prevalence of symptoms like headache.
Earlier research, which didn’t include data on the Omicron
variant, found a higher frequency of headache at the onset
of infection in patients with the Delta variant (33%-62%)
compared to the Wild-type (21%) and Alpha (12%-56%)

**** However, not all studies support this finding.”’

variants.
Currently, the Omicron variant is the most prevalent, and
there is conflicting information regarding its association
with headaches.” Reports indicate that headaches are a
common symptom of the Omicron variant, but recent find-
ings suggest a decline in headache cases following the rise
of Omicron.” Infections from the Omicron variant are re-
portedly associated with headaches more often than those
from the Wild-type and Alpha variants, though the inci-

dence is somewhat lower than with the Delta variant.””™'

SECONDARY HEADACHES DUE TO COVID-19
INFECTION BASED ON THE INTERNATIONAL
CLASSIFICATION OF HEADACHE DISORDERS
3RD EDITION CLASSIFICATION

The most frequently observed headache disorders asso-
ciated with the ongoing pandemic, classified according to
the International Classification of Headache Disorders 3rd
Edition (ICHD-3) codes, are discussed below.

1. Acute headache attributed to systemic viral infec-
tion

According to the ICHD-3, to diagnose an acute headache
caused by a systemic infection, individuals must experi-
ence headache episodes that are diffuse and/or moderate
to severe in intensity. These headaches should develop,
intensify, and subside in temporal correlation with a
confirmed systemic viral infection, without any signs of
meningitis or encephalitis.”” Headaches are a frequent
symptom among COVID-19 patients, and those associated
with the infection can exhibit characteristics of either mi-
graine, TTH, or a combination of both. The nature of these
headaches is not restricted to a single type.”* With the
Omicron variant of the virus, headaches are a very com-
mon symptom, ranking as the second most likely symptom
following upper respiratory issues.”
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2. Headache attributed to viral meningitis or enceph-
alitis

Headaches attributed to viral meningitis or encephalitis
typically present as either holocranial (affecting the entire
head) or nuchal (in the neck area) and often occur with
fever and neck stiffness. The presence and variety of neu-
rological symptoms are dependent on the severity of the
infection in individuals who have been diagnosed with
meningitis or encephalitis.” For headaches attributed to
viral encephalitis, diagnosis is established in cases where
there is either multifocal or widespread brain swelling or
the presence of at least one of the following symptoms: al-
tered mentality, seizure, or focal neurologic deficit.”

Acute brain inflammation and encephalitis are most
commonly caused by viruses such as herpes simplex vi-
rus, influenza virus, varicella-zoster virus, enterovirus,
and cytomegalovirus. However, other respiratory viruses,
including SARS-CoV and Middle East respiratory virus,
also lead to brain swelling and inflammation.”"" Typically,
headaches associated with these conditions are wide-
spread, intense, and can be either throbbing or pressing,
often concentrated in the frontal or retroorbital area.”
Viral encephalitis can also present with milder symptoms
such as fever and mild headache or may occur without any
symptoms.”

In cases where individuals experience either unilateral
or bilateral headaches accompanied by fever and neck
stiffness, which worsen with physical activity and the Val-
salva maneuver, and sometimes associated with nausea,
vomiting, photophobia, then, viral meningitis or enceph-
alitis can be suspected.” To confirm the diagnosis for viral
meningitis or encephalitis, neuroimaging assessments
may be helpful, specifically revealing the enhancement
of the leptomeninges.” As the COVID-19 pandemic ad-
vanced, the frequency of reported encephalitis cases re-
lated to COVID-19 increased.”’ In a systematic review in
which the neurological manifestations of COVID-19 were
investigated, acute viral meningitis or encephalitis was the
most common initial diagnosis in patients with confirmed
COVID-19 infection.”
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3. Headache attributed to other non-infectious in-
flammatory intracranial diseases

During a COVID-19 infection, the development of head-
aches is influenced by cytokine release, which also alters
the pain threshold. Headaches induced by a cytokine
storm, a significant immune response, typically arise
between the 7th and 10th day following the onset of the
disease. These headaches can be classified as headaches
attributed to other non-infectious inflammatory intracra-
nial disease according to ICHD-3 criteria.” In a previous
cross-sectional study in which the effects of systemic
inflammatory molecules in COVID-19 patients were in-
vestigated, serum levels of Nod-like receptor pyrin do-
main-containing 3 (NLRP3), high mobility group box-1
(HMGB1), angiotensin-converting enzyme 2 (ACE2), and
interleukin (IL)-6 were significantly elevated in COVID-19
patients experiencing headaches compared with subjects
without headaches.” In this previous study, the authors
concluded that increased levels of these mediators might
contribute to the sensitization of the trigeminal system,
leading to headache as a secondary symptom of SARS-
CoV-2 infection.” Furthermore, in a case-control study, cy-
tokine and IL profiles in COVID-19 patients were assessed
and compared between subjects with and without head-
aches. The authors found that IL-10 and IL-23 levels were
significantly higher in patients suffering from headaches
than in subjects without headaches among the COVID-19
cohort.”

4. Headache attributed to cranial or cervical vascular
disorder

Increasing evidence indicates that COVID-19 may lead to
an increased risk of a hypercoagulable state and throm-
boembolic events. The occurrence of acute stroke in
COVID-19 patients is estimated to be approximately 1.5%,
with a potentially higher rate in severe cases requiring
intensive care unit admission compared with patients
treated in general wards.” This increased thrombosis risk
is thought to be due to endothelial damage caused by cyto-
kine release syndrome. Rare complications of COVID-19,
such as cerebral venous sinus thrombosis (CVST), isch-
emic stroke, and hemorrhagic stroke, have been docu-
mented. Although focal neurological signs and reduced
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consciousness levels are more common than headaches in
many conditions, especially in ischemic and hemorrhagic
strokes, headaches often serve as a primary early warning
sign in CVST and subarachnoid hemorrhage. In addition,
recognizing the correlation between these cerebrovascular
disorders and COVID-19 infection-related headaches is
crucial.

5. Headache attributed to increased cerebrospinal
fluid pressure

Under the ICHD-3 diagnostic criteria, for a headache to
be classified as one attributed to increased cerebrospinal
fluid (CSF) pressure, the CSF pressure must be over 250
mm and the composition should be normal.” In addition,
at least two of the following criteria must be met: presence
of papilledema, the headache developing in temporal
relationship with intracranial hypertension, and the head-
ache improving in temporal relationship with reduced CSF
pressure. A possibility also exists that headaches might de-
velop due to increased CSF pressure following a COVID-19
infection. Therefore, if headaches persist after a COVID-19
infection, assessing whether they are related to increased
CSF pressure is necessary.

6. Headache attributed to hypoxia and/or hypercapnia

A particular type of headache syndrome emerges and in-
tensifies following exposure to low oxygen levels (hypoxia)
and/or high carbon dioxide levels (hypercapnia), and
shows significant improvement as the balance between
oxygen and carbon dioxide is restored.” In more severe
instances, SARS-CoV-2 infection can result in widespread
inflammation in the alveoli and throughout the body as
well as disruptions in gas exchange, leading to headaches
caused by hypoxia-induced neuroinflammation.” In a
study of hospitalized COVID-19 patients, subjects experi-
encing silent hypoxemia (low blood oxygen levels without
respiratory distress) were more likely to report new-onset
headaches."

PRIMARY HEADACHE DUE TO COVID-19
INFECTION BASED ON THE INTERNATIONAL
CLASSIFICATION OF HEADACHE DISORDERS
3RD EDITION CLASSIFICATION

1. Cough headache

Cough headache is an uncommon type of headache that
typically emerges following coughing or other straining
actions such as sneezing, bending over, or performing a
Valsalva maneuver, and occurs without any abnormalities
visible on imaging. A cough headache is generally bilat-
eral and posterior, short-lived, and resolves on its own.
A cough headache usually persists for a maximum of 30
minutes, although it can last up to 2 hours in some cases.
In approximately 40% of cases, cough headache syndrome
is symptomatic, arising as a secondary condition to other
disorders.” This type of headache, triggered by coughing,

15,48 In a

has also been observed in COVID-19 patients.
cross-sectional study of hospitalized COVID-19 patients,
26% of subjects with COVID-19-related headaches reported
experiencing cough headaches.” In addition, cough head-
ache occurrences have been reported with frequencies

ranging from 2-10%.**’ Some research indicates that cough
headaches associated with systemic infections may be due

to changes in vascular tone within the cranial vessels."”

POSSIBLE MECHANISM OF COVID-19
INFECTION-RELATED HEADACHES

There are several possible mechanisms of COVID-19 infec-
tion-related headaches (Figure 1).

1. Direct involvement of trigeminal nerve

ACE2, a metalloproteinase, serves as the specific entry
receptor for SARS-CoV-2 in cells. In numerous studies, re-
sults indicated that SARS-CoVs can lead to damage in mul-
tiple organs by reducing ACE2 expression on cells, a mech-
anism also supported by research on influenza.” Within
the central nervous system (CNS), ACE2 is primarily found
in neurons but is also present in glial cells. Notably, ACE2
islocated in areas, such as the brainstem and motor cortex,
thalamus, caudate nucleus, putamen, raphe nucleus, trac-
tus solitarius, rostral ventrolateral medulla, and nucleus
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Figure 1. Possible mechanisms of COVID-19 infection-related
headaches.

51,52

ambiguous.””” In previous research, the renin-angiotensin
system in the trigeminal ganglia was suggested to possibly
facilitate the direct invasion of the trigeminal nerve end-

%% 1n in vivo studies

ings through the nasal or oral cavities.
in which the molecular mechanisms of COVID-19 were
investigated, the virus was shown to enter the CNS via the
olfactory bulb and then spread to other regions retrograde-
ly through trans-synaptic routes. Pathways associated with
ACE and the olfactory system are also considered potential

routes for virus neuroinvasion.”

2. Circulating inflammatory biomarkers

An additional hypothesis for the cause of headaches
associated with COVID-19 is the effect of circulating in-
flammatory biomarkers including cytokines.” Cytokines
play a role in altering the pain threshold and in rendering

56,57

the trigeminal nerve fibers more sensitive.”””" Typically,
headaches in the context of COVID-19 are accompanied
by other systemic infection symptoms and thought to be
triggered by cytokine release syndrome. This syndrome
is a result of an intense immune reaction to the infection,
marked by a surge in various cytokines including tumor
necrosis factor-alpha (TNF-a), IL-2, IL-6, IL-7, IL-10, gran-
ulocyte colony-stimulating factor, monocyte chemoattrac-
tant protein 1, interferon-gamma inducible protein 10, and
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macrophage inflammatory protein 1-alpha.””

This cyto-
kine storm is a key feature of cytokine release syndrome.
The involvement of cytokines such as TNF-a in developing

% Evidence indicates

headaches was previously reported.
TNF-a contributes to headache formation, including
observations of elevated serum TNF-a levels during mi-
graine episodes and the onset of headaches following
TNF-a infusions.’' Increases in inflammatory cytokines,
including IL-1, which shares many functions with TNF-q,
have also been reported.””” In other research, patients
receiving granulocyte-macrophage colony-stimulating
factor treatment experienced headaches,”” and headaches
were identified as a primary side effect of IL-2 therapy.”
Experimental models have shown that coronaviruses can
infect macrophages and glial cells, leading to the release
of inflammatory mediators. However, attributing the early
and isolated occurrence of headaches solely to a cytokine
storm remains unconvincing and more data are required
to fully understand this phenomenon.

3. ACE2 receptor and capillary endothelial cells

Elevated ACE2 expression levels in the capillary endothe-
lium indicate potential vascular damage and activation
of the trigeminovascular system, which can lead to head-
aches.” The interaction of the SARS-CoV-2 spike protein
with ACE2 receptors on the capillary endothelium can
compromise the blood-brain barrier.” This activation of
the trigeminovascular system results in the release of neu-
rotransmitters known to induce pain, such as substance
P and calcitonin gene-related peptide (CGRP). The head-
aches that result from this process may resemble migraines
in their symptoms, including throbbing pain, nausea, pho-
tophobia, and phonophobia.”

TREATMENT FOR HEADACHES RELATED TO
COVID-19 INFECTION

To date, randomized clinical trials on treating headaches
related to COVID-19 infection have not been conducted.
Therefore, the results of recent observational studies or
expert opinions are described and summarized in this
section (Table 1). The effectiveness of corticosteroids in
treating headaches after COVID-19 infection has not been
proven. Based on observational data from institutions that
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Table 1. Summary of treatment for COVID-19-related headaches

Possible medication Study result Caution Reference
Corticosteroids There was no significant difference in the frequency or The effectiveness of corticosteroids in 20, 66
intensity of headaches that occurred after COVID-19 treating headaches after COVID-19
infection depending on whether corticosteroids were infection has not been proven.
administered.
In another study, patients receiving corticosteroids Corticosteroids can cause immune
were more likely to respond well to nonsteroidal an-  deficiency, which may be associated
ti-inflammatory drugs (NSAIDs) for headaches that with opportunistic infections.
occurred after COVID-19 infection.
Acetaminophen, NSAIDs, Several oral medications, including combination The effectiveness of oral medications 15

metamizole, triptans, or a
combination of these oral

therapy, may lead to complete or partial relief (about may be insufficient, and if accompa-
25% to 54%) for COVID-19-related headaches.

nied by nausea and vomiting, admin-

medications istration can be challenging.

Paracetamol About 60% of patients with headaches after COVID-19  Usually, paracetamol can be prescribed 67
infection showed improvement after an intravenous as parenteral formulations.
administration of 1 g of paracetamol.

Lidocaine Lidocaine can be used to block the greater occipital  Lidocaine can be applied for occipital 67
nerve, leading to relief in 85% of COVID-19-related nerve block.
headaches that do not respond to paracetamol.

NSAIDs (ibuprofen) Concerns were raised that NSAIDs, especially ibupro-  Care should be taken regarding renal 68

fen, might be associated with worse outcomes and

dysfunction caused by NSAIDs.

increased infectivity of SARS-CoV-2. However, this
hypothesis was not confirmed in subsequent studies.

Usually, NSAIDs can be prescribed as oral or paren-

teral formulations.

NSAID administration can mask
COVID-19-related symptoms.

COVID-19, coronavirus disease 2019; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.

administered corticosteroids to patients with moderate
to severe COVID-19, association was not found between
the administration of corticosteroids and occurrence, fre-

quency, or intensity of headaches.”

Conversely, in another
study in which a similar hospital protocol was followed,
patients with COVID-19 of moderate to severe intensity
who were administered corticosteroids, subjects who re-
sponded poorly to analgesics for headaches were more
often in the group that did not receive steroids.”

In a European study on the treatment of headaches fol-
lowing COVID-19 infection, the medications used were ac-
etaminophen (75%), nonsteroidal anti-inflammatory drugs
(NSAIDs), metamizole, triptans, or a combination of these
(25%)."” Complete relief of headaches was reported in
26% of all patients and 54% experienced partial improve-
ment.”” In another study, 59% of patients with headaches
post-COVID-19 infection showed improvement after an
intravenous administration of 1 g of paracetamol. For sub-
jects who did not respond to paracetamol, lidocaine was
used to block the greater occipital nerve, leading to relief
in 85% of these cases.’” Early in the COVID-19 pandemic,
concerns were raised that NSAIDs, especially ibuprofen,

might be associated with worse outcomes and increased
infectivity of SARS-CoV-2. However, this hypothesis was

not confirmed in subsequent studies.” However, monitor-
ing might be necessary when using NSAIDs because the

kidneys are a target organ affected by COVID-19.

PERSISTENT HEADACHE AFTER COVID-19
INFECTION

Reports vary, however, among individuals who experi-
ence headaches during the acute phase of COVID-19,
6%-45% continue to suffer from headaches beyond the
initial phase of the infection (typically 2-4 weeks).”" Fac-
tors associated with persistent headache include being
younger, female, having a history of primary headaches
(especially migraines), experiencing headache as the first

18,33
1

COVID-19 symptom, and having thyroid disorders. n
studies in which persistent headaches post-COVID-19
infection were monitored, 16.5% of patients continued to
experience headaches for 60 days, 10.6% for 90 days, and
8.4% for more than 180 days.” Therefore, the prevalence

of persistent headaches apparently decreases over time. In
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addition, these persistent headaches can exacerbate exist-
ing primary headaches.”

If serious secondary headache causes are excluded,
treatment similar to that for new daily persistent headache
(NDPH) can be considered. Although NDPH can be diag-
nosed as secondary to a systemic viral infection, the pos-
sibility of NDPH, especially following COVID-19 infection,
cannot be dismissed. Viral infections can trigger NDPH
and reportedly, NDPH after COVID-19 infection can oc-

cur. 70-72

Regarding treatment, because clinically proven
trials have not been conducted, empirical treatment may
be considered. In previous reports, treatments such as ste-
roids and venlafaxine, as well as anticonvulsants, onabot-
ulinum toxin, or CGRP antibody therapies were suggest-

ed.70»72
CONCLUSION

Headaches following COVID-19 infection are not un-
common and often improve within 3 months but can
sometimes persist for a longer period, necessitating dif-
ferentiation from secondary headaches. Typically, these
headaches resemble TTHs or migraine headaches and
can be managed with general analgesics and NSAIDs.
However, in cases where headaches do not improve over
a long period, various medications can be tried. The exact
mechanisms underlying these headaches are poorly un-
derstood, highlighting the need for further research into
their causes and the management of prolonged headaches
after COVID-19 infection.
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Abstract

Migraine is a representative type of primary headache and a common chronic neurological disease that accounts for a large
proportion of headaches in children, adolescents, and adults. Unlike migraine in adulthood, pediatric migraine occurs when
brain development is not yet complete. This characteristic may require a new perspective for the treatment and management
of pediatric migraine. Dietary therapies, mainly the ketogenic diet and its variants, can have positive effects on pediatric mi-
graine. Several recent studies have revealed that dietary therapies, such as the classic ketogenic diet, modified Atkins diet,
and low glycemic index diet, improve various neurological diseases by improving dysbiosis of microbiota, reducing proinflam-
matory cytokines, and increasing mitochondrial function. Nonetheless, the mechanism through which active dietary therapy af-
fects pediatric migraine requires further research. To achieve this, an important role is played by the neuro-nutritional team,
which can develop and manage tolerable diets for pediatric migraine patients through mutual collaboration among pediatric

neurologists, nurses, and nutritionists.

Keywords: Diet therapy, Headache, Ketogenic diet, Migraine disorders, Pediatrics

INTRODUCTION

Children and adolescents frequently complain of head-
aches. Migraine is a common primary headache and a
prevalent chronic neurological disease, accounting for
a large portion of headaches not only in adults but also
in children and adolescents.'” Migraine is commonly
perceived as something that occurs primarily in adults.
However, beginning with puberty, the prevalence of mi-
graine begins to increase rapidly, and this rapid change

is noticeable in female adolescents."” This rapid increase
in migraine prevalence in adolescent girls culminates in
a high prevalence of migraine among adult women. Pe-
diatric migraine not only affects daily academic activity,
relationships with friends, school, and family life but also
is associated with secondary psychological disorders.” If
pediatric migraine is not managed early, it can greatly hin-
der the normal neurological development of children and
adolescents, thus transforming it into a social problem.
Therefore, early detection and management of pediatric
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migraine can reduce the prevalence and disease burden
of pediatric migraine in adulthood. More attention is now
being paid to the diagnosis and treatment of pediatric mi-
graine than was done previously.”’

Pediatric migraine has a slightly higher prevalence in
males; however, its prevalence in females increases rapidly
after puberty, thus reversing the trend. This suggests that
hormonal changes may significantly affect the occurrence
of pediatric migraine. Pediatric migraine is thought to have
a variety of causes, with various molecular mechanisms,
brain networks, genetics, and other factors having complex
roles.”” However, the cause of migraine remains unknown.
Pediatric migraine differs from adult migraine in that it
occurs at a time when brain development is not yet com-
plete. These characteristics suggest that a new perspective
is required for the treatment and management of pediatric

migraine.””

TREATMENT OF PEDIATRIC MIGRAINE

Pediatric migraine treatments can be broadly divided into
three categories: acute treatment, preventive medication,
and non-pharmacological treatment including lifestyle
modification and neuromodulation.”” Acute treatment
includes drugs such as acetaminophen, ibuprofen, and
naproxen, as well as triptans to rapidly alleviate acute
headaches in patients. However, the frequent use of acute
treatment carries the risk of medication overuse head-
aches. Triptans are effective migraine-targeted analgesics
but may have the side effect of vasoconstriction. Therefore,
it is necessary to prevent migraine through appropriate
preventive medications and reduce the use of acute treat-
ment. In addition, the ditans, a group of selective 5-HT
receptor agonists, is an acute treatment that ameliorates
the side effects of triptan-induced vasoconstriction. Ditans
are currently undergoing a phase III clinical trial in pedi-
atric patients with episodic migraine aged 6-17 years, and
not yet widely used in the treatment of pediatric migraine.”

Preventive medications include antiseizure medications,
antidepressants, beta blockers, calcium channel blockers,
and calcitonin gene-related peptide (CGRP) monoclonal
antibodies, which have recently received great attention.
The CGRP monoclonal antibody is the first migraine-spe-
cific preventive medication.”” CGRP is a neuropeptide
secreted by the terminal of the trigeminal nerve during a

migraine attack. Anti-CGRP monoclonal antibodies are
a new medication that achieve migraine prevention by
blocking CGRP itself or the CGRP receptor, and its safety
has been confirmed. Fremanezumab, galcanezumab, and
eptinezumab directly target CGRP (fremanezumab and
galcanezumab are available in Republic of Korea), where-
as, erenumab is a CGRP receptor antibody. Phase III clini-
cal trials in pediatric patients are in progress.” Recently, the
American Headache Society’s Pediatric and Adolescent
Headache special interest group issued an expert opin-
ion suggesting that CGRP monoclonal antibodies could
be considered for post-pubertal adolescent patients with
chronic migraine who do not respond well to two or more
preventive medications.””’ Additionally, there are GGRP
receptor antagonists called gepants, but phase III studies
on these are not yet in progress.”

Before the emergence of anti-CGRP monoclonal anti-
bodies, migraine was prevented using various antiseizure
medications, antidepressants, beta-blockers, and calcium
channel blockers. However, these drugs are either have not
completed sufficient clinical trials, not approved for use,
or have side effects that make them unsuitable for use in
children and adolescents. These limitations in addressing
pediatric migraine render treatment more difficult and
require a different approach than that for adult migraine."’
In addition, the Childhood and Adolescent Migraine Pre-
vention (CHAMP) study, conducted in 2017 targeting pa-
tients aged 8 to 17 years, found no significant difference in
the headache prevention effect of amitriptyline or topira-
mate when compared to a placebo. Thus, the need for mi-
graine-targeted preventive medication and other modes of
treatment, such as lifestyle modification and cognitive be-
havior therapy was further requested through the CHAMP
study.”*"

Non-pharmacological treatment, especially lifestyle
modification, the third treatment for pediatric migraine, is
essential in patients with migraine of all ages. This includes
diet therapy, dietary habit correction, and regular, appro-
priate exercise and is necessary for effective long-term
management of pediatric migraine. Lifestyle modifications
such as establishing a healthy sleep pattern, sufficient wa-
ter intake, regular living, regular exercise, and reduction
of light stimulation in daily life are important parts in pre-
venting migraine. Among them, eating habits are known to
be a very powerful lifestyle modification. Recently, due to
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the research on the gut microbiota-brain axis, the relation-
ship between intestinal microorganisms and brain disease
has been highlighted. In this context, attempts have been
made to prevent and manage pediatric migraine through

11-13

diet therapy. ~~ The diet therapies typically implemented
in pediatric migraine include ketogenic diets (KDs), the
modified Atkins therapy (MAD), and the low glycemic
index diet therapy (LGIT), which are currently used in the
treatment of intractable epilepsy. This type of dietary ther-
apy is based on good quality, high lipid, and low carbohy-

drate foods.'* "

TYPES OF DIET THERAPY FOR PEDIATRIC
MIGRAINE MANAGEMENT

Representative diet therapies for managing pediatric mi-
graine can be considered broad variations of the KD.

1. Classic ketogenic diet (KD) (KD 4:1, KD 3:1)

The KD creates ketone bodies and is based on a weight
ratio of lipid and protein+carbohydrate of 4:1, commonly
expressed as KD 4:1. KD 4:1 was designed by Dr. Rus-
sell Wilder in 1923. KD 3:1, which has a lipid-to-protein
+carbohydrate ratio of 3:1, is also widely used, and KD 3:1
shows similar effects as KD 4:1. KD 4:1 and KD 3:1 are con-
sidered classic KD."""* Considering the composition of the
KD in terms of calories, in KD 4:1, the proportions of lipids
is approximately 90% of the calories in the entire diet, car-
bohydrates are 4%, and proteins are 6%. KD 3:1 indicates
that lipids accounted for 87% of total calories. The classic
KD stabilizes the brain and exerts antioxidant effects by
causing strong ketosis in the body. Additionally, because
classic KD restricts overall calories, it aids in weight loss.
However, due to considerably high lipid levels, there is
a risk of side effects including gastrointestinal problems
(nausea, vomiting, diarrhea, constipation, hyperlipidemia,
and hypoglycemia), and it is not nutritionally balanced as
well. Therefore, classic KD may be difficult to maintain for
the long-term management of pediatric migraine. To alle-
viate the side effects of classic KD, diet therapies such as
MAD and LGIT were developed (Figure 1)."*
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2. Modified Atkins therapy

Dr. Robert Atkins created the MAD in the 1970s as a diet to
treat obesity. Overall, although it inherits the nutrient ratio
of the classic KD, approximately 70% to 80% of the calo-
ries in the diet consist of lipids, the MAD may or may not

restrict caloric intake.'””

Although it is not a diet aimed
at ketosis, consistent ketosis can be achieved in some
patients. MAD has an anti-seizure effect similar to that of
classic KD. A recent study reported that the anti-seizure ef-
fect of the MAD was not inferior to that of the classic KD."
Nevertheless, MAD alleviates the side effects of classic KD
and is attracting attention as a treatment for various neuro-
logical diseases. MAD has been used not only for epilepsy

but also as a dietary therapy for migraine treatment."”

3. Low glycemic index diet therapy

LGIT also called as the liberalized KD, was first introduced
in 2005. This is also a high-lipid diet in terms of the overall
nutrient ratio, but the ratio of fat to total calories is set at
50% to 60%.” For reference, in a typical diet, fat accounts
for about 20% to 30% of the total calories. Therefore, LGIT
is still a high-lipid diet in comparison. Carbohydrates com-
prise approximately 10% to 15% of the total daily calories
and the diet focuses on carbohydrates that are considered
to have a low glycemic index (GI). Low GI ingredients raise
blood glucose levels slowly. The LGIT uses ingredients
with a GI of 50 or less, including most vegetables, garlic,
mushrooms, tomatoes, strawberries, oatmeal, apples, or-
anges, cherries, dark chocolate, milk, and yogurt.””* Foods
classified as high GI, such as rice, bread, bagels, potatoes,
and watermelons, are excluded or significantly restricted
from the LGIT diet. LGIT also has a significant anti-sei-
zure effect and contributes to brain stabilization. A recent
study reported that LGIT was not inferior to the classic KD
and MAD in reducing seizures by >50% in patients with
drug-resistant epilepsy."’ In addition, it is nutritionally bal-
anced and can be included in various diets, making it suit-
able for long-term maintenance. Due to LGIT’s tolerability,
it has recently replaced the classic KD and MAD in various

21-23
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Figure 1. Types of dietary therapies and ratio of calories by nutrient for pediatric migraine.
KD, ketogenic diet; MAD, modified Atkins diet; LGIT, low glycemic index diet; LCKD, low-calorie ketogenic diet.

4. Other diet therapies for pediatric migraine man-
agement

In addition to representative KDs such as the classic KD,
MAD, and LGIT and their variants, the KD 2:1, the low-cal-
orie ketogenic diet (LCKD), the very-low-calorie ketogenic
diet (VLCKD), the polyunsaturated fatty acid (PUFA)-en-
riched diet, and the gluten-free diet can be implemented
for the management of pediatric migraine.”** In KD 2:1,
lipids account for 82% of total calories, and it is a KD vari-
ant that falls between KD 3:1 and MAD.” The LCKD sets
total calories to 800-1,200 kcal/day and the proportion of
lipids to approximately 58% of total calories. The VLCKD
sets the total calories to 600-800 kcal/day and the lipid
ratio to approximately 43% of the total calories. Both the

LCKD and VLCKD are characterized by low calories, low
carbohydrates, and normal protein content, and are di-
ets that can be used for migraine patients with obesity or
obstructive sleep apnea. However, in LCKD and VLCKD,
electrolyte imbalance may arise from excessive calorie re-
striction, which may actually worsen headaches; therefore,
it is necessary to implement it according to individual cir-
cumstances. The introduction of the PUFA-enriched diet
was a response to the high levels of saturated or mono-un-
saturated fatty acids in the KD. PUFAs are classified as
omega-3 (alpha-linoleic acid and docosahexaenoic acid)
and omega-6 fatty acids (linoleic acid and gamma-linole-
nic acid). Diet therapy using PUFA is known to have posi-
tive effects on neuronal and cardiovascular functions, and
can improve the side effects associated with KD. For those
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with migraine and celiac disease, a gluten-free diet can re-

duce the frequency of migraine.”’

MECHANISM OF DIET THERAPY FOR
PEDIATRIC MIGRAINE

The term ‘gut-brain axis, frequently mentioned in recent
research papers, emphasizes the interaction between the
brain and gastrointestinal tract. Nutrients absorbed from
the gastrointestinal tract not only provide energy to oper-
ate the brain but also provide materials for organizing the
brain network, and may point to the possible mechanism
between migraine and diet therapy.” These mechanisms
involve inflammation and gut microbiota profiles. Dysbio-
sis of microbiota can increase gut permeability and proin-

flammatory cytokines.'**

Inflammatory mediators such
as interleukin (IL)-1 beta, IL-6, IL-8, tumor necrosis factor
alpha, and interferon-gamma are known to induce visceral
pain, and most are related to migraine attacks. CGRP may
increase due to dysbiosis of the microbiota, which may
disturb gastric acid secretion, causing migraine and ab-
dominal disturbances simultaneously. The gut microbiota
is involved in the production of tryptophan metabolites
via the tryptophan-kynurenine pathway in the intestine.
Tryptophan is the precursor of serotonin which plays a
significant role in the pathophysiology of migraine in the
brain."’ In addition, studies have reported on the relation-
ship between inflammatory cytokines and dysbiosis of
microbiota in diseases including irritable bowel syndrome,
celiac disease, and migraine.”

Several recent studies have revealed that diet therapies,
such as KD, MAD, and LGIT, improve neurological diseases
by alleviating the dysbiosis of microbiota, reducing proin-
flammatory cytokines, and increasing mitochondrial func-
tion.”**’ Additionally, there is evidence that mitochondrial
dysfunction plays a role in the pathophysiology of migraine,
and that the KD and its variants can improve mitochondrial
function by increasing adenosine triphosphate (ATP) pro-

duction.” ™

This increase in ATP production can ameliorate
secondary chronic fatigue caused by migraine. Anticipated
advancements in future research are expected to substan-
tiate and augment the diverse neuroprotective functions of
KD and its variants. These functions include the inhibition
of neuroinflammation, reduction of CGRP levels, and im-

provement of serotoninergic dysfunction.”
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CURRENT STUDIES ON DIET THERAPY FOR
PEDIATRIC MIGRAINE

Existing studies on diet therapy in pediatric migraine are
very rare and limited. Patients are highly resistant to strong
diet therapy in the pediatric age group, so consideration is
needed regarding the appropriate intensity of diet thera-
py.”' However, studies of diet therapy in adults are useful as
a reference for the application of diet therapy in pediatric
migraine. Research on KD and its variants as therapies for
neurological diseases has increased rapidly since 1995. A
randomized controlled study published by Di Lorenzo et
al.,” reported that VLCKD significantly reduced the mean
number of days with migraine in overweight patients. A
retrospective observational study by Valente et al.,”” re-
ported that monthly headache days, acute medication
intake, and body mass index were all significantly reduced
3 months after starting KD. In a retrospective single-center
pilot study by Tereshko et al.,”’ three diet therapies, KD 2:1,
LGIT, and VLCKD implemented in 76 migraine patients
significantly reduced migraine frequency and intensity. In
addition, the results on Migraine Disability Questionnaire,
Headache Impact Test, and fatigue severity scale were
significantly reduced.” In a systematic review recently re-
ported by Caminha et al.,”” KD and its variants were sum-
marized as migraine prevention therapy with fewer side
effects in both adolescents and adults. Lelleck et al.”* pre-
sented the possibility of individually managing LGIT using
digital methods. In addition, a recent study targeting pedi-
atric age is attracting attention. Pasca et al.”’ reported that
sleep stabilization was achieved in a patient with chronic
pediatric migraine through KD, and this result was con-
firmed by polysomnography (Table 1). Likewise, interest in
the effectiveness and safety of KD and its variants as a pre-
ventive treatment for migraine is increasing, and research
on their application to pediatric migraine increasing.

CONCLUSION

Although the treatment of pediatric migraine follows that
for adult migraine, the available acute and preventive
medications are limited when compared with those for
adults. Additionally, because brain and gastrointestinal
tract development is not yet complete in adolescents, ac-
tive nutritional interventions such as diet therapy may be
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Table 1. Current studies on dietary therapies for migraine
Target . Type of diet Duration of
Study patient (n) Age (yr) Study design therapy study Outcome
Di Lorenzo 35 18-65 Prospective VLCKD 4 wk VLCKD patients experienced -3.73 (95% Cl,
etal.” -5.31 to -2.15) migraine days.
The 50% responder rate for migraine days was
74.28% (26/35 patients) during the VLCKD
period.
Valente 23 47.22+15.21 Retrospective VLCKD, KD 2:1, 3 mo Reduction in monthly headache days (12.5+9.5
etal.” MAD, LGIT vs. 6.748.6; p<0.001)
Reduction in days of acute medication intake
(11.06+9.37 vs. 4.93+7.99; p=0.008)
Reduction in patients’ weight (73.8+15.2 vs.
68.4+14.6; p<0.001) and BMI (26.9+6.2 vs.
23.7+8.1; p<0.001)
Tereshko 76 45.90+14.77  Prospective KD 2:1, LGIT, 3 mo The 50% responder rate for migraine days was
etal.” VLCKD 74.28% (26/35 patients) during the VLCKD
period.
KD protocols effectively improved migraine inten-
sity, frequency, MIDAS, and HIT-6.
Lelleck First First Prospective LGIT 16 wk  Reduction of headache and migraine days, as
etal.” study=49  study=41+9.2 well as reductions in HIT-6 and MIDAS scores.
Second Second Migraine days decreased by 2.40 days (95% Cl,
study=71 study=40+12.3 -3.37 to -1.42), HIT-6 improved by 3.17 points
(95% Cl, -4.63 to -1.70), and MIDAS by 13.45
points (95% Cl, -22.01 to -4.89).
Pasca et al.”’ 7 14-18 Prospective Classic KD 3mo  5/7 patients reported an improvement in mi-

graine symptoms in terms of duration of the
attacks, frequency, and intensity.

VLCKD, very-low-calorie ketogenic diet; Cl, confidence interval; KD, ketogenic diet; MAD, modified Atkins diet; LGIT, low glycemic index diet; BMI, body mass
index; MIDAS, Migraine Disability Assessment Test; HIT-6, Headache Impact Test 6.

effective. Lifestyle modification is essential for the funda-
mental treatment of primary headaches such as migraine.
However, as with most migraine prevention medicines
that have been released thus far, the mechanism by which
active diet therapy affects pediatric migraine requires fur-
ther research.””” To achieve this, a neuro-nutritional team
composed of pediatric neurologists, nurses, and nutri-
tionists who can develop and regularly manage a tolerable
diet for pediatric migraine patients is key. In the future, the
importance of diet therapy will be highlighted not only as
a preventive treatment for pediatric migraine but also as a
lifestyle modification. Advancements in methodologies for
basic research and clinical applications are expected.”
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Abstract

Cluster headaches affect 0.1% of the population and are four times more common in males than in females. Patients with this
condition present with severe unilateral head pain localized in the frontotemporal lobe, accompanied by ipsilateral lacrimation,
conjunctival injection, nasal congestion, diaphoresis, miosis, and eyelid edema. Recently, the first genome-wide association
study of cluster headaches was conducted with the goal of aggregating data for meta-analyses, identifying genetic risk variants,
and gaining biological insights. Although little is known about the pathophysiology of cluster headaches, the trigeminovascular
and trigeminal autonomic reflexes and hypothalamic pathways are involved. Among anti-calcitonin gene-related peptide mono-
clonal antibodies, galcanezumab has been reported to be effective in preventing episodic cluster headaches.

Keywords: Calcitonin gene-related peptide, Cluster headache, Genetics

INTRODUCTION

Cluster headache (CH) is a trigeminal autonomic cepha-
lalgia (TACs) that constitutes a primary headache disorder.
Harris (1869-1960) confined the characteristics of CH in
his article.' He marked a distinct entity of CH, separating
it from migraine and documenting its unilateral nature,
severity, associated autonomic characteristics, and attack
frequencies. This is the comprehensive review on CH in
the English medical literature and aligns with the Interna-
tional Classification of Headache Disorder-3 (ICHD-3).”

CH is an excruciating primary headache disorder that
affects approximately 0.1% of the general population. It
manifests itself as severe unilateral pain in the trigeminal
nerve distribution, ipsilateral cranial autonomic features,
and agitation during attacks.

There are several effective acute treatments, which bene-
fit slightly more than 50% of patients with CH. Historically,
it has been difficult to manage CH using preventive drugs
introduced for non-headaches. However, advanced under-
standing based on genetic and neuroimaging studies has
revealed key neuropeptides and brain structures that can
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serve as therapeutic targets for CH.

This review covers a comprehensive view of CH, includ-
ing its cardinal clinical features, epidemiology, and recent
pathophysiological understanding derived from neuroim-
aging studies. Established treatments are discussed, along
with the outcomes of studies on emerging treatments.

CLINICAL FEATURE

The patient had severe unilateral cephalalgia localized
to the frontotemporal region, accompanied by autonom-
ic nervous system manifestations, including ipsilateral
lacrimation, conjunctival injection, nasal congestion,
diaphoresis of the forehead and face, miosis, ptosis, or
eyelid edema.” These headache episodes last for varying
durations, ranging from minutes to hours, with recurrent
patterns that last for several days, constituting the clinical
presentation of CH. This nomenclature is derived from its
distinctive cyclic recurrence characterized by alternating
periods of relative quiescence and clustered episodes of
heightened pain intensity. This condition encompasses
episodic and chronic phenotypes aligned with the taxono-
my stipulated in ICHD-3.”

Without therapeutic intervention, CH attacks can be
transient and last anywhere between 15 minutes and 3
hours, with an average of 45-90 minutes. During these
episodes, patients present with ipsilateral cranial auto-
nomic symptoms, including lacrimation, eye erythema,
ocular discomfort, ptosis, aural fullness, nasal congestion,
rhinorrhea, flushing, and throat swelling. These cranial
autonomic symptoms occur simultaneously with pain and
are caused by parasympathetic activation. Sympathetic
dysfunction can manifest itself as miosis or partial Horner
syndrome.”’

A notable feature of CH attacks is restlessness and agita-
tion, which distinguish them from migraines. Patients with
migraine or migraine patients prefer immobility during an
episode, meanwhile patients with CH engage in pacing or
rocking motions, applying pressure to the affected area to
mitigate pain intensity. Typically, post-attack patients re-
main pain-free until the onset of subsequent episodes.”’ In
particular, there is a nocturnal predilection for attacks, with
patients reporting an association with sleep disturbances.
Interestingly, the attacks showed a consistent circadian
pattern that occurred within a specific daily timeframe.

The temporal extent of recurrent attacks of CH is referred
as a "bout" and is on average between 6 and 12 weeks in
duration.” Patients with CH may experience bouts inter-
spersed with periods of remission that span months or
years."

Episodic and chronic CH can be classified according to
the duration of remission between bouts. Discrimination
between episodic and chronic presentations can help
guide therapeutic decisions. Patients with episodic CH
may discern seasonal patterns during their bouts.

Patients with chronic CH® may have headaches that last
more than a year without remission or may experience less
than 3 months of remission.” Some patients with chronic
CH may experience increased attacks during these season-
al transitions.”’

EPIDEMIOLOGY

CH, the predominant entity within TACs, exhibits a rel-
atively low incidence when juxtaposed with primary
headaches, such as tension-type headaches or migraine,
demonstrating an estimated prevalence of 0.1%."’ Me-
ta-analytical findings indicated a lifetime prevalence of
124 per 100,000 for CH."" Given that approximately 10%
of people affected by CH transition to chronic form'' the
expected prevalence of chronic CH ranges from 10 to 15
individuals per 100,000 individuals.

1. Sex and age

CH occurs four times more frequently in males than in
females. Although there was a male predominance of CH,
there were no significant differences in prevalence rates
between episodic and chronic CH. A sub-analysis of the
sex ratio by age of onset showed that the male-to-female
ratio was highest at the age of onset of 20-49 years, with
7.2:1 in episodic and 11:1 in chronic CH. The male-to-
female incidence ratio was lowest in those aged >50 years,
2.3:1 in episodic CH, and 0.6:1 in chronic CH."” The study
found that circadian rhythmicity of CH attacks was more
common in female (73.6%) than male (63.3%). Female
group also had a higher frequency of nocturnal attacks."”
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2. Trigger factor

The authors suggested that the decrease in the male-to-
female ratio could reflect changes in female lifestyles over
several decades, potentially due to increased smoking
and alcohol consumption.'’ Among the individuals who
reported triggers, alcohol emerged as the most prevalent
provoking factor for CH attacks, with a higher reporting
rate among male participants than among their female
counterparts, consistent with previous findings.

One hypothesis is that males with episodic CH may have
higher alcohol consumption patterns than females with
episodic CH and that this imbalance may persist during
active bouts compared to female participants."

Other frequently cited factors included stress and lack of
sleep, which were reported more frequently in female than

"> previous research has shown that

male participants.
female participants are more susceptible to stress-induced
hyperarousal, which is characterized by heightened agita-
tion, restlessness, and sleep disturbances. This highlights
sex-specific distinctions in stress response mechanisms.

However, male participants may experience stress-in-
duced cognitive deficits and subsequent structural and
functional changes in the regions of the brain."”’ Sleep
deprivation due to stress-induced arousal can trigger CH
attacks in female patients. The causal relationship between
attack triggers and headache still requires further elucida-
tion.

3. Genetics

The first genome-wide association study of CHs to aggre-
gate data for meta-analysis, identify genetic risk variants,
and gain biological insights was reported in 2023.° This
study was carried out in a total of 4,777 clinically diag-
nosed CH cases in 10 cohorts in Europe and one cohort
in East Asia. The heritability estimate for CH was 14.5%,
and the meta-analysis identified nine independent signals
at seven loci (DUSP10, MERTK, FTCDNLI, FHL5, WNT2,
PLCE], and LRP1) of genome-wide significance, and one
additional locus (CAPNZ2) in the trans-ethnic meta-anal-
ysis. Three of the identified loci (FHL5, PLCEL, and LRP1)
were also associated with migraine. Furthermore, a causal
effect of smoking intensity on CH was shown.

CHs are associated with the chronobiological system.
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Two (MERTK and FHL5) of the four loci identified in re-
cently published genomic association studies include
genes involved in circadian rhythms."

PATHOPHYSIOLOGY

Although little is known about the pathophysiology of
CH, trigeminovascular and trigeminal autonomic reflexes
and hypothalamic pathways are involved (Figure 1). First,
the trigeminovascular pathway plays a central role in the
trigeminal distribution of severe unilateral pain. Second,
cranial autonomic symptoms appear due to the trigeminal
autonomic reflex. Finally, the hypothalamus may influence
attack generation by contributing to circadian and circan-
nual attack patterns.'’

The trigeminovascular pathway contains neurons with
cell bodies in the trigeminal ganglion, which innervate the
cerebral vasculature and adjacent dura. Bipolar trigemi-
nal ganglion neurons synapse with the trigeminocervical
complex (TCC), which consists of the trigeminal nucleus
caudalis of the caudal brainstem and the dorsal horn of the
cervical spinal nerves C1 and C2."* Activated trigemino-
vascular pathways project from the TCC to the thalamus,
resulting in the activation of cortical structures involved
in pain processing, including the prefrontal cortex, sub-
cortex, and cingulate cortex."”’ This results in the release of
neuropeptides, including calcitonin gene-related peptides
(CGRP), substance P, and neurokinin A.”

The trigeminal autonomic reflex pathway begins with
the stimulation of trigeminal nerve endings, which activate
secondary TCC neurons that project to the parasympathet-

ic efferent pathway.”"*

Parasympathetic fibers originate in
the superior salivary nucleus of the pons and pass through
synapses in the facial (VIIth) cranial nerve and sphenopal-
atine ganglion (SPG). The postganglionic parasympathetic
neurons of the SPG, which express pituitary adenylate
cyclase-activating polypeptide 38 (PACAP-38), nitric oxide
synthase, vasoactive enteric polypeptide, and CGRP, inner-
vate the lacrimal, nasal, and pharyngeal glands.

Finally, the hypothalamus plays an important role in reg-
ulating circadian rhythms, neuroendocrine homeostasis,
the autonomic nervous system, and trigeminovascular no-
ciceptive processing.”’ The suprachiasmatic nucleus (SCN)
of the hypothalamus serves as the primary circadian pace-
maker,” and disruption of the mechanism underlying circa-
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Figure 1. Three main components of cluster headache pathophysiology. (A) The trigeminal ganglion (TG) innervates the cerebral ves-
sels and dura mater through its trigeminal branches (V1, V2, and V3) and forms synapses in the center of the trigeminocervical com-
plex (TCC). Projections of cervical nerves from the TCC to the thalamus activate cortical structures involved in pain processing, such
as the prefrontal cortex, subcortex, and cingulate cortex. (B) Trigeminal nerve terminals activate secondary TCC neurons that project
to the superior salivary nucleus (SSN) of the pons and from SSN synapses to the peripheral sphenopalatine ganglion (SPG). The post-
ganglionic parasympathetic nerves then innervate the lacrimal, nasal, and pharyngeal glands, causing autonomic symptoms. (C) The
suprachiasmatic nucleus (SCN) of the hypothalamus receives light impulse input from the retina via the retinohypothalamus, and these
light impulses are transmitted to the paraventricular nucleus and then to the medial and lateral nuclei of the spinal cord, supporting
postganglionic sympathetic axons. The hypothalamic region projects directly to the SSN, which in turn projects to the SPG, and nerves

project to the lacrimal, nasal, and pharyngeal glands.

dian regulation may contribute to the development of CH.
Light input through the retinohypothalamic tract, which
mediates the light-dark cycle using PACAP-38 and gluta-
mate, increases the firing rate of neurons within the SCN
core and regulates melatonin production. Low melatonin

25,26

levels suggest SCN involvement in patients with CH.

1. Neuropeptides

1) Calcitonin gene-related peptide

CGRP is an effective vasodilator that modulates nerve
function. In the trigeminovascular system, CGRP is pri-
marily localized in the sensory trigeminal ganglion. A8
and C fibers extend to the cerebral and dural vessels, the

27,28

TCC, and the spinal trigeminal tract.”"”" Binding occurs at

the CGRP receptor, which consists of a calcitonin recep-
tor-like receptor and receptor activity-modifying protein
1 (RAMP1).””' This receptor binds to the receptor com-
ponent protein, increasing intracellular cAMP levels and
subsequently activating protein kinase A (PKA), resulting
in the phosphorylation of numerous downstream targets.

In individuals who experience CH, plasma levels of
CGRP are elevated during attacks and return to baseline
levels after treatment. Patients with chronic CH had lower
levels of CGRP than those with remitted episodic CH, sug-
gesting potential pathophysiological differences between
episodic CH and chronic CH.”™"

2) Pituitary adenylate cyclase-activating polypeptide 38
PACAP-38 is a 38 amino acid neuropeptide found in the
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SPG, otic ganglion, and trigeminal ganglion and plays
an important role in the trigeminovascular system and
trigeminal autonomic reflex systems. The activation of
the retinohypothalamic tract results in the release of
PACAP-38, which mediates melatonin release.” During
spontaneous acute CH attacks, PACAP-38 levels increased.
However, patients with episodic cluster, not in bouts,
exhibited lower plasma levels of PACAP-38 than healthy
controls. The implications of reduced inter-bout levels of
PACAP-38 remain unclear, but it has been suggested that
PACAP-38 is depleted during these periods, leading to de-
creased levels.” These findings support the involvement of
PACAP-38 in the pathophysiology of CH.

EVALUATION

A detailed history-taking and neurological examination
are necessary when evaluating patients with CHs. Pa-
tients may complain of accompanying cranial autonomic
symptoms such as ptosis, lacrimation, and conjunctival
injection.” Inter-bout examinations are usually normal;
however, clinicians may perform brain imaging to rule
out secondary causes that may mimic the CH phenotype.
Magnetic resonance or computed tomography venogra-
phy may be considered in cases where there is a concern
for cerebral venous sinus thrombosis, such as in patients
with papilledema, or when Horner syndrome is suspected.
However, if a patient has abnormal neurological examina-
tion results beyond the typical transient ipsilateral cranial
autonomic features during an attack, further examination
and evaluation may be required.

1. Evolution of the diagnostic criteria for cluster
headache

The term trigeminal autonomic headache (TAC) was first
coined by Goadsby and Lipton. When the first edition of
the ICHD was published in 1988, the term TAC had not yet
been coined, but was first introduced in the second edition
of the ICHD (2004). TAC includes three types of head-
aches: CH, chronic and episodic paroxysmal hemicrania,
and short-lasting unilateral neuralgiform headache attacks
with conjunctival injection and tearing.”’

CH has been previously reported in several other terms,
such as ciliary neuralgia, histaminic cephalalgia, Horton’s
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headache, Sluder’s neuralgia, sphenopalatine neuralgia,
migrainous neuralgia (of Harris), and vidian neuralgia. In
ICHD-1, these terms were combined into the term “cluster
headache”

In ICHD-2,” these short-lasting headaches with au-
tonomic features were included in rubric 3 as “cluster
headaches and other trigemino-autonomic cephalalgias.”
Symptoms such as restlessness or agitation were included
in the diagnostic criteria. The remission period for chronic
CH also changed from 14 days to 1 month.

In ICHD-3, since CH is also a trigemino-autonomic
cephalalgia, the title was changed to TACs. In the 3rd edi-
tion, several additions were made to the criterion C for CH.
These include forehead and facial flushing, a sensation of
ear fullness, and a sense of restlessness or agitation.” The
word “chronic” for CH continues to be used in the ICHD-3.
Used to mean CH with no attack-free period. Hemicrania
continua and short-lasting unilateral neuralgiform head-
ache attacks with cranial autonomic symptoms are newly
included in TACs (Table 1).

MANAGEMENT

The approach to CH management includes immediate
treatment of acute attacks and the implementation of
preventive strategies to reduce or stop the recurrence of
attacks during active periods. Most treatment recommen-
dations are based on the results of open observational
studies.

1. Acute management

CH attacks typically last for a short period (15-180 min-
utes) and peak rapidly, requiring prompt treatment. Med-
ication overuse headaches may occur in patients with
CH, especially if they have a concurrent or family history
of migraine and use less effective treatments such as oral
triptans, acetaminophen, or opioid receptor agonist anal-
gesics for acute attacks.”

1) Oxygen therapy

Oxygen therapy has the advantage of having fewer side
effects than triptans and is an acute treatment that can be
used even during pregnancy and breastfeeding. Recom-
mendations for oxygen inhalation include inhalation of
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Table 1. Evolution of the diagnostic criteria for cluster headaches

Diagnostic criteria of cluster headache (ICHD-2)

Diagnostic criteria of cluster headache (ICHD-3)

A. At least five attacks fulfilling criteria B-D

A. At least five attacks fulfilling criteria B-D

B. Severe or very severe unilateral orbital, supraorbital and/or tempo- B. Severe or very severe unilateral orbital, supraorbital and/or tempo-

ral pain lasting 15-180 minutes if untreated
C. Headache is accompanied by at least one of the following:
1. Ipsilateral conjunctival injection and/or lacrimation

2. Ipsilateral nasal congestion and/or rhinorrhea

3. Ipsilateral eyelid edema

4. Ipsilateral forehead and facial sweating

5. Ipsilateral miosis and/or ptosis

6. A sense of restlessness or agitation
D. Attacks have a frequency from one every other day to 8 per day
E. Not attributed to another disorder

ral pain lasting 15-180 minutes (when untreated)

C. Either or both of the following:

1. at least one of the following symptoms or signs, ipsilateral to the
headache:

a) conjunctival injection and/or lacrimation
b) nasal congestion and/or rhinorrhea
c) eyelid edema
d) forehead and facial sweating
e) miosis and/or ptosis
2. a sense of restlessness or agitation

D. Occurring with a frequency between one every other day and eight

per day

E. Not better accounted for by another ICHD-3 diagnosis.

ICHD, International Classification of Headache Disorder.

at least 12 L/min of 100% oxygen for 15 minutes after the
onset of pain, as established in randomized, double-blind
trials, which showed improvement in approximately 60%
of patients.”’ In some cases, flow increases of up to 15 L/
min for 20 minutes using a non-rebreathing mask may be
necessary, and various protocols and mask types can be
used."""" A systematic review and meta-analysis conduct-
ed by the Cochrane Collaboration in 2015 included three
trials of normobaric oxygen therapy compared to placebo
or ergotamine tartrate involving 145 patients, and a quali-
tative synthesis included an additional eight trials.” They
confirmed a significant effect on attack termination and
achieved a 75% response rate within 15 minutes.

2) Triptans

Subcutaneous injection of sumatriptan (6 mg) was the
most effective treatment for acute cluster attacks. In an
initial randomized, placebo-controlled trial of 39 patients,
two cluster attacks were randomly treated with subcutane-
ous sumatriptan 6 mg or placebo.

The primary endpoint of this trial was defined as pain-
free or almost complete relief from headache within 10-15
minutes. This was achieved in 74% of sumatriptan-treated
patients and 26% of placebo-treated patients, and the suc-
cess rate in reaching a pain-free state after 10 minutes was
36% for sumatriptan-treated patients and 3% for place-
bo-treated patients.”

Another study comparing subcutaneous sumatriptan 6
mg and 12 mg with placebo found that 35% of patients on
placebo, 75% of patients on sumatriptan 6 mg, and 80% of
patients on sumatriptan 12 mg had their headaches im-
proved to mild or pain-free after 15 minutes."

In a randomized, double-blind, placebo-controlled tri-
al, sumatriptan nasal spray 20 mg showed positive results
compared to placebo.”” Among the 118 patients treated for
cluster attacks, the sumatriptan group had significantly bet-
ter response and pain-free rates after 30 minutes than the
placebo group, and no serious side effects were recorded.

In two randomized, placebo-controlled clinical trials,
intranasal zolmitriptan administered at doses of 5 and 10
mg was effective in alleviating pain after 30 minutes. In the
first study of 92 patients, a dose of 10 mg provided 62% pain
relief, compared to 40% for a dose of 5 mg and 21% for pla-
cebo. A second study of 52 patients found pain relief in 30
minutes in 63% of patients receiving 10 mg, 50% of patients
receiving 5 mg, and 30% of patients receiving placebo."

2. Transitional treatment

1) Corticosteroids

A 2021 multicenter, double-blind randomized controlled
trial (RCT) found that prednisone 100 mg in the first week
resulted in a rapid response with 7.1 attacks in the episodic
CH group compared to 9.5 attacks in the placebo.”” A pre-
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vious double-blind crossover study found that a single 30
mg dose of prednisone significantly reduced the frequency

48 In a

of attacks in 17 of 19 patients compared to placebo.
retrospective study of 19 patients with CH, when predni-
sone was administered at the highest dose of 10-80 mg/
day, 73% of the patients experienced more than 50% relief
and 58% of the patients experienced 100% relief. However,
when prednisone was tapered, typically to 10-20 mg/day,
79% of the patients experienced relapse.”’ Caution is ad-
vised when using oral corticosteroids due to possible side
effects, including potential complications such as osteopo-
rosis, metabolic disease, and opportunistic infections.

Although the mechanism of action of corticosteroids in
CH remains unclear, methylprednisolone has been shown
to significantly reduce plasma CGRP levels and increase
urinary melatonin metabolite levels in patients with CH.
This suggests that corticosteroids may control cluster at-
tacks by reducing CGRP levels; however, more studies are
needed to verify this."”

It is recommended to administer prednisolone 250-500
mg intravenously in the morning or oral prednisone
60-100 mg as a single dose for 5 days, then reduce the daily
dose by 10 mg every 4-5 days. If the CH recurs after reach-
ing the dosage of 10-20 mg, it has to be increased again.”

2) Greater occipital nerve injection

Greater occipital nerve (GON) injections for CHs are ef-
fective for an average of approximately 4 weeks.” A dou-
ble-blind RCT examined three cortivazol injections over a
1-week period in 28 episodic and 15 chronic participants.

The results showed that 95% of the active group and 55%
of the placebo group experienced two or fewer attacks
per day 2- 4 days after the third injection.”” Another dou-
ble-blind RCT found that 85% of 16 intermittent and seven
chronic participants were seizure-free 1 week after receiv-
ing a single dose of betamethasone.”

Most clinics use 2.5 mL of betamethasone and lidocaine
(0.5 mL) 2% for ipsilateral pain injections. Considering
the side effect of the steroid, it is generally considered safe
to administer once every 3 months, and repeated nerve
blocks in medically refractory patients with chronic pain
have provided temporary relief in only one-third of attacks.
This type of block is generally permitted in pregnant and
breastfed women. It is well tolerated, but its side effects in-
clude tenderness at the injection site, temporary worsen-
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ing of headache, presyncope, and alopecia at the injection
site. The exact mechanism of this effect is not well known;
however, it is believed to occur through a modulatory ef-
fect on the nociceptive processing of trigeminal neurons
through the trigeminovascular system.”

3. Prevention of cluster headache

Preventive measures are necessary for people experienc-
ing episodic CH bouts lasting more than 4-8 weeks. This is
particularly applicable to patients with chronic CH. Among
the available treatments, verapamil is the most effective,
supported by robust scientific evidence, followed by lithi-
um (Table 2).

1) Verapamil

Verapamil is the preferred medication for headaches. In the
initial randomized, placebo-controlled trial of 30 patients,
patients with episodic CHs given verapamil 120 mg three
times daily for 2 weeks or placebo were found to have a
significantly reduced frequency of headaches.” Two open
clinical trials further evaluated the efficacy of verapamil,
with 72 patients starting treatment at 200 mg. Complete
relief from cluster attacks was observed in 49 of 52 patients
with episodic CH and 10 of 18 patients with chronic CH.”
Typically, patients are prescribed 200 to 480 mg of ver-
apamil, but if the dose exceeds 480 mg, arrhythmias can
occur; therefore, an electrocardiogram is required.” In clin-
ical practice, most patients start by taking 80 mg 3 to 4 times
a day and increase the dose by 80 mg every 3 to 4 days.
Once the daily dose reaches 480 mg, an Electrocardiogram
should be traced every 160 mg. Under regular electrocar-
diogram examination and supervision of a cardiologist, the
dosage can finally be increased to 1,000 mg.”

2) Lithium
Lithium can be used as a secondary preventive agent. A
meta-analysis of three published clinical trials involving
103 patients reported that 77% of the patients achieved
complete remission or reduced attack frequency by more
than 50% with lithium.”"*

Lithium has shown an efficacy similar to that of ver-
apamil in comparative studies, but it has several side ef-
fects compared to verapamil.” Lithium treatment requires

monitoring of plasma lithium levels (range, 0.4-0.8 mEq/L)
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Table 2. Treatment of cluster headaches™

Treatment Dose Evidence Adverse events
Treatment of acute cluster attacks
Oxygen 12 L/min, 100% +++ -
Sumatriptan s.c. 6 mg +++  Feeling of pressure, warmth, heaviness, chest pain, local
Sumatriptan nasal spray 20 mg ++ reaction at the injection site, drowsiness, feeling of weak-
o ness, increase or decrease in blood pressure, bradycardia,
Zolmitriptan nasal spray 5mg ++ tachycardia
Bridging therapy for cluster headaches
Prednisone 100 mg tapering by 20 mg ++ Depression, irritability, euphoria, stomach problems, Gl ulcer,
every 2-3 days blood glucose increase, sleep disorders
Greater occipital nerve block ++ Local irritation
Preventive therapy for cluster headaches
Verapamil 200-960 mg ++ Hypotension, fatigue, constipation, edema, bradycardia, AV block
Lithium ++  Tremor, acne, goiter, hypothyroidism, muscle weakness
Topiramate 100-150 mg + Cognitive dysfunction, fatigue, dizziness, paresthesia, mood
swings, anxiety, weight loss, hair loss
Gabapentin 1,000-1,800 mg (+) Dizziness, somnolence, peripheral edema
Melatonin 10 mg (+) Daytime sleepiness, headache dizziness, hypothermia

Galcanezumab 120 mg s.c. once monthly

+ Local reaction, hypersensitivity, constipation

s.c., subcutaneous; Gl, gastrointestinal; AV, atrioventricular; +++, a high level of evidence from studies; ++, moderate evidence from studies; +, low evi-

dence; (+), questionable evidence.

along with regular renal and thyroid function tests.

3) Topiramate

In an open study of 36 consecutive patients, including 26
with episodic CH and 10 with chronic CH, doses of 100
to 150 mg daily were shown to reduce cluster seizures
by >50%.°' In a prospective Spanish study of 26 patients,
including 12 with episodic CH and 14 with chronic CH,
topiramate at a maximum dose of 200 mg alleviated cluster
periods in 15 patients and reduced cluster attacks by more
than 50% in six patients.”

4) Valproate

RCT on the effectiveness of sodium valproate for CH, 96
participants received 1,000-2,000 mg of sodium valproate
or placebo daily for 2 weeks; however, there was no statis-
tical difference between sodium valproate and placebo.”

5) Gabapentin

In a study of eight patients with episodic CH and four pa-
tients with chronic CH who did not respond to existing
preventive medications, the administration of 1,000 mg of
gabapentin significantly reduced the duration of CH."!

6) Melatonin

Research has been conducted on the potential effects of
melatonin on the circadian rhythm of CH. A small, ran-
domized trial of 20 patients with CH examined the effects
of melatonin 10 mg or placebo administered at bedtime for
14 days in a double-blind, placebo-controlled design. Mel-
atonin significantly reduced the number of cluster attacks,
with 50% of the patients responding.”

4. New emerging treatment

1) Monoclonal antibodies against calcitonin gene-related
peptide

Monoclonal antibodies against CGRP offer the potential
for the first targeted therapy in CH. CGRP plasma con-
centrations increase in patients with spontaneous and
induced CH attacks and decrease to baseline levels after
sumatriptan and oxygen administration.” Among the an-
ti-CGRP monoclonal antibodies that have recently been
developed as migraine treatments and have shown good
results, galcanezumab has been reported to be effective in
preventing episodic CH. In a double-blind RCT, the pri-
mary endpoint was the frequency of headaches between
1 and 3 weeks after galcanezumab injection. Compared
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to the placebo group, the frequency of CH per week de-
creased more in the galcanezumab treatment group within
weeks 1 to 3, and the response rate (reduction of frequency
by more than 50%) in week 3 was 71% in the treatment
group, which was significantly higher than 53% in the pla-
cebo group.”” However, a similar study of the anti-CGRP
monoclonal antibody fremanezumab in patients with ep-
isodic CH has negative results.” Additionally, anti-CGRP
monoclonal antibodies are known to have failed in clinical
trials for chronic CH.” On this basis, galcanezumab has
been approved for the treatment of episodic CH in the
United States and Canada, but not in Europe. Open-label
trials of eptimezumab” and erenumab " for chronic CH are
currently being conducted.

2) Neuromodulation and invasive procedures

To date, invasive and non-invasive neurostimulation tech-
niques have been attempted as new preventive treatments
for chronic CH. Non-invasive calcitonin gene-related pep-
tide (nVNS) was administered in combination with stan-
dard treatment or standard treatment alone for 4 weeks
in 92 patients with chronic CH and showed improvement
in the frequency of headache attacks, 50% improvement
rate, and frequency of analgesic and oxygen treatment. A
significant difference was observed in the 50% response
rate to attack reduction (40% in the nVNS group vs. 8% in
the standard treatment group). No serious side effects have
been reported.”

A case study of deep brain stimulation (DBS) targeting
the hypothalamus, based on hypothalamic activation
observed during CH attacks, showed encouraging results
in approximately 64% of patients with refractory chronic
CH.” However, the only double-blind controlled study
failed to demonstrate the superiority of DBS.”

Occipital nerve stimulation (ONS) is safer than DBS.
ONS has been reported to reduce the frequency of head-
ache attacks by approximately 60%, similar to DBS."

3) OnabotulinumtoxinA

Multiple investigations into the effectiveness of onabotu-
linumtoxinA in managing CHs have revealed notable en-
hancements in headache frequency within 1 week of treat-
ment, persisting for a duration of up to 6 months.” A recent
study underscored the high efficacy of onabotulinumtoxi-
nA as an adjunctive therapy in individuals with refractory
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chronic CH.” Additionally, a prospective study examining
the treatment of intractable chronic CH through a singular
injection of onabotulinumtoxinA into the SPG demonstrat-
ed a significant reduction in cluster attack frequency at the
24-week follow-up.” In an open-label, single-center study
focusing on onabotulinumtoxinA as an adjunctive therapy
for the prophylactic treatment of CH, improvements were
noted in some patients with chronic CH, albeit without

consistent benefits observed in those with episodic CH.”

SUMMARY

The efficacy of monoclonal antibodies against CGRP has
been demonstrated only in ECH. Therefore, it is necessary
to develop new and effective preventive treatments for CH.
Several loci have been identified in genome-wide associa-
tion studies and meta-analyses of CH. CH has a circadian
rhythm, and smoking has been suggested as a causal risk
factor.
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Abstract

Purpose: It remains unclear whether primary headaches, particularly migraine, are associated with glaucoma. We investigated
potential associations between primary headaches, including migraine and tension-type headache (TTH), and primary glauco-
ma, including open-angle glaucoma (OAG) and closed-angle glaucoma (CAG).

Methods: We used data from the Clinical Data Warehouse collected between 2008 and 2023 to investigate whether migraine
and TTH influence the risk of primary glaucoma. We compared the prevalence of primary glaucoma, including OAG, CAG, other
glaucoma, and total glaucoma (TG), among patients with migraine, those with TTH, and controls.

Results: This study analyzed 46,904 patients with migraine, 48,116 patients with TTH, and 455,172 controls. Controls were
selected based on propensity score matching (PSM). After adjustment for covariates and PSM, the fully adjusted odds ratios
(ORs) for patients with migraine were 1.83 for OAG (95% confidence interval [95% Cl], 1.33-2.51; p<0.004) and 1.55 for TG
(95% Cl, 1.26-1.91; p<0.004) compared to controls. Furthermore, in patients with TTH, the ORs for CAG were 2.20 (95% Cl,
1.40-3.47; p<0.004) compared to controls. Additionally, patients with migraine had fully adjusted ORs of 1.71 for OAG (95%
Cl, 1.24-2.36; p<0.004) and 1.41 for TG (95% Cl, 1.15-1.73; p<0.004) compared to those with TTH.

Conclusion: Migraine is associated with primary glaucoma, particularly OAG.

Keywords: Angle-closure glaucoma, Glaucoma, Migraine disorder, Open-angle glaucoma, Tension-type headache

INTRODUCTION particularly individuals of working age. Although the

pathogenesis of migraine is complex and unclear, several
Tension-type headache (TTH) is the most common pri-  potential mechanisms have been proposed, including
mary headache disorder, whereas migraine is more de-  vasospasm, hypercoagulability, endothelial, and vascular

bilitating and affects 10-15% of the general population, = muscle dysfunction, and vascular changes associated with
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cortical spreading depression.'” Consequently, migraine is
considered a systemic vasculopathy."’

Glaucoma is a multifactorial disorder characterized by
progressive optic neuropathy and visual field loss, which
makes it the most common cause of irreversible blindness

5,6

worldwide.”” Primary glaucoma can be categorized as
open-angle glaucoma (OAG) or closed-angle glaucoma
(CAG), the most common types of glaucoma in Asians.”
The pathogenesis of glaucoma involves vascular risk fac-
tors. Previous studies have evaluated associations between
glaucoma and systemic vascular diseases (e.g., hyperten-
sion and diabetes) and ocular vascular factors (e.g., ocular
blood flow and perfusion pressure).”"'

A previous study demonstrated a slightly increased risk
of CAG in individuals with hyperlipidemia, liver diseases,
peptic ulcers, and headaches. Furthermore, in a previous
study, headache, but not migraine, was associated with a
higher risk for CAG."” Recent epidemiological studies have
demonstrated an association between migraine and OAG,
revealing that individuals with migraine are more likely
to develop OAG than those without migraine, even after

adjusting for risk factors."”""

Conversely, another study
of Chinese individuals revealed that migraine did not
increase the risk of OAG." Therefore, it remains unclear
whether primary headaches, particularly migraine, are
concomitant conditions or risk factors for glaucoma.

Here we investigated the relationships between primary
glaucoma, including OAG and CAG, and migraine and

TTH, the main types of primary headache.

MATERIALS AND METHODS
1. Ethics approval and consent to participate

The study was conducted according to the guidelines of
the Declaration of Helsinki and approved by the Clinical
Research Ethics Committee of Chuncheon Sacred Heart
Hospital, Hallym University (No. 2024-01-001). Because
this study used only deidentified data, the review board
waived the requirement for obtaining informed consent
form all subjects.

2. Study participants

We analyzed clinical data from the Smart Clinical Data

Warehouse (CDW), Hallym University Medical Center,
collected between January 2008 and November 2023. The
Smart CDW, based on the Qlik-View Elite Solution (Qlik),
is used at all five Hallym University Medical Center hos-
pitals. It enables the extraction and integrated analysis of
fixed data from electronic medical records. Patients with
migraine were eligible for inclusion in this study if they
were aged 20-80 years, were diagnosed by a board-certified
neurologist, were assigned the International Classification
of Diseases tenth revision (ICD-10) code G43 in medical
records, and had more than two outpatient visits or at
least one admission to a neurology department. Patients
with TTH were included if they were aged 20-80 years
and assigned the ICD-10 code G44 in the database. The
control group included patients aged 20-80 years who had
undergone general health checkups at a health promotion
center. Patients with a history of headache or migraine
identified using a basic questionnaire administered before
the health checkup were excluded.

3. Migraine, tension-type headache, glaucoma, and
covariates

We compared the frequency of primary total glaucoma
(TG), excluding secondary causes, among patients with
migraine, TTH, and controls. Glaucoma was diagnosed
based on the ICD codes in the CDW database. We exclud-
ed secondary cases using ICD codes (H40.3-6). In addition,
primary glaucoma was classified as OAG (H40.1), CAG
(H40.2), and other glaucoma (OG; H40.8-9). In addition,
the presence of comorbidities was determined using rele-
vant ICD-10 codes in the database, including angina (120,
124, and 1251), atrial fibrillation (1480-482 and 1489), anx-
iety disorder (F41), cerebrovascular diseases (G45-46 and
160-69), chronic hepatitis (B18, 185, and K70-74), chronic
pulmonary disease (J44), depression (F31-34, F412, and
F432), diabetes mellitus (E10-14), dyslipidemia (E78),
heart disease (105-09, 121-23, 130-47, and 149-52), hyper-
tension (I10-15), menopause (M800, M010, N924, and
N95), renal failure (N03 and N18-17), and sleep disorders
(F51, G258, and G47). We excluded patients with renal fail-
ure receiving concurrent dialysis prescriptions to exclude
dialysis headaches.
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4, Statistical analysis

Continuous data are presented as means with standard
deviations, whereas categorical data are presented as fre-
quencies with percentages. The T-test and chi-square test
were used to compare continuous and categorical data
among migraine, TTH, and control groups. Given the in-
ability to randomize patients based on migraine or TTH
status, we used propensity score matching (PSM) to adjust
for covariates and selection bias using Python (version 3.7;
Anaconda Inc.; https://www.anaconda.com) and Pymatch
(version 0.3.4; https://github.com/benmiroglio/pymatch).
Propensity scores ranged from 0.07 to 0.87; all matched
cases had scores within 0.0001 of each other at a matching

ratio of 1:1. This process resulted in 14,177 matched pairs
of migraine patients and controls, 20,325 matched pairs
of TTH patients and controls, and 12,808 matched pairs
of migraine and TTH patients. Logistic regression was
used to calculate odds ratios (ORs) with 95% confidence
intervals (CIs) for outcomes in the OAG, CAG, OG, and TG
groups compared to their respective controls. After PSM,
adjusted ORs were computed for each disorder among the
three groups using covariates and propensity scores. The
Bonferroni correction was applied to correct for multiple
testing and p-values<0.004 were considered significant.
This value was derived by dividing the p-value threshold
of 0.05 by the number of tests performed, i.e., 12 (four out-
come variables tested in three groups). All p-values were

46,904 Patients who had been treated
for migraine

455,172 Controls underwent health
check-up

48,116 Patients who had been treated
for TTH

24,227 Patients were excluded

20,707 Patients treated for

migraine once

3,216 Patients were below 19
years of age

304 Patients were above 80

years of age

8,452 Patients without BMI

30 Patients received dialysis

A4 A4

80,137 Patients were excluded

30,002 Subjects were below

19 years of age
9,629 Subjects were above

80 years of age

10,270 Patients treated for
migraine once or more

12,343 Patients treated for TTH

17,893 Patients treated for
headache other than
migraine or TTH

185,072 Patients without BMI

623 Patients received dialysis

9,078 Patients were excluded

2,170 Patients were below
19 years of age

1,074 Patients were above
80 years of age

2,380 Patients treated for
migraine once

3,454 Patients treated for
migraine twice or more

18,640 Patients without BMI
66 Patients received dialysis

14,195 Migraine patients who had been
treated twice or more for migraine

189,340 Non-headache controls

20,332 TTH patients

Propensity score matching

14,177 Migraine vs.
14,177 non-headache controls

12,808 Migraine vs.
12,808 TTH

20,325 TTH vs.
20,325 non-headache controls

A4

v

Analyzed

Analyzed

Analyzed

Figure 1. Flow chart of the enrollment process.
TTH, tension-type headache; BMI, body mass index.
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two-sided. SPSS software (version 24.0; IBM Corp.) was
used for statistical analyses.

RESULTS
1. Participant characteristics

In total, 46,904 patients with migraine, 48,116 patients with
TTH, and 455,172 controls were enrolled using the ICD-
10 codes. After the application of exclusion criteria, 14,195
migraine patients, 20,332 TTH patients, and 189,340 con-
trols were included in the final analysis. Of the enrolled
patients with migraine, 10,523 were females (74.1%) and
the mean age was 45.6+14.4 years. In the TTH and control
groups, 12,344 (60.7%) and 91,309 participants (48.2%)
were females; the mean ages were 52.8+13.7 and 49.8+14.7
years, respectively. Figure 1 presents the enrollment pro-
cess. After PSM, absolute standardized differences be-

tween the migraine and control groups were <0.1 (Table
1). Furthermore, no significant differences were observed
between the TTH and control groups (Table 2). After PSM,
no significant differences were observed between the mi-
graine and TTH groups (Table 3).

2. Primary glaucoma in patients with migraine and
controls

Prior to PSM, unadjusted ORs in individuals with mi-
graine compared to controls were 1.74 (95% CI, 1.27-2.39;
p<0.004) for OAG, 2.30 (95% CI, 1.10-4.84) for CAG, 1.03
(95% CI, 0.80-1.33) for OG, and 1.46 (95% CI, 1.19-1.79;
p<0.004) for TG. After PSM, the adjusted ORs were 1.83
(95% CI, 1.33-2.51; p<0.004) for OAG, 2.55 (95% CI, 1.21-
5.39) for CAG, 1.10 (95% CI, 0.85-1.43) for OG, and 1.55
(95% CI, 1.26-1.91; p<0.004) for TG in migraine patients
(Table 4). Among all types of primary glaucoma, only OAG

Table 1. Characteristics of the migraine and control groups before and after propensity score matching

Before matching

After matching

Migraine

Control

Migraine

Control

(n=14,195) (n=189,340) AEID (n=14,177) (n=14,177) FELD)
Female sex 10,523 (74.1) 91,309 (48.2) 0.59 10,505 (74.1) 10,619 (74.9) 0.02
Age (yr) 45.6+14.4 49.8+14.7 0.30 45.6+14.4 46.1+14.8 0.03
BMI (kg/mz) 23.8+4.0 24.2+3.7 0.09 23.8+4.0 23.8+4.0 0.00
DM 1,045 (7.4) 19,468 (10.3) 0.11 1,043 (7.4) 985 (6.9) 0.02
HTN 2,378 (16.8) 28,802 (15.2) 0.04 2,370 (16.7) 2,378 (16.8) 0.00
Dyslipidemia 1,956 (13.8) 25,512 (13.5) 0.01 1,950 (13.8) 2,010 (14.2) 0.01
Angina 1,226 (8.6) 1,2951 (6.8) 0.06 1,218 (8.6) 1,277 (9.0) 0.01
AF 170 (1.2) 4,092 (2.2) 0.09 170 (1.2) 173 (1.2) 0.00
Heart disease 951 (6.7) 12,517 (6.6) 0.00 949 (6.7) 946 (6.7) 0.00
CVvD 2,647 (18.6) 17,666 (9.3) 0.24 2,631 (18.6) 2,632 (18.6) 0.00
Chronic pulmonary disease 1,538 (10.8) 17,294 (9.1) 0.05 1,529 (10.8) 1,494 (10.5) 0.01
Renal failure 270 (1.9) 5,007 (2.6) 0.05 269 (1.9) 284 (2.0) 0.01
Chronic hepatitis 538 (3.8) 13,205 (7.0) 0.17 538 (3.8) 493 (3.5) 0.02
Anxiety 782 (5.5) 3,543 (1.9) 0.16 771 (5.4) 765 (5.4) 0.00
Depression 2,003 (14.1) 7,756 (4.1) 0.29 1,985 (14.0) 2,024 (14.3) 0.01
Sleep disorder 1,413 (10.0) 5,996 (3.2) 0.23 1,397 (9.9) 1,385 (9.8) 0.00
Menopause 834 (5.9) 7,517 (4.0) 0.08 831 (5.9) 863 (6.1) 0.01
OAG 106 (0.7) 912 (0.5) 106 (0.7) 61 (0.4)
CAG 3(0.2) 183 (0.1) 3(0.2) 10 (0.1)
oG 122 (0.9) 1,446 (0.8) 122 (0.9) 118 (0.8)
TG 229 (1.6) 2,182 (1.2) 229 (1.6) 158 (1.1)

Values are presented as number (%) or meanztstandard deviation.

ASD, absolute standardized difference; BMI, body mass index; DM, diabetes mellitus; HTN, hypertension; AF, atrial fibrillation; CVD, cerebrovascular dis-

ease; OAG, open-angle glaucoma; CAG, closed-angle glaucoma; OG, other glaucoma; TG, total glaucoma.
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Table 2. Characteristics of the TTH and control groups before and after propensity score matching

Before matching

After matching

(n=2ng32) (n=01cé)3rg,r§|40) S (n=2TcT>225) (nfggfgs) LS
Female sex 12,344 (60.7) 91,309 (48.2) 0.26 12,337 (60.7) 12,416 (61.1) 0.01
Age (yr) 52.8+13.7 49.8+14.7 0.22 52.8+13.7 53.3+14.3 0.04
BMI (kg/m?) 24.3+3.5 24.2+3.7 0.05 24.3+3.5 24.4+3.7 0.01
DM 2,420 (11.9) 19,468 (10.3) 0.05 2,419 (11.9) 2,361 (11.6) 0.01
HTN 4,996 (24.6) 28,802 (15.2) 0.22 4,990 (24.6) 5,074 (25.0) 0.01
Dyslipidemia 3,800 (18.7) 25,512 (13.5) 0.13 3,794 (18.7) 3,624 (17.8) 0.02
Angina 2,647 (13.0) 12,951 (6.8) 0.18 2,640 (13.0) 2,592 (12.8) 0.01
AF 578 (2.8) 4,092 (2.2) 0.04 578 (2.8) 575 (2.8) 0.00
Heart disease 2,017 (9.9) 12,517 (6.6) 0.11 2,015 (9.9) 1,934 (9.5) 0.01
CVD 4,322 (21.3) 17,666 (9.3) 0.29 4,315 (21.2) 4,438 (21.8) 0.01
Chronic pulmonary disease 3,100 (15.2) 17,294 (9.1) 0.17 3,095 (15.2) 3,172 (15.6) 0.01
Renal failure 644 (3.2) 5,007 (2.6) 0.03 644 (3.2) 605 (3.0) 0.01
Chronic hepatitis 1,220 (6.0) 13,205 (7.0) 0.04 1,217 (6.0) 1,200 (5.9) 0.00
Anxiety 1,326 (6.5) 3,543 (1.9) 0.19 1,319 (6.5) 1,199 (5.9) 0.02
Depression 2,374 (11.7) 7,756 (4.1) 0.24 2,368 (11.7) 2,227 (11.0) 0.02
Sleep disorder 1,574 (7.7) 5,996 (3.2) 0.17 1,567 (7.7) 1,450 (7.1) 0.02
Menopause 1,555 (7.6) 7,517 (4.0) 0.14 1,548 (7.6) 1,610 (7.9) 0.01
OAG 144 (0.7) 912 (0.5) 144 (0.7) 9 (0.5)
CAG 8(0.3) 183 (0.1) 8(0.3) 8(0.1)
0G 215 (1.1) 1,446 (0.8) 215 (1.1) 211 (1.0)
TG 353 (1.7) 2,182 (1.2) 353 (1.7) 294 (1.4)

Values are presented as number (%) or meanzstandard deviation.

TTH, tension-type headache; ASD, absolute standardized difference; BMI, body mass index; DM, diabetes mellitus; HTN, hypertension; AF, atrial fibrillation;
CVD, cerebrovascular disease; OAG, open-angle glaucoma; CAG, closed-angle glaucoma; OG, other glaucoma; TG, total glaucoma.

was associated with migraine.

3. Primary glaucoma in patients with tension-type
headache and controls

Table 5 presents the ORs for the development of primary
glaucoma in TTH patients and controls. The unadjusted
ORs for OAG, CAG, OG, and TG were 1.46, 2.07, 1.02, and
1.20 in TTH patients compared to controls, respectively.
After adjusting for all covariates and PSM, the fully adjust-
ed ORs in patients with TTH compared to controls were
1.53 (95% CI, 1.18-1.98) for OAG, 2.20 (95% CI, 1.40-3.47;
p<0.004) for CAG, 1.08 (95% CI, 0.89-1.30) for OG, and
1.27 (95% CI, 1.08-1.48) for TG (Table 5). Among all types
of primary glaucoma, only CAG was associated with TTH
patients.
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4. Differences in primary glaucoma between patients
with migraine and tension-type headache

A comparison of patients with migraine and TTH demon-
strated fully adjusted ORs of 1.71 (95% CI, 1.24-2.36;
p<0.004) for OAG, 1.12 (95% CI, 0.62-2.03) for CAG, 1.19
(95% CI, 0.91-1.56) for OG, and 1.41 (95% CI, 1.15-1.73;
p<0.004) for TG. Among all types of primary glaucoma,
only OAG was associated with migraine (Table 6).

DISCUSSION

We investigated the risk of primary glaucoma, including
each major type, among patients with migraine and TTH
based on CDW data collected between 2008 and 2023. Af-
ter adjusting for covariates and employing PSM, patients
with migraine were at a significantly higher risk of OAG,
whereas patients with TTH were at a higher risk of CAG,
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Table 3. Characteristics of the migraine and TTH groups before and after propensity score matching

Before matching After matching

’ n'\ﬂ'lgf'lg%) TTH(n=20,332)  ASD ’ n"f%"j‘ggs) TTH(n=12,808)  ASD
Female sex 10,523 (74.1) 12,344 (60.7) 0.31 9,192 (71.8) 8,974 (70.1) 0.04
Age (yr) 45.6+14.4 52.8+13.7 0.50 4714141 48.3+13.2 0.08
BMI (kg/m?) 23.8+4.0 24.3+3.5 0.14 24.0+£3.9 24.0+£3.5 0.02
DM 1,045 (7.4) 2,420 (11.9) 0.17 1,018 (7.9) 1,100 (8.6) 0.02
HTN 2,378 (16.8) 4,996 (24.6) 0.21 2,316 (18.1) 2,416 (18.9) 0.02
Dyslipidemia 1,956 (13.8) 3,800 (18.7) 0.14 1,904 (14.9) 1,955 (15.3) 0.01
Angina 1,226 (8.6) 2,647 (13.0) 0.16 1,191 (9.3) 1,243 (9.7) 0.01
AF 170 (1.2) 578 (2.8) 0.15 170 (1.3) 189 (1.5) 0.01
Heart disease 951 (6.7) 2,017 (9.9) 0.13 915 (7.1) 929 (7.3) 0.00
CVD 2,647 (18.6) 4,322 (21.3) 0.07 2,477 (19.3) 2,528 (19.7) 0.01
Chronic pulmonary disease 1,538 (10.8) 3,100 (15.2) 0.14 1,449 (11.3) 1,475 (11.5) 0.01
Renal failure 270 (1.9) 644 (3.2) 0.09 265 (2.1) 300 (2.3) 0.02
Chronic hepatitis 538 (3.8) 1,220 (6.0) 0.12 529 (4.1) 540 (4.2) 0.00
Anxiety 782 (5.5) 1,326 (6.5) 0.04 732 (5.7) 760 (5.9) 0.01
Depression 2,003 (14.1) 2,374 (11.7) 0.07 1,759 (13.7) 1,705 (13.3) 0.01
Sleep disorder 1,413 (10.0) 1,574 (7.7) 0.07 1,197 (9.3) 1,185 (9.3) 0.00
Menopause 834 (5.9) 1,555 (7.6) 0.08 824 (6.4) 878 (6.9) 0.02
OAG 106 (0.7) 144 (0.7) 101 (0.8) 1(0.5)
CAG 3(0.2) 8(0.3) 3(0.2) 1(0.2)
0G 122 (0.9) 215 (1.1) 118 (0.9) 103 (0.8)
TG 229 (1.6) 353 (1.7) 220 (1.7) 163 (1.3)

Values are presented as number (%) or meanzstandard deviation.
TTH, tension-type headache; ASD, absolute standardized difference; BMI, body mass index; DM, diabetes mellitus; HTN, hypertension; AF, atrial fibrillation;
CVD, cerebrovascular disease ; OAG, open-angle glaucoma; CAG, closed-angle glaucoma; OG, other glaucoma; TG, total glaucoma.

Table 4. ORs for primary glaucoma between migraine patients and controls

OR (95% Cl)
OAG CAG 0G TG
UA 1.74% (1.27-2.39) 2.30 (1.10-4.84) 1.03 (0.80-1.33) 1.46% (1.19-1.79)
AVA 1.83* (1.33-2.51) 2.55 (1.21-5.39) 1.10 (0.85-1.43) 1.55% (1.26-1.91)
AVPA 1.83* (1.33-2.51) 2.55 (1.21-5.39) 1.10 (0.85-1.43) 1.55% (1.26-1.91)

*Asterisk indicates a statistically significant (p<0.004).
OR, odds ratio; Cl, confidence interval; UA, unadjusted; AVA, all variables adjusted; AVPA, all variables plus propensity score adjusted; OAG, open-angle
glaucoma; CAG, closed-angle glaucoma; OG, other glaucoma; TG, total glaucoma.

Table 5. ORs for primary glaucoma between TTH patients and controls

OR (95% Cl)
OAG CAG 0G TG
UA 1.46 (1.13-1.88) 2.07* (1.32-3.26) 1.02 (0.84-1.23) 1.20 (1.03-1.41)
AVA 1.53 (1.18-1.98) 2.20% (1.40-3.46) 1.07 (0.89-1.30) 1.27* (1.08-1.48)
AVPA 1.53 (1.18-1.98) 2.20% (1.40-3.47) 1.08 (0.89-1.30) 1.27* (1.08-1.48)

*Asterisk indicates a statistically significant (p<0.004).
OR, odds ratio; TTH, tension-type headache; Cl, confidence interval; UA, unadjusted; AVA, all variables adjusted; AVPA, all variables plus propensity score
adjusted; OAG, open-angle glaucoma; CAG, closed-angle glaucoma; OG, other glaucoma; TG, total glaucoma.
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Table 6. ORs for primary glaucoma between migraine and TTH patients

OR (95% Cl)
0AG 0G TG
UA 1.66% (1.21-2.28) 1.10 (0.61-1.98) 1.15 (0.88-1.50) 1.36% (1.11-1.66)
AVA 1.72 (1.25-2.37) 1.12 (0.62-2.02) 1.19 (0.91-1.55) 1.40% (1.14-1.73)
AVPA 1.71* (1.24-2.36) 1.12 (0.62-2.03) 1.19 (0.91-1.56) 1.41* (115-1.73)

*Asterisk indicates a statistically significant (p<0.004).

OR, odds ratio; TTH, tension-type headache; Cl, confidence interval; UA, unadjusted; AVA, all variables adjusted; AVPA, all variables plus propensity score
adjusted; OAG, open-angle glaucoma; CAG, closed-angle glaucoma; OG, other glaucoma; TG, total glaucoma.

compared to controls without headache. Moreover, mi-
graine was associated with a higher risk of primary glau-
coma, particularly OAG, compared to TTH. Therefore, mi-
graine may be considered a potential contributing factor
for OAG.

It remains unclear whether migraine significantly in-
creases the risk of OAG. Previous studies have demon-
strated that individuals with migraine have a higher risk of
developing OAG compared to those without migraine."* In
one study, the association between OAG and migraine was
significant only for individuals aged 70-79 years and those

aged <50 years with no comorbidities."”""

Conversely, other
studies have revealed that migraine does not increase the
risk of OAG'™'""” or CAG." Furthermore, in another study,
no significant association was found between migraine
and OAG after adjusting for confounding variables."

Our retrospective study demonstrated a significantly
higher prevalence of glaucoma in migraine patients than
controls and TTH patients. Although the comparison with
the headache-free control group aligns with previous stud-
ies, the comparison between the TTH and migraine groups
was considered meaningful due to the divergence from
previous studies. A meta-analysis suggested that migraine
may significantly increase the risk of developing OAG.”
However, some cohort studies have failed to confirm this
association. As a result, it remains unclear whether mi-
graine increases the risk of OAG.

Glaucoma is characterized by progressive degeneration
of retinal ganglion cells and optic nerve axons. Based on
pathophysiological and anatomical features, glaucoma
is categorized into OAG and CAG. The pathogenesis of
glaucoma involves factors such as oxidative stress, exci-
totoxicity, altered immunity, and impaired microcircula-
tion.”" Although the exact pathophysiology of migraine is
unclear, it is associated with neurovascular dysfunction
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resulting from vascular changes, impaired hypoperfusion,
and microembolism.” Several epidemiological studies
have demonstrated the role of vascular risk factors in the
pathogenesis and progression of glaucomatous optic neu-

11,16,23-27

ropathy. A pooled analysis of the associations be-
tween systemic vascular risk factors and OAG revealed that
hypertension is the most significant risk factor for OAG.
However, the relationships between OAG, type 2 diabetes
mellitus, and migraine require further evaluation.''

In the present study, patients with TTH had a higher
risk of CAG compared to controls. Furthermore, migraine
was associated with primary glaucoma, particular OAG,
compared to TTH. A population-based retrospective co-
hort study based on the Taiwan Health Insurance Data-
base revealed that headaches were associated with a 1.13-
fold higher risk of CAG; however, there was no significant
association between migraine and CAG.'” Patients with
CAG can experience headache due to increased intraoc-
ular pressure, which may lead to a diagnosis of CAG. CAG
should be considered among individuals older than 40

28,29

years with late-onset headaches.”™” TTH is the most com-
mon type of primary headache and has non-characteristic
features, which may explain the high prevalence of CAG in
patients with TTH. Further studies are needed to explore
the associations between primary headaches other than
migraine and glaucoma.

Our study had several limitations. First, the retrospective
collection of clinical data from individuals presenting to
a university medical center with five affiliated hospitals
may limit the generalizability of our results. Therefore, we
cannot establish a causal relationship, and the possibility
of an inverse correlation cannot be ruled out. Second, we
did not account for potential sources of selection bias and
confounding variables. Third, our retrospective design did
not allow for the collection of clinical data on headache
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characteristics (e.g., frequency) or medication history (e.g.,
triptan use). In addition, the diagnoses of glaucoma, and
other comorbid diseases were determined based on the
ICD codes recorded in the CDW database. Thus, detailed
clinical information regarding glaucoma was not collected.
Future prospective, population-based studies are needed
to investigate the association between primary headaches
and glaucoma.

In conclusion, our analysis of CDW database data re-
vealed a significant association between migraine and
OAG, whereas TTH was significantly associated with CAG,
compared to controls without headache. Moreover, a sig-
nificant association was observed between migraine and
primary glaucoma, particularly OAG, compared to TTH.
Future prospective studies are needed to fully investigate
the associations of glaucoma with migraine and TTH.
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Abstract

Purpose: Cluster headache (CH) is characterized by circadian rhythmicity of the attacks, and it is known to respond exception-
ally well to oxygen therapy. Furthermore, obstructive sleep apnea (OSA) frequently co-occurs with CH, and both conditions may
be parallel outcomes of hypothalamic dysfunction rather than being causally related. The aim of this study was to analyze the
association between CH characteristics and polysomnographic factors stratified by the severity of OSA in patients diagnosed
with CH and OSA.

Methods: We retrospectively analyzed the data of OSA patients with CH who were enrolled in the Korean Cluster Headache
Registry and underwent polysomnography due to clinical suspicion of OSA. Basic demographic data, headache-related param-
eters, and polysomnographic parameters were analyzed according to the severity of OSA (apnea-hypopnea index: <15 or 215
per hour).

Results: Twelve CH patients with OSA were evaluated. The onset age of CH was higher (38.5 years vs. 19.0 years, p=0.010),
and the maximal duration of cluster bouts was longer (156.5 days vs. 47.0 days, p=0.037) in the moderate-to-severe OSA
group than in the mild OSA group. Unlike other polysomnographic parameters, the apnea-hypopnea index and respiratory
arousal index during rapid eye movement (REM) sleep were comparable across different OSA severity levels.

Conclusion: The onset age and duration of cluster bouts were associated with the severity of OSA in CH patients. Additionally,
the relatively high susceptibility to hypoxia during REM sleep in patients with mild OSA implies that interventions may be poten-
tially advantageous, even in CH patients with mild OSA.
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INTRODUCTION

Cluster headache (CH) is a rare and severely disabling
trigeminal autonomic cephalalgia with strong chronobi-
ological traits.' CH, characterized by bouts and remission
periods, can be classified as episodic or chronic. Distin-
guishing from other headache disorders, oxygen therapy
has proven effective for rescuing CH attack.”

CH is considered one of the primary headache disorders
most closely associated with sleep.’ In general, headaches
and sleep are intertwined in various aspects, including
clinical, physiological, epidemiological, and anatomical
aspects.’ Evidence supports that CH attacks are more prev-
alent and severe during the night compared to daytime
attacks in patients with periodicity (occurring at specific
times during day or seasons).”” Initial studies suggested
that CH attacks are associated with rapid eye movement
(REM) sleep, coinciding with the onset of the first REM
sleep phase within 90 minutes of falling sleep. However,
recent several studies have shown that CH attacks are not
significantly associated with REM sleep.”"’

Obstructive sleep apnea (OSA) is one of the most com-
mon sleep disorder that causes recurrent hypoxia and
frequent arousal due to repeated airway collapse." CH
has been linked with sleep disordered breathing, particu-
larly OSA. The higher prevalence of OSA (from 58%-80%)
among CH patients compared to healthy controls, coupled
with the increased frequency of CH attacks at night, led to
the hypothesis of a potential causal relationship between
these two conditions.'”" Studies conducted on CH pa-
tients showed an increased prevalence of OSA syndrome
and a higher respiratory distress index during CH attack
compared to healthy controls.'” However, the true relation-
ship between CH and OSA is complex and has not been
clarified yet. Currently, OSA and CH may be considered as
parallel outcomes of hypothalamic dysfunction rather than
a causal relationship.'’

In this complex relationship between CH and sleep, our
study analyzed the association of CH characteristics and
polysomnographic factors stratified by OSA severity in
patients with CH and diagnosed with OSA. The aim was to
explore the correlation between CH and sleep, specifically
focusing on their association with OSA.
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MATERIALS AND METHODS
1. Ethics approval and consent to participate

All participants provided written informed consent when
they enrolled in the KCHR (No. 2016-09-396). The study
design was approved by the Institutional Review Board
of Dongtan Sacred Heart Hospital of Hallym University
and allowed of additional written informed consent to
be waived due to retrospective data collection and fully
anonymity (No. 2022-12-003-001). All methods were per-
formed in accordance with the relevant guidelines and
regulations.

2. Participants

This retrospective, observational single-center study
included participants with CH who underwent poly-
somnography (PSG) on clinical suspicion of OSA at the
headache clinic in the Department of Neurology of the
Hallym University Dongtan Sacred Hospital (Hwaseong,
Korea) between January 2020 and October 2022. CH was
diagnosed by two neurologists (S] Cho and HJ Im) based
on individual interviews and the diagnostic criteria of the
3rd edition of the International Classification of Headache
Disorder.' PSG was conducted as a level 1 sleep study (i.e.,
an overnight stay in a sleep laboratory with a technician
in attendance)'” at the Sleep Center of Hallym University
Dongtan Sacred Hospital.

The inclusion criteria for participants were as follows:
1) participation in the Korean Cluster Headache Registry
(KCHR), a prospective observational study of CH,"” 2) being
over 19 years of age, 3) and having undergone PSG be-
tween January 2020 and October 2022 on suspicion of OSA.
The exclusion criteria were as follows: 1) PSG conducted
more than 2 years after the last cluster bout, 2) failure to
be diagnosed with OSA by PSG. In the 3rd edition of the
International Classification of Headache Disorders,' CH
is classified as episodic (i.e., bouts lasting from 7 days to
1 year, separated by out-of-bout periods lasting at least 3
months) or chronic (i.e., bouts lasting 1 year or longer with-
out remission, or with out-of-bout periods lasting less than
3 months) CH, and our study investigated both episodic
and chronic CH. All participants were interviewed and
evaluated by trained personnel using a self-reported ques-
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tionnaire.

3. Assessment of cluster headache

All participants in the KCHR completed a structured ques-
tionnaire designed for the evaluation of CH. The KCHR pro-
tocol evaluated sociodemographic variables, including sex,
ages at onset and presentation, body mass index (BMI), and
history of smoking and alcohol consumption. We collected
the following clinical data regarding current and previous
cluster bout including headache characteristics, disease
duration, headache frequency (headache attacks per day),
headache intensity, headache duration, diurnal rhythmic-
ity, total number of bouts that was independent of disease
duration, and presence of premorbid migraine. The follow-
ing evaluations were also conducted: the Headache Impact
Test-6 used for measuring the impact of a headache,” and
the visual analog scale (VAS) used for measuring the pain

intensity of a headache.”

The VAS score is determined by
measuring the distance (mm) on the 10-cm line between
the “no pain” anchor and the patient’s mark. A higher score

indicates greater pain intensity.

4. Assessment of sleep factors and polysomnography
data

All participants underwent laboratory nocturnal PSG
(Embla®; Natus), which entails electroencephalogram,
electrooculogram, electromyogram, electrocardiogram,
respiratory flow and effort, oximetry, pulse, and body po-
sition recordings. PSG data were reviewed and scored by
sleep experts using the Embla RemLogic PSG Software us-
ing 30-second epochs according to the standard criteria by
the American Academy of Sleep Medicine. Standard sleep
indexes including total sleep time, sleep efficiency, wake
after sleep onset, sleep latency, percentage of each sleep
stage over total sleep time, apnea-hypopnea index (AHI,
total number of apneas plus hypopneas per hour of sleep),
mean oxygen saturation, lowest oxygen saturation, total
arousals, and an arousal index were calculated. OSA has
been defined and quantified primarily by the frequency
of apneas and hypopneas during sleep. According to the
International Classification of Sleep Disorders 3rd edition
criteria, the severity of OSA by AHI is divided into mild (=5
to 15 per hour), moderate (>15 to 30 per hour), and severe

(=30 per hour).” In this study, the participants were divid-
ed into two groups according to the score of AHI: a mild
OSA group (AHI>5 to 15 per hour) and a moderate to se-
vere OSA group (AHI>15 per hour). Sleep parameters were
evaluated using a self-reported questionnaire booklet.
Excessive daytime sleepiness was defined as an Epworth
Sleepiness Scale score>11.” The likelihood of OSA was
assessed by the STOP-Bang questionnaire. A score over
3 reflected a moderate risk of apnea during sleep.”’ And,
insomnia symptoms were assessed using the Insomnia
Severity Index, with a score>14 indicating moderate-to-se-
vere insomnia.” Sleep quality was evaluated using the
Pittsburgh Sleep Quality Index with a score>5 indicating
poor sleep quality.”

5. Statistical analysis

Categorical data were presented as frequencies and per-
centages. Continuous data, such as age, daily headache
frequency, and headache intensity were presented as
the median with data range (minimum to maximum).
Nonparametric tests were used to establish statistical sig-
nificance at p<0.05 when the normality assumption was
not met. In our study, due to the small sample size and
non-normal distribution of the data, group comparisons
according to OSA severity were performed using nonpara-
metric methods. Specifically, the Mann-Whitney test was
used for continuous variables, and Fisher’s exact test was
used for categorical variables. Data analysis was performed
using SPSS version 24 (IBM Corp.).

RESULTS
1. Participants

Among 105 participants in the KCHR for 34 months, 14
participants who were clinically suspicious of OSA with CH
underwent PSG. However, two participants were excluded
due to being undiagnosed with OSA (AHI<5 per hour) and
no cluster bout for 2 years after PSG. Ultimately, a total of
12 participants were included in our analysis (Figure 1). All
participants were male, and the median age was 42 years
(range, 24-62 years). The median BMI was 26.1 kg/m”
(range, 21.0-32.9 kg/m®). There were 10 participants (83.3%)
with episodic CH and two participants (16.7%) with chronic
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Inclusion criteria
« Study date: Jan 2020 to Oct 2022
* Age over 19 years
* Enrollment in the Korean Cluster

105 Patients with
cluster headache

Headache Registry

» Consent form

14 Patients who underwent
PSG due to suspicion
of OSA

Exclusion criteria

A

 No cluster bout for the last 2 years as

A

of the date of PSG (n=1%)

12 Patients with OSA

« Simple snoring (n=2)

Apnea-hypopnea
index=15

Mild OSA (n=6)

Moderate to severe
OSA (n=6)

Figure 1. Flowchart of patient selection and evaluation.
*0One patient met both exclusion criteria.
PSG, polysomnography; OSA, obstructive sleep apnea.

CH. Nine participants (75.0%) had undergone PSG during
the cluster bout, and three participants had undergone PSG
during the remission period. Six participants were classified
for mild OSA, and the remaining participants were for mod-
erate to severe OSA (AHI>15 per hour). Two patients with
chronic CH were classified as having moderate to severe
OSA.

2. Clinical characteristics of cluster headache ac-
cording to obstructive sleep apnea severity

The median disease duration of CH in all participants was
6 years (range, 1-16 years), and the median onset age of
CH was 29 years (range, 15-55 years). The age at onset
of CH in the moderate to severe OSA group was higher
than in the mild OSA group (median, 38.5 years vs. 19.0
years; p=0.010). The maximal duration of cluster bout in
the moderate to severe group (median, 156.5 days) was
longer than that in the mild OSA group (median, 47.0
days; p=0.037). Other clinical features of cluster attacks
including intensity, duration, and frequency did not show
significant differences and were comparable between CH
patients with moderate to severe OSA and those with mild
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OSA (Table 1). A total of 10 participants (83.3%) reported
diurnal periodicity. There were no statistically significant
differences in age, sex, BMI, and cardiovascular risk factors
including hypertension, diabetes, hyperlipidemia, and
smoking between the two groups.

3. Sleep parameters and polysomnography data fea-
tures according to obstructive sleep apnea severity
in cluster headache patients

In this study, most participants (n=9, 75.0%) had under-
gone a PSG during the cluster bout (ictal phase of CH)
and no cluster attack was observed during PSG. As for the
difference of OSA severity between two groups, the me-
dian value of mean oxygen saturation was 96.2% (range,
95.3%-97.4%) in the mild OSA group and 94.6% (range,
93.2%-96.2%) in the moderate to severe OSA group. There
was a significant difference in AHI scores between the two
groups during non-rapid eye movement (NREM) sleep,
as well (4.3 vs. 19.0, p=0.004). However, there was no sig-
nificant difference in AHI during REM sleep according to
OSA severity (23.5 vs. 24.6, p=0.688). As a result, the REM-
AHI/NREM-AHI ratio was higher in the mild group than in
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Table 1. Clinical characteristics of cluster headache patients (n=12) according to OSA severity

Characteristic Mild OSA (n=6) Moderate to severe OSA (n=6) p-value
Age (yr) 40.5 (24.0-42.0) 43.5 (34.0-62.0) 0.076
Male sex 6 (100.0) 6 (100.0) >0.99
BMI (kg/m?) 26.6 (23.8-31.4) 26.0 (21.0-32.9) 0.631
Hypertension 1(16.7) 3(50.0) 0.545
Diabetes 1(16.7) 0 (0.0) >0.99
Hyperlipidemia 4 (66.7) 4 (66.7) >0.99
Current smoking 3(50.0) 5 (83.3) 0.105
Age at diagnosis of CH (yr) 28.0 (23.0-40.0) 41.5 (27.0-55.0) 0.044"
Age at onset of CH (yr) 19.0 (15.0-31.0) 38.5 (25.0-55.0) 0.010°
HIT-6 score 68.5 (63.0-78.0) 70.0 (48.0-78.0) 0.872
Maximal duration of cluster bouts (day) 47.0 (33.0-128.0) 156.5 (67.0-1,247.0) 0.037"
VAS score (headache severity) 0 (7.0-10.0) 0 (5.0-10.0) 0.672
Duration of CH attacks (min) 110.0 (30.0-180.0) 35.0 (20.0-120.0) 0.319
Frequency of CH attacks (day) 0(0.5-2.5) 8(1.0-2.0) 0.360
Location of CH attacks (right/left) (66 7)/2 (33.3) (16.7)/5 (83.3) 0.242
Presence of circadian rhythm in CH attacks 5 (83.3) 5(83.3) >0.99
CH attacks only at night 1(16.7) 3(50.0) 0.545
Presence of morning headache 1(16.7) 1(16.7) >0.99
Improvement in response to oxygen therapy 1(16.7) 4 (66.7) 0.143
Improvement in response to triptan therapy 5 (83.3) 4 (66.7) 0.211
PSG during cluster bouts 4 (66.7) 5 (83.3) >0.99

Values are presented as median (range) or number (%).

These p-values are based on the Mann-Whitney or Fisher exact test; “Asterisk indicates a statistically significant (p<0.05).
OSA, obstructive sleep apnea; BMI, body mass index; CH, cluster headache; HIT-6, Headache Impact Test-6; VAS, visual analog scale; PSG, polysomnography.

the moderate to severe group with borderline significance
(5.8 vs. 0.9, p=0.054). Lowest saturation and longest apnea
showed no significant differences between the two groups.
As shown in Table 2, there was a significant difference
in respiratory arousal index according to OSA severity
during NREM sleep (13.4 vs. 20.9, p=0.037). During REM
sleep stage, however, respiratory arousal index between
two groups were comparable (14.3 vs. 14.4, p=0.872). And
these results were also demonstrated in an analysis for pa-
tients who undergone PSG during the cluster bout (Figure
2). As shown in Table 2, there was no significant difference
between the two groups in moderate to severe insomnia
and poor sleep quality. Among the 12 patients included in
the final analysis, only three patients were diagnosed with
moderate to severe insomnia.

DISCUSSION

This is the first study that evaluated the characteristics of

CH and polysomnographic parameters according to OSA
severity in daily clinical practice using a prospective CH
registry. We used single hospital data of patients with CH
from the past 34 months. In the dataset 13.3% of the CH
patients had undergone PSG, and 85.7% had been diag-
nosed with OSA. In previous study, OSA were reported to
be diagnosed with PSG in 29% among the patients with
CH compared to 7% among age-sex-matched healthy con-
trols."” Compared to the prevalence (6%-17%) of OSA in
the general population, the CH population has a relatively
higher prevalence in OSA, so active screen for OSA is rec-
ommended in CH patients.' "’

Moderate to severe OSA accounted for half of the diag-
nosed OSA in participants with CH in our study, which is
slightly lower than the 60% reported in previous studies of
CH.” Interestingly, the median onset age of CH was sig-
nificantly higher in CH patients with moderate to severe
OSA group than in those with mild OSA group (38.5 years
vs. 19.0 years), while in the multicenter data in Korea, the
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Table 2. Polysomnographic data and sleep parameters of cluster headache patients (n=12) according to OSA severity

Variable Mild OSA (n=6) Moderate to severe OSA (n=6) p-value
Excessive sleep sleepiness 0(2.0-11.0) 5.0 (2.0-15.0) 0.421
Insomnia Severity Index 10 5 (4.0-23.0) 8.5 (5.0-17.0) 0.345
Moderate to severe insomnia 2(33.3) 1(16.7) 0.500
Pittsburgh Sleep Quality Index 0 (8.0-16.0) 9.5 (8.0-14.0) 0.809
Total sleep time (min) 375 7 (350.6-420.7) 367.1 (317.5-383.3) 0.423
REM sleep (min)' 28.8(7.8) 30.5(9.3) 0.423
NREM sleep (min)* 351.3(92.3) 328.0 (90.8) 0.423
Sleep efficiency (%) 94.4 (81.9-98.9) 95.8 (81.9-98.2) 0.936
WASO (min) 12 1(4.0-83.0) 12.5(6.5-70.0) 0.873
Total AHI (events/hr) 7 (5.0-9.4) 22.3(16.1-53.3) 0.004"
AHI in REM (events/hr) 23 5 (0.0-30.7) 24.6 (5.3-58.5) 0.688
AHI in NREM (events/hr) 3(3.4-9.4) 19.0 (14.6-56.1) 0.004"
REM/NREM-AHI ratio 8 (0.0-6.8) 0.9 (0.2-4.0) 0.054
Mean SpO, (%) 96 2(95.3-97.4) 94.6 (93.2-96.2) 0.036"
Minimum SpO0, (%) 90.5 (70.0-92.0) 86.5 (69.0-89.0) 0.091
Total Arl 14.1 (6.4-33.4) 21.3(18.8-51.4) 0.037"
Resp Arl 6(1.6-8.9) 14.6 (8.0-50.1) 0.004"
Total Arl in REM 16 6(0.0-26.2) 20.0 (0.0-66.0) 0.688
Resp Arl in REM 14.3 (0.0-21.4) 14.4 (0.0-45.9) 0.872
Total Arl in NREM 13.4 (5.7-33.4) 20.9 (17.9-53.2) 0.037"
Resp Arl in NREM 3.4 (0.8-8.9) 13.4 (8.6-51.7) 0.006"

Values are presented as median (range) or number (%) unless othervx*/ise specified.
These p-values are based on the Mann-Whitney or Fisher exact test; "Asterisk indicates a statistically significant (p<0.05). 'These data repre-

sent the median (%).

OSA, obstructive sleep apnea; REM, rapid eye movement; NREM, non-rapid eye movement; WASO, wakefulness after sleep onset; AHI, ap-
nea-hypopnea index; Sp0,, oxygen saturation; Arl, arousal index; Resp, respiratory.

mean onset age of CH was 29.3 years™ and the peak onset
Because the severity of OSA de-
pends on increasing age,” this association can be conse-

age was around 30 years.”

quential a coincidence, but detrimental effect of moderate
to severe OSA might have a role for occurrence of CH.™""'

In addition, the maximal duration of cluster bout during
the follow-up period was significantly longer in CH pa-
tients with moderate to severe OSA than in those with mild
OSA. Two patients with chronic CH were classified as hav-
ing moderate to severe OSA. These results support the pre-
viously reported association between moderate to severe
OSA and refractory or chronic CH, which was not present
in mild OSA.”*” Therefore, the findings that the older on-
set age and the longer duration of cluster bout, the higher
severity of OSA, which means that there is relationship and
comorbidity, at least, between CH and OSA.

In this study, there were no differences in AHI and respi-
ratory arousal index during the REM sleep stage accord-
ing to OSA severity (Table 2, Figure 2). This indicates an
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increased susceptibility to hypoxia during REM sleep, es-
pecially among those with mild OSA, resulting in REM-re-
lated OSA marked by respiratory difficulties during this
phase of sleep. Particularly, REM sleep in OSA patients is
associated with more frequent and prolonged obstructive
events, often accompanied by severe oxyhemoglobin de-
saturation.” This increased vulnerability during REM sleep
is attributed to reduced pharyngeal muscle activity due
to withdrawal of excitatory inputs to upper airway motor
neurons.”’ Consequently, the upper airway is more prone
to collapse during REM sleep in OSA patients compared
to NREM sleep. Even in cases of mild OSA, REM sleep can
contribute to a cycle of heightened respiratory distress and
frequent arousals in patients with CH. Therefore, interven-
tions such as positive airway pressure (PAP) therapy may
be beneficial for CH patients experiencing OSA symptoms,
such as excessive daytime sleepiness, snoring, or stopped
breathing during sleep. Case reports”” have demonstrat-
ed symptom improvement in CH patients following PAP
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Figure 2. Comparison of polysomnographic respiratory parameters according to OSA severity in patients during cluster bouts.

*Asterisk indicates a statistically significant (p<0.05).

AHI, apnea-hypopnea index; NREM, non-rapid eye movement; REM, rapid eye movement; Resp, respiratory; Arl, arousal index; OSA, ob-

structive sleep apnea.

therapy, suggesting its potential benefits in managing CH
when OSA coexists. This underscores the importance of
considering sleep-related factors in CH management.

Our study has certain limitations. First, the details about
CH were collected via self-reports from the participants,
which could have resulted in an over or underestimation of
the true clinical characteristics of the CH attacks. Second,
the sample size of this single-center study was small, so
selection bias and type I or type II errors might have been
committed. It is difficult to obtain large sample sized as CH
patients presents with disabling pain when they visit the
hospital, making it difficult to evaluate a sleep disorder and
conduct laboratory PSG, especially during the cluster bout.
Third, the low prevalence (11.4%) of OSA in our CH regis-
try could have been influenced by the low performance of
PSG.

It was difficult to perform sleep study for the patient, es-
pecially those during cluster bout with severe pain. How-
ever, it may have also reflected the real-world proportion
of OSA evaluation by PSG among consecutive CH patients.
Future studies on the appropriate indications for PSG and
intervention of OSA in patients with CH are warranted.

Therefore, a multicenter prospective randomized study re-
garding impacts on CH in patients currently using PAP as
treatment of OSA is needed.

In conclusion, onset age of CH and maximal duration of
cluster bout were both associated with severity of OSA in
CH patients. And the relatively high susceptibility of sleep
apnea during REM sleep in patients with mild OSA sug-
gests the potential benefits of intervention even in mild se-
verity of OSA, for CH patients. Although the relationship of
OSA and CH is not causal, considering PSG examinations
for comorbid OSA and can be beneficial for further man-
agement, especially in patients with CH who are elderly,
experience prolonged cluster bouts, or exhibit unrespon-
siveness to drug treatment.
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GUIDELINES FOR MANUSCRIPT FORMATTING

1. General Guidelines

o The manuscript must be written in English.

o The manuscript should be organized in a single file, which
starts with the title page, abstract and keywords, introduc-
tion, materials and methods, results, discussion, acknowl-
edgments, statements on conflicts of interest, references, ta-
bles, and figure legends.

o The manuscript should use an 11- or 12-point font size and
be double spaced on 21.0 cm x 29.7 cm (A4) paper with 3.0
cm margins at the top, bottom, and left margin. Left-aligned
text should be used.

e The authors should not number the pages or the lines. The
page and line numbers will automatically be generated
when the uploaded manuscript is converted to PDF format.

¢ Use only standard abbreviations; use of nonstandard abbre-
viations can be confusing to readers. Avoid abbreviations in
the title of the manuscript. The spelled-out abbreviation fol-
lowed by the abbreviation in parentheses should be used on
first mention.

* When quoting from other sources, give a reference number
after the author’s name or at the end of the quotation.

o Authors should express all measurements in conventional
units, using the International System (SI) of units.

- Biological names of organisms: Saccharomyces cerevisiae, E.
coli

- Restriction enzymes and some enzymes: EcoRI, Taq poly-
merase

- Names of genes: Src, C-H-ras, Myc

- Latin words: in vivo, in vitro, in situ

- Centrifugation force: 100,000 x g

e The names of the manufacturers of equipment and generic
names should be given.

o For specific study designs, such as randomized control stud-
ies, studies of diagnostic accuracy, meta-analyses, observa-
tional studies, and nonrandomized studies, authors are en-
couraged to also consult the reporting guidelines relevant to
their specific research design. A good source of reporting
guidelines is the EQUATOR Network (https://www.equa-
tor-network.org) and the NLM (https://www.nlm.nih.gov/
services/research_report_guide.html).

e Please also refer to the most recent articles published in
Headache and Pain Research for style.
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2. Main Document

e The main document should contain the following compo-
nents in a single Microsoft Word file, each component start-
ing on a separate page: title page, abstract, main body, ac-
knowledgments/statements on conflicts of interest, refer-
ences, and figure legends.

2.1.Title Page
« Include the following items on the title page:
- Title
- Names, affiliations, and addresses of all authors
- Contact information of the corresponding author
- Type of manuscript

« Each author’s full name, not initials, must be provided in the
order of first name, middle name (if it exists), and last name
for all participating authors, e.g., John (first name) Doe (last
name).

e When authors from different institutions/addresses are in-
cluded, the authors should be matched with their organiza-
tions by placing the relevant organization number in super-
script after each author’s name.

« The contact information of the corresponding author should
include the mailing address and e-mail address.

¢ ORCID: Open researcher and contributor ID (ORCID) of all
authors are recommended to be provided. To have ORCID,
authors should register in the ORCID web site available from:
https://orcid.org. Registration is free to every researcher in
the world.

2.2. Abstract

« Reference citations should not be used in the abstract. Ab-
breviations should be minimized and, if used, must be de-
fined within the abstract by the full term followed by its ab-
breviation in parentheses.

« The abstract should be concise, less than 250 words, and de-
scribe the subject of research concisely, in a paragraph. The
abstract for an original article must be structured to include
a Purpose, Methods, Results, and Conclusion as follows:
Purpose: In one or two sentences, the specific purpose of
the article and why it is worthy of attention should be indi-
cated. The purpose stated here should be identical to the
one given in the title of the paper and the introduction.
Methods: The methods used to achieve the purpose ex-
plained in the first paragraph should be described succinct-
ly, stating what was done and how bias was controlled, what
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data were collected, and how the data were analyzed.
Results: The findings of the methods described in the pre-
ceding paragraph are to be presented here, with specific
data. All results should flow logically from the methods de-
scribed.

Conclusion: In one or two sentences, the conclusion of the
study should be stated. This should relate directly to the pur-
pose of the paper, as defined in the first paragraph of the ab-
stract.

o Unlike that for an Original Article, the abstract for review/
case report consist of a single paragraph without separate
sections. The most recently published articles should be
consulted for style.

« Three to five keywords (index terms) should appear after the
abstract. For the selection of keywords, refer to the list of
Medical Subject Headings (MeSH, https://www.ncbi.nlm.
nih.gov/mesh).

2.3. Main Body

2.3.1. Original Article

Original articles are papers containing results of basic and
clinical investigations, which are sufficiently well documented
to be acceptable to critical readers. The maximum length of a
manuscript is 5,000 words (exclusive of the title page and ab-
stract), 50 references (if the references exceed 50, authors can
consult with the Editorial Office). A total of 8 figures or tables
are allowed; additional tables and figures may be provided
using the online data supplement system.

Introduction

e The introduction provides the research background and
specific purpose or objectives, generally enough to inform
the readers of the topic, and relevant findings of others are
described. The hypothesis tested can be stated. The refer-
ences should be as few and pertinent as possible.

Materials and Methods

e The first paragraph should address whether the study was
conducted under an approval by the Institutional Review
Board (with or without patient informed consent) and Insti-
tutional Animal Care and Use Committee of the institution
where the study took place for any investigation involving
humans and animals, respectively.

« The materials (or subjects), inclusion and exclusion criteria,
research plan, and the methods used should all be de-

scribed.

« Ensure correct use of the terms sex (when reporting biologi-
cal factors) and gender (identity, psychosocial or cultural
factors), and, unless inappropriate, report the sex and/or
gender of study participants, the sex of animals or cells, and
describe the methods used to determine sex and gender. If
the study was done involving an exclusive population, for
example in only one sex, authors should justify why, except
in obvious cases (e.g., prostate cancer). Authors should de-
fine how they determined race or ethnicity and justify their
relevance.

» How the disease was confirmed and how subjectivity in ob-
servations was controlled should be explained in detail, if
relevant.

* When experimental methodology is the main issue of the
paper, the experimental process should be described in de-
tail so as to make it possible for the reader to recreate the ex-
periment as closely as possible.

« The methods of statistical analysis and criteria for statistical
significance should be described.

o If the study includes reuse/overlap of materials previously
published or under consideration for publication elsewhere,
the reuse/overlap of study materials should be clearly stated.

Results

e The results of the paper should be described logically ac-
cording to the Methods section.

« Tables and figures are recommended when they can present
data more succinctly and clearly. Do not duplicate the con-
tent of tables or figures in the Results section.

« Briefly describe the core results related to the conclusion in
the text when data are provided in tables or in figures.

« In the Results section, audio or video files are also welcomed.
Supplementary results can be placed in the Appendix.

Discussion

« In the first part of the discussion, the main findings should
be briefly summarized, then possible explanations for these
findings should be explored, and these results should be
compared and contrasted with the findings of other relevant
studies.

o The results of previous relevant studies should not be men-
tioned repeatedly, but any concordance or discordance
should be noted.

o The core findings and the conclusions derived from them
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should be emphasized according to the best available evi-
dence.

o In the last part of the discussion, the limitations of the study,
future research suggestions or plans, and the conclusion
should all be described. If there was a research hypothesis in
the introduction section, whether it was supported should
be stated.

Conflict of Interest
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bered and listed in the order of their appearance in the text.

o List all authors when there are six or fewer; for seven or

more, list only the first three and add “et al”

o If an article has been published online but has not yet been
given an issue or pages, the digital object identifier (DOI)
should be supplied.

« Journal titles should be abbreviated in the style used in Med-

line.
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o Other types of references not described below should follow
“Samples of Formatted References for Authors of Journal Ar-
ticles” (https://www.nlm.nih.gov/bsd/uniform_require-
ments.html).

e Unpublished data should not be cited in the reference list,
but parenthetically in the text, for example: (Smith DJ, per-
sonal communication), (Smith DJ, unpublished data).

e The style and punctuation for journal articles, books, or
book chapters should follow the format illustrated in the fol-

lowing examples:

- Journal article
Na JH, Cho SJ, Moon JS, et al. Application and effectiveness
of dietary therapy for pediatric migraine. Headache Pain
Res 2023;1:14-19.

Journal article published electronically ahead of print

Mantegazza R, Wolfe GI, Muppidi S, et al. Post-intervention
status in patients with refractory myasthenia gravis treated
with eculizumab during REGAIN and its open-label exten-
sion. Neurology 2020 Nov 23 [Epub]. https://doi.org/10.
1212/WNL.0000000000011207

- Conference paper
Mark MH, Dickson DW, Schwarz KO, et al. Familial diffuse
Lewy body disease. Presented at the 10th International
Symposium on Parkinson’s Disease; October 19, 1991.

Forthcoming

Tian D, Araki H, Stahl E, Bergelson J, Kreitman M. Signa-
ture of balancing selection in Arabidopsis. Proc Natl Acad
Sci USA. Forthcomming 2002.

Book

Murray PR, Rosenthal KS, Kobayashi GS, Pfaller MA. Medi-
cal microbiology, 4th ed. Mosby; 2002.

Gilstrap LC 3rd, Cunningham FG, VanDorsten JP, editors.
Operative obstetrics, 2nd ed. McGraw-Hill; 2002.

Meltzer PS, Kallioniemi A, Trent JM. Chromosome Alter-

ations in Human Solid Tumors. In: Vogelstein B, Kinzler
KW, editors. The Genetic Basis of Human Cancer. Mc-
Graw-Hill; 2002. p. 93-113.

Online book or Website

Foley KM, Gelband H, editors. Improving palliative care for
cancer [Internet]. National Academy Press; 2001 [cited


https://www.nlm.nih.gov/bsd/uniform_requirements.html
https://www.nlm.nih.gov/bsd/uniform_requirements.html

2002 Jul 9]. Available from: https://www.nap.edu/cata-
log/10149/improving-palliative-care-for-cancer

Tables

o The tables should start on a separate page. The tables should
be numbered using Arabic numerals in the order in which
they are cited in the text.

o The title of the table should be not sentences, but phrases or
clauses, without periods.

« Footnotes should be indicated by *, 1, %, §, ||, €, **, +1, %,
etc. Abbreviations should be defined in a footnote below
each table.

o Written permission from the prior publisher should be ob-
tained for the use of all previously published tables and cop-
ies of the permission letter should be submitted.

o The statistical significance of observed differences in the data
should be indicated by the appropriate statistical analysis.

Figure Legends

o The figure legends should start on a separate page. Legends
should be numbered in the order in which they are cited,
using Arabic numerals.

o In case of the use of previously published figures, the origi-
nal source must be revealed in the figure legend.

Figures

» Multiple figures mentioned in the text should be described
as follows, e.g., Figures 1, 3.

o Labels/arrows should be of professional quality.

¢ All names and all other identifiers of the patient, authors,
and authors’ institutions should be removed from the fig-
ures.

o Color figures should be in RGB color mode and line draw-
ings should be black on a white background.

o Written permission from the prior publisher should be ob-
tained for the use of all previously published illustrations
and copies of the permission letter should be submitted.

Video Clips

¢ Video clips can be submitted for placement on the journal
website. All videos are subject to peer review and can be up-
loaded as supplementary materials.

¢ A video file submitted for consideration for publication
should be in complete and final format and at as high a res-
olution as possible. Any editing of the video will be the re-

sponsibility of the author.

e Headache and Pain Research recommends Quicktime, AVI,
MPEG, MP4, or RealMedia file formats of less than 5 minutes
duration.

e A legend to accompany the video should be double-spaced
in a separate file.

« All copyrights for video files after acceptance of the main ar-
ticle are automatically transferred to Headache and Pain Re-
search.

Supplementary Data

e Supplementary data: If there are complementary materials
that help the understanding of readers or if there is a large
amount of data, these may be used as supplementary data.
Supplementary data should be as concise as possible and
must be related to the main conclusion of the paper. Supple-
mentary data can include electronic files of high resolution
images, background datasets, video materials, animations,
and more. Supplementary data will be published online
alongside the electronic version of the article. Video data
files can be submitted in the same way as a figure or table by
referring to the video or animation content. Since video and
animation cannot be embedded in the print version, authors
have to provide text for both the electronic and the print ver-
sion for the portions of the article that refer to this content.

2.3.2. Review Article

o A review is generally published as a commissioned paper at
the request of the editor(s).

« Review articles contain an Abstract, Introduction, Main text,
and Summary (or Conclusion) followed by references, ta-
bles, and figure legends.

e A review article is a comprehensive scholarly review on a
specific topic. It is not an exhibit of a series of cases.

e Neither new information nor personal opinions are to be in-
cluded.

 An introduction that explains the scope of the paper is re-
quired, and headings should be used appropriately to sepa-
rate and organize the text.

« Please send us a Presubmission Inquiry before writing a re-
view article. All review articles undergo the same review
process as other types of articles prior to acceptance. Re-
views have no restrictions on word count or the number of
figures and tables. However, authors should eliminate re-
dundancy, emphasize the central message, and provide only
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the data necessary to convey that message. The approximate
length should be less than 5,000 words. There should be an
unstructured abstract equal to or less than 250 words. Refer-
ences should not exceed 200 references.

¢ The most recent Review articles published in Headache and
Pain Research should be consulted for further details on for-
matting.

2.3.3. Case Reports

o Case reports will be published only in exceptional circum-
stances, if they illustrate a rare occurrence of clinical impor-
tance. These manuscripts should be organized in the follow-
ing sequence: title page, abstract and keywords, introduc-
tion, case report(s), discussion, acknowledgments, referenc-
es, tables, figure legends, and figures. Case reports are limit-
ed to 2,000 words (excluding the abstract, references, tables,
and legends), and references should not exceed 30. A maxi-
mum of 5 figures or tables are allowed.

2.3.4. Letter to the Editor

e Constructive criticism of a specific thesis published by
Headache and Pain Research is welcome.

o Letters to the editor may be in response to a published arti-
cle or a short, free-standing piece expressing an opinion. If
the letters to the editor is in response to a published article,
the Editor-in-Chief may choose to invite the article’s authors
to write a reply. No abstraction is required. The letter should
be 1,000 words or less (excluding references and figure leg-
ends) with a maximum of 5 references. A maximum of 2 fig-
ures including tables is allowed.

2.3.5. Editorials

o Editorials are invited by the editor and should be commen-
taries on articles in the current issue. Editorial topics could
include active areas of research, fresh insights, and debates
in all fields considered to be of interest to Headache and
Pain Research readers. Editorials should not exceed 1,000
words, excluding references, tables, and figures. References
should not exceed 5. A maximum of 3 figures including ta-
bles is allowed.

2.3.6. Perspective

o A perspective is a report of the authors’ viewpoint on a spe-
cific subject of interest to our readers as a commissioned pa-
per at the request of the editor(s).
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« Little or no new original information is included, and there
is limited literature analysis. A perspective is a report of the
authors’ viewpoint on a specific subject of interest to our
readers as a commissioned paper at the request of the edi-
tor(s).

Table 1. Specification for publication types

Type of article Abstract (word) (ﬁﬁ)a) Reference %zllif(
Original article Structured, 250 5,000 50 8
Review article 250 5,000 200 Not limited
Case report 250 2,000 30 5
Letter to the editor Not required 1,000 5 2
Editorial Not required 1,000 5 3
Perspective Not required 1,500 5 3

“Excluding the title page, abstract, references, tables, and legends.

REVIEW PROCESS AND MANUSCRIPT DECISION

e The submitted manuscript will first be evaluated at the edi-
torial office regarding the completeness of the submitted
materials and their suitability to Headache and Pain Re-
search. Modifications/corrections may be requested from
the authors at this stage before starting the peer review.

« Submitted manuscripts will generally be reviewed by the ed-
itors, as well as two peer reviewers who are experts in the
submitted subject matter and the peer reviewers will make
suggestions to the editor(s).

« Authors may suggest preferred and non-preferred reviewers
during manuscript submission. However, the ultimate selec-
tion of the reviewers will be determined by the editor(s).

e The authors can monitor the progress of the manuscript
throughout the review process at the submission site
(https://submit.e-hpr.org).

 Submitted manuscripts will be rendered one of the following
decisions:

Accept: The manuscript is accepted for publication.

Minor Revisions: A revision needs to be submitted within
the due date. Otherwise, the manuscript will be treated as a
new submission.

Major Revisions: A revision needs to be submitted within
the due date. Otherwise, the manuscript will be treated as a

new submission.


http://submit.e-hpr.org

Reject, Resubmission allowed: The authors are allowed to
resubmit their work. However, it is effective only when they
are able to respond to the various reviewer comments and
make substantial changes to the study. The resubmitted
manuscript will be treated as a new submission.

Reject, No further consideration: The paper will no longer
be considered for publication.

o The decision to accept a manuscript is not based solely on
the scientific validity and originality of the study content;
other factors are considered, including the extent and im-
portance of new information in the paper as compared with
that in other papers being considered, the Journal’s need to
represent a wide range of topics, and the overall suitability
for Headache and Pain Research.

e Decision letters usually, but not always, convey all factors
considered for a particular decision. Occasionally, the com-
ments to the authors may appear to be inconsistent with the
editorial decision, which takes into consideration reviewers’
comments to the editor, as well as the additional factors list-
ed above.

o If the author(s) believe that the journal has rejected their ar-
ticle in error, perhaps because the reviewers have misunder-
stood its scientific content, an appeal may be submitted by
e-mail to the editorial office (office@e-hpr.org). However,
appeals are ineffective in most cases and are discouraged.

ELECTRONIC SUBMISSION OF MANUSCRIPT

Online Submission

o All manuscripts should be submitted online via the journal’s
website (https://submit.e-hpr.org) by the corresponding au-
thor. Once you have logged into your account, the on-line
system will lead you through the submission process in a
step-by-step orderly process. Submission instructions are
available at the website. All articles submitted to the journal
must comply with these instructions. Failure to do so will re-
sult in the return of the manuscript and, possibly, in delayed
publication.

o Author’s checklist: You will be first requested to confirm the
Author’s Checklist. Before submitting the new manuscript,
please ensure every point listed in the Author’s Check- list
has been addressed.

» Document forms: Before you log into the online submission

system, it is helpful to prepare the following documents as

you will be asked to upload them during the electronic sub-

mission process.

- Author statement forms

- Cover letter: A Cover Letter must indicate the address, tele-
phone and fax numbers, and E-mail address of the corre-
sponding author. The cover letter accompanying the man-
uscript must specify the type of manuscript and include
statements on ethical issues and conflicts of interest, and
complete contact information for the corresponding au-
thor. The cover letter should include the following state-
ment: “All authors have read and approved the submitted
manuscript, the manuscript has not been submitted else-
where nor published elsewhere in whole or in part, except
as an abstract (if relevant).”

- English proof-reading (non-obligatory): Although it is not
an obligatory demand, authors may show that their manu-
script has been edited through English proofreading

Submission of Revised Manuscript

« Revision should be submitted within the due date of the de-
cision. Otherwise, the manuscript will be treated as a new
submission.

o Please carefully read and follow the instructions written here
and those included in the manuscript decision e-mail.

« To start the submission of a revised manuscript, log in at
https://submit.e-hpr.org. Click the “Manuscripts in Revi-
sion” queue in the “My Manuscripts” area. Then, find the
submission you wish to start the revision process for and
click on the “Create Revision” link for that manuscript.

« To continue with a revised manuscript that has yet to be
submitted, click on the “Revised Manuscripts in Draft”
queue in the “My Manuscripts” area. Find the submission
you wish to continue with and then click on the “Continue
Submission” button.

e Please submit a point-by-point response to the editor/re-
viewer comments by directly pasting it in the box provided
in “View and Response to Decision Letter” page as well as by
uploading the same as a Microsoft Word document file
(DOC/DOCX) on the “File Upload” page

» Any changes in the authorship should be reported to the ed-
itor in the cover letter.

« For file uploading, if you have updated a file, please delete
the original version and upload the revised file. To designate
the order in which your files appear, use the dropdowns in
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the “order” column on the “File Upload” page.

« For a revision, we require two copies of the Main Document.
Each should be a Microsoft Word document. The FIRST
COPY should represent the final “clean” copy of the manu-
script. The SECOND “annotated” COPY should have chang-
es tracked using the track changes function in Microsoft
Word with marginal memos indicating changes (e.g., E-1 in-
dicates a response to comment #1 of the Editor; R2-3 indi-
cates a response to comment #3 of Reviewer #2).

MANUSCRIPTS ACCEPTED FOR PUBLICATION

Final Version

After a paper has been accepted for publication, the names
and affiliations of authors should be double-checked, and if
the originally submitted image files were of poor resolution,
higher resolution image files should be submitted at this time.
Symbols (e.g., circles, triangles, squares), letters (e.g., words,
abbreviations), and numbers should be large enough to be
legible on reduction to the journal’s column widths. All sym-
bols must be defined in the figure caption. If references, ta-
bles, or figures are moved, added, or deleted during the revi-
sion process, renumber them to reflect such changes so that
all tables, references, and figures are cited in numeric order.

Manuscript Corrections
Before publication, the manuscript editor will correct the
manuscript such that it meets the standard publication for-
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mat. The author(s) must respond within 48 hours when the
manuscript editor contacts the author for revisions. If the re-
sponse is delayed, the manuscript’s publication may be post-
poned to the next issue.

Proofs

The corresponding author will receive page proofs for final
checking, which should be corrected and returned within 48
hours. The authors must carefully check proofs to see that all
errors are corrected and queries from editors answered. Keep

a copy for your records.

Errata and Corrigenda

To correct errors in published articles, the corresponding au-
thor should contact the journal’s Editorial Office with a de-
tailed description of the proposed correction. Corrections that
profoundly affect the interpretation or conclusions of the arti-
cle will be reviewed by the editors. Corrections will be pub-
lished as corrigenda (corrections of author’s errors) or errata
(corrections of publisher’s errors) in a later issue of the journal.

ARTICLE-PROCESSING CHARGE

There are no author submission fees or other publication-re-
lated charges. All cost for the publication process is supported
by the Publisher. Korean Headache Society is a so-called plat-
inum open access journal which does not charge author fees.



Author Checklist

(0 Submit manuscripts as DOC or DOCX files. Double space all parts of the manuscript.

[0 The structured abstract should be no more than 250 words, and the abstract of the original article should be organizied as
follows: Purpose, Methods, Results, and Conclusion.

[0 Include institutional review board approval, informed consent, and/or animal care committee approval for an original
article or case reports.

[0 The tables and figures should start on a separate pages after references

O Digital figures must be at least 600 dpi and a 9-18 cm in width and height. Use JPG/JPEG/TIF/TIFE.

(O Video clips should be less than 5 minutes duration for each.

[ References should be cited using superscript Arabic numerals (e.g., 1, 2,3, 4-6) and numbered in the order in which they
are cited.

O For previously published materials, send written permission to reprint any figure or any other applicable permissions.

O Please include the following components in the title pages ( “not applicable” is a possible answer):
Abbreviations, Acknowledgements, Author contributions, Availability of data and material, Ethic approval and consent to
participate, Conflict of interest, Funding statement, and ORCID (all authors)

O Provide copies of any material for which there is overlap with your manuscript (see Originality and Duplicate Publication)
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Copyright transfer agreement

Manuscript title:

I hereby certify that I agreed to submit the manuscript entitled as above to Headache and Pain Research with the following state-

ments:

» This manuscript is original and there is no copyright problem, defamation and privacy intrusion. Any legal or ethical damage
should not be directed to the The Korean Headache Society due to this manuscript.

 All authors contributed to this manuscript actually and intellectually and have responsibility equally to this manuscript.

» This manuscript was not published or considered for publication to any other scientific journals in the world. It will not be sub-
mitted again to other journals without permission from Editor of Headache and Pain Research if it is accepted for publication.

» Copyright of this manuscript shall be transferred to the The Korean Headache Society if it is published in Headache and Pain
Research. It means that if any persons including authors want to use the contents of this manuscript, they should cite the
source and can use it for educational and research purpose according to Creative Commons Attribution License.

o All authors have provided a signature for copyright transfer agreement on this manuscript.

Conflict of Interest Disclosure Statement

List any potential conflicts of interests of this manuscript (any financial support or benefits have been received by the author(s)
that could affect the work reported in the article) or indicate “The author(s) declared no conflict of interest.”

Name of the author(s) Date Signature
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Azilect’
— extend
the now

* Azilect® helps patients with PD regain
control throughout the day and night'

* Azilect® provides a good start to the day’

* Azilect® improves patient's quality of life’

AZIL-KR-00270 08/2023

Prescribing Information

AZILECT is a potent, irreversible MAO-B selective inhibitor, which may cause an
increase in extracellular levels of dopamine in the striatum. This selective
enhancement of dopamine activity leads to beneficial effects in patients with
idiopathic Parkinson's disease. AZILECT is indicated for the treatment of idiopathic
Parkinson's disease (PD) as initial monotherapy or as adjunct therapy with levodopa
or dopamine agonists.

® Quali and Quantitative C

Azilect tablets 0.5mg

Each tablet (105mg) contains

- Active ingredient: Rasagiline mesylate (in-house) 0.78mg
(equivalent to 0.5mg rasagiline base)

- Excipients: Mannitol, Maize starch, Pregelatinised maize starch,
Colloidal anhydrous silica, Stearic acid, Talc

Azilect tablets Img

Each tablet (210mg) contains

- Active ingredient: Rasagiline mesylate (in-house) 1.56mg
(equivalent to Tmg rasagiline base)

- Excipients: Mannitol, Maize starch, Pregelatinised maize starch,
Colloidal anhydrous silica, Stearic acid, Talc

B Pharmaceutical Form

Azilect tablets 0.5mg

White to off-white, round, flat, bevelled tablets, debossed with “GIL” and “0.5”
underneath on one side and plain on the other side.

Azilect tablets Tmg

White to off-white, round, flat, bevelled tablets, debossed with “GIL” and “1"
underneath on one side and plain on the other side.

® Therapeutic Indication

Treatment of idiopathic Parkinson’s disease:

1) Initial monotherapy or adjunct therapy with dopamine agonists

2) Adjunct therapy with levodopa in patients with end of dose fluctuations.

B Dosage and Administration

Rasagiline is administered orally, once daily as monotherapy or as adjunct therapy.
1) Monotherapy or adjunct therapy with dopamine agonists: Rasagiline is
administered orally, at a dose of 1 mg once daily.

2) Adjunct therapy with levodopa: In patients taking levodopa, the recommended
initial dose of rasagiline is 0.5 mg once daily. If the patient tolerates the dose, but
asufficient clinical response is not achieved, the dose may be increased to 1 mg
once daily.

It may be taken with or without food.

® Warnings and precautions for use

Contraindications

1) Hypersensitivity to the active substance or to any of the excipients.

2) Concomitant treatment with other monoamine oxidase (MAO) inhibitors
(including medicinal and natural products without prescription e.g. St. John's Wort).
At least 14 days must elapse between discontinuation of rasagiline

and initiation of treatment with MAQ inhibitors.

3) Concomitant treatment with pethidine. At least 14 days must elapse between
discontinuation of rasagiline and initiation of treatment with pethidine.

4) Concomitant use of tramadol

5) Concomitant use of dextromethorphan

6) Rasagiline is contraindicated in patients with moderate or severe hepatic
impairment.

B Storage Condition : Tight container, Store at room temperature (1-25°C)
o Shelf Life : 36 months after manufacturing

B How Supplied : 30 Tablets

H Local Importer & Distributor : Lundbeck Korea Co,, Ltd.

19F KOBACO Building, 137, Olympic-ro 35-gil, Songpa-gu, Seoul, Korea

® Co-promotion : Teva Handok Co,, Ltd.

132, Teheran-ro, Gangnam-gu, Seoul, Republic of Korea

¥ Manufactured by request of Teva Pharma GmbH.

Graf-Arco-Str. 3, 89079 UIM, Germany

B Manufacturer : Teva Pharmaceutical Industiries Ltd.

18, Eli Hurvitz Street, Industrial Zone, Kfar Saba 4410202, Israel

B For Further Information : please contact us at (02) 431-6600 (Tel)

% Latest updated information after the revision date will be available at the
Lundbeck Korea website (http://www.lundbeck.com/kr).

% Please refer to the prescribing information for more details.

Latest Leaflet revised: 2020. 09. 16

Ref. 1) Rascol et al. Lancet. 2005;365:947-954 2) Stocchi and Rabey. Eur J Neurol. 2011;18:1373-1378 3) Reichmann and Jost. Eur J Neurol. 2010;17:1164-1171
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Long Lasting Action
Lower Rate of Recurrence
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Easy to swallow without water and
fast absorption for treatment of acute migraine

NAGRAN

ODT 2.5mg Naratriptan Hydrochloride
LITgF 23S0 = 25ms

ABaliME e, THE HES XZAS T HES

MOI(18 ~ 65M)) | LIZIERIEICZ M HA £ . Ch. 244
AlZt0] 2242 £1 2.5 mgS MEOH3HCE 0
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Manufactured for Yuyu Pharma, Inc. 197, Dongho-ro, Jung-gu, Seoul, Republic of Korea
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Lo @ Yuyu P h a r m a Manufactured by Yuyu Pharma, Inc, 94 Bio valley 1-ro , Jecheon-si , Chungcheongbuk-do
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* For product inquiries and confirmation, please visit www.yuyu.co.kr or caller service (toll-free) 080-900-0066
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AJOVY
(fremanezumab)
injection 225 mg/1.5 mL

More migraine-free days with
o] ¥ -1l only 4 injection days per year'?

(fre m a n eZ u m a b) Reference 1. 2AZSEEHEAIAH (http:\\nedrug.mfds.go.kr) OtZ=H| HEHE 2. Goadsby PJ, et al. Neurology 2020;95:e2487-2499

Injection 225mg/1.5mL OFEH| Rl AIBIRIZS RO, SERITIZS) OlHIQ EOIME(AO{RE, SHRZE) HEo[orE
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(Roxatidine acetate HCI 37.5mg/75mg)

n7IAEE| 4= 315mg mIIAEE| ZE 7omg

E3=:645600030

K-
Pharm

HZ2=:645602410 A

SWE CARE

[H2%E X 3 28] 1& 5 WIIAES! #43 375mg : ZAIE|TIOMEI0 | EFMA(E)--375mg  WIHAES] A2 75mg - SAE|CIORMEIOIEFAH () 75mg
[&5- &3] - a5 &1 -1) 9 - HOIX[E & 2) ARY Al=g 3) Z={dalt S22 4) fldto] 5212 2I2iMendelson's syndrome)o| U= 2txto] DpxiH S04,
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