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Editorial
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Primary or Secondary Headache Disorders in Moyamoya
Disease and Cerebral Infarction: Clinical Challenges and
the Potential Role of Non-Vasoconstrictive Migraine

Therapies

Soo-Jin Cho

Department of Neurology, Dongtan Sacred Heart Hospital, Hallym University College of Medicine, Hwaseong, Republic of Korea

Headaches are common and often disabling in patients
with moyamoya disease and in stroke survivors, yet they
are frequently overlooked in routine clinical practice."”’
Moyamoya disease is a rare, progressive cerebrovascular
condition characterized by chronic stenosis or occlusion
of the intracranial internal carotid arteries and is asso-
ciated with diverse clinical manifestations, including
ischemic strokes, transient ischemic attacks, intracranial
hemorrhage, as well as headache. Although headache is
not usually a dominant symptom of stroke in the absence
of associated neurological deficits, notable exceptions in-
clude arterial dissection, venous stroke, reversible cerebral
vasoconstriction, and strokes associated with meningitis.
The reported prevalence of headaches ranges widely, from
17% to 85% in patients with moyamoya disease and from
7% to 65% in stroke populations.”” This variability likely re-
flects differences in study design, patient populations, and
headache definitions. Importantly, headache may precede,
occur concomitantly with, or follow a vascular event, and
its clinical relevance is often underestimated in everyday
practice.

Clinically, headaches in these patients may arise through
at least three distinct scenarios. First, patients may have

pre-existing primary headache disorders, such as migraine
or tension-type headache, which can be exacerbated by
underlying vascular disease or altered cerebral hemody-
namics. Second, headaches may occur as a direct conse-
quence of moyamoya disease or stroke itself, representing
secondary headaches attributable to cerebrovascular pa-
thology. In this context, headache characteristics may vary
according to stroke subtype, lesion location, and vascular
territory, and may provide clues to underlying mecha-
nisms such as cortical involvement, posterior circulation
ischemia, or meningeal irritation. Third, new and unrelat-
ed headache disorders may develop after a vascular event.
In this context, a structured and comprehensive ap-
proach is required for the diagnostic evaluation of second-
ary headaches. This approach includes careful character-
ization of the current headache phenotype, assessment of
prior headache history, evaluation of the temporal rela-
tionship between headache onset and vascular events, and
performance of appropriate neuroimaging studies. A re-
cent article on headaches associated with moyamoya dis-
ease has provided a detailed framework addressing clinical
significance, underlying pathophysiology, and therapeutic
considerations.' Importantly, headaches in patients with

Received: January 6, 2026; Revised: January 12, 2026; Accepted: January 26, 2026

Correspondence: Soo-Jin Cho, M.D,, Ph.D.

Department of Neurology, Dongtan Sacred Heart Hospital, Hallym University College of Medicine, 7 Keunjaebong-gil, Hwaseong 18450, Republic

of Korea

Tel: +82-31-8086-2310, Fax: +82-31-8086-2317, E-mail: dowonc@naver.com

© 2026 The Korean Headache Society

@This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.
org/licenses/by-nc/4.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work

is properly cited.


http://orcid.org/0000-0002-4053-3763

Headache Pain Res 2026;27(1):1-3

moyamoya disease may reflect unstable cerebral hemody-
namics, and surgical revascularization can alleviate head-
aches by improving cerebral perfusion in selected cases.
Similarly, headache patterns in certain stroke subtypes,
such as arterial dissection, venous stroke, or reversible ce-
rebral vasoconstriction syndrome, may serve as important
diagnostic or prognostic markers.

Medical management is generally guided by headache
phenotype. First-line therapies typically include simple
analgesics or non-steroidal anti-inflammatory drugs, al-
though these are often only partially effective. Non-vaso-
constrictive, migraine-specific agents have gained increas-
ing attention in this setting. Lasmiditan, a selective 5-HT1F
agonist, is approved for primary migraine and lacks va-
soconstrictive effects, making it a theoretically safer and
valuable option for migraine or migraine-like headaches
in patients with moyamoya disease or a history of stroke."”
Unfortunately, the production of lasmiditan was suspend-
ed in November 2025 for business reasons. The withdrawal
of this important migraine treatment is expected to nega-
tively impact patient quality of life and safety by creating a
significant “treatment gap” in clinical practice.’

Atogepant, a calcitonin gene-related peptide receptor
antagonist, does not induce vasoconstriction; however, it
produced significant capsaicin-induced dermal vasodi-

5,6

lation when tested in rhesus monkeys.”” Therefore, ato-
gepant is not recommended for patients with moyamoya
disease or reversible cerebral vasoconstriction syndrome,
as drugs with vasodilatory properties have been reported
to be beneficial in these conditions.” Recently, an expert
consensus in Thailand suggested that gepants could be
considered for the acute treatment of migraine attacks in
adults for whom triptans or other acute migraine medica-
tions are contraindicated, such as those with established
cerebrovascular diseases.” Accordingly, atogepant could
potentially be used to treat clinically stable patients follow-
ing a stroke, although robust evidence from dedicated clin-
ical studies or additional real-world data remains limited.
Botulinum toxin A may be an option for patients with
chronic migraine and comorbid cerebrovascular disease,
provided meticulous attention is paid to hemostasis when
antiplatelet agents or anticoagulants are prescribed.' Al-
though verapamil has been reported as an effective pre-
ventive treatment for trigeminal autonomic cephalgia-like
headaches following dorsolateral medullary infarction,

2 www.e-hpr.org

appropriate caution regarding its mechanisms of action is
warranted.’

In contrast, triptans are contraindicated due to their
vasoconstrictive properties in patients with a history of
stroke, uncontrolled hypertension, or established vascular
disease. Real-world data further support this restriction,
demonstrating a very rare but significantly higher risk of
non-fatal stroke in patients with confirmed cardiovascular
or cerebrovascular disease following triptan use (relative
risk, 8.00; 0.23% vs. 0.03%)."

In patients with moyamoya disease or a history of stroke,
headaches represent a common yet complex clinical man-
ifestation rather than a benign comorbidity, necessitating
careful classification based on phenotype, temporal con-
text, and appropriate neuroimaging findings. As treatment
paradigms evolve, non-vasoconstrictive therapies may
expand therapeutic options for migraine or migraine-like
secondary headaches in patients with a critical vascular
burden, whereas vasoconstrictive agents should remain
contraindicated in this population.
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Pediatric Headache in Korea: Beyond a Common
Complaint to a Chronic Neurological Condition

Yun Jin Lee*?

'Department of Pediatrics, Pusan National University Children’s Hospital, Pusan National University School of Medicine, Yangsan, Republic of

Korea

*Research Institute for Convergence of Biomedical Science and Technology, Pusan National University Yangsan Hospital, Yangsan, Republic

of Korea

INTRODUCTION

Pediatric headache is frequently dismissed as a minor
ailment rather than recognized as a chronic condition ca-
pable of causing substantial disability. However, the lived
experiences of affected children—often characterized by
chronic absenteeism, cognitive impairment, and strained
family dynamics—present a markedly different reality.
Three recent reviews in Headache and Pain Research
help explain why this clinical gap persists: the challenges
of diagnostic framing,' the neurological risks associated
with undertreated attacks,” and the persistent “interic-
tal” burden that affects patients even between episodes.’
When these issues are examined in the context of Korean
epidemiological data and healthcare realities, a consis-
tent pattern emerges: pediatric headache in Korea is both
widespread and disabling, yet structurally positioned for

under-treatment.

THE REALITY: PREVALENCE IN THE KOREAN
CONTEXT

Globally, pediatric headache represents a major public
health concern, with prevalence increasing steadily as chil-
dren progress into adolescence.’ More recent syntheses

Received: January 30, 2026; Accepted: January 31, 2026
Correspondence: Yun Jin Lee, M.D,, Ph.D.

commonly estimate migraine prevalence at approximately
11% among children and adolescents, and rates rise fur-
ther during adolescence.’ Korean data mirror these inter-
national trends with striking consistency. A nationwide
survey of Korean schoolchildren reported a 1-year head-
ache prevalence of 29.1%, with higher rates observed in
girls and in urban or suburban settings.’ At this level of fre-
quency, multiple students in a typical classroom are likely
to be living with recurrent headache. In addition, Kwon'
reports that chronic primary headache affects 1%-2% of
adolescents, while nearly one quarter experience broader
functional somatic symptoms. Collectively, these findings
place pediatricians at a complex intersection of neurology
and stress-related biological processes.

THE BURDEN OR HIDDEN TOLL: LIFE BETWEEN
ATTACKS

Even in the absence of active pain, migraine-related bur-
den frequently persists. Kim and Schwedt’ emphasize the
concept of “interictal burden,” defined as a constellation
of fatigue, cognitive dysfunction (“brain fog”), sensory hy-
persensitivity, anticipatory anxiety, and social withdrawal
that continues between acute attacks. This hidden burden
is particularly consequential in Korea, where academic

Department of Pediatrics, Pusan National University Children’s Hospital, 20 Geumo-ro, Mulgeum-eup, Yangsan 50612, Republic of Korea
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performance is closely tied to consistent daily attendance
and sustained cognitive demand. Interictal symptoms—
including impaired concentration, planning difficulties,
and anxiety about future attacks—often result in school
presenteeism (attending school while cognitively im-
paired) and reduced participation in after-school activi-
ties, accompanied by social withdrawal. Moreover, stigma
surrounding invisible pain frequently compels children
to conceal symptoms, delaying timely medical evaluation
and intervention.’

THE TREATMENT GAP: DANGERS OF
“MEDICATION UNDERUSE”

A common misconception is that medication overuse
is the primary driver of headache worsening. Moon and
Chung,2 however, argue that medication underuse—man-
ifesting as delayed or inadequate treatment—is equally
hazardous because it plays a critical role in perpetuating
neuroinflammation and central sensitization, thereby in-
creasing attack frequency and treatment resistance. Fami-
lies who are primarily cautioned about the risks of frequent
analgesic use may delay intervention until attacks become
severe, which reduces the effectiveness of acute therapy
and increases the risk of chronification.”

In Korea, specific structural hurdles exacerbate this
problem:

« Low utilization of migraine-specific acute therapy
(triptans): A large population-based Korean analysis
found that migraine-specific triptans are prescribed to
only approximately 10% of migraine patients, despite
established efficacy.” Although these data are not pedi-
atric-specific, they reflect a broader national pattern of
underutilization that likely influences pediatric prac-
tice.

Limited approved pediatric triptan options: While
multiple triptans are available internationally, only al-
motriptan is approved for use in Korean adolescents,
narrowing clinician choice and encouraging reliance
on non-specific analgesics.”

Reliance on non-specific analgesics and early discon-
tinuation: Newly diagnosed migraine patients are often
treated primarily with nonsteroidal anti-inflammatory
drugs or acetaminophen rather than migraine-specific

agents, an approach that may fail to interrupt pathways
leading to chronification.”’

WHY DIAGNOSTIC FRAMING MATTERS:
“SOMATIC” DOES NOT MEAN BENIGN

Kwon’s review' addresses a critical diagnostic “gray zone”:
pediatric headache may meet the International Classifi-
cation of Headache Disorders, third edition criteria for a
primary headache disorder, may reflect somatic symp-
tom and related disorders, or may involve overlapping
features of both. In clinical practice, labeling headache
as “stress-related” or “functional” can inadvertently re-
sult in therapeutic withdrawal, characterized by repeated
diagnostic testing, reassurance without structured fol-
low-up, and limited active management. Kwon' advocates
a holistic approach that integrates psychoeducation with
non-pharmacological interventions, such as cognitive be-
havioral therapy (CBT) and biofeedback, to support func-
tional improvement across both primary headache and
somatic presentations. Despite this recommendation, ac-
cess to CBT, biofeedback, school-based accommodations,
and interdisciplinary headache care remains inconsistent
across Korea.

A STRATEGIC PATH FORWARD FOR KOREA

To improve outcomes, clinical priorities must shift from sim-
ply counting headache days to actively preventing disability:

« Prioritize early intervention (avoid underuse): Families
require clear, explicit guidance regarding when to initi-
ate treatment to reduce the risks associated with medi-
cation underuse.”

* Broaden assessment: Treatment success should be
evaluated using functional outcomes, including school
participation and interictal burden, rather than pain
frequency alone.’

« Unified framework: Moving beyond the “organic versus
psychogenic” dichotomy allows clinicians to focus on
shared neurological mechanisms, such as central sen-
sitization.'

+ Korea-specific policy expansion: There is an urgent
need to expand approved pediatric pharmacologic op-
tions and strengthen school-based support systems.’

www.e-hpr.org 5
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CONCLUSION

Pediatric headache is common, disabling, and insuffi-
ciently treated largely because its clinical significance
is underestimated. Recognizing headache as a chronic
biopsychosocial disorder with both ictal and interictal
consequences necessitates a fundamental shift in clinical
priorities. Early, proactive, and integrated management—
combining timely pharmacologic treatment, psychological
support, and family-centered education—is essential to
prevent long-term disability. Failure to act risks exposing
children to prolonged and avoidable suffering, impaired
development, and entrenched pain pathways. Pediatric
headache represents a serious neurological challenge,
and addressing this condition appropriately requires the
healthcare system to deliver the same level of sustained
therapeutic commitment typically reserved for other major
chronic pediatric disorders.
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Abstract

Headache is a common disorder that is usually unaccompanied by focal neurological dysfunction. Less commonly, headache
may be associated with central nervous system diseases such as stroke. Headache can occur at the time of stroke onset, but
it may also precede or follow the onset of stroke. Nevertheless, headaches associated with stroke have not been sufficiently
studied, in part because stroke physicians are primarily focused on diagnosis, risk factors, pathophysiological mechanisms,
imaging findings, and treatment (e.g., thrombolysis and endovascular therapy) rather than on headache. In this narrative re-
view, | describe the frequency and characteristics of headache across various stroke subtypes, including ischemic stroke, tran-
sient ischemic attack, intracerebral hemorrhage, subarachnoid hemorrhage, and other miscellaneous conditions such as ve-
nous infarction, arterial dissection, and reversible cerebral vasoconstriction syndrome.

Keywords: Headache, Migraine, Stroke

INTRODUCTION

Headache is a common disorder. The two most common
causes of headache are migraine and tension-type head-
ache, and the vast majority of patients with these condi-
tions do not show permanent neurological dysfunction or
significant brain abnormality in computed tomography
or magnetic resonance imaging (MRI). Less commonly,
headache can be caused by head/neck trauma, central
nervous system infection, cranial nerve or muscle diseases
associated with a variety of causes. Undoubtedly, stroke
is one of the etiologies of headache. However, headache
is not a usual or dominant symptom of stroke, especially
when there are no associated neurological dysfunctions.

Exceptions are arterial dissection, venous stroke, revers-
ible cerebral vasoconstriction syndrome (RCVS), or strokes
associated with meningitis.

Headaches may precede, occur concomitantly or after
the onset of stroke. The reported frequency of headache in
stroke patients ranges from 7% to 65%. The extremely wide
variation may be due to different enrollment criteria, and
different degree of headache evaluation or inability of the
headache assessment in patients with certain neurological
dysfunction (e.g., altered consciousness, aphasia, dysar-
thria, etc.).' Most importantly, assessment of headache is
often neglected in patients with acute stroke when chang-
ing neurological dysfunction associated with stroke per se
is the primary interest for clinicians.
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HEADACHES ASSOCIATED WITH VARIOUS
SUBTYPES OF STROKE

1. Ischemic stroke

Among the patients with stroke who reported the presence
of headache by the prospective interview from day 1 to day
8, 86% experienced headache on the day of stroke symp-
toms, and the remainder had headache at 2-5 days.” In an-
other study, 31% had headache prior to, 11% simultaneous
with, and 45% after the onset of stroke symptoms.’ A re-
cent meta-analysis reported that most patients experience
headache symptoms on the day of stroke presentation.’
The headache may disappear within days but can persist
for months, or even years.'

In most cases (50%-80%), post-stroke headaches mani-
fest as ‘tension-type headache’ with various descriptions
such as pressure, aching or soreness. Symptoms of mi-
graine, e.g., throbbing pain, photophobia, nausea/vomit-
ing are uncommon.’ The intensity of headache varies from
patients to patients. Some studies showed that younger
patients more often suffer from post-stroke headache,"”
whereas this argument was not supported by another
study.’ In general, female patients complain of headache
more often than male patients.

Regarding the location of stroke, some studies reported
that the incidence and the intensity of post-stroke head-
ache may be associated with lesions affecting the insular
cortex or somatosensory cortical brain. One study’ used
MRI lesion mapping to compare patients with and without
headache in ischemic stroke. Authors identified the insu-
lar cortex as the region of maximal lesion overlap in those
with stroke-related headache. As the insular cortex is a
well-established region in pain processing, the results sug-
gest that, at least in a subgroup of patients, acute stroke-re-
lated headache might be centrally driven.

In general, cortical strokes are more closely associated
with headache than deep, subcortical lacunar infarcts.'
Studies have also shown that strokes occurring in the
posterior circulation, especially in the vertebra-basilar
territory develop headache approximately two times more
often than those affecting the anterior circulation.' There
are several putative explanations for this observation that
include a difference in trigeminal and autonomic inner-
vation between anterior versus posterior cerebral vessels.

8 www.e-hpr.org

Indeed, differences in the innervation pattern of the me-
ninges overlying the posterior cerebral cortices and cer-
ebellum raise the possibility that strokes involving these
areas may have a greater chance to stimulate pain-sensing
trigeminal fibers. The posterior circulation may also have
differential cerebral auto-regulation and become more
susceptible to fluctuations in vasomotor tone and perme-
ability. Finally, it is possible that this observation may be
related to a higher proportion of migraineurs in the sub-
population of patients with posterior circulation strokes as
compared to those with anterior circulation strokes.'

1) Thrombotic arterial disease

Patients with ischemic stroke due to large artery athero-
thrombosis (LAD) often develop headache, that may be
explained by dilation of the collaterals or distension of
meningeal arteries or trigeminal nerves. Headache may
be one of the main predictors for the stroke progression in
these patients.”

2) Embolic disease

Embolic occlusion at the proximal part of the middle ce-
rebral artery (MCA) or the top of the basilar artery may
develop headache associated with corresponding neu-
rological dysfunction. The headache may be caused by
distension of the recipient arteries and dilatation of the
collaterals.

3) Small vessel disease

Cerebral small vessel disease (SVD) is not associated with
atherosclerosis. Rather, lipohyalinosis, fibrinoid degenera-
tions are closely associated. The resultant changes in brain
include white matter hyperintensities, microbleeds, lacu-
nar infarction, or perivascular enlargement. Although SVD
is associated with neurologic dysfunction such as lacunar
syndromes as well as cognitive impairment, they less likely
result in headache as compared to strokes associated with
LAD or cardiac embolism.

However, cerebral autosomal dominant arteriopathy
with subcortical infarcts and leukoencephalopathy (CA-
DASIL) is an exception. Migraine is a common symptom in
patients with CADASIL, and has usually been shown to be
the first neurological symptom.’ In one review paper, 35%
of the migraine patients with CADASIL reported symp-
toms of aura."’ It seems that genetic abnormalities may be
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related with both migraine and CADASIL, although there
are arguments against the link between the subcortical
nature of lacunar stroke and the occurrence of cortical
migraine aura. Nevertheless, cortical spreading depression
was found to be enhanced in CADASIL mouse model,
and vascular NOTCH3 mutations may increase the sus-
ceptibility for spreading depression in CADASIL patients.
Some suggest that there are reduced numbers of endo-
thelial progenitor cells and endothelial vascular reactivity
in both migraine and CADASIL patients suggesting that
certain endothelial dysfunction may link between the two
conditions.”"' The prevalence of migraine was reported to
be higher in European (approximately 43%) than in Asian
CADASIL patients (approximately 5%), suggesting the
presence of different ethnic susceptibility.’

4) Transient ischemic attack

It has been shown that headache occurs in approximately
30% of transient ischemic attack (TIA) patients.'” Consider-
ing the absence of a significant brain damage, it is difficult
to understand the pathogenic mechanism of headache in
these patients. However, ischemic brain damage, although
transient and not readily detected by conventional imaging
techniques, may be related to the development of head-
ache. It also has been reported that headaches more often
occur in patients with TIA occurring in the vertebrobasilar
territory than in those involving the anterior circulation,
possibly due to the richer trigeminal innervation in the
vertebrobasilar circulation.

2. Hemorrhagic stroke

1) Intracerebral hemorrhage

In general, headache is more common and severe in pa-
tients with intracerebral hemorrhage (ICH) than in those
with ischemic stroke, probably because of the more severe
mass effect that affects the pain-sensitive meninges and
trigeminal fibers. Headaches were reported to occur in ap-
proximately 60% of ICH patients in the initial stage." It is
usually ipsilateral to the hemorrhage, but can be general-
ized when patients develop increased intracranial pressure
and/or hydrocephalus. One study showed that location
of the lesion (cerebellar, lobar), female sex, transtentorial
herniation are factors associated with headache in ICH pa-
tients."”

2) Subarachnoid hemorrhage

Headache is the most important symptom of subarach-
noid hemorrhage (SAH), that has traditionally been de-
scribed as ‘the worst headache in my life! However, this
expression does not necessarily indicate the presence of
SAH because such symptoms may be described in patients
with other conditions such as migraine, RCVS or thunder-
clap headache. Headache is usually maximal at onset of
SAH, although some patients may have had one or more
preceding headaches (sentinel headache).

3. Arterial dissection

Headache is a notable symptom associated with cerebral
arterial dissection. When the affected artery is the extra-
cranial internal carotid artery, the pain is usually located
in the neck, often radiating to the ipsilateral face. When a
dissection affects the extracranial vertebral artery (VA), the
pain usually occurs at the ipsilateral mastoid bone and ra-
diates to the occiput. Pain usually improves over a period
of 3-6 months.

For intracranial arterial dissection, pain occurs in 90% of
the cases. The pain is usually located to the ipsilateral tem-
poral area in patients with MCA dissection, whereas poste-
rior cerebral artery dissection is associated with ipsilateral
eye or occipital pain. Basilar artery dissection is associated
with pain in the area of occipital, vertex or diffuse area.
With development of advanced imaging techniques such
as high resolution vessel wall MRI, dissections occurring in
other smaller vessels such as anterior cerebral artery, pos-
terior inferior cerebral artery are occasionally observed,
but the location and intensities of pain in these conditions
are not properly investigated.

Partly because VA is one of the most frequent sites for
dissection,'’ and partly because associated neurological
symptoms/signs may be minimal or nonspecific (e.g.,
dizziness, ataxia, focal facial sensory dysfunction) without
significant motor dysfunction, the presence of VA dissec-
tion needs to be suspected in patients with sudden neck/
occipital pain especially when the symptoms are associat-
ed with dizziness or ataxia.

www.e-hpr.org 9
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4. Venous stroke

Occlusion of one or several cerebral veins may lead to
venous infarction, hemorrhage, or both. This is an uncom-
mon condition, but partly because the symptoms are dif-
ferent from classical arterial stroke and partly because the
patients are usually younger than those with usual stroke,
the possibility of venous stroke needs to be considered
especially when a history taking reveals certain vulnera-
ble conditions: using birth control pills, the postpartum
status, head trauma, certain drug ingestion, immunologic
disorders such as systemic lupus erythematosis, Bechet’s
disease, ulcerative colitis, etc., hematologic diseases and
infectious disease.

According to the location of venous occlusion, the clin-
ical features vary greatly that include proptosis, conjunc-
tival injection, facial edema, visual disturbances, ophthal-
moplegia, hemiparesis etc. Regardless of the location of
the venous occlusion, headache is a common symptom
occurring in about 70%-80% of the patients. Although
there are exceptions, the onset of headache is not as
abrupt as SAH. Rather, it increases progressively for days
or weeks. Patients are usually treated with anticoagulation.
When there is a rapid progression despite the anticoagu-
lation, endovascular therapy can be initiated, which often
dramatically improve the patients’ clinical symptoms in-
cluding headache.

5. Reversible cerebral vasoconstriction syndrome

In the 1970s, several women patients were reported who
during pregnancy or early puerperium, developed sudden
severe headache, nausea, vomiting, seizures and focal neu-
rological dysfunction, that recovered spontaneously within
a few weeks. Cerebral angiogram showed arterial stenosis
or irregularities that were reversible on repeated angio-
grams. This was initially called ‘postpartum angiopathy’
Similar cases were also reported in patients with migraine
or aneurysm. Boston physicians led by Miller Fisher noted
the similarity of these cases, and collectively called this as
‘Reversible cerebral arterial segmental vasoconstriction
syndrome (RCVS).

RCVS predominantly affects women, and many are asso-
ciated with pregnancy and puerperium. It may be associat-
ed with the use of vasoactive ergot derivatives. Symptoms

10 www.e-hpr.org

may begin during delivery or during 1-2 weeks thereafter.
Some patients may develop RCVS at the time of meno-
pause. The headaches are usually generalized but can be
localized to the occiput or vertex, and may be exacerbated
by physical exertion, straining or coughing. Seizures may
occur probably due to brain ischemia or hemorrhages as-
sociated with vasoconstriction. Neurological deficits may
vary according to the location and extensiveness of brain
ischemia or hemorrhages, i.e., motor/sensory dysfunction,
dysarthria, aphasia, visual field defect, confusion, and usu-
ally improve within several weeks or months. Aneurysmal
rupture, vasculitis, arterial dissections should be appro-
priately differentiated. Although the symptoms and angio-
graphic abnormalities improve spontaneously, vasodila-
tors (calcium channel blockers) with or without steroids
are often used. RCVS can also be shown in patients with
migraine.

6. Headaches associated with arterial revasculariza-
tion

Carotid endarterectomy or angioplasty with or without
stenting may be associated with headaches that usual-
ly begin within hours or weeks after the procedure. The
intensity of headache varies from patient to patient. The
headache may be accompanied by focal neurological defi-
cits or seizures that are usually associated with newly de-
veloped brain lesions. The headache appears to be caused
by sudden reperfusion (increased cerebral flow) and
resultant severe brain edema or hemorrhage. Brain MRI
demonstrates cerebral edema, hemorrhages or infarction.
Patients usually show markedly increased blood pressure,
and aggressive blood pressure reduction is needed to pre-
vent and treat this so-called reperfusion syndrome. "’

MIGRAINE AND PATENT FORAMEN OVALE

Although not fully explained, the patent foramen ovale
(PFO) is suggested to play a role in the pathophysiology
of migraine. Proposed mechanisms include the passage
of micro-emboli, metabolites, and vasoactive substances
through the PFO, and transient hypoxemia that results in

micro-infarcts in the brain.'® Nevertheless, the association
between migraine and PFO has been questioned by pre-

vious studies.” Some randomized controlled trials (RCTs)
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showed that PFO closure was associated with a significant
reduction in the number of migraine attacks. However,
complete resolution of migraine was only demonstrated
by observational studies and not by RCTs. These results
seem to provide insufficient support for PFO closure ex-
clusively to treat migraine, although reduction of migraine
symptoms may be observed in some patients. This notion
is supported by recent comprehensive reviews,'” which
emphasized the need for additional evidence from RCTs.
Instead, the guideline-recommended use of monoclonal
antibodies targeting the calcitonin gene-related peptide
pathway seems to offer another effective pharmacological
alternative.”” Within the context of mixed evidence from
PFO closure and alternative pharmacological treatments,
PFO closure is not considered as a first-line/routine treat-
ment for migraine.”

MOYAMOYA DISEASE

Moyamoya disease (MMD) is a progressive steno-occlu-
sive cerebrovascular disorder of the intracranial inter-
nal carotid arteries or proximal middle cerebral arteries
characterized by fragile, compensatory collateral vessel
formation. Although ischemic and hemorrhagic strokes
are the best known clinical manifestations, headaches are
relatively common and often disabling.”’ Epidemiological
studies have reported that headache occurs in 17%-85% of
MMD patients, with particularly high rates among pediat-
ric patients.” Headache phenotypes include migraine-like
headaches with or without aura, tension-type, cluster, and
hemiplegic variants. A relatively large study showed that
44 of 204 children (21.6%) with MMD suffered from head-
ache, and nausea/vomiting were seen in 12. In four, head-
ache developed during hyperventilation, and in three, TIA
and headache occurred simultaneously.”

These presentations mimic primary headaches, and
there can be delays in the diagnosis of underlying MMD.
The pathophysiology of MMD-related headaches seems
to be multifactorial, involving vascular stenosis, abnormal
collateral circulation, altered hemodynamics, and neuro-

21,22 Chronic hypoperfusion may lower

genic inflammation.
the threshold for cortical spreading depression, contribut-
ing to migraine-like symptoms. Surgical revascularization
may alleviate headaches,” but persistent or new head-

aches may develop postoperatively. Therefore, headaches

are more often managed with analgesics or non-steroidal
anti-inflammatory drugs. Vasoconstrictive agents (e.g.,
triptans) are not generally recommended, but non-vaso-
constrictive agents are being developed.” Further studies
are needed to elucidate the epidemiology, pathophysi-
ological mechanisms, and appropriate management of
headaches associated with MMD.

CONCLUSION

Headaches may precede, occur concomitantly, or after the
onset of stroke. However, in the majority of the patients,
headache is not a major symptom of stroke. Therefore,
headache has not gained sufficient attention among stroke
neurologists. In the clinical practice, careful observation
of headaches may help us understand the etiologies of
strokes especially SAH, arterial dissection, venous stroke,
RCVS, or meningitis. It may also give us a clue for the prog-
ress of stroke. For instance, increasing intensity of head-
ache suggests the presence of mass effect, increased ICP,
and potential herniation, and may prompt us to detect and
treat stroke cases appropriately. Headaches occurring in
patients with CADASIL or PFO may allow us to understand
the relationship between the two seemingly unrelated con-
dition, migraine and cerebral ischemia. Further studies are
needed that will eventually allow us to understand such
theoretically and practically important issues in patients
with cerebrovascular diseases.
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Abstract

Migraine is a prevalent and disabling neurological disorder in which established pathophysiological mechanisms, including tri-
geminovascular activation and calcitonin gene-related peptide (CGRP) signaling, do not fully account for interindividual suscep-
tibility, chronification, or treatment refractoriness. Advances in neurobiology have drawn attention to brain clearance pathways,
specifically the glymphatic system and meningeal lymphatic vessels, as potential modulators of neuroinflammation and cere-
brospinal fluid (CSF) dynamics. These systems regulate the exchange and drainage of CSF, interstitial solutes, and immune
mediators and are strongly influenced by sleep and state-dependent physiology, both of which are closely linked to migraine
pathophysiology. In this narrative review, we describe the anatomical and functional organization of brain lymphatic and glym-
phatic systems and critically evaluate emerging evidence connecting these pathways to migraine. Indirect human imaging
studies and experimental models indicate that alterations in perivascular transport, meningeal lymphatic drainage, sleep dis-
ruption, and CGRP-related signaling may converge to modulate brain clearance efficiency in migraine. Although the available
evidence remains heterogeneous and largely indirect, these findings offer a coherent framework for integrating clearance-relat-
ed physiology into existing migraine models. We further discuss neuromodulation as a potential strategy for influencing brain
clearance mechanisms. In particular, transcranial low-intensity ultrasound has been shown to enhance CSF movement in vivo,
providing direct mechanistic support for clearance modulation. Other neuromodulation modalities may exert indirect effects
through autonomic regulation, neural oscillations, or vascular dynamics. While clinical evidence remains preliminary, a clear-
ance-oriented perspective may help guide future biomarker development and translational research in migraine.

Keywords: Glymphatic system, Lymphatic system, Migraine disorders, Ultrasonic therapy

INTRODUCTION sensitivity. Although therapeutic advances—particularly

agents targeting calcitonin gene-related peptide (CGRP)—
Migraine is a common and disabling neurological disorder = have markedly improved outcomes for many patients, a
characterized by recurrent head pain and sensory hyper-  substantial proportion continues to experience frequent
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attacks or progression to chronic migraine. This observa-
tion underscores the need for complementary mechanis-
tic frameworks that can provide additional insights into
disease susceptibility and therapeutic targets. Beyond
ictal headache episodes, migraine is increasingly recog-
nized as a disorder associated with a substantial interictal
burden, including persistent sensory and sleep-related
disturbances. These features suggest that migraine-related
pathophysiology may extend beyond discrete attacks and
involve ongoing alterations in brain physiology between
episodes, providing a relevant context for considering
brain clearance mechanisms.'

Recent advances in neurobiology have identified special-
ized brain clearance pathways that contribute to the removal
of interstitial solutes and inflammatory mediators. The glym-
phatic system facilitates cerebrospinal fluid (CSF)-intersti-
tial fluid (ISF) exchange along perivascular spaces and
appears to play a central role in metabolic waste clearance
and immune signaling in the brain. Dysfunction of the
glymphatic pathway has been implicated in a variety of
neurological conditions and is proposed to contribute to
headache pathophysiology as well.”* In migraine, indirect
imaging markers such as altered diffusion metrics along
perivascular spaces have been interpreted as suggesting
impaired glymphatic transport, consistent with emerging
evidence of glymphatic disturbance in this disorder."

Complementing glymphatic exchange, meningeal lym-
phatic vessels provide an anatomically distinct outflow
route for CSF-derived solutes and immune cells toward
deep cervical lymph nodes, linking central nervous system
fluid dynamics with peripheral immune surveillance.’

Importantly, glymphatic function is strongly influenced
by sleep and state-dependent physiology. Glymphatic
transport is enhanced during sleep-like conditions, which
may be relevant to migraine given the well-established in-
teractions between sleep disruption and headache disor-
ders.” Emerging imaging studies in humans have begun to
explore clearance-related signatures in migraine, including
meningeal lymphatic drainage abnormalities and alter-
ations in perivascular fluid dynamics, although these find-
ings are heterogeneous and require further validation.”’

Mechanistically, CGRP signaling—a key driver of mi-
graine pain—not only contributes to neurovascular in-
flammation but may also influence meningeal lymphatic
function, thereby providing a possible link between classi-
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cal migraine biology and brain clearance pathways.’ From
a therapeutic standpoint, the brain clearance framework
suggests novel interventional opportunities. Neuromod-
ulation may influence CSF movement and glymphatic
exchange in ways that extend beyond neural excitability
modulation.

In vivo imaging evidence has shown that transcranial
focused ultrasound can enhance CSF movement and facil-
itate waste clearance in experimental models, providing a
potential mechanistic basis for its exploration in migraine.”’
In addition, emerging translational studies, including our
recent in-press work'’ support the broader concept that
low-intensity ultrasound may modulate glymphatic-relat-
ed processes in humans.

In this review, we provide a concise overview of brain
glymphatic and lymphatic systems, summarize evidence
linking these pathways to migraine, and discuss the thera-
peutic implications of neuromodulation—with a focus on
ultrasound-based approaches. By integrating mechanistic
insight with clinical perspective, we aim to present a prag-
matic framework for future biomarker development and
translational research in migraine. Figure 1 summarizes
the proposed interactions between migraine pathophysi-
ology, brain clearance systems, and neuromodulation dis-
cussed in this review.

OVERVIEW OF BRAIN CLEARANCE SYSTEMS

Brain homeostasis depends on specialized clearance
pathways that regulate the movement and removal of CSE,
interstitial solutes, and immune signals. Two anatomical-
ly and functionally distinct but interconnected systems
are central to this process: the glymphatic system and the
meningeal lymphatic system.

1. Glymphatic system

The glymphatic system operates at the parenchymal level
and facilitates convective exchange between CSF and ISF
along perivascular spaces. CSF enters the brain predomi-
nantly via periarterial pathways, mixes with ISF within the
parenchyma, and exits along perivenous routes, thereby
contributing to the clearance of metabolic byproducts and
neuroactive solutes.'' Glymphatic transport is strongly
state dependent, with enhanced CSF-ISF exchange during
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Figure 1. Proposed interactions between migraine pathophysiology, brain clearance systems, and neuromodulation. Migraine involves
trigeminovascular activation with CGRP release and neuroimmune interactions in the meninges. Brain clearance operates at two inter-
connected levels: glymphatic exchange within the parenchyma, characterized by periarterial CSF influx, CSF-ISF exchange, and perivas-
cular clearance that are modulated by sleep; and meningeal lymphatic outflow at the dural level, which drains CSF-derived solutes and
immune components toward deep cervical lymph nodes. Experimental evidence suggests that migraine-related mechanisms, including
CGRP signaling and sleep disruption, may impair these clearance pathways. Neuromodulation strategies—such as low-intensity or FUS
and other noninvasive modalities—may influence CSF dynamics and glymphatic-lymphatic function, representing a potential therapeu-
tic approach for modulating migraine susceptibility. Solid arrows indicate experimentally supported relationships, whereas bold arrows
denote hypothesized interactions.

CGRP, calcitonin gene-related peptide; CSF, cerebrospinal fluid; ISF, interstitial fluid; LIUS, low-intensity ultrasound stimulation; FUS, fo-
cused ultrasound; VNS, vagus nerve stimulation; tES, transcranial electrical stimulation; DBS, deep brain stimulation.

sleep and suppression during wakefulness, reflecting
physiological regulation of brain waste clearance.”” From a
clinical standpoint, this framework is relevant to migraine,
a disorder in which sleep disturbance is both a common
trigger and a frequent consequence of attacks, potentially
predisposing patients to impaired brain clearance.

2. Meningeal lymphatic system

In contrast to the parenchymal glymphatic pathway, the
meningeal lymphatic system functions at the dural level
and represents a conventional lymphatic outflow route.
Meningeal lymphatic vessels drain CSF-derived solutes,
macromolecules, and immune cells toward the deep cer-
vical lymph nodes, linking intracranial fluid dynamics with

13,14

peripheral immune surveillance. " " Because migraine

pain arises from meningeal and trigeminovascular struc-

tures, alterations in meningeal lymphatic drainage may be
particularly relevant to migraine pathophysiology.

3. Functional interaction and clinical relevance

Although distinct, the glymphatic and meningeal lymphat-
ic systems are functionally interconnected. Solutes cleared
from the brain parenchyma via glymphatic pathways ulti-
mately rely on meningeal lymphatic vessels for extracranial
drainage, and dysfunction at either level may compromise

" In migraine, mech-

overall brain clearance efficiency.
anisms such as sleep disturbance and neurogenic inflam-
mation may disrupt this coordinated clearance network,
providing a conceptual basis for emerging biomarker and

therapeutic research.
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EVIDENCE OF LYMPHATIC AND GLYMPHATIC
DYSFUNCTION IN MIGRAINE

Current evidence linking migraine to dysfunction of brain
clearance systems remains emerging and heterogeneous.
Rather than definitive proof, the available data collective-
ly suggest that alterations in CSF dynamics, perivascular
transport, and meningeal immune drainage may accom-
pany migraine susceptibility and chronification.

1. Indirect human imaging evidence of altered brain
clearance

In humans, direct visualization of glymphatic flow remains
technically challenging. As a result, most clinical evidence
in migraine relies on indirect imaging markers that reflect
perivascular fluid dynamics. Diffusion tensor imaging-
based analysis along perivascular spaces (DTI-ALPS) has
been proposed as a surrogate marker of glymphatic func-
tion and has been applied to patients with migraine. DTI-
ALPS is based on the anatomical observation that perivas-
cular spaces surrounding penetrating arteries and veins
serve as major conduits for glymphatic fluid transport.
Because diffusion along these spaces is directionally con-
strained, DTI can be used to estimate preferential water
diffusivity parallel to perivascular pathways. The ALPS in-
dex therefore provides an indirect surrogate of perivascu-
lar fluid movement rather than a direct measure of glym-
phatic flow. Several studies report altered ALPS indices or
perivascular imaging features in migraine compared with
controls, although the direction and magnitude of these
changes vary across cohorts.’

In migraine, DTI-ALPS studies have reported heteroge-
neous findings. Some studies suggest altered ALPS indices
in chronic migraine compared with episodic migraine or
controls, whereas data comparing migraine with and with-
out aura remain limited and inconsistent. Importantly,
several studies have reported null or variable results, and
correlations between ALPS indices and clinical variables
such as headache frequency or disease duration have not
been consistently demonstrated.”"" Additional radiological
findings associated with migraine, such as enlarged peri-
vascular spaces and white matter hyperintensities-have
also been discussed in the context of impaired ISF clear-

16

ance.  However, these features are nonspecific and may
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reflect cumulative vascular, inflammatory, or aging-related
processes rather than direct evidence of glymphatic dys-
function.

2. Experimental evidence linking migraine-related
mechanisms to meningeal lymphatics

Beyond imaging, experimental studies provide more direct
mechanistic insight. Recent preclinical work has demon-
strated that meningeal lymphatic vessels are functionally
responsive to migraine-related signaling pathways. In par-
ticular, CGRP signaling—central to migraine pathophysi-
ology—has been shown to modulate meningeal lymphatic
function, influencing CSF efflux, immune interactions,
and pain-related behaviors in animal models. These find-
ings suggest that meningeal lymphatics may represent an
interface through which trigeminovascular activation and
immune signaling converge.'’

3. Sleep disturbance as a modifier of clearance in
migraine

Sleep disturbance is one of the most consistent clinical
features associated with migraine, acting as both a trig-
ger and a consequence of attacks. Experimental studies
outside the migraine field demonstrate that sleep strongly
enhances glymphatic transport, whereas sleep deprivation
suppresses CSF-ISF exchange. In migraine, recurrent sleep
disruption may therefore represent a physiological mech-
anism by which brain clearance efficiency is reduced, po-
tentially facilitating the accumulation of pro-inflammatory

or pro-nociceptive mediators. "

4. Limitations of current evidence

Despite growing interest, several limitations should be
acknowledged. Human studies largely rely on indirect im-
aging markers with variable reproducibility, while experi-
mental models may not fully capture the complexity of mi-
graine phenotypes. Moreover, whether observed clearance
alterations are a cause, consequence, or epiphenomenon
of migraine remains unresolved. These gaps underscore
the need for standardized biomarkers and longitudinal
studies integrating imaging, physiological measures, and
clinical outcomes.
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NEUROMODULATION AS A STRATEGY TO
MODULATE BRAIN CLEARANCE

Neuromodulation refers to the application of electrical,
magnetic, or acoustic stimulation to alter neural activi-
ty or physiological processes, and has been increasingly
explored in migraine for both preventive and acute treat-
ment. Traditionally, neuromodulation strategies have
focused on modulating cortical excitability or nociceptive
processing. In the context of brain clearance, however,
neuromodulation may additionally influence CSF dynam-
ics, vascular pulsatility, and state-dependent physiology.
The brain clearance framework adds an additional, clin-
ically testable dimension: whether neuromodulation can
influence CSF dynamics and, by extension, glymphatic-
lymphatic function. This perspective is particularly rele-
vant because clearance pathways are state dependent and
are tightly coupled to sleep physiology, arousal, and neu-
rovascular tone.

1. Why neuromodulation is conceptually attractive in
a clearance framework

From a translational standpoint, clearance dysfunction—
if present in migraine—may not be optimally addressed by
conventional analgesic or anti-inflammatory approaches
alone. Neuromodulation offers a potentially complemen-
tary route by targeting upstream physiology that shapes
CSF movement (e.g., vascular pulsatility, perivascular
transport, and state-dependent fluid exchange). In this
model, the therapeutic hypothesis is not limited to “pain
inhibition,” but extends to “restoring a physiological state
that facilitates clearance.”

2. Transcranial ultrasound: direct in vivo evidence of
enhanced cerebrospinal fluid movement and clear-
ance modulation

Among neuromodulation modalities, transcranial low-in-
tensity ultrasound has particular relevance because it has
been shown using real-time optical imaging to enhance
CSF movement and cortical CSF influx in vivo, providing
mechanistic support for the concept that stimulation may
influence clearance-related fluid dynamics.’ Clinically,
this evidence is valuable because it establishes a measur-

able intermediate endpoint (CSF movement/CSF influx)
that can be linked to imaging biomarkers and, ultimately,
headache outcomes in future trials.

Consistent with this physiological effect on CSF dynam-
ics, a related body of work in neurodegeneration provides
proof-of-concept that ultrasound-based interventions can
influence glymphatic-lymphatic drainage at a systems
level. Focused ultrasound combined with microbubbles
has been reported to enhance the drainage of soluble am-
yloid-p from the brain to CSF spaces and onward toward
deep cervical lymph nodes, supporting the broader plau-
sibility of ultrasound-mediated clearance modulation."
This line of evidence does not imply direct clinical efficacy
for migraine, but it strengthens the mechanistic rationale
that clearance pathways are modifiable rather than purely
passive.

3. Other neuromodulation modalities

Beyond transcranial ultrasound, other neuromodulation
techniques have been investigated for their potential in-
fluence on CSF dynamics and brain clearance pathways.
Clinically patterned vagus nerve stimulation (VNS) has
been shown to enhance CSF tracer penetrance in animal
models, suggesting that VNS may alter CSF/ISF exchange

and clearance mechanisms.”

Low-frequency auricular
VNS increased arterial vasomotion and cortical CSF influx
in vivo, further supporting the concept that modulation
of autonomic pathways can influence perivascular fluid
movement.”' Transcranial electrical stimulation (tES) mo-
dalities, such as transcranial direct current or alternating
current stimulation, primarily target cortical excitability
but also influence neural oscillations and neurovascular
coupling. While direct evidence linking tES to glymphatic
clearance is currently limited, recent studies demonstrate
that slow vascular and neural rhythms—which can be
influenced by neuromodulatory interventions such as
tES-are associated with enhanced CSF movement and
glymphatic function during states such as non-rapid

22,23

eye movement sleep.”” Photobiomodulation has been
proposed to augment brain lymphatic and glymphatic
drainage in preclinical models, potentially via vasodilatory
effects on vascular and lymphatic pathways.” Although
these modalities do not yet have direct clinical evidence

of clearance modulation in migraine, their physiological
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effects on autonomic tone, vascular dynamics, or neural
rhythms provide a plausible mechanistic basis for future
investigation in headache and pain disorders.

In addition to clearance-oriented neuromodulation
strategies, several neuromodulation approaches have
been investigated in migraine and pain disorders, primar-
ily with the aim of modulating nociceptive processing or
cortical excitability. For example, noninvasive stimulation
techniques, including motor cortex stimulation and other
brain stimulation paradigms, have demonstrated mod-
ulatory effects on pain perception and migraine-related
symptoms in both experimental and clinical settings.”
These approaches are generally conceptualized as pre-
ventive or abortive interventions depending on stimula-
tion timing and target engagement. In contrast, focused
ultrasound-based neuromodulation may occupy a dis-
tinct conceptual position. Rather than directly targeting
pain networks, ultrasound has been shown to influence
CSF movement and perivascular transport, suggesting a
potential role in modulating the physiological state that
shapes migraine susceptibility. From this perspective, ul-
trasound-based approaches may be more appropriately
framed as modulators of underlying brain physiology,
which could complement established preventive or abor-
tive strategies rather than replace them.

4. Translational implications for migraine

In migraine, a clearance-oriented neuromodulation
strategy is best framed as hypothesis-driven and staged.
Near-term goals include identifying patients with the
most convincing clearance-related signatures (e.g., indi-
rect glymphatic markers or meningeal lymphatic-related
imaging patterns), and testing whether neuromodula-
tion produces measurable changes in CSF dynamics and
clearance surrogates alongside clinical endpoints such as
attack frequency and disability. Longer-term, mechanistic
integration with established migraine biology-particu-
larly meningeal neuroinflammation and CGRP-linked
pathways-may help determine whether “clearance mod-
ulation” represents a distinct therapeutic mechanism or a
convergent downstream effect.

18 www.e-hpr.org

CLINICAL PERSPECTIVES AND FUTURE
DIRECTIONS

Emerging evidence suggests that brain lymphatic and
glymphatic systems may contribute to migraine biology,
but their clinical relevance remains to be clearly defined.
Rather than proposing clearance modulation as a stand-
alone therapeutic paradigm, future research should focus
on how clearance-related mechanisms can refine bio-
marker development, patient stratification, and transla-
tional study design.

1. Biomarkers and patient stratification

At present, assessment of brain clearance function in hu-
mans relies largely on indirect imaging markers, including
perivascular diffusion-based metrics and radiological
features associated with altered ISF dynamics. While these
measures are imperfect, they provide a practical founda-
tion for exploratory studies in migraine, particularly in pa-
tients with chronic migraine, prominent sleep disturbance,
or treatment-refractory disease. Standardization and vali-
dation across centers will be essential before such markers

3,12

can inform routine clinical decision-making.

2. Translational implications for neuromodulation

Neuromodulation approaches may offer a means to influ-
ence physiological processes that shape CSF dynamics and
clearance efficiency. Among these, focused ultrasound is of
particular interest because it has been shown to enhance
CSF movement in vivo, providing a measurable intermedi-
ate endpoint that can be integrated into translational study
designs. Importantly, early-phase studies should combine
clinical outcomes with physiological or imaging-based
measures to clarify whether neuromodulation effects are
mediated through clearance-related mechanisms, pain
network modulation, or both.”"’

3. Integration with established migraine mechanisms

Clearance-based concepts should be viewed as comple-
mentary to established migraine biology rather than as
competing models. Interactions among CGRP signaling,
meningeal immune activation, sleep disruption, and
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clearance efficiency may converge to influence migraine
susceptibility and long-term disease course. Determining
whether altered clearance represents a driver, amplifier, or
downstream consequence of migraine attacks will require
carefully designed longitudinal and interventional stud-

ies.>"”

CONCLUSION

Emerging evidence suggests that brain lymphatic and
glymphatic systems represent a relevant but still evolving
dimension of migraine biology. While current data do not
establish clearance dysfunction as a primary driver of mi-
graine, they provide a coherent framework for integrating
sleep physiology, meningeal immune interactions, and
CSF dynamics into existing pathophysiological models.
Continued translational research combining mechanistic
insight with clinically grounded study design will deter-
mine whether modulation of brain clearance pathways can
meaningfully contribute to future migraine management.
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Alcohol-Induced Headache: A Narrative Review Based on

Migraine Pathophysiology

Woo-Seok Ha

Department of Neurology, Severance Hospital, Yonsei University College of Medicine, Seoul, Republic of Korea

Abstract

Alcohol-induced headache (AIH) is one of the most common headache experiences and is associated with a substantial socio-
economic burden; however, its pathophysiological mechanisms and clinical classification remain inadequately defined. Accu-
mulating evidence indicates that AIH shares key biological pathways with migraine, particularly involving activation of the tri-
geminovascular system and calcitonin gene-related peptide (CGRP) signaling. Although currently available hangover remedies
are supported by limited high-quality evidence, anti-CGRP treatments have emerged as a biologically plausible option for the
situational prevention and acute treatment of AlH. A phenotype-based approach is therefore essential for achieving accurate
diagnosis and effective management of alcohol-related headaches. Future well-designed clinical trials focusing on CGRP antag-
onists are warranted to address this common yet neglected disorder.

Keywords: Alcohol drinking, Calcitonin gene-related peptide, Ethanol, Headache disorders, Migraine disorders

INTRODUCTION

Alcohol-induced headache (AIH) is one of the most com-
mon headache experiences in the general population,
with a lifetime prevalence of approximately 72%.' In a
recent cross-sectional study of 347 Dutch adults, 8.1% of
workers reported at least one episode of absenteeism per
year due to alcohol hangover, and the estimated national
annual cost exceeded €2.6 billion.” Despite this substantial
individual and societal burden, scientific interest in alco-
hol hangover and AIH has remained surprisingly limited.’
This neglect likely stems from a blend of cultural attitudes
about drinking for leisure and the seemingly straightfor-

ward assumption that hangovers can be prevented by sim-
ply reducing alcohol consumption.

AIH has accompanied human history for as long as alco-
hol itself. Archaeological evidence from Israel has identi-
fied beer residues dating back approximately 13,000 years."
In ancient Persian medical texts describing headache dis-
orders over 9,000 years ago, AIH was reported as one of the
most frequently mentioned headache phenotypes, ranking
third overall.” Yet, despite this long history, systematic
attempts to classify AIH are relatively recent. The Inter-
national Classification of Headache Disorders (ICHD) in-
troduced the distinction between immediate and delayed
AIH in ICHD-2, a framework that has been retained in
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ICHD-3.”" However, this classification has been occasion-
ally questioned.” As acknowledged within the ICHD itself,
alcohol is one of the most common triggers of migraine.'”"'
This creates an inherent diagnostic ambiguity. For exam-
ple, if a patient with episodic migraine develops a bilateral
pulsatile headache the day after drinking red wine, should
this be classified as alcohol-triggered migraine or as de-
layed AIH? Furthermore, considering that alcohol con-
sumption increases the production of nitric oxide (NO),"
it may also be classified as “Delayed NO donor-induced
headache’. Although one of the core ICHD principles is
that a diagnosis should be “not better accounted for by
another disorder,” this criterion becomes difficult to apply
when headache phenotypes overlap substantially.

In clinical practice, such headaches are often managed
as an extension of migraine, for example with triptan treat-
ment. This pragmatic approach is not without rationale.
Accumulating evidence suggests that many forms of AIH
share key pathophysiological mechanisms with migraine,
including trigeminovascular activation, calcitonin gene-re-
lated peptide (CGRP) signaling, and neuroinflammatory
processes."”’ It should be emphasized, however, that alco-
hol avoidance or reduction remains the primary clinical
recommendation for alcohol-related headache, and that
pharmacological approaches discussed in this review are
secondary and exploratory in nature.

In this narrative review we aim to interpret AIH through
the framework of migraine pathophysiology. Due to the
narrative nature of the review, formal systematic review re-
porting systems (e.g., PRISMA) could not be applied. Rel-
evant literature was identified through targeted database
searches and manual reference screening, based on the ex-
pertise of the authors. We discuss the mechanistic overlap
between AIH and migraine, propose a phenotype-based
approach to classification, and review current evidence on
treatment and prevention, highlighting critical gaps for fu-
ture research.

CLINICAL PHENOTYPES AND CLASSIFICATIONS

1. Immediate alcohol-induced headache (Internation-
al Classification of Headache Disorders, 3rd edition
code 8.1.4.1)

”

Immediate AIH, also referred to as “cocktail headache,” is

22 www.e-hpr.org

defined by the ICHD-3 diagnostic criteria shown in Table
1." This headache can occur rapidly, within 3 hours, even
after small amounts of alcohol (e.g., one or two glasses of
wine). The pain is typically bilateral and pulsating and is
aggravated by physical activity. Affected individuals often
prefer to lie down, a behavior that may reflect difficulty
maintaining cerebral perfusion pressure secondary to al-
cohol-induced cerebral vasodilation."

2. Delayed alcohol-induced headache (International
Classification of Headache Disorders, 3rd edition
code 8.1.4.2)

Delayed AIH, commonly referred to as “alcohol hangover
headache,” develops 5-12 hours after heavy alcohol con-
sumption and is defined by the ICHD-3 criteria summa-
rized in Table 2.” Duration and severity of headache may
correlate with the amount of alcohol intake. "’ Patients with
delayed AIH also frequently report orthostatic headaches.
In contrast to immediate ATH, delayed AIH occurs as part
of a broader hangover syndrome and is accompanied by a
cluster of autonomic, gastrointestinal, sleep-related, and

cognitive symptoms."’

A characteristic feature of delayed
ATH typically emerges when blood alcohol concentration
(BAC) is declining or has returned to near zero (Figure 1)."
Experimental studies suggest that a peak BAC of at least
0.1% is generally required for a clinically relevant hangover
to occur.”” According to Widmark’s equation, '’ this corre-
sponds approximately to the BAC reached 90 minutes after

a 60-kg adult consumes one bottle of soju.

Table 1. ICHD-3 criteria for immediate alcoholinduced headache
(8.14.1)
A. Any headache fulfilling criterion C
B. Alcohol has been ingested
C. Evidence of causation demonstrated by all of the following:
1. headache has developed within 3 hours of alcohol ingestion

2. headache has resolved within 72 hours after alcohol ingestion
has ceased

3. headache has at least one of the following three characteris-
tics:

a) bilateral
b) pulsating quality
c) aggravated by physical activity
D. Not better accounted for by another ICHD-3 diagnosis.

ICHD, International Classification of Headache Disorders.
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Table 2. ICHD-3 criteria for delayed alcohol-induced headache
(8.1.4.2)

A. Any headache fulfilling criterion C

B. Alcohol has been ingested

C. Evidence of causation demonstrated by all of the following:

1. headache has developed within 5-12 hours after ingestion of
alcohol

2. headache has resolved within 72 hours of onset

3. headache has at least one of the following three characteris-
tics:

a) bilateral
b) pulsating quality
c) aggravated by physical activity
D. Not better accounted for by another ICHD-3 diagnosis.

ICHD, International Classification of Headache Disorders.

Blood alcohol concentration (%)

Hours after alcohol consumption

Figure 1. Schematic illustration of the temporal characteristics of
alcohol-induced headache based on blood alcohol concentration.

Table 3. Clinical characteristics of alcohol-related headaches

The time-based distinction between immediate and de-
layed AIH in ICHD-3 is primarily operational and reflects
consistent clinical observations rather than established
mechanistic thresholds. To date, no definitive physiologi-
cal evidence has validated a specific biological boundary
underlying the 3-hour versus 5-12-hour cut-offs, and this
classification should be interpreted as a pragmatic frame-
work for clinical and research purposes.

3. Distinguishing alcohol-triggered migraine from al-
cohol-induced headache

According to a cohort study in Korea, alcohol consumption
was associated with an odds ratio (OR) of 2.5 for attack
occurrence in episodic migraine.” However, as discussed
above, the current ICHD-3 framework does not clearly dis-
tinguish alcohol-triggered migraine from AIH in individ-
uals with migraine. When patients present with recurrent
headaches following alcohol consumption, we suggest
that diagnosis should simultaneously consider temporal
profile, headache phenotype, and individual susceptibility
(Table 3). The most critical factor is whether the patient’s
habitual migraine phenotype is faithfully reproduced after
alcohol intake. This includes classical migraine features
such as unilateral pain, nausea or vomiting, photophobia,
and phonophobia. If these features are present, the head-
ache should be classified as alcohol-triggered migraine.
Conversely, when headache is accompanied by symp-
toms commonly associated with hangover, such as thirst,
impaired concentration, apathy, diarrhea, anorexia, and

Domain Alcohol-triggered migraine Delayed alcohol-induced headache
Onset Variable; often within hours Within 5-12 hours of consumption
Duration 4-72 hours Mostly <10 hours
Location Unilateral Bilateral, frontal dominant
Quality Pulsating Pressing>pulsating
Aggravation by activity ++ ++
Nausea/vomiting ++ ++
Photophobia/phonophobia ++ +
Fatigue, dizziness, tremor + ++
Cranial autonomic symptoms (lacrimation, conjunctival injec- - +

tion, etc.)
Systemic autonomic symptoms (sweating, palpitation, etc.) - +

Although both entities are classified as distinct entities within the International Classification of Headache Disorders, 3rd edition framework, this table is
intended as a pragmatic tool for clinical differentiation rather than a nosological proposal.

www.e-hpr.org 23
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autonomic symptoms, it should be classified as delayed
AIH. However, despite this approach, many patients may
exhibit overlapping or inconsistent clinical phenotypes.
In such cases, we recommend assigning alcohol-triggered
migraine as the primary diagnosis for clinical practicality,
while interpreting non-headache symptoms and residual
complaints as part of the hangover spectrum.

EPIDEMIOLOGICAL ASSOCIATIONS WITH
PRIMARY HEADACHES AND SUSCEPTIBILITY

Evidence that alcohol precipitates headache can be found
in numerous epidemiological studies. Paradoxically,
many population-based studies consistently show that
individuals with primary headache disorders consume
less alcohol than those without headache. In a Norwegian
study including 51,000 participants, headache prevalence
increased 10%-20% in non-drinkers compared to mod-
erate drinkers, across all age groups.”' Similarly, a Danish
cross-sectional study of 46,000 individuals reported that
weekly alcohol consumption was associated with a lower
odds of migraine compared with abstinence (OR=0.55).”
This inverse association was replicated in analyses of the
U.S. National Health and Nutrition Examination Survey
(OR=0.54).” These findings do not suggest that alcohol
protects against headache. Rather, they indicate that head-
ache sufferers are more likely to avoid alcohol.

When stratified by headache subtype, the association be-
tween migraine and alcohol becomes more pronounced.
A recent meta-analysis demonstrated that alcohol con-
sumption was not significantly associated with the risk of
tension-type headache, whereas drinkers had a 1.5-fold
lower likelihood of migraine compared with nondrinkers.”
Among patients with migraine, approximately 34%-35%

25,26

report alcohol as a triggering factor.”” Interestingly, how-
ever, only a minority of migraine patients who abstain from
or avoid alcohol, ranging from 3% to 25%, explicitly report
headache as the primary reason for avoidance.””*’ This ob-
servation suggests that alcohol avoidance in migraineurs
may occur both consciously and unconsciously, possibly
reflecting learned or conditioned behavioral adaptation.
Although alcohol avoidance can also be influenced by
external and social factors such as religion, gender, and
social norms, the consistent inverse association observed

across diverse populations supports a prominent role of

24 www.e-hpr.org

behavioral adaptation related to headache susceptibility.
Genetic susceptibility seems to play a critical role in ATH

and hangover. A study analyzing 2,248 participants of twins

found that over 40% of alcohol-related hangovers are de-

28

termined by genetic factors.™ Inactive variants of aldehyde
dehydrogenase 2 (ALDHZ2) are strongly associated with
alcohol flushing, severe hangover symptoms, and head-
ache.”” In a large Japanese cross-sectional study, ALDH2
deficiency demonstrated high sensitivity and specificity
for alcohol flushing and hangover. Women and individu-
als exhibiting flushing reactions were significantly more
likely to experience hangover headache. Notably, among
individuals with migraine, those carrying inactive ALDH2
variants reported lower alcohol consumption and more
pronounced adverse effects after drinking, supporting the
presence of a gene-environment interaction in alcohol-re-
lated headache susceptibility.

Evidence regarding the role of specific alcoholic bever-
age types in triggering AIH remains limited. Fermented
beverages generally contain higher levels of congeners
produced during the fermentation process, which contrib-
ute to flavor and aroma but have also been implicated as
potential contributors to hangover severity.” Accordingly,
some studies have suggested that red wine may provoke
headache more frequently than white wine,”' whereas oth-
ers have reported opposite or inconsistent findings.”’

Importantly, no studies have systematically compared
the severity of AIH across different beverage types under
standardized BAC conditions. Moreover, most animal
models of AIH rely on the administration of pure ethanol
rather than alcohol beverages.'"”** Given the substantial
heterogeneity in beverage preferences, drinking patterns
and cultural contexts across populations and nations, the
present review focuses primarily on the effects of alcohol
itself rather than beverage-specific factors.

PATHOPHYSIOLOGICAL MECHANISMS LINKING
ALCOHOL AND MIGRAINE

1. Central mechanisms: trigeminovascular activation
and calcitonin gene-related peptide signaling

ATH was historically attributed primarily to peripheral
vasodilation.” However, accumulating evidence now indi-
cates that activation of the trigeminovascular system and
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enhanced CGRP signaling represent central mechanisms
13,35,36

directly linked to migraine pathophysiology. Migraine
pain originates from activation of trigeminal afferents in-
nervating the meninges and perivascular structures.’””
Following alcohol consumption, ethanol is metabolized
to acetaldehyde, which directly stimulates this system and
activates trigeminal afferents.

Experimental animal models have demonstrated that
gastrointestinal administration of alcohol activates mem-
bers of the transient receptor potential (TRP) ion channel
family, including transient receptor potential cation chan-
nel subfamily V. member 1 (TRPV1) and Transient receptor
potential cation channel, subfamily A, member 1 (TRPA1),
leading to increased CGRP release. " CGRP released
from trigeminal nerve terminals acts on neurons and sat-
ellite glial cells within the trigeminal ganglion, promoting
peripheral sensitization, while simultaneously activating
second-order nociceptive neurons in the brainstem to
induce central sensitization.”” These mechanisms provide
a biological explanation for why AIH frequently manifests
not only as pain but also with migraine-like extracranial
features such as cutaneous allodynia and photophobia.”"
Notably, these alcohol-induced effects are attenuated by
CGRP antagonists, such as olcegepant, or by silencing re-
ceptor activity-modifying protein 1, a key component of
the CGRP receptor complex, in animal model.” Together,
these findings suggest that anti-CGRP therapies may be
effective in suppressing the clinical expression of AIH.

2. Peripheral mechanisms: nitric oxide signaling, vas-
cular reactivity, and inflammation

Both animal and human studies consistently demonstrate
that alcohol induces complex and bidirectional changes in

12,39,40

NO signaling. Acute or low-dose alcohol exposure ac-
tivates endothelial NO synthase, resulting in increased NO
production and vasodilation. NO promotes cerebral blood
flow while activating cyclic guanosine monophosphate sig-
naling pathways that facilitate CGRP release from trigemi-
nal nerve terminals.”” In contrast, chronic exposure to high-
dose alcohol leads to depletion of NO bioavailability and
antioxidant defenses through oxidative stress.””” Although
this mechanism contributes to hypertension in chronic
alcoholism, it may also offer insight into the paradoxically
lower headache frequency reported in long-term heavy

drinkers. Importantly, the delayed nature of NO-induced
headache provides a plausible explanation for why delayed
AIH is not strictly dose dependent and why headache fre-
quently emerges during the declining phase of BAC."

In parallel, alcohol consumption elicits systemic and cen-
tral inflammatory responses. Elevated levels of cytokines,
including interleukin-10, interleukin-12, and interferon-y,
as well as increased prostaglandin production, have been
consistently observed during alcohol hangover.'”"” These
inflammatory mediators are related to headache, nausea,
and malaise and overlap substantially with pathways impli-
cated in migraine-related neuroinflammation.”

3. Metabolic and behavioral modifiers

The metabolic consequences of alcohol consumption are
broad and help explain why certain individuals are partic-
ularly prone to migraine. Alcohol increases the production
of reactive oxygen species and reactive nitrogen species,
inducing oxidative stress within the trigeminovascular sys-

tem.***

This mechanism is well recognized in alcohol-re-
lated cardiovascular disease and may also be relevant to
migraine biology. In migraine, thiobarbituric acid-reactive
substances have been proposed as potential biomarkers,
and preliminary studies suggesting therapeutic effects of
antioxidants support a shared oxidative stress pathway
linking ATH and migraine.""** Alcohol also inhibits diamine
oxidase, the primary enzyme responsible for histamine
degradation, thereby increasing endogenous histamine
levels.”” Elevated histamine exerts vasodilatory effects and
represents another potential mechanism contributing to
migraine susceptibility following alcohol intake.”
Furthermore, alcohol disrupts sleep architecture and
increases sleep fragmentation, while also elevating next-

48,49

day anxiety levels.” These behavioral and neuropsycho-

logical effects may lower the migraine threshold and place
susceptible individuals in a state that favors headache gen-
eration.

CURRENT EVIDENCE AND THERAPEUTIC
CONSIDERATIONS

1. Current evidence

To date, no clinical trial has specifically evaluated AIH as

www.e-hpr.org 25
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a primary outcome. Instead, most interventional studies
have focused on the prevention or treatment of alcohol

50

hangover as a broader syndrome.” Based on randomized
controlled trials, the following agents have demonstrated
some efficacy in reducing hangover symptoms: clovinol,’'
tolfenamic acid,” pyritinol,” Hovenia dulcis extract,”
L-cysteine combined with vitamins B and C,” red gin-
seng,”’ Korean pear juice,” and HK-GCM-HO01.” Notably,
four of these eight agents were evaluated in studies con-
ducted in Korea. These compounds have been proposed
to act through anti-inflammatory or prostaglandin-related
pathways, or through antioxidant and metabolic mecha-
nisms.” In contrast, medications commonly considered
anti-migraine agents, such as naproxen or propranolol,™"
have not demonstrated benefit.

However, important limitations prevent us from extrapo-
lating these findings directly to ATH. A 2022 systematic re-
view of seven of the eight agents listed above found that all
randomized trials were rated as having “very low quality”
according to the GRADE (Grading of Recommendations
Assessment, Development and Evaluation) methodology.”
This was largely due to small sample sizes and substantial
selection bias.

A more fundamental limitation lies in the heterogene-
ity of hangover definitions and outcome measures. Most
studies assessed hangover severity using composite scores
derived from multiple symptoms, such as fatigue, thirst,
sweating, and headache. These scales were often inves-
tigator-developed, insufficiently validated, and remain

controversial in the literature.”

No single agent improved
all symptom domains. Headache severity was usually
evaluated using binary outcomes or simple numeric rating
scales. These methodological issues substantially limit the

applicability of existing hangover trials to ATH.

2. Interface with migraine treatment and the poten-
tial role of calcitonin gene-related peptide-pathway-
based therapies

In clinical practice, when alcohol-triggered migraine is
suspected, standard acute migraine treatments, such as
triptans, are frequently used and appear effective. Most
established acute migraine therapies can be considered in
this setting, and there is currently no evidence suggesting
clinically relevant drug-alcohol interactions for triptans.
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In patients who experience migraine attacks with high
probability following alcohol consumption, a strategy of
mini-prophylaxis may be considered. For example, ad-
ministration of a long-acting triptan, such as frovatriptan,
at bedtime after alcohol intake may be conceptually anal-
ogous to mini-prophylaxis used for menstrual migraine.”
More recently, Lipton and colleagues” introduced the
concept of “situational prevention,” in which imegepant
is used for prophylactic purpose during periods with
increased risk of migraine attacks. AIH is a prototypical
example of such a high-risk situation, in which pharma-
cological prevention may be considered in the setting of
anticipated alcohol exposure, such as wine consumption
during travel.

Although current evidence remains limited, CGRP-tar-
geted therapies represent the most biologically plausible
candidate for AIH prevention from a migraine-based
perspective.”’ Rimegepant, a CGRP receptor antagonist
with both acute and preventive indications, is particularly
attractive, as it may theoretically provide benefit in alco-
hol-triggered migraine as well as in immediate and de-
layed ATH."' Nevertheless, important safety considerations
remain. While imegepant has demonstrated minimal hep-
atotoxicity with short-term use,” its safety profile when ad-
ministered in the context of recent alcohol consumption,
including repeated or situational use, remains insufficient-
ly studied.

3. Key considerations for future clinical trials of calci-
tonin gene-related peptide antagonists in alcohol-in-
duced headache

Several methodological issues must be addressed in fu-
ture trials evaluating CGRP antagonists for the prevention
or treatment of ATH. First, reproducibility of ATH must be
ensured. AIH exhibits marked interindividual variability,
and even within the same individual, identical alcohol
exposure may or may not result in headache. A random-
ized, crossover trial design would therefore be optimal
to control for this variability. Second, phenotypes of AIH
should be clearly distinguished rather than pooled. For
example, trials should separately evaluate migraineurs
with reproducible alcohol-triggered migraine and non-mi-
graineurs with reproducible delayed AIH. Third, alcohol
exposure must be standardized. Target exposure should
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be defined by BAC rather than by beverage volume alone,
for example aiming for a peak BAC of 20.1%. Verification
can be achieved using breath analyzers or blood sampling.
Fourth, confounding hangover-related factors, including
sleep quality, mood, gastrointestinal symptoms, and hy-
dration status, should also be measured and controlled.
Finally, ethical considerations exist. Investigators must
carefully assess whether study designs inadvertently en-
courage alcohol consumption and must adhere strictly to
institutional review board standards regarding participant
safety.

CONCLUSIONS

ATH is more than a simple consequence of alcohol con-
sumption; it is a complex neurological phenomenon that
closely intersects with migraine biology. By understand-
ing AIH, clinicians can move beyond reactive hangover
management toward a more proactive, mechanism-based
therapeutic approach. The integration of situational pre-
vention strategies and the potential application of CGRP
antagonists offer promising avenues for patients suffering
from recurrent AIH. Continued research with standardized
methodologies will be crucial to bridge the gap between
bench evidence and clinical practice.

AVAILABILITY OF DATA AND MATERIAL

Not applicable.

AUTHOR CONTRIBUTIONS

Conceptualization: WSH; Writing-original draft: WSH;
Writing-review & editing: WSH.

CONFLICT OF INTEREST

No potential conflict of interest relevant to this article was
reported.

FUNDING STATEMENT

Not applicable.

ACKNOWLEDGMENTS

Not applicable.

REFERENCES

1. Rasmussen BK, Olesen J. Symptomatic and nonsymptomatic
headaches in a general population. Neurology 1992;42:1225-
1231.

2. Severeijns NR, Sips ASM, Merlo A, Bruce G, Verster JC. Absen-
teeism, presenteeism, and the economic costs of alcohol hang-
over in the Netherlands. Healthcare (Basel) 2024;12:335.

3. Verster JC, Penning R. Treatment and prevention of alcohol
hangover. Curr Drug Abuse Rev 2010;3:103-109.

4. Liu L, Wang ], Rosenberg D, Zhao H, Lengyel G, Nadel D. Fer-
mented beverage and food storage in 13,000 y-old stone mor-
tars at Ragefet Cave, Israel: investigating Natufian ritual feasting.
J Archaeol Sci Rep 2018;21:783-793.

5. Zarshenas MM, Petramfar P, Firoozabadi A, Moein MR, Moha-
gheghzadeh A. Types of headache and those remedies in tradi-
tional persian medicine. Pharmacogn Rev 2013;7:17-26.

6. Headache Classification Subcommittee of the International
Headache Society. The International Classification of Headache
Disorders: 2nd edition. Cephalalgia 2004;24 Suppl 1:9-160.

7. Headache Classification Committee of the International Head-
ache Society (IHS). The International Classification of Head-
ache Disorders, 3rd edition. Cephalalgia 2018;38:1-211.

8. Dueland AN. Headache and alcohol. Headache 2015;55:1045-
1049.

9. Evans RW, Sun C, Lay C. Alcohol hangover headache. Head-
ache 2007;47:277-279.

10. Hindiyeh NA, Zhang N, Farrar M, Banerjee P, Lombard L,
Aurora SK. The role of diet and nutrition in migraine trig-
gers and treatment: a systematic literature review. Headache
2020;60:1300-1316.

11. Kim BK, Bae H]J, Koo JS, Kwon OH, Park JM. Clinical character-
istics of migraine and tension-type headache: the experience in
Eulji Hospital. Korean ] Headache 2005;6:103.

12. Syapin PJ. Alcohol and nitric oxide production by cells of the
brain. Alcohol 1998;16:159-165.

13. Hakim SM. The potential role of calcitonin gene-related peptide
antagonists for the management of hangover headaches. Curr
Opin Anaesthesiol 2025;38:669-673.

14. Nicoletti P, Trevisani M, Manconi M, et al. Ethanol causes neu-

rogenic vasodilation by TRPV1 activation and CGRP release

www.e-hpr.org 27


https://doi.org/10.1212/wnl.42.6.1225
https://doi.org/10.1212/wnl.42.6.1225
https://doi.org/10.1212/wnl.42.6.1225
https://doi.org/10.3390/healthcare12030335
https://doi.org/10.3390/healthcare12030335
https://doi.org/10.3390/healthcare12030335
https://doi.org/10.2174/1874473711003020103
https://doi.org/10.2174/1874473711003020103
https://doi.org/10.1016/j.jasrep.2018.08.008
https://doi.org/10.1016/j.jasrep.2018.08.008
https://doi.org/10.1016/j.jasrep.2018.08.008
https://doi.org/10.1016/j.jasrep.2018.08.008
https://doi.org/10.4103/0973-7847.112835
https://doi.org/10.4103/0973-7847.112835
https://doi.org/10.4103/0973-7847.112835
https://doi.org/10.1111/j.1468-2982.2003.00824.x
https://doi.org/10.1111/j.1468-2982.2003.00824.x
https://doi.org/10.1111/j.1468-2982.2003.00824.x
https://doi.org/10.1177/0333102417738202
https://doi.org/10.1177/0333102417738202
https://doi.org/10.1177/0333102417738202
https://doi.org/10.1111/head.12621
https://doi.org/10.1111/head.12621
https://doi.org/10.1111/j.1526-4610.2006.00694.x
https://doi.org/10.1111/j.1526-4610.2006.00694.x
https://doi.org/10.1111/head.13836
https://doi.org/10.1111/head.13836
https://doi.org/10.1111/head.13836
https://doi.org/10.1111/head.13836
https://doi.org/10.1016/s0741-8329(97)00186-9
https://doi.org/10.1016/s0741-8329(97)00186-9
https://doi.org/10.1097/aco.0000000000001553
https://doi.org/10.1097/aco.0000000000001553
https://doi.org/10.1097/aco.0000000000001553
https://doi.org/10.1111/j.1468-2982.2007.01448.x
https://doi.org/10.1111/j.1468-2982.2007.01448.x

Headache Pain Res 2026;27(1):21-29

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

28

in the trigeminovascular system of the guinea pig. Cephalalgia
2008;28:9-17.

Garcia-Azorin D, Aparicio-Cordero L, Talavera B, Johnson A,
Schytz HW, Guerrero-Peral AL. Clinical characterization of de-
layed alcohol-induced headache: a study of 1,108 participants.
Neurology 2020;95:€2161-e2169.

Penning R, van Nuland M, Fliervoet LA, Olivier B, Verster
JC. The pathology of alcohol hangover. Curr Drug Abuse Rev
2010;3:68-75.

Ylikahri RH, Leino T, Huttunen MO, P6s6 AR, Eriksson CJP,
Nikkild EA. Effects of fructose and glucose on ethanol-induced
metabolic changes and on the intensity of alcohol intoxication
and hangover. Eur J Clin Invest 1976;6:93-102.

Penning R, de Haan L, Verster JC. Caffeinated drinks, alcohol
consumption, and hangover severity. Open Neuropsychophar-
macol J 2011;4:36-39.

Gullberg RG. Estimating the uncertainty associated with Wid-
mark’s equation as commonly applied in forensic toxicology.
Forensic Sci Int 2007;172:33-39.

Park JW, Chu MK, Kim JM, Park SG, Cho §]J. Analysis of trigger
factors in episodic migraineurs using a smartphone headache
diary applications. PLoS One 2016;11:€0149577.

Aamodt AH, Stovner L], Hagen K, Brathen G, Zwart J. Headache
prevalence related to smoking and alcohol use. The Head-
HUNT Study. Eur ] Neurol 2006;13:1233-1238.

Le H, Tfelt-Hansen P, Skytthe A, Kyvik KO, Olesen J. Associa-
tion between migraine, lifestyle and socioeconomic factors: a
population-based cross-sectional study. ] Headache Pain 2011;
12:157-172.

Tang Y, Zhang K, Zhang Y, et al. Association between dietary
alcohol intake and migraine or severe headache miscellaneous
pain: the NHANES 1999-2004. Brain Behav 2025;15:e70400.
Blaszczyk B, Straburzyriski M, Wieckiewicz M, et al. Relation-
ship between alcohol and primary headaches: a systematic
review and meta-analysis. ] Headache Pain 2023;24:116.
Panconesi A. Alcohol and migraine: trigger factor, consump-
tion, mechanisms. A review. ] Headache Pain 2008;9:19-27.
Onderwater GLJ, van Oosterhout WPJ, Schoonman GG, Ferrari
MD, Terwindt GM. Alcoholic beverages as trigger factor and the
effect on alcohol consumption behavior in patients with mi-
graine. Eur ] Neurol 2019;26:588-595.

Panconesi A, Franchini M, Bartolozzi ML, Mugnai S, Guidi L.
Alcoholic drinks as triggers in primary headaches. Pain Med
2013;14:1254-1259.

Slutske WS, Piasecki TM, Nathanson L, Statham DJ, Martin

www.e-hpr.org

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

NG. Genetic influences on alcohol-related hangover. Addiction
2014;109:2027-2034.

Yokoyama M, Suzuki N, Yokoyama T, et al. Interactions between
migraine and tension-type headache and alcohol drinking,
alcohol flushing, and hangover in Japanese. ] Headache Pain
2012;13:137-145.

Wall TL, Shea SH, Luczak SE, Cook TA, Carr LG. Genetic associ-
ations of alcohol dehydrogenase with alcohol use disorders and
endophenotypes in white college students. ] Abnorm Psychol
2005;114:456-465.

Krymchantowski AV, da Cunha Jevoux C. Wine and headache.
Headache 2014;54:967-975.

Landini L, Souza Monteiro de Araujo D, Chieca M, et al. Acetal-
dehyde via CGRP receptor and TRPA1 in Schwann cells medi-
ates ethanol-evoked periorbital mechanical allodynia in mice:
relevance for migraine. ] Biomed Sci 2023;30:28.

Husain K, Mejia J, Lalla J, Kazim S. Dose response of alcohol-in-
duced changes in BP, nitric oxide and antioxidants in rat plas-
ma. Pharmacol Res 2005;51:337-343.

Mathew RJ, Wilson WH. Regional cerebral blood flow changes
associated with ethanol intoxication. Stroke 1986;17:1156-1159.
Panconesi A. Alcohol-induced headaches: evidence for a cen-
tral mechanism? ] Neurosci Rural Pract 2016;7:269-275.
Paolucci M, Altamura C, Vernieri E The role of endothelial dys-
function in the pathophysiology and cerebrovascular effects of
migraine: a narrative review. J Clin Neurol 2021;17:164-175.
Iyengar S, Johnson KW, Ossipov MH, Aurora SK. CGRP and the
trigeminal system in migraine. Headache 2019;59:659-681.
Moon HS, Chung PW, Kim BK. New targeted drugs for acute
treatment of migraine. Korean ] Headache 2023;24:56-65.

Lu S, Zhang Y, Yang Y, et al. Hangover headache and its behav-
ioral changes in rats. Iran ] Basic Med Sci 2023;26:326-334.
Cheng Y, Liu X, Ma X, Garcia R, Belfield K, Haorah J. Alcohol
promotes waste clearance in the CNS via brain vascular reactiv-
ity. Free Radic Biol Med 2019;143:115-126.

Olesen J. Provocation of attacks to discover migraine signaling
mechanisms and new drug targets: early history and future per-
spectives - a narrative review. ] Headache Pain 2024;25:105.

Kim DJ, Kim W, Yoon §J, et al. Effects of alcohol hangover on cy-
tokine production in healthy subjects. Alcohol 2003;31:167-170.
Ha WS, Chu MK. Altered immunity in migraine: a comprehen-
sive scoping review. ] Headache Pain 2024;25:95.

. Gao XM, Dong WH, Xia CL, et al. Centranthera grandiflore alle-

viates alcohol-induced oxidative stress and cell apoptosis. Chin
J Nat Med 2022;20:572-579.


https://doi.org/10.1111/j.1468-2982.2007.01448.x
https://doi.org/10.1111/j.1468-2982.2007.01448.x
https://doi.org/10.1212/WNL.0000000000010607
https://doi.org/10.1212/WNL.0000000000010607
https://doi.org/10.1212/WNL.0000000000010607
https://doi.org/10.1212/WNL.0000000000010607
https://doi.org/10.2174/1874473711003020068
https://doi.org/10.2174/1874473711003020068
https://doi.org/10.2174/1874473711003020068
https://doi.org/10.1111/j.1365-2362.1976.tb00498.x
https://doi.org/10.1111/j.1365-2362.1976.tb00498.x
https://doi.org/10.1111/j.1365-2362.1976.tb00498.x
https://doi.org/10.1111/j.1365-2362.1976.tb00498.x
https://doi.org/10.2174/1876523801104010036
https://doi.org/10.2174/1876523801104010036
https://doi.org/10.2174/1876523801104010036
https://doi.org/10.1016/j.forsciint.2006.11.010
https://doi.org/10.1016/j.forsciint.2006.11.010
https://doi.org/10.1016/j.forsciint.2006.11.010
https://doi.org/10.1371/journal.pone.0149577
https://doi.org/10.1371/journal.pone.0149577
https://doi.org/10.1371/journal.pone.0149577
https://doi.org/10.1111/j.1468-1331.2006.01492.x
https://doi.org/10.1111/j.1468-1331.2006.01492.x
https://doi.org/10.1111/j.1468-1331.2006.01492.x
https://doi.org/10.1007/s10194-011-0321-9
https://doi.org/10.1007/s10194-011-0321-9
https://doi.org/10.1007/s10194-011-0321-9
https://doi.org/10.1007/s10194-011-0321-9
https://doi.org/10.1002/brb3.70400
https://doi.org/10.1002/brb3.70400
https://doi.org/10.1002/brb3.70400
https://doi.org/10.1186/s10194-023-01653-7
https://doi.org/10.1186/s10194-023-01653-7
https://doi.org/10.1186/s10194-023-01653-7
https://doi.org/10.1007/s10194-008-0006-1
https://doi.org/10.1007/s10194-008-0006-1
https://doi.org/10.1111/ene.13861
https://doi.org/10.1111/ene.13861
https://doi.org/10.1111/ene.13861
https://doi.org/10.1111/ene.13861
https://doi.org/10.1111/pme.12127
https://doi.org/10.1111/pme.12127
https://doi.org/10.1111/pme.12127
https://doi.org/10.1111/add.12699
https://doi.org/10.1111/add.12699
https://doi.org/10.1111/add.12699
https://doi.org/10.1007/s10194-011-0413-6
https://doi.org/10.1007/s10194-011-0413-6
https://doi.org/10.1007/s10194-011-0413-6
https://doi.org/10.1007/s10194-011-0413-6
https://doi.org/10.1037/0021-843x.114.3.456
https://doi.org/10.1037/0021-843x.114.3.456
https://doi.org/10.1037/0021-843x.114.3.456
https://doi.org/10.1037/0021-843x.114.3.456
https://doi.org/10.1111/head.12365
https://doi.org/10.1111/head.12365
https://doi.org/10.1186/s12929-023-00922-6
https://doi.org/10.1186/s12929-023-00922-6
https://doi.org/10.1186/s12929-023-00922-6
https://doi.org/10.1186/s12929-023-00922-6
https://doi.org/10.1016/j.phrs.2004.10.005
https://doi.org/10.1016/j.phrs.2004.10.005
https://doi.org/10.1016/j.phrs.2004.10.005
https://doi.org/10.1161/01.str.17.6.1156
https://doi.org/10.1161/01.str.17.6.1156
https://doi.org/10.4103/0976-3147.178654
https://doi.org/10.4103/0976-3147.178654
https://doi.org/10.3988/jcn.2021.17.2.164
https://doi.org/10.3988/jcn.2021.17.2.164
https://doi.org/10.3988/jcn.2021.17.2.164
https://doi.org/10.1111/head.13529
https://doi.org/10.1111/head.13529
https://doi.org/10.22038/IJBMS.2023.66724.14644
https://doi.org/10.22038/IJBMS.2023.66724.14644
https://doi.org/10.1016/j.freeradbiomed.2019.07.029
https://doi.org/10.1016/j.freeradbiomed.2019.07.029
https://doi.org/10.1016/j.freeradbiomed.2019.07.029
https://doi.org/10.1186/s10194-024-01796-1
https://doi.org/10.1186/s10194-024-01796-1
https://doi.org/10.1186/s10194-024-01796-1
https://doi.org/10.1016/j.alcohol.2003.09.003
https://doi.org/10.1016/j.alcohol.2003.09.003
https://doi.org/10.1186/s10194-024-01800-8
https://doi.org/10.1186/s10194-024-01800-8
https://doi.org/10.1016/s1875-5364(22)60181-x
https://doi.org/10.1016/s1875-5364(22)60181-x
https://doi.org/10.1016/s1875-5364(22)60181-x

Woo-Seok Ha. Alcohol-Induced Headache

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

Wu D, Zhai Q, Shi X. Alcohol-induced oxidative stress and cell
responses. ] Gastroenterol Hepatol 2006;21 Suppl 3:526-S29.
Jiménez-Jiménez FJ, Alonso-Navarro H, Garcia-Martin E, Espa-
da-Rubio S, Agiindez JAG. Oxidative stress and migraine. Mol
Neurobiol 2024;61:8344-8360.

Panula P. Histamine, histamine H3 receptor, and alcohol use
disorder. Br ] Pharmacol 2020;177:634-641.

Rossetti I, Zambusi L, Maccioni P, et al. Predisposition to alco-
hol drinking and alcohol consumption alter expression of cal-
citonin gene-related peptide, neuropeptide Y, and microglia in
bed nucleus of stria terminalis in a subnucleus-specific manner.
Front Cell Neurosci 2019;13:158.

Gardiner C, Weakley J, Burke LM, et al. The effect of alcohol on
subsequent sleep in healthy adults: a systematic review and
meta-analysis. Sleep Med Rev 2025;80:102030.

Roberts E, Smith R, Hotopf M, Drummond C. The efficacy and
tolerability of pharmacologically active interventions for alco-
hol-induced hangover symptomatology: a systematic review of
the evidence from randomised placebo-controlled trials. Addic-
tion 2022;117:2157-2167.

Mammen RR, Natinga Mulakal J, Mohanan R, Maliakel B,
Illathu Madhavamenon K. Clove bud polyphenols alleviate
alterations in inflammation and oxidative stress markers associ-
ated with binge drinking: a randomized double-blinded place-
bo-controlled crossover study. ] Med Food 2018;21:1188-1196.
Kaivola S, Parantainen J, Osterman T, Timonen H. Hangover
headache and prostaglandins: prophylactic treatment with
tolfenamic acid. Cephalalgia 1983;3:31-36.

Khan MA, Jensen K, Krogh HJ. Alcohol-induced hangover. A
double-blind comparison of pyritinol and placebo in prevent-
ing hangover symptoms. Q J Stud Alcohol 1973;34:1195-1201.
Kim H, Kim Y], Jeong HY, et al. A standardized extract of the
fruit of Hovenia dulcis alleviated alcohol-induced hangover in
healthy subjects with heterozygous ALDH2: a randomized, con-
trolled, crossover trial. ] Ethnopharmacol 2017;209:167-174.
Eriksson CJP, Metsdld M, Moykkynen T, et al. L-cysteine con-

taining vitamin supplement which prevents or alleviates alco-

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

hol-related hangover symptoms: nausea, headache, stress and
anxiety. Alcohol Alcohol 2020;55:660-666.

Lee MH, Kwak JH, Jeon G, et al. Red ginseng relieves the effects
of alcohol consumption and hangover symptoms in healthy
men: a randomized crossover study. Food Funct 2014;5:528-
534.

Lee HS, Isse T, Kawamoto T, Baik HW, Park JY, Yang M. Effect of
Korean pear (Pyruspyrifolia cv. Shingo) juice on hangover se-
verity following alcohol consumption. Food Chem Toxicol 2013;
58:101-106.

Jang YL, Park MK. Advanced clinical symptoms of the antihang-
over compound HK-GCM-HO01 in healthy Koreans. Transl Clin
Pharmacol 2024;32:137-149.

Verster JC, Dahl TA, Scholey A, Iversen JM. The effects of SJP-
001 on alcohol hangover severity: a pilot study. J Clin Med 2020;
9:932.

Bogin RM, Nostrant TT, Young MJ. Propranolol for the treatment
of the alcoholic hangover. Am J Drug Alcohol Abuse 1987;13:
175-180.

Verster JC, van de Loo AJAE, Benson S, Scholey A, Stock AK. The
assessment of overall hangover severity. ] Clin Med 2020;9:786.
Zhang H, Qi JZ, Zhang ZH. Comparative efficacy of different
treatments for menstrual migraine: a systematic review and
network meta-analysis. ] Headache Pain 2023;24:81.

Lipton RB, Ailani ], Mullin K, et al. Situational prevention: phar-
macotherapy during periods of increased risk for migraine at-
tacks. Headache 2024;64:859-864.

Kim BS, Chung PW, Chung JM, et al. Evidence-based recom-
mendations on pharmacologic treatment for migraine preven-
tion: a clinical practice guideline from the Korean Headache
Society. Headache Pain Res 2025;26:5-20.

Bertz R, Bhardwaj R, Morris BA, Ashbrenner E, Coric V, Croop
R. A placebo-controlled, randomized, single and multiple dose
study to evaluate the safety, tolerability, and pharmacokinet-
ics of rimegepant in healthy participants. Cephalalgia 2023;
43:3331024231179131.

www.e-hpr.org 29


https://doi.org/10.1111/j.1440-1746.2006.04589.x
https://doi.org/10.1111/j.1440-1746.2006.04589.x
https://doi.org/10.1007/s12035-024-04114-7
https://doi.org/10.1007/s12035-024-04114-7
https://doi.org/10.1007/s12035-024-04114-7
https://doi.org/10.1111/bph.14634
https://doi.org/10.1111/bph.14634
https://doi.org/10.3389/fncel.2019.00158
https://doi.org/10.3389/fncel.2019.00158
https://doi.org/10.3389/fncel.2019.00158
https://doi.org/10.3389/fncel.2019.00158
https://doi.org/10.3389/fncel.2019.00158
https://doi.org/10.1016/j.smrv.2024.102030
https://doi.org/10.1016/j.smrv.2024.102030
https://doi.org/10.1016/j.smrv.2024.102030
https://doi.org/10.1111/add.15786
https://doi.org/10.1111/add.15786
https://doi.org/10.1111/add.15786
https://doi.org/10.1111/add.15786
https://doi.org/10.1111/add.15786
https://doi.org/10.1089/jmf.2017.4177
https://doi.org/10.1089/jmf.2017.4177
https://doi.org/10.1089/jmf.2017.4177
https://doi.org/10.1089/jmf.2017.4177
https://doi.org/10.1089/jmf.2017.4177
https://doi.org/10.1046/j.1468-2982.1983.0301031.x
https://doi.org/10.1046/j.1468-2982.1983.0301031.x
https://doi.org/10.1046/j.1468-2982.1983.0301031.x
https://doi.org/10.15288/qjsa.1973.34.1195
https://doi.org/10.15288/qjsa.1973.34.1195
https://doi.org/10.15288/qjsa.1973.34.1195
https://doi.org/10.1016/j.jep.2017.07.028
https://doi.org/10.1016/j.jep.2017.07.028
https://doi.org/10.1016/j.jep.2017.07.028
https://doi.org/10.1016/j.jep.2017.07.028
https://doi.org/10.1093/alcalc/agaa082
https://doi.org/10.1093/alcalc/agaa082
https://doi.org/10.1093/alcalc/agaa082
https://doi.org/10.1093/alcalc/agaa082
https://doi.org/10.1039/c3fo60481k
https://doi.org/10.1039/c3fo60481k
https://doi.org/10.1039/c3fo60481k
https://doi.org/10.1039/c3fo60481k
https://doi.org/10.1016/j.fct.2013.04.007
https://doi.org/10.1016/j.fct.2013.04.007
https://doi.org/10.1016/j.fct.2013.04.007
https://doi.org/10.1016/j.fct.2013.04.007
https://doi.org/10.12793/tcp.2024.32.e11
https://doi.org/10.12793/tcp.2024.32.e11
https://doi.org/10.12793/tcp.2024.32.e11
https://doi.org/10.3390/jcm9040932
https://doi.org/10.3390/jcm9040932
https://doi.org/10.3390/jcm9040932
https://doi.org/10.3109/00952998709001507
https://doi.org/10.3109/00952998709001507
https://doi.org/10.3109/00952998709001507
https://doi.org/10.3390/jcm9030786
https://doi.org/10.3390/jcm9030786
https://doi.org/10.1186/s10194-023-01625-x
https://doi.org/10.1186/s10194-023-01625-x
https://doi.org/10.1186/s10194-023-01625-x
https://doi.org/10.1111/head.14775
https://doi.org/10.1111/head.14775
https://doi.org/10.1111/head.14775
https://doi.org/10.62087/hpr.2024.0019
https://doi.org/10.62087/hpr.2024.0019
https://doi.org/10.62087/hpr.2024.0019
https://doi.org/10.62087/hpr.2024.0019
https://doi.org/10.1177/03331024231179131
https://doi.org/10.1177/03331024231179131
https://doi.org/10.1177/03331024231179131
https://doi.org/10.1177/03331024231179131
https://doi.org/10.1177/03331024231179131

Original Article

Headache Pain Res 2026;27(1):30-42
PISSN: 3022-9057 - eISSN: 3022-4764
https://doi.org/10.62087/hpr.2026.0004

Natural Diagnostic Classes of Headache Disorders:
Latent Class Analysis of a Population-Based Study

Wonwoo Lee'"”, Seok-Jae Heo®", Jungyon Yum*", Min Kyung Chu®

'Department of Neurology, Yongin Severance Hospital, Yonsei University College of Medicine, Yongin, Republic of Korea

*Biostatistics Collaboration Unit, Department of Biomedical Systems Informatics, Yonsei University College of Medicine, Seoul, Republic of
Korea

3Department of Neurology, Severance Hospital, Yonsei University College of Medicine, Seoul, Republic of Korea

Abstract

Purpose: The International Classification of Headache Disorders, 3rd edition (ICHD-3), diagnoses headache based on combi-
nations of clinical symptoms. Overlap is common, and symptom variability complicates diagnosis. We evaluated natural class-
es of headache disorders using a statistical approach and compared them with ICHD-3 diagnostic categories.

Methods: Data from a nationwide, population-based web survey on headache and sleep conducted in South Korea (n=3,030)
were analyzed. Participants with headache (n=1,938) were included. Latent class analysis was performed using categorical
ICHD-3 diagnostic criteria to identify distinct classes. The characteristics of each class and the distribution of ICHD-3 primary
headache diagnoses were examined.

Results: Nine classes were identified, comprising 626, 54, 248, 148, 187, 143, 79, 61, and 392 individuals. Three classes
were tension-type headache (TTH)-like: Class 1 was male-dominant mild bilateral TTH, Class 8 represented classic, severe
TTH, and Class 9 was mild unilateral TTH. Class 4 showed a typical migraine phenotype and contained most migraine cases.
Classes 5 and 6 were dominated by probable migraine (PM) and differed mainly in sensory sensitivity and disability, which
were higher in Class 6. Classes 2, 3, and 7 were categorized as “other headache.” Class 2 had the highest prevalence of medi-
cation-overuse headache (MOH), whereas Class 3 was characterized by mild headache with nausea. Class 7 showed a mixed-
type profile with prominent photophobia. Severity and central sensitization markers were key classifiers.

Conclusion: Latent class analysis identified nine clinically distinct headache classes. PM was clearly distinct from both TTH
and migraine. One subtype of “other headache” showed the highest MOH burden.
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INTRODUCTION

The diagnosis of headache disorders relies on clinical cri-
teria based on International Classification of Headache
Disorders, 3rd edition (ICHD-3)." Although there is well es-
tablished pathophysiologic evidence of different headache
diagnosis, there being no biomarker, the diagnosis is based
on a combination of clinical profiles. However, substantial
variability in the time between attacks is often observed
in individual patients. Prior studies of natural subgroups
of migraine and tension-type headache (TTH), as well as
concurrent ICHD-3 diagnoses, have demonstrated hetero-
geneity and overlap between several headache disorders.”’
Also, current diagnosis of headache only allows definitive
diagnosis, but frequently, there are occasions when a defi-
nite diagnosis and probable diagnosis are both present,
such as those with definite diagnosis of TTH, but also who
fit for the diagnosis of probable migraine (PM). In Korea
where prevalence of PM is higher than migraine, the diag-
nostic and treatment challenges are greater, thus delaying
patient diagnosis and appropriate treatment.’ Statistical
analysis of ICHD-3 criteria revealed coexisting diagnoses’,
suggesting alternative diagnostic classifications for head-
ache disorders.

Statistical methods have been utilized to identify dif-
ferent subgroups of migraine amd TTH based on clini-
cal characteristics or comorbidities.”" Identifying such
subgroups could enhance our understanding of disease
heterogeneity and support more precise classification and
management, thereby improving precision medicine. La-
tent class analysis (LCA) is a model-based, probabilistic
approach that identifies unobserved (latent) subgroups
from a set of categorical variables and has been previously
applied to classify headache disorders.”"’ Beyond the cate-
gorical structure of the data, LCA is particularly suitable for
headache research because it allows for the identification
of clinically interpretable phenotypic patterns while ac-
counting for uncertainty in class membership. Given that
the ICHD-3 diagnostic criteria consist largely of categorical
symptom-based indicators, we applied LCA to a popula-
tion-based sample of headache disorders to identify nat-
ural headache classes and to compare these data-driven
classes with ICHD-3 diagnosis.

MATERIALS AND METHODS
1. Ethical approval

The present study was approved by the Institutional Review
Board of the Severance Hospital, Yonsei University (ap-
proval no. 2022-2189-003). This study was conducted in ac-
cordance with the principles of the Declaration of Helsinki,
and all participants provided written informed consent.

2. Data

We used the data of Circannual Change in Headache and
Sleep (CHASE) study for the analysis. The CHASE study
is a web-based survey on headache and sleep that was
designed to represent the Korean population. The acqui-
sition of the study was described previously in detail."’ In
short, the study was a web-based questionnaire supported
by Hankook Research (Seoul, Republic of Korea). An email
with link to the survey was sent to those selected by a two-
stage stratified clustered random sampling method pro-
portional to population distribution. The survey included
baseline and follow-up evaluation every 3 months for a
year. This study is a cross-sectional analysis of the baseline
data conducted in October 2020. Individuals aged 20-59
years were included according to socioeconomic and de-
mographic strata derived from the 2015 National Statistical
Office Population and Housing Census.'' Those with his-
tory of COVID-19 infection were excluded. The estimated
sampling error was +1.8%.

3. Diagnosis of headache disorders

The Headache disorders were diagnosed using a vali-
dated web-based questionnaire based on ICHD-3 with
reasonable sensitivity (92.6, 85.0, and 78.4), specificity
(94.8, 92.9, and 98.4), and accuracy (93.8, 91.0, and 92.6),
for migraine, PM, and TTH, respectively.'” The diagnosis
was based on ICHD-3 criteria for Migraine without aura
(code 1.1), PM without aura (code 1.5.1), and infrequent
episodic TTH (code 2.1).' PM was diagnosed only when
there was no definite headache diagnosis and there was no
overlap in the diagnosis of headaches. Headache duration
in this study was assessed as “Please specify the duration
of your most severe headache in the past 3 months. If you
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use acute (rescue) medication, report the duration as if
you had not taken it” The frequency criteria was not used
to differentiate episodic and chronic headache but was
analyzed as a separate variable. The diagnostic criteria for
migraine with aura (code 1.2) requires diagnosis of ful-
filling criteria for migraine without aura. Visual aura was
assessed by the Visual Aura Rating Scale, with score of 23
defined as having visual aura. Migraine in this study refers
to migraine with and without aura, and chronic migraine.
In the same way, TTH in this study refers to infrequent ep-
isodic TTH, frequent episodic TTH (code 2.2), and chronic
TTH (code 2.3). PM stands for PM without and with aura
(code 1.5.2). Those with headache not diagnosed as mi-
graine, PM, and TTH were classified as other headache
disorder. Medication-overuse headache (MOH) was diag-
nosed using ICHD-3 criteria.

4. Impact and disability of headache, cutaneous allo-
dynia

The impact of headache disorder was assessed using the
Headache Impact Test-6 (HIT-6)." The disability of head-
ache was assessed using the Migraine Disability Assess-
ment (MIDAS)."" The higher scores indicated more impact
and disability.

Allodynia Symptom Checklist-12 (ASC-12) question-
naire was used to assess cutaneous allodynia (CA)."” ASC-
12 score 23 indicates CA.

5. Assessment of comorbid symptoms: anxiety, de-
pression, fibromyalgia, and sleep related indices

Anxiety was assessed with General Anxiety Disorder-7
(GAD-7)."* GAD-7 scores >8 was defined as anxiety. De-
pression was assessed with Patient Health Questionnaire
(PHQ-9), PHQ-9 scores >10 indicated depression.'” Fibro-
myalgia syndrome (FMS) was assessed using widespread
pain index and symptoms severity score, and was diag-
nosed using 2016 criteria of American College of Rheuma-

" Excessive daytime sleepiness (EDS) was assessed

tology.
with Epworth Sleepiness Scale score >11 indicating EDS."
Quality of sleep was assessed using the Pittsburgh Sleep
Quality Index, >8.5 indicating poor sleep quality.”’ Insom-
nia was assessed using Insomnia Severity Index (ISI), with

ISI 215 defined as clinical insomnia.”
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6. Statistical analysis and latent class analysis mod-
eling

LCA is a probabilistic analytic method deriving ‘latent’
classes by stratifying observations with similar response
from latent mixture of underlying distributions from cate-
gorical variables.” Observations that are similar, though not
identical, are clustered into the same class, thereby iden-
tifying subgroups with distinct characteristics. We con-
ducted LCA using the ‘poLCA’ package 1.6.0.1 version in
R, frequently used for LCA.” As the categorical variables,
the major variables used for diagnosis in ICHD-3 were
selected; headache intensity, unilateral location, pulsating
quality, aggravation by routine physical activity, nausea,
vomiting, photophobia, and phonophobia were included.
Headache frequency per month was categorized into four
classes (<2, =2 to <8, =8 to <15, and =15 days). Headache
duration was categorized as <30 minutes, 230 minutes to
<4 hours, 24 hours to <72 hours, >72 hours to <7 days, and
>7 days. Model quality was assessed using posterior class
membership probabilities and class-conditional item-re-
sponse probabilities. The local independence assump-
tion was assessed by examining bivariate residuals for all
pairs of observed indicators following model estimation
(Supplementary Table 1, available online). To avoid con-
vergence to local maxima during the expectation-maxi-
mization algorithm, each model was estimated 20 times
using different sets of random starting values. Model fit
was evaluated using the log-likelihood, Akaike information
criterion (AIC), Bayesian information criterion (BIC), rel-
ative entropy, and the Lo-Mendell-Rubin likelihood ratio
test (LMR-LRT).””*" The optimal number of latent classes
was determined based on a combination of statistical indi-
ces and clinical interpretability. Lower AIC and BIC values
indicated better model fit, whereas higher relative entropy
and a significant LMR-LRT supported superior classifica-
tion performance. Descriptive statistics were summarized
as means with standard deviations or medians with inter-
quartile ranges for continuous variables, depending on
their distribution, and as counts with percentages for cat-
egorical variables. To compare clinical and demographic
characteristics across latent classes, one-way analysis of
variance or the Kruskal-Wallis test was applied for con-
tinuous variables, depending on normality assumptions.
Normality was assessed using the Shapiro-Wilk test and
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visual inspection of histograms and Q-Q plots. Categorical
variables were compared using the chi-square test or Fish-
er’s exact test, as appropriate. Multiple comparisons were
adjusted using the Bonferroni correction. All statistical
analyses were performed using R software (version 4.4.1; R
Foundation for Statistical Computing). Two-sided p-values
<0.05 were considered statistically significant.

RESULTS
1. Participants with headache

0f 91,153 individuals invited by email, 10,699 consented to
participate. Among them, 6,215 discontinued the survey,
1,075 declined enrollment after screening, and 379 were
excluded because a quota had been reached, leaving 3,030
participants who completed the survey (Figure 1). The dis-
tributions of age, sex, and residential area were similar to
those of the Korean population.”

Among the participants, 1,938 reported having a head-
ache within the past year. The numbers meeting criteria
for migraine, PM, TTH, and other headache diagnoses
were 170, 337, 954, and 477, respectively. A total of 597 par-
ticipants reported using rescue medication on more than 1
day in the past 30 days. There was no missing data because
the survey required all fields to be completed.

2. Model selection and classification
Nine models, ranging from two to ten classes, were evalu-

ated using LCA. Balancing statistical fit and classification
quality with clinical interpretability, we selected the nine-

Table 1. Model fit indices and class sizes for latent class analysis

class model because it best represented distinct class char-
acteristics and had the lowest AIC and BIC, the LMR-LRT
statistic, and the third-highest classification entropy (Table
1). The standard errors for the estimated class prior proba-
bilities and the class-conditional response probabilities for
the indicators were within acceptable ranges.

3. Sociodemographic characters of the nine classes

Table 2 summarizes the sociodemographic features across
the nine classes. There were no differences in education
level or in comorbid hypertension, diabetes, or dyslipid-

| Sent emails, n=91,153 |

v

| Opened emails, n=26,415 |

v

| Agreed to participate, n=10,699 |

Discontinued the survey, n=6,215
Waived the participation, n=1,075
Removed owing to over quota, n=379

A 4

A4

| Completed survey, n=3,030 |

v

| Participants with headache, n=1,938 |

Migraine, n=170
Probable migraine, n=337
Tension-type headache, n=954
Other headaches, n=477

Figure 1. Recruitment of participants in the Circannual Change
in Headache and Sleep (CHASE) study and diagnosis of head-
ache.

’c\)'f“gl"a";igs df loglikelihood  AIC BIC 'Zﬁ't?g;)’; LMR  pvalue Size of each class

2 1,905 -13,41519 26,896.38 27,08017 0.867 1115581 <0.001 2861652

3 1,888 -13,066.55 26,233.09 26,511.56 0.856 667.880 <0.001 353]490/1095

4 1,871 -12,753.56 25,641.12 26,01427 0.839 599.565 <0.001 324|483|516|615

5 1,854 -12,637.72 25443.44 2591127 0.872 221.913 <0.001 61/365]402|491|619

6 1,837 -12,519.00 25240.00 2580251 0.893 227.423 <0.001 60| 186|194 |415| 464|619

7 1,820 -12,435.96 2510791 2576510 0905 159.083 <0.001 6063|169 | 184|394 | 443|625

8 1,803 -12,371.25 2501251 2576438 0917 123.946 <0.001 51/60]165|171|185|286|393|627

9 1,786 -12,304.99 2491398 25760.53 0.895 126934 <0.001  54|61|79|143|148|187|248|392|626
10 1,769 -12,296.13 24,930.26 2587149 0888 16977 0456 41|61|86]129|142|150|163]261|396|509

df, degrees of freedom; AIC, Akaike information criterion; BIC, Bayesian information criterion; LMR, Lo-Mendell-Rubin likelihood ratio test.
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phenotype did not meet ICHD-3 criteria for migraine or
TTH and all cases were classified as other headache disor-
der.

Class 3 (n=248) was characterized by mild headache in-
tensity, nausea in 99.2%, absent photophobia and phono-
phobia, short duration (<4 hours), and infrequent attacks
(<8 day/mo). Although this pattern resembles PM with
short-duration, 86.3% were classified as other headache
disorders, due to brief duration and mild headache inten-
sity.

Class 4 (n=148) was characterized by moderate to severe
headache intensity, unilateral location and pulsating qual-
ity in >50%, nausea and vomiting, and >80% of aggravation
by routine physical activity, photophobia, and phonopho-
bia. All attacks lasted 24 hours. Showing typical migraine
features, 99.3% were migraine with one exception of TTH.
Class 4 had the highest HIT-6 and MIDAS scores, the high-
est CA, anxiety, and FMS proportion. Depression presence
was second highest.

Class 5 (n=187) was characterized by predominantly
moderate-intensity headache with high proportion of uni-
lateral location, pulsating quality, vomiting, and more nau-
sea (91.4%). Photophobia was present in 24.1%, and pho-
nophobia was absent. Attacks were generally infrequent (<8
day/mo) and of short duration. Of ICHD-3 headache diag-
nosis, 72.2% met criteria for PM and 12.3% for migraine.

Class 6 (n=143) was characterized by mild to moder-
ate headache intensity with 100% aggravation by routine
physical activity and 100% phonophobia. Photophobia
occurred in 44.8%, and >50% had unilateral headache and
pulsating quality. Attacks were brief (<30 minutes). Class 6
showed second-highest HIT-6, MIDAS, anxiety, FMS, and
CA following Class 4. Class 6 showed the highest depres-
sion and visual aura. PM comprised 88.8% of this class.

Class 7 (n=79) was characterized by headache intensity
that was either mild or severe (no moderate intensity), pre-
dominantly bilateral, non-pulsating, and with high rates of
nausea, vomiting, photophobia (84.8%), and phonopho-
bia. All attacks were short (<4 hours) and infrequent (<8
day/mo). Photophobia prevalence was the highest across
classes. Visual aura was third highest, following Classes 6
and 4. In the original ICHD-3 diagnosis, 89.9% were other
headache disorders.

Class 8 (n=61) was characterized by predominantly
moderate to severe intensity, 100% bilateral location, and

98.4% non-pulsating quality, with no nausea, vomiting, or
aggravation by routine physical activity. Photophobia oc-
curred in 11.5% and phonophobia in 42.6%. Attacks lasted
>4 hours. Headache impact, disability, and comorbidity
burdens were moderate. All cases were classified as ICHD-
3TTH.

Class 9 (n=392) was the second-largest class, charac-
terized by predominantly moderate-intensity headache,
>60% unilateral and pulsating, no nausea or vomiting,
photophobia in 21.4%, and phonophobia in 51.3%. Attacks
were usually <4 hours. On ICHD-3 diagnosis, 77.6% were
classified as TTH and 18.1% as other headache disorders.

DISCUSSION

The main findings were: 1) using ICHD-3 diagnostic fea-
tures as variables, LCA identified nine headache classes; 2)
class characteristics broadly mirrored established diagnos-
tic categories (migraine, PM, TTH) while differing in sever-
ity, duration, and indices of sensory hypersensitization; 3)
PM formed classes distinct from both migraine and TTH
and showed a higher depression burden and more visual
aura, supporting its clinical validity and the need for fo-
cused study; 4) several “other headache” classes were not-
ed and showed meaningful burden with high proportion
of photophobia or MOH, warranting clinical attention.
Diagnosing headache disorders is challenging.” It relies
on clinical criteria from the ICHD-3, with which many
general practitioners are unfamiliar.”” Though there are
proven pathophysiological differences between migraine,
TTH, and cluster headache (CH), the ICHD-3 diagnostic
criteria are defined by a combination of multiple variables,
resulting in a variety of possible diagnoses.” Further-
more, symptoms overlap between headache diagnoses,
resulting in a grey zone, such as those with TTH and PM,

1,5,28

whose final diagnosis is TTH.””" In other cases, a single

headache diagnosis may present as multiple phenotypes,

or multiple headache diagnosis may be made for a single

,30

patient.”””’ Consequently, a substantial proportion of pa-

26,

tients are misdiagnosed and undertreated.””"""* Accurate

diagnosis matters because migraine, TTH, and CH differ

in their prognosis and their optimal treatment.” "

Using
a statistical approach, we examined overlap and potential
misclassification in current criteria and identified natural

diagnostic classes. Nine classes broadly mapped to ICHD-
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3 categories (Classes 1, 8, 9: TTH; Class 4: migraine; Class-
es 5, 6: PM; Classes 2, 3, 7: other headache) but differed in
clinically relevant details. Whereas ICHD-3 primarily relies
on frequency and duration to distinguish episodic from
chronic phenotypes, our results indicate that severity and
markers of central sensitization, specifically sensory hy-
persensitivities (photophobia, phonophobia) better differ-
entiate classes. Photophobia, phonophobia, and CA have
been associated with greater migraine severity and chron-
ification.'”” Our findings suggest these markers may be of
more relevance than monthly frequency for classification
of headache disorders.

Classes 1, 8, and 9 consisted mostly of TTH, but their
characteristics differed. Together they comprised 1,079
participants (55.7%), slightly exceeding the number of TTH
by ICHD-3 (n=954). Class 1 was male-predominant, had
higher BMI, and was the most frequent. The profile reflects
mild TTH (mild pain without nausea/vomiting), and the
male predominance with a milder phenotype is consistent
with prior epidemiologic studies.” Class 9 was the second
largest notable for >60% female, unilateral, and pulsating
pain. However, most cases did not meet migraine or PM
criteria because nausea or vomiting were absent, both
photophobia and phonophobia were not present, and at-
tacks were short (<4 hours). Only 17 individuals (4.3%) met
PM criteria. Considered together, Classes 1 and 9, the two
largest, were predominantly mild and more unilateral con-
sistent with our prior report on unilateral TTH.” Unilateral
TTH warrants attention because it challenges the classical
concept of TTH and may be misdiagnosed as migraine.” Al-
though both Class 1 and Class 9 reflected mild TTH, Class
9 showed greater headache impact, disability, depression,
anxiety, and CA, indicating a mild but disabling phenotype
that merits clinical attention. Differences between the two
classes may reflect sex differences, as women tend to expe-
rience greater pain and disability than men, and treatment
strategies should incorporate sex-specific considerations.”

In contrast, Class 8 showed classic bilateral headache
without nausea or vomiting and had greater headache im-
pact with poorer sleep indices, indicating the highest bur-
den among TTH-like classes. Longer duration and more
frequent attacks suggest a more severe, frequent or chronic
TTH. Although relatively small, this subgroup may require
more clinical care. The predominance of severe bilater-
al pain may have shaped the classic TTH concept, while

38 www.e-hpr.org

milder phenotypes received less clinical attention. The
high prevalence of TTH and variability emphasize the need
for careful phenotyping and management, which remains
under-recognized in clinical practice and research.””""’
Classes 2, 3, and 7 were predominantly other headaches
(Class 2: 100%; Class 3: 86.3%; Class 7: 89.9%). Class 2
presented as a moderate-intensity other-headache pheno-
type. It had the highest attack frequency, with the largest
proportion reporting >15 headache days per month. Head-
ache was uniformly moderate, bilateral, non-pulsating, not
aggravated by routine physical activity, and <4 hours in du-
ration. The profile resembled TTH, but TTH was excluded
because nausea was frequent (94.4%). Class 2 also had the
highest prevalence of MOH (5.6%). In pairwise compari-
sons, MOH prevalence in Class 2 did not differ significantly
from Class 4 (migraine) or Class 6 (PM with higher sensory
sensitivity). Although much MOH literature focuses on mi-
graine, TTH, and trigeminal autonomic cephalalgias such
as CH, the MOH burden observed in this class warrants
clinical attention given its potential for disability.” Class
3 showed mild, short-duration headaches with frequent
nausea (99.2%), without photophobia, phonophobia, or
aggravation by routine physical activity. This class was
predominantly other headache (86.3%), with only 13.7%
meeting PM criteria. This class may represent a milder
form of PM, positioned on the PM-migraine spectrum
due to missing one or more diagnostic criteria. Because
an “other headache” category in the current ICHD-3 can
also present predominantly with nausea, more careful ap-
proach is recommended when using migraine screening
tools that rely heavily on nausea.””"' Class 7 was an “other
headache” class with pronounced photophobia. It com-
prised short-duration headaches with the highest photo-
phobia (84.8%) and the third highest phonophobia (67.1%),
indicating prominent sensory hypersensitivity. However,
CA was only the fourth most frequent across classes, and
headache impact and disability were modest. This pattern
likely reflects non-migraine phenotypes with heightened
sensory sensitivity but without marked CA. Prior studies
suggest that coexisting sensory hypersensitivities and
CA are associated with greater disease burden than CA
alone.” The greater CA, depression, and headache impact
in Class 6 relative to Class 7 may reflect these findings.
Class 4 displayed classic migraine features. ICHD-3 mi-
graine comprised 99.3% (147/148) of individuals in this
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class and accounted for 86.5% (147/170) of all migraines
in the study. Class 4 also had the highest burden across
clinical scales (headache impact and disability) and the
highest rates of CA, anxiety, fatigue, poor sleep quality, and
insomnia. The proportion with MOH was second high-
est after Class 2. These findings support efficient ICHD-3
classification of the migraine phenotype in light of known
pathophysiology."*’ Migraine diagnoses outside Class 4
clustered mainly in Class 5 with PM, which showed a mild-
er phenotype with fewer sensory hypersensitivities. Al-
though migraine formed a distinct entity, several features
commonly considered migraine-specific were not unique
to Class 4. Unilateral pain was more frequent in Class 9
(predominantly TTH), pulsating quality in Class 5, and
nausea was more prominent in Classes 3, 5, and 6. Prior
population-based studies also report that up to 40% of in-
dividuals with migraine have bilateral pain.”’ These obser-
vations indicate that the specificity of individual migraine
symptoms warrants careful reappraisal given phenotypic
heterogeneity and overlap.”’

Classes 5 and 6 were predominantly PM. Both showed
high nausea rates, moderate pain intensity, and frequent
unilateral location. Headache duration was <30 minutes
in all of Class 6 and in most of Class 5, consistent with
prior Korean data in which short duration was the most
common reason for PM diagnosis.’ Regional epidemiol-
ogy should be considered, as lower migraine prevalence
and higher PM rates have been reported in Korean, Afri-
can American populations compared with white popu-
lations.”” The concentration of PM in these two classes
suggests that PM, often not coded when a more definitive
diagnosis is assigned, warrants greater diagnostic attention
as a distinct phenotype within the migraine spectrum. The
classes differed in that Class 6 had 100% aggravation by
routine physical activity and 100% phonophobia, whereas
phonophobia was absent in Class 5. Class 5 represents a
comparatively milder PM profile without phonophobia.
Class 6 represents PM with prominent sensory hypersensi-
tivity. Class 6 showed a higher burden. It had second-high-
est HIT-6, MIDAS, and CA after Class 4, and the highest
proportion of visual aura, depression, fatigue, and EDS. It
is important to note that the burden in class 6 exceeded
that in class 4, migraine. The finding stresses the need for
targeted assessment and management of PM, which re-
mains undertreated.”

Photophobia, phonophobia, and CA, hallmarks of cen-
tral sensitization, were among the most discriminative
features separating classes with similar ICHD-3 diagnosis
(e.g., 5vs. 6 and 7 vs. 2 or 3). Sensory hypersensitivities
and CA are clinical correlates of central sensitization and
are associated with greater migraine burden and a higher

36,44

risk of progression to chronic migraine.” Co-existence of
multiple hypersensitivities (photophobia, phonophobia,
osmophobia) and CA correlates with more severe mi-
graine, through central sensitization and nociceptive path-
way alteration.””"” While ICHD-3 distinguishes episodic
and chronic forms by monthly headache days, our findings
suggest that features of central sensitization may reflect
disease severity.'

While ICHD-3 migraine diagnosis requires photophobia
and phonophobia for a diagnostic criterion,' in our data,
photophobia and phonophobia contributed differently to
class separation, which may reflect distinct pathophysiolo-
gy. Photophobia has been linked to a retino-thalamo-cor-
tical pathway, whereas phonophobia has been associated
with auditory neurons and brainstem auditory systems.""’
Recognizing possible pathophysiologic heterogeneity,
additional research is required for development of more
precise diagnostic criteria.

Our study has several limitations. First, headache diag-
noses relied on patient self-report, which may introduce
bias. Recall of headache characteristics and frequency may
have been influenced, and duration may have been affect-
ed by medication use. However, we queried duration as if
rescue medication had not been taken, and the diagnostic
algorithm has been validated with acceptable sensitivity
and specificity.” Second, because the survey queried only
each participant’s most severe headache, overlapping or
concurrent diagnoses were not captured. However, diag-
nosing multiple headaches is difficult without a headache
diary,” particularly in a population-based study. Third,
the questionnaire was designed to diagnose migraine, PM,
and TTH and was not intended to diagnose other primary
headaches or post-traumatic headache, so some “other
headache” cases could include TACs such as CH. Howev-
er, the predominantly bilateral pattern, mild to moderate
severity distribution, and the low population prevalence
of TACs make substantial inclusion unlikely. Fourth, al-
though nationwide, the sample comprised only Korean
adults, so generalizability to other populations is uncertain
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given racial differences in migraine and PM prevalence,”
and replication in more diverse cohorts is warranted. In
addition, although local independence is a fundamental
assumption of LCA, post-estimation checks using bivari-
ate residuals indicated only limited residual associations.
These were primarily observed among clinically related
symptom pairs and did not meaningfully alter the emer-
gent class structure. Lastly, the statistically derived classes
were interpreted clinically but do not by themselves estab-
lish distinct pathophysiology. Further studies are needed
to confirm the proposed classification.

Conclusions

In this population-based study, we identified natural class-
es of headache by LCA of ICHD-3 diagnostic features. Nine
clinically distinct classes emerged whose core character-
istics paralleled migraine, PM, TTH, and other headaches,
while differing in severity, duration, and markers of senso-
ry hypersensitization. One migraine and three TTH phe-
notypes were noted. PM formed discrete classes separable
from both migraine and TTH. One of the two PM classes
with exclusive phonophobia had the highest depression
burden, and one of the three “other headache” classes car-
ried a high MOH burden, drawing clinical attention. These
findings challenge current diagnostic frameworks and mo-
tivate studies to refine diagnostic classification with patho-
physiologic evidence.
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Abstract

Purpose: This study aimed to determine whether patients with migraine experience improvements in self-reported sleep quali-
ty and daytime sleepiness after starting monoclonal antibody (mAb) therapy targeting the calcitonin gene-related peptide
(CGRP) or its receptor, and to explore the association between treatment efficacy and improvements in sleep quality.

Methods: This prospective, multicenter, observational, longitudinal study was conducted across 12 headache centers. Adults
with episodic or chronic migraine who began anti-CGRP mAb therapy were assessed at baseline, 3 months, and 6 months.
Sleep quality and daytime sleepiness were evaluated using the Portuguese version of the Pittsburgh Sleep Quality Index (PSQI-
PT) and the Portuguese version of the Epworth Sleepiness Scale (ESS-PT), respectively.

Results: Of 118 enrolled patients, 109 completed the study (86.4% female; mean age, 43.6 years). A significant improvement
in sleep quality was observed, with median PSQI-PT scores decreasing from 9 at baseline to 6 at 6 months (p<0.001). Daytime
sleepiness also improved, with median ESS-PT scores decreasing from 7 to 6 (p=0.04). Migraine frequency decreased signifi-
cantly, from a median of 13 to 4 monthly migraine days (p<0.001). Greater migraine improvement was independently associat-
ed with greater PSQI-PT improvement (p<0.001), whereas changes in ESS-PT were not correlated with treatment efficacy.

Conclusion: Anti-CGRP mAb therapy was associated with significant improvements in sleep quality, likely mediated through mi-
graine relief. Changes in ESS-PT were not correlated with treatment efficacy, suggesting a possible interaction between mi-
graine mechanisms and CGRP-mediated sleep-wake regulation. Future research should focus on clarifying the mechanisms
underlying these associations.

Keywords: Calcitonin gene-related peptide receptor antagonists, Disorders of excessive somnolence, Migraine disorders, Mi-
graine prophylaxis, Sleep quality
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INTRODUCTION

Migraine is a prevalent neurological disorder, affecting up
to 15% of the adult population, with a higher prevalence
in women. Beyond its significant personal and socio-eco-
nomic impact, migraine is a leading cause of disability."’
The term ‘migraine burden’ refers to the overall impact of
migraine on patients’ functional capacity, quality of life,
and headache frequency and severity, encompassing both
clinical and psychosocial dimensions.’

Sleep and migraine are closely interconnected.”” Many
migraine sufferers report poor sleep quality and excessive
daytime sleepiness, while disruptions in sleep patterns are
well-known triggers for migraine attacks and may even
contribute to its chronification.””

Calcitonin gene-related peptide (CGRP) is a key neu-
ropeptide in migraine pathophysiology. The functional
trigeminovascular system theory suggests that its activa-
tion during a migraine attack triggers the release of vari-
ous neuropeptides, including CGRP. This cascade leads
to neurogenic inflammation, vasodilation, and increased
cerebral blood flow, ultimately resulting in pain.”"" As a
result, anti-CGRP monoclonal antibody (mAb) therapy has
emerged as a promising approach to migraine treatment.””’
Emerging evidence suggests that this same peptide may
also be involved in circadian cycle and sleep regulation,
particularly through maintaining wakefulness."’

Therefore, since CGRP may act as a common link be-
tween migraine pathophysiology and the sleep distur-
bances frequently associated with it, it is plausible that
anti-CGRP mAb therapy could also improve sleep quality
in migraine patients—either indirectly by reducing attack
frequency or through a direct effect on CGRP. Other stud-
ies have tried to demonstrate this relation. "

The present study aims to determine whether patients
with migraine experience an improvement in self-reported
sleep quality and reduction of daytime sleepiness after ini-
tiating treatment with mAbs targeting CGRP or its receptor
and assessing the relationship between treatment efficacy
and sleep quality improvement.
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MATERIALS AND METHODS
1. Ethics approval and consent to participate

This study was approved by the Ethics Committee for
Health of Unidade Local de Saude de Gaia e Espinho on
March 28, 2023 (approval number 42/2023-1) and con-
ducted in accordance with the Declaration of Helsinki.
Written informed consent was obtained from all partici-
pants prior to inclusion in the study.

2. Study design and population

This was a prospective, multicenter, observational, and
longitudinal study conducted between March 1, 2023,
and December 31, 2023. Twelve headache centers were
included. A detailed standardized study protocol was dis-
tributed to all centers prior to patient recruitment, defining
inclusion/exclusion criteria, data collection instruments,
visit timelines, and follow-up procedures. Before study ini-
tiation, all investigators and research staff participated in
an online training session coordinated by the lead center
(Unidade Local de Saide de Gaia e Espinho), focusing on
protocol adherence, correct administration of the Portu-
guese version of the Pittsburgh Sleep Quality Index (PSQI-
PT) and Portuguese version of the Epworth Sleepiness
Scale (ESS-PT) questionnaires, and uniform interpreta-
tion of headache diaries. To ensure consistency, each site
used identical electronic templates for data entry, and any
protocol-related queries were resolved through monthly
coordination meetings and direct communication with the
central coordinating team.

The study included patients initiating mAb therapy
against CGRP for the first time, which included fremane-
zumab (225 mg, monthly), galcanezumab (120 mg, month-
ly), and erenumab (70 or 140 mg, monthly). Participants
were recruited from outpatient neurology clinics at partic-
ipating hospitals, provided they met the eligibility criteria,
and written informed consent was signed.

Inclusion criteria encompassed adults aged 18-70 years
diagnosed with episodic or chronic migraine, according
to The International Classification of Headache Disorders,
3rd edition criteria, with at least 4 monthly migraine days.
Patients starting anti-CGRP mAbs, either as monotherapy
or in combination with stable preventive treatment, were
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eligible. Exclusion criteria included prior mAb treatment
or contraindications to this therapy.

3. Data collection and analysis

Patients underwent assessments at baseline (T0) and fol-
low-ups at 3 (T1) and 6 months (T2). Data collection in-
cluded demographic and clinical characteristics, migraine
frequency and severity, comorbid sleep disorders, and
medication use. The PSQI-PT" and ESS-PT" were applied
to evaluate subjective sleep quality and daytime sleepi-
ness, respectively. Headache diaries were maintained to
track migraine days, pain intensity, and medication use.

To reduce inter-rater variability, all questionnaires were
administered by trained investigators using a unified in-
struction guide.

The primary endpoint was the change in PSQI-PT score
at T2 compared to TO. Secondary endpoints included
changes in PSQI-PT and ESS-PT scores at T1 and T2 and
correlations between sleep quality, daytime sleepiness,
and migraine frequency.

All collected data were anonymized, encrypted, and
stored in a restricted-access database. Data were centrally
reviewed by the lead center. External monitoring ensured
compliance with study protocols and data integrity.

4. Endpoints

The primary endpoint was the change in the PSQI-PT
score from TO to T2 after initiating treatment with mAbs
targeting CGRP or its receptor. A PSQI-PT score <5 was
considered the threshold for good sleep quality.

Secondary endpoints included the variation in PSQI-PT
score at T1 compared to TO, as well as the variation in the
ESS-PT score at T1 and T2, with an ESS-PT score <10 con-
sidered within the normal range. Additionally, correlations
were analyzed between PSQI-PT scores and the average
number of monthly migraine days at T1 and T2 of treat-
ment, as well as between ESS-PT scores and the number of
migraine days over the same period.

To address potential inflation of type I error due to multi-
ple outcome testing, p-values were adjusted using the Ben-
jamini-Hochberg false discovery rate (FDR) correction.
A two-tailed adjusted p<0.05 was considered statistically
significant.

5. Variables description

The study assessed demographic and clinical variables.
Demographic variables included age, recorded as a con-
tinuous variable, sex as a nominal categorical variable, and
body mass index (BMI) as a continuous variable. Clinical
variables included the presence of previously diagnosed
sleep disorders, classified and categorized ordinally ac-
cording to “The American Academy of Sleep Medicine
International Classification of Sleep Disorders - Third
Edition,” and the use of sleep medication (defined any
prescribed pharmacological agent used primarily for sleep
initiation or maintenance, excluding over-the-counter
supplements), recorded as a nominal categorical variable.
The type of migraine, the specific mAb used, and the num-
ber of concurrent preventive medications were categorized
ordinally. Changes in preventive treatment were assessed
as a nominal categorical variable, while the number of
monthly migraine days, the number of days with moderate
or severe pain, and the number of days requiring acute
pain medication were analyzed as continuous variables.
The PSQI-PT and ESS-PT questionnaire scores were also
recorded as continuous variables. Effective treatment (cat-
egorical variable) was defined as the reduction of monthly
migraine days by at least 50% after T1-T2.

Normality of continuous variables was assessed us-
ing the Shapiro-Wilk test. For non-normally distributed
variables, comparisons across time points (T0, T1, and
T2) were performed using the Friedman test followed by
pairwise Wilcoxon signed-rank tests with FDR adjustment.
Given the non-parametric distribution of most continuous
variables, results are reported as medians with interquar-
tile ranges (IQRs) rather than means with 95% confidence
intervals, which are less appropriate for skewed data. The
IQR was calculated by subtracting the 25th percentile
(Q1) from the 75th percentile (Q3), i.e., IQR=Q3-Q1. Cat-
egorical variables were compared using the chi-square or
Fisher’s exact test, as appropriate. Correlations between
continuous variables were explored using Spearman’s rank
correlation coefficients. A multivariable linear regression
model was used to assess predictors of PSQI-PT and ESS-
PT changes, adjusting for age, sex, BMI, migraine subtype,
and use of sleep medication.

In addition to demographic and migraine-related vari-
ables, the regression model included sleep medication use
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as a covariate, given its potential influence on subjective
sleep measures. The presence of a diagnosed sleep disor-
der at TO was explored descriptively and in subgroup anal-
yses (Table 1) but was not entered in the multivariate mod-
el due to limited sample size per diagnostic category and
risk of model overfitting. As PSQI and ESS change scores
were calculated within subjects (T2-T0), TO variability in
sleep quality and sleepiness was inherently controlled for.

6. Data management

Data collected during the study were recorded anony-
mously in a specifically designed database. This database
was stored in a restricted-access folder, encrypted, and
password-protected, ensuring patient confidentiality and
security.

RESULTS
1. Cohort characteristics
A total of 118 patients were enrolled across 12 centers,

Table 1. Subgroup analysis of sleep quality (PSQI) based on clini-
cal variables

PSQI-TO PSQI-T2 p-value
Age 0.543
Sex 0.855
BMI 0.515
Aura 0.906
Yes 9(9) 6(9)
No 9(9) 5(8)
Sleep medication use 0.341
Yes 8(8) 5(8)
No 11.5(7) 8(9)
Episodic vs. chronic 0.247
Episodic 8(7) 5(9)
Chronic 10 (6) 7(9)
Sleep medication after TO 0.375
Yes (n=9) 8(7) 6 (10)
No (n=100) 12 (9) 12 (4)
Effective treatment 0.007*
Yes (n=72) 9(9) 5(5) <0.001*
No (n=37) 8(8) 8(9) 0.099

with 109 completing the study. Nine participants (7.6%)
discontinued the study: three due to treatment inefficacy
at the T1 evaluation, and six while lost to follow-up (Figure
1). The cohort was predominantly female (86.4%), with a
mean age of 43.6 years (range, 24-74 years) (Table 2).

At TO, 40.7% of patients had a diagnosed sleep disorder,
with 91% of these cases being Insomnia Disorders. Other
reported sleep disorders included: Sleep-Related Breathing
Disorders (obstructive sleep apnea), Sleep-Related Move-
ment Disorders (restless leg syndrome and periodic limb
movement disorder), and Circadian Rhythm Sleep-Wake
Disorders (shift work disorder). In what concerns migraine
classification, 52% had episodic migraine whereas 48% had
chronic migraine. Fremanezumab was the most frequently
used mAbs (66%).

No significant TO0 differences were found among centers
regarding demographic or clinical characteristics (Kruskal-
Wallis and chi-square tests, all p>0.1).

2. Changes in sleep quality and daytime sleepiness

A statistically significant improvement in sleep quality,
as assessed by the PSQI-PT, was observed in patients ini-
tiating CGRP mAb therapy. The median PSQI-PT score
decreased from 9 (IQR: 9) at TO to 6 (IQR: 5) at T2 (Z=-5.5,
p<0.001), suggesting an improvement in subjective sleep
quality (Table 3, Figure 2).

Patients enrolled
(n=118)

Discontinued
(n=9)

Treatment inefficacy
(n=3)

Lost to follow-up
(n=6)

Completed the study
(n=109)

Values are presented as median (interquartile range). *Asterisk indicates
a statistically significant (p<0.05).

PSQI, Pittsburgh Sleep Quality Index; TO, baseline; T2, 6 months; BMI,
body mass index.
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Figure 1. Patient disposition. Of 118 enrolled patients, 109
completed the study. Nine (7.6%) discontinued: six were lost to
follow-up and three due to treatment inefficacy at 3 months.



Cagigal et al.

Exploring the Impact of Anti-CGRP mAbs on Sleep Quality

Table 2. Baseline demographic and clinical characteristics of patients who completed the study, those who discontinued, and the over-

all study population

Baseline feature Completed the study (n=109) Discontinued (n=9) All (n=118)
Sex, female 94 (86.2) 8(88.9) 102 (86.4)
Age (yr)* 44.2 (24-74) 41.1 (29-65) 43.6 (24-74)
BMI (kg/m?) 24.11 (15.81-42.32) 22.78 (18.31-25.13) 23.87 (15.81-42.32)
Sleep disorder, yes 42 (38.5) 2(22.2) 44 (37.3)
Use of sleep medication, yes 36 (33.0) 4(44.4) 40 (33.9)
Migraine'

Episodic 52 44 52

Without aura 82 78 81

Chronic 48 56 48
Antibody"

Fremanezumab (225 mg, monthly) 63 100 66

Galcanezumab (120 mg, monthly) 24 - 22

Erenumab (70 or 140 mg, monthly) 13 - 12
Number of prophylactic drugs at TO 1(0.5) 1(1.0) 1(0.5)

Values are presented as number (%) or median (range) only unless otherwise specified.

BMI, body mass index; TO, baseline.
*Mean (range); "Percent only.

Similarly, a significant reduction in daytime sleepiness,
as measured by the ESS-PT, was observed, with the medi-
an ESS score decreasing from 7 (IQR: 8) at TO to 6 (IQR: 8)
at T2 (Z=-2.041, p=0.04) (Table 3).

After FDR correction for multiple comparisons, both
PSQI-PT (g<0.001) and ESS-PT (q=0.048) improvements
remained statistically significant.

3. Treatment effectiveness and its association with
sleep quality improvements

A significant reduction in migraine burden was observed
following T2 of anti-CGRP mAb treatment. The median
number of headache days per month decreased from 13
(IQR: 8) at TO to 4 (IQR: 7) at T2 (p<0.001). Additionally,
the number of days with severe headache decreased from
10 (IQR: 7) to 2 (IQR: 4) (p<0.001). The use of rescue pain
medication (Where there is SOS it should be rescue pain
medication) also declined from 10 (IQR: 8) to 2 (IQR: 5)
(p<0.001) (Table 3, Figure 3). All p-values remained signifi-
cant after FDR correction (q<0.001).

A strong association was observed between treatment
efficacy and improvement in sleep quality (p<0.05). Pa-
tients who experienced a greater reduction in migraine
frequency and severity also showed greater improvements

Table 3. Longitudinal changes in sleep quality (PSQI-PT), daytime
sleepiness (ESS-PT), and migraine severity at TO, T1, and T2

TO T1 T2 p-value
PSQI-PT score 9(9) 7 (6) 6(5) <0.001
ESS-PT score 7 (8) 6 (8) 6 (8) 0.04
Days with pain 13 (8) 5(7) 4(7) <0.001
Reduction (day), % 58.3(37) 70(48)
Days with severe pain 10 (7) 2(7) 2(4) <0.001
Reduction, % 6.5 (5) 6 (6.5)
SOS use (day) 10 (8) 2(4) 2(5) <0.001
Reduction, % 714 (42) 75 (50)

Values are presented as median (interquartile range). The p-values refer to
the Friedman test across time points. The pairwise Wilcoxon signed-rank
test with false discovery rate correction confirmed significance at T1 and
T2 versus TO. The median reduction in PSQI-PT from TO to T2 was 3 points
(33% improvement), representing an absolute decrease in subjective sleep
disturbance.

PSQI-PT, Portuguese version of the Pittsburgh Sleep Quality Index; ESS-PT,
Portuguese version of the Epworth Sleepiness Scale; TO, baseline; T1, 3
months; T2, 6 months.

in PSQI-PT scores. However, no significant correlation was
found between ESS-PT scores and treatment efficacy (Ta-
ble 4).

Spearman’s rho for APSQI-PT and reduction in month-
ly migraine days=0.42, p<0.001 (q=0.002). To control for
potential confounders, a multivariate linear regression ad-
justed for age, sex, BMI, migraine subtype, and sleep med-
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Sleep quality
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B Good sleep quality (PSQI<5)
Poor sleep quality (PSQI>5)

Figure 2. Proportion of patients with clinically defined good sleep
quality (Portuguese version of the Pittsburgh Sleep Quality Index
[PSQI-PT] score<5) versus poor sleep quality (PSQI-PT score>5)
at baseline (TO) and after 6 months (T2) of anti-calcitonin
gene-related peptide monoclonal antibody therapy. Sleep quality
was assessed using the validated PSQI-PT.
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Figure 3. Reduction in total headache days (left) and mod-
erate-to-severe migraine days (right) following anti-calcitonin
gene-related peptide monoclonal antibody therapy over time (TO:
baseline, T1: 3 months, T2: 6 months). Data are presented as
percentage reduction from baseline.
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Table 4. Subgroup analysis of daytime sleepiness (ESS) based on
clinical variables

ESS-TO ESS-T2 p-value

Age 0.112

Sex 0.752

BMI 0.834

Aura 0.248
Yes 7(8) 6(8)

No 7 (5) 5 (6)

Sleep medication use 0.209
Yes 8(9) 6 (9)

No 6 (3) 5(9)

Episodic vs. chronic 0.071
Episodic 8(7) 6 (9)

Chronic 6 (4) 5.5 (6)

Sleep medication after TO 0.010*
Yes (n=9) 7(8) 6(12) 0.205
No (n=100) 5(8) 12 (7) 0.002*

Effective treatment 0.341
Yes (n=72) 8(8) 6 (8)

No (n=37) 5(9) 6(9)

Values are presented as median (interquartile range). *Asterisk indicates
a statistically significant (p<0.05).

ESS, Epworth Sleepiness Scale; TO, baseline; T2, 6 months; BMI, body
mass index.

ication use confirmed that treatment response remained
an independent predictor of APSQI-PT improvement
(B=-0.38, p<0.001).

4. Subgroup analysis

A subgroup analysis was conducted to evaluate potential
confounding factors influencing sleep quality and daytime
sleepiness. No significant correlations were found between
changes in PSQI-PT or ESS-PT scores and age, sex, BMI,
migraine subtype (episodic vs. chronic), or aura presence
(Table 1).

There was, however, a significant association between
ESS-PT score improvement and patients who did not initi-
ate sleep medication (p<0.05) (Table 4).

Furthermore, patients classified as “effective treatment
responders” showed a greater improvement in PSQI-PT
scores (p<0.001).

After multiple-testing correction, only the association
between treatment response and PSQI-PT improvement
remained statistically significant (q<0.001). No collinearity
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was detected among covariates (VIF<2 for all predictors).

Importantly, neither the presence of a pre-existing sleep
disorder nor the use of sleep medication significantly
modified the magnitude of PSQI-PT or ESS-PT change,
suggesting that the observed improvements were consis-
tent across these subgroups.

DISCUSSION

At T0, the majority of patients reported poor sleep quality
(Figure 2), though only 40.7% were formally diagnosed
with a sleep disorder, with insomnia being the most com-
mon. The high prevalence of sleep disturbances in this
cohort aligns with existing literature linking migraine and

5,6

sleep dysfunction,” but also suggests that such conditions
could be significantly underdiagnosed.

A key finding of this study is the observation of a statis-
tically significant association between anti-CGRP therapy
and sleep quality. The median PSQI-PT score decreased
from 9 at TO to 6 after T2, suggesting that patients who ex-
perienced migraine improvement tended to report better
sleep quality, rather than demonstrating a direct thera-
peutic effect on sleep. This finding was particularly evident
in patients classified as “effective treatment responders.”
However, given the observational nature of the study, these
results should be interpreted as associations rather than
causal relationships. Although the potential role of CGRP
in sleep-wake balance has been proposed, further studies
are warranted to clarify whether any direct pharmacologi-
cal influence might contribute to these associations.

Daytime sleepiness, as measured by the ESS-PT, also
showed a statistically significant reduction, though the
effect was less pronounced than that observed for sleep
quality. To our knowledge, this is the first study to evaluate
daytime sleepiness in migraine patients treated with an-
ti-CGRP mAbs. Notably, there was no significant correla-
tion between ESS-PT score improvements and migraine
burden reduction. This suggests that the relationship
between migraine improvement and daytime alertness is
complex and potentially influenced by additional physio-
logical or behavioral factors, rather than a direct medica-
tion effect. This finding is particularly intriguing given that
CGRP has been hypothesized to play a role in wakefulness
regulation in Drosophila."’ In fact, CGRP may influence
the circadian cycle by structuring sleep and regulating its

rhythm in these animals. Nevertheless, extrapolation of
such mechanistic hypotheses from animal models to hu-
mans should be made cautiously.

Our data suggests overall that prophylactic migraine treat-
ment with anti-CGRP mAbs is associated with improvements
in both subjective sleep quality and daytime sleepiness.

Treatment with anti-CGRP or its receptor mAbs was
effective in managing migraine, leading to a reduction in
the number of monthly migraine days, the frequency of
moderate to severe pain episodes, and the need for acute
pain medication. Notably, a sustained improvement in
sleep quality, as assessed by the PSQI-PT, was observed
at both 3 and 6 months, suggesting a beneficial impact of
anti-CGRP therapy on sleep. However, the observed sleep
improvements appear to parallel migraine relief, support-
ing the interpretation that better sleep outcomes are likely
mediated indirectly through migraine improvement rather
than a direct pharmacological effect of CGRP blockade.
While previous studies with smaller sample sizes or short-
er follow-up periods have reported similar associations,
our results provide a more robust dataset supporting this
indirect relationship.'"'*"

Subgroup analysis revealed that improvements in PSQI-
PT scores were independent of age, sex, BMI, migraine
subtype, or aura presence, indicating that the observed
associations were not driven by these demographic or clin-
ical factors. However, a significant association was found
between ESS-PT score improvement and the absence of
sleep medication initiation. This finding suggests that the
use of sleep medication may mask potential improvements
in daytime sleepiness, warranting further investigation into
the interaction between migraine treatment and pharma-
cological sleep interventions.

The findings of this study have important clinical im-
plications emphasizing the association between reduced
migraine burden and better subjective sleep quality in pa-
tients treated with anti-CGRP mAbs, rather than implying
a direct therapeutic sleep effect. Given the high prevalence
of sleep disturbances in migraine patients, routine assess-
ment of sleep parameters in clinical practice may enhance
patient management and optimize treatment outcomes.

Despite the strengths of this study, several limitations
must be acknowledged. First, the study relied on subjec-
tive sleep measures (PSQI-PT and ESS-PT), which, while
validated, may not fully capture objective sleep architec-
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ture changes. Future research should integrate polysom-
nography or actigraphy to assess the associations between
anti-CGRP therapy and sleep patterns more accurately.
Additionally, potential confounders, such as medication
adherence and comorbid psychiatric conditions (e.g., anx-
iety and depression), were not extensively analysed, which
could influence sleep outcomes. Another consideration is
that approximately 40% of participants had a pre-existing
sleep disorder and 37% reported using sleep medication.
While the latter variable was included as a covariate in
multivariate analyses, TO sleep disorder diagnosis was not
formally modeled due to heterogeneity of conditions and
small subgroup sizes. Nonetheless, subgroup comparisons
revealed no significant interaction between these factors
and changes in PSQI or ESS, suggesting that they did not
substantially bias the observed improvements. Moreover,
as within-subject change scores inherently account for TO
PSQI and ESS levels, residual confounding by TO severity is
expected to be minimal.

Future studies should explore the mechanistic links be-
tween migraine relief and sleep improvements, including
the role of neuropeptides such as CGRP in sleep regula-
tion.

Additionally, longitudinal studies with objective sleep
assessments, such as polysomnography, may provide
deeper insights into the relationship between anti-CGRP
therapy and sleep architecture and circadian rhythms.

1. Conclusions

This study reports a significant association between an-
ti-CGRP mAb therapy and improved sleep quality in mi-
graine patients, primarily in parallel with reductions in
migraine burden. While our findings do not confirm a di-
rect pharmacological effect of anti-CGRP therapy on sleep
regulation, they reinforce the potential role of migraine
treatment in addressing sleep disturbances.

Notably, daytime sleepiness also showed improvement
over the study period, independently of treatment re-
sponse and despite the limited blood-brain barrier pen-
etration of anti-CGRP therapy, suggesting a physiological
interaction between migraine pathophysiology and sleep-
wake regulation.

Given the larger sample size and extended follow-up
period compared to prior studies, our results offer robust
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support for these observed associations. These findings
also underscore the intricate relationship between mi-
graine and sleep disturbances and suggest that optimizing
migraine treatment may have far-reaching benefits for
sleep health, regardless of migraine type. Future research
should focus on elucidating the precise mechanisms
underlying these associations. Objective sleep measures
such as polysomnography and actigraphy could provide
deeper insights into how migraine improvement correlates
with changes in sleep quality. A deeper understanding of
CGRP’s role in sleep-wake regulation could not only refine
migraine treatment but also unlock new therapeutic strat-
egies for sleep disorders. As CGRP-targeted therapies con-
tinue to evolve, their potential impact on both migraine
burden and sleep health warrants further exploration.
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Abstract

Purpose: Altered cerebrovascular reactivity has been reported in migraine; however, longitudinal changes during preventive
treatment remain unclear. This observational study aimed to describe and compare longitudinal cerebrovascular responses
derived from functional near-infrared spectroscopy (fNIRS) during a breath-holding test between patients treated with a calci-
tonin gene-related peptide (CGRP) monoclonal antibody and those receiving oral preventive medications.

Methods: Twenty-four patients with migraine were enrolled (CGRP group, n=12; oral group, n=12). fNIRS over the prefrontal
cortex was performed at baseline and after 3 months during a standardized breath-holding protocol. Oxygenated (HbO), deoxy-
genated, and total hemoglobin signals were used to derive breath-holding and recovery indices. Clinical outcomes included
monthly headache days, acute medication days, disability, mood scales, and Patient Global Impression of Change.

Results: Monthly headache days decreased in both groups (CGRP: A=-2.00, p=0.26; oral: A=-1.50, p=0.48), with no be-
tween-group difference (p=0.85). Acute medication days were significantly reduced only in the CGRP group (A=-7.00, p=0.03).
Migraine Disability Assessment (MIDAS) scores improved significantly in the CGRP group (A=-21.25, p=0.02), with no signifi-
cant between-group differences. During breath-holding, HbO increased across channels in both groups and was followed by a
gradual decline during the recovery phase. Longitudinal analyses demonstrated group-dependent differences in temporal
change patterns, with a treatmentxtime interaction reaching significance at the uncorrected level in a representative channel
(Channel 6: F(1,16)=8.448, p=0.010), but not after multiple-comparison correction (p=0.155).

Conclusion: fNIRS with a breath-holding challenge enables longitudinal assessment of cerebrovascular responses during mi-
graine preventive treatment. The observed differences should be interpreted descriptively in terms of temporal change pat-
terns. Larger studies are needed to clarify clinical significance.

Keywords: Breath holding, Calcitonin gene-related peptide, Migraine without aura, Monoclonal antibodies, Near-infrared spectroscopy
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INTRODUCTION

Migraine is a common neurological disorder character-
ized by recurrent headache attacks. Increasing evidence
suggests that migraine is better understood as a disorder
involving abnormal activation of the trigeminovascular
system rather than a purely neuronal condition."” Cerebro-
vascular reactivity (CVR) and vasomotor reserve have been
investigated in patients with migraine; however, previous
studies have reported heterogeneous findings, reflecting
variability in study populations, imaging modalities, and
assessment paradigms rather than a consistent cerebro-
vascular abnormality.”*

Calcitonin gene-related peptide (CGRP) plays a central
role in migraine pathophysiology and is a potent vasodi-
latory neuropeptide released from trigeminal afferents
during migraine attacks.” Through its effects on trigemino-
vascular system, including neurogenic inflammation and
modulation of cerebral arterial tone, CGRP contributes to
migraine pain generation and associated vascular respons-

8-10
es.

On this basis, monoclonal antibodies targeting the
CGRP pathway including fremanezumab have been devel-
oped and have demonstrated robust efficacy in reducing
migraine frequency and headache-related disability.'""*

Despite these established clinical benefits, the physio-
logical effects of CGRP monoclonal antibodies on cerebral
vascular function remain incompletely understood. In
particular, it is unclear whether clinical improvement fol-
lowing CGRP pathway inhibition is accompanied by mea-
surable changes in CVR."

Cerebral vasomotor reactivity refers to the capacity of ce-
rebral arterioles to dilate or constrict in response to chang-
es in arterial carbon dioxide tension, thereby contributing
to the regulation of cerebral blood flow. This concept is
distinct from cerebrovascular autoregulation, which refers
to the maintenance of stable cerebral blood flow across

changes in perfusion pressure. "'

Altered CVR in migraine
therefore reflects differences in CO,-mediated vasodilatory
capacity rather than heightened nociceptive sensitivity or

" Neuroimaging

exaggerated vascular responsiveness.
studies using positron emission tomography, single-pho-
ton emission computed tomography, and blood oxygen-
ation level dependent functional magnetic resonance
imaging have demonstrated alterations in cerebral perfu-

sion and cortical excitability in migraine; however, their

longitudinal applicability is limited by cost, accessibility
constraints, and susceptibility to motion artifacts.'”"

Functional near-infrared spectroscopy (fNIRS) is a
non-invasive optical neuroimaging modality that enables
continuous monitoring of cortical hemodynamic respons-
es through quantification of oxygenated and deoxygenated
hemoglobin (HbR) concentrations. Owing to its portabil-
ity, safety, and relative tolerance to movement, fNIRS is
well suited for longitudinal evaluation of cerebrovascular
hemodynamic responses in clinical environments.””'

The breath-holding test (BHT) is an established phys-
iological challenge that induces transient hypercapnia
for the assessment of CVR. Rising arterial carbon dioxide
tension during breath-holding (BH) results in cerebral ar-
teriolar dilation and increased cerebral blood flow, which
can be reliably captured using fNIRS derived hemoglobin
signals. Compared with controlled carbon dioxide inha-
lation paradigms, the BHT is simpler to administer, well
tolerated, and widely used as a screening tool for impaired
vasomotor reserve.”””’

To date, longitudinal {NIRS-based investigations direct-
ly comparing CGRP monoclonal antibody therapy with
conventional oral preventive treatments remain limited,
and the relationship between clinical improvement and
change in cerebrovascular hemodynamic responses has
not been fully clarified. Therefore, this study aimed to
longitudinally and descriptively compare fNIRS-derived
cerebrovascular hemodynamic responses during the BHT
between migraine patients treated with fremanezumab
and those receiving conventional oral preventive medica-
tions at baseline and after 3 months of treatment.

MATERIALS AND METHODS
1. Study design and participants

This prospective observational study enrolled adult pa-
tients diagnosed with migraine without aura according to
the International Classification of Headache Disorders,
3rd edition (ICHD-3). Patients with migraine with aura
were excluded to minimize potential heterogeneity related
to cortical spreading depolarization and its confounding
effects on cerebrovascular hemodynamic responses. Both
episodic migraine and chronic migraine patients were
included in the study, and migraine subtype was not used
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as a stratification factor at enrollment. This study was
designed as an observational study. Treatment selection
(anti-CGRP monoclonal antibody versus oral preventive
medication) was determined clinically and not by random
allocation.

Inclusion criteria were as follows: age >18 years; diagno-
sis of migraine without aura according to ICHD-3 criteria;
eligibility for preventive migraine therapy with either a
CGRP monoclonal antibody or a conventional oral preven-
tive medication as determined by the treating neurologist;
ability to comply with the BHT and fNIRS assessment pro-
tocol; and provision of written informed consent.

Exclusion criteria were as follows: migraine with aura or
other primary headache disorders; prior cerebrovascular
disease (ischemic or hemorrhagic stroke, transient ischemic
attack, or significant intracranial arterial stenosis); major
neurological disorders other than migraine (e.g., epilepsy,
neurodegenerative disease); significant cardiovascular or re-
spiratory disease that could interfere with CVR assessment
or BH performance; use of medications known to substan-
tially affect cerebral hemodynamics aside from prescribed
preventive migraine treatments; and inability to complete
baseline or follow-up fNIRS assessments.

Participants were allocated into two treatment groups: (1)
CGRP monoclonal antibody group (12 patients treated with
fremanezumab) and (2) oral preventive medication group
(12 patients receiving conventional oral migraine preventive
therapy). fNIRS assessments were performed at baseline pri-
or to initiation of preventive treatment and at the 3-month
follow-up. The study was approved by the Institutional Re-
view Board of Hallym University (IRB No. 2023-09-017), and
all participants provided written informed consent in accor-
dance with the Declaration of Helsinki.

2. Functional near-infrared spectroscopy acquisition

Hemodynamic activity was recorded using a multichannel
continuous-wave fNIRS system equipped with 24 laser
sources and 32 photodetectors, yielding 48 measurement
channels with a source-detector distance of 3 cm. Near-in-
frared light at 780 and 850 nm was delivered at a sampling
rate of 8.138 Hz, with optical output maintained below 1
mW for safety.

Optical probes were secured to the forehead using a
spring-mounted fixation system to minimize contact pres-
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sure, and rubber shielding at the probe interface was used
to reduce ambient light interference. Detector gain and in-
cident light intensity were calibrated prior to acquisition to
optimize signal quality while accounting for inter-individu-
al differences in scalp and skull properties. Data were trans-
mitted wirelessly to the monitoring application via Wi-Fi.

Measurements were obtained over the prefrontal cortex,
with FPz of the international 10-20 system as the anatomi-
cal anchor point for probe positioning. Estimated Montre-
al Neurological Institute coordinates and corresponding
Brodmann areas for each channel are provided in the Sup-
plementary Table 1 (available online).

3. Breath-holding test protocol

All participants underwent a standardized BHT consisting
of three consecutive phases (Figure 1): (1) baseline resting
phase, 30 seconds of spontaneous breathing; (2) BH phase,
30 seconds of voluntary BH; and (3) recovery (Rec) phase,
30 seconds of spontaneous breathing.

Participants were instructed to perform BH for approx-
imately 30 seconds following normal expiration while
avoiding deep inspiration to minimize Valsalva-related
reductions in cerebral blood flow. During BH, increasing
arterial carbon dioxide tension induces cerebral arteriolar
dilation and increased cerebral blood volume, which are
detectable through fNIRS derived hemoglobin signals. In
accordance with previous literature, CVR was character-
ized using task related changes in oxygenated hemoglobin
(HbO), HbR and total hemoglobin (HbT) during the BH
and Rec phases.”

For BH-induced hemodynamic responses, the fNIRS
signal was segmented into five consecutive 10-second in-
tervals (resting, BH_A, BH_B, Rec_A, Rec_B). All segments
were referenced to the resting interval to enable compar-
ison of relative temporal trajectories of HbO, HbR, and
HDbT. Primary indices included the BH index (BH_B-BH_
A) and Rec index (Rec_A-Rec_B), computed at baseline
and 3 months and compared longitudinally to characterize
potential alterations in CVR (Figure 2).

4. Signal preprocessing and feature extraction

Raw optical intensity signals were preprocessed using a
standardized pipeline. A band-pass filter (0.005-0.20 Hz)
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fNIRS Breatg-holding test protocol
Recovery (30 sec

Figure 1. Experimental setup and breath-holding test protocol for fNIRS-based cerebrovascular reactivity assessment. fNIRS was ap-
plied over the bilateral prefrontal cortex to continuously measure oxygenated and total hemoglobin concentrations. The breath-holding
test involved a 30-second baseline resting phase, followed by a 30-second breath-holding phase to induce hypercapnia, and a 30-sec-
ond recovery phase. All participants underwent the same protocol at baseline and at 3 months.

fNIRS, functional near-infrared spectroscopy; CGRP, calcitonin gene-related peptide; Ab, antibody; Fpz, frontal pole, midline position;
F7, left frontotemporal electrode; F8, right frontotemporal electrode.

fNIRS hemodynamic response during breath-holding
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Figure 2. Conceptual schematic of fNIRS hemodynamic response patterns during resting, breath-holding, and recovery phases. This
figure provides a conceptual illustration of typical hemodynamic response patterns measured by fNIRS during resting, breath-holding,
and recovery phases. The schematic illustrates overall temporal trends and directional changes rather than quantitative study data

used for statistical inference.
fNIRS, functional near-infrared spectroscopy; HbO, oxygenated hemoglobin; HbR, deoxygenated hemoglobin; HbT, total hemoglobin;

Hb, hemoglobin.
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was applied to attenuate slow drifts and high-frequency
physiological noise. Motion artifacts were corrected using
the temporal derivative distribution repair algorithm, and
channels were excluded when the coefficient of variation
exceeded 15%.

To further improve cortical signal quality, short-chan-
nel regression was applied using the mean signal from
8-mm short-separation channels to reduce superficial
physiological contamination. Optical density signals were
subsequently converted to concentration changes using
the modified Beer-Lambert law (MBLL), with MBLL co-
efficients derived from Moaveni’s calculation. Differential
pathlength factors were not applied in order to preserve
relative hemoglobin contrast values.

For each channel, block-averaged HbO, HbR, and HbT
signals were extracted across the predefined task epochs.
Primary cerebrovascular indices included the BH index
(BH index=BH_B-BH_A) and the Rec index (Rec index-
=Rec_A-Rec_B), which were computed at baseline and
again at 3 months to characterize longitudinal changes in
hypercapnia-related hemodynamic responses.

5. Statistical analysis

Sample size adequacy was evaluated using a priori pow-
er analysis performed with G*Power 3.1. Between-group
differences in continuous demographic variables were an-
alyzed using independent samples t-tests, and categorical
variables were compared using the chi-square test. Contin-
uous data are reported as meantstandard deviation, and
effect estimates are summarized as mean change scores
(A). Within-group changes from baseline to 3 months were
evaluated using paired t-tests, and between-group differ-
ences in A values were assessed using independent sam-
ples t-tests.

To determine whether longitudinal changes in fNIRS
derived indices differed between treatment groups, a
two-way repeated-measures ANOVA was performed with
Group (CGRP vs. oral preventive) as the between subject
factor and Time (baseline vs. 3 months) as the within sub-
ject factor. Post-hoc pairwise comparisons were conducted
when significant interaction effects were present. Statisti-
cal significance was defined as p<0.05. Analyses were per-
formed using SPSS version 21.0 (IBM Corp.).

The preprocessing and statistical analysis pipeline was
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adapted from our previously published methodology.”

6. Clinical and patient-reported outcome measures

Clinical and patient reported outcomes were assessed two
times: baseline (prior to treatment initiation) and 3-month
follow-up. The following headache-related and psycho-
logical symptom scales were administered at both time
points: monthly headache days (day/mo), monthly acute
medication days (day/mo), Headache Impact Test-6 (HIT-
6), Migraine Disability Assessment (MIDAS), Generalized
Anxiety Disorder-7 (GAD-7), and Patient Health Question-
naire-9 (PHQ-9). These measures were used to evaluate
headache burden, functional disability, and mood symp-
toms associated with migraine.

HIT-6 is a widely used instrument that quantifies head-
ache-related functional impact, with higher scores indicat-
ing greater headache-related disability. MIDAS assesses
headache disability based on activity loss over the preced-
ing 3 months, and scores are categorized into minimal,
mild, moderate, and severe disability levels. GAD-7 and
PHQ-9 were administered as screening measures for anx-
iety and depressive symptoms, respectively, with higher
scores reflecting greater symptom severity.”

In addition, the Patient Global Impression of Change
(PGIC) was administered only at the 3-month follow-up to
assess patients’ subjective perception of improvement fol-
lowing treatment. The PGIC is a 7-point scale in which high-
er ratings indicate greater perceived overall improvement.”

RESULTS

Baseline demographic characteristics did not differ signifi-
cantly between the CGRP monoclonal antibody group and
the oral preventive medication group. Age, sex distribu-
tion, height, body weight, and body mass index were com-
parable between-groups (all p>0.05) (Table 1).

At 3 months, monthly headache days numerically de-
creased in both groups; however, the within group chang-
es did not reach statistical significance (CGRP: A=-2.00,
p=0.26; oral: A=-1.50, p=0.48), and there was no significant
between-group difference (p=0.85). Acute medication days
were significantly reduced in the CGRP group (A=-7.00,
p=0.03) but not in the oral group (A=-3.50, p=0.19), with
no significant between-group difference (p=0.36). HIT-
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6 and MIDAS scores improved in both groups; however,
only the reduction in MIDAS was significant in the CGRP
group (A=-21.25, p=0.02), while changes in the oral group
were not significant (HIT-6: p=0.05; MIDAS: p=0.11),
and no between-group differences were observed (both
p=0.55). GAD-7 and PHQ-9 changes were modest and
non-significant in both groups (all p>0.05). PGIC scores
at 3 months were numerically higher in the CGRP group
than in the oral group (4.50 vs. 3.42), without a significant
between-group difference (p=0.15) (Table 2).

During the BH phase, both the CGRP monoclonal an-
tibody group and the oral preventive medication group
showed numerical increases in HbO across multiple pre-
frontal channels. In channel 06, HbO increased from 0.003
at baseline to 0.117 at the end of BH in the CGRP group
and from -0.011 to 0.006 in the oral preventive medication
group. During the Rec phase, HbO values in both groups
numerically decreased toward pre-task levels, reaching
0.033 in the CGRP group and 0.022 in the oral preventive
medication group by the end of Rec. Similar patterns were
observed across the majority of channels, although the

Table 1. Baseline demographic characteristics of the CGRP mAb
group and oral preventive medication group

Variable G1 (CGRP mAb) G2 (oral) p-value
Age (yr) 37.92+10.53 45.92+12.73 0.11
Sex (M/F) 1/11 2/10 >0.99
Height (cm) 159.42+6.76 162.64+9.35 0.35
Weight (kg) 59.79+14.78 66.82+19.41 0.34
BMI (kg/m?) 23.47+5.24 25.14+6.31 0.50

Values are presented as meanzstandard deviation or number only.
CGRP, calcitonin gene-related peptide; mAb, monoclonal antibody; G1,
group 1; G2, group 2; M, male; F, female; BMI, body mass index.

magnitude of change varied by channel and time point
(Figure 3).

Two-way ANOVA revealed no significant groupxtime
interaction effects across channels after correction for
multiple comparisons for the HbO-based BH index (Table
3). Although channel 06 showed a nominally significant in-
teraction at the uncorrected level (F(1,16)=8.448, p=0.010),
this effect did not remain significant after family-wise error
or false discovery rate correction (both corrected p=0.155),
and no other channels demonstrated significant interac-
tion effects.

Post hoc analyses focusing on channel 06 (Figure 4)
demonstrated a significant difference between the CGRP
group at baseline and the oral treatment group at 3 months
(mean difference=0.169, p<0.001), which remained signif-
icant after Bonferroni correction. In contrast, the within
group change from baseline to 3 months in the oral treat-
ment group was significant only at the uncorrected level
(mean difference=-0.069, p=0.029) and did not remain
significant after correction for multiple comparisons.

Analyses of HbR- and HbT-based BH indices showed no
significant groupxtime interaction effects after correction
for multiple comparisons, with only nominal uncorrected
effects in a few channels. Detailed results are presented in
the Supplementary Tables 2, 3 (available online).

For the HbO-based Rec index, two-way ANOVA iden-
tified no significant treatmentxtime interaction effects
across channels after correction for multiple comparisons
(Table 4). Channel 10 showed a significant interaction at
the uncorrected level (F(1,20)=8.242, p=0.009); however,
this effect did not persist after family-wise error or false
discovery rate correction (both corrected p=0.142), and no

Table 2. Changes in clinical outcomes from baseline to 3M in both treatment groups

Outcome G1 G2 PEUE
Base 3M AG1 p-value Base 3M AG2 p-value (between A)
Headache days 10.58 8.58 2.00 0.26 9.58 8.08 1.50 0.48 0.85
Medication days 11.67 4.67 7.00 0.03* 9.25 5.75 3.50 0.19 0.36
HIT-6 60.83 58.50 2.33 0.44 63.58 59.08 4.50 0.05 0.55
MIDAS 38.83 17.58 21.25 0.02* 31.92 17.58 14.33 0.11 0.55
GAD-7 2.75 2.92 -0.17 0.92 6.42 5.33 1.08 0.29 0.50
PHQ-9 5.25 5.42 -0.17 0.94 9.42 8.00 1.42 0.14 0.49
PGIC (3M) - 4.50 - - - 3.42 - - 0.15

Values are presented as mean only. Asterisk indicates a statistically significant (*p<0.05).
3M, 3 months; G1, group 1; G2, group 2; HIT-6, Headache Impact Test-6; MIDAS, Migraine Disability Assessment; GAD-7, Generalized Anxiety Disorder-7;
PHQ-9, Patient Health Questionnaire-9; PGIC, Patient Global Impression of Change.
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A

Figure 3. (A) HbO time series during the breath-holding test across prefrontal channels in the CGRP and oral preventive groups at
baseline and at 3 months. Solid lines indicate baseline recordings, and dashed lines indicate 3-month follow-up recordings. (B, C)
Three-dimensional maps showing the mean HbO concentration at 3 months in (B) the CGRP monoclonal antibody group and (C) the
oral preventive medication group.

CGRP, calcitonin gene-related peptide; mAb, monoclonal antibody; HbO, oxygenated hemoglobin.

Table 3. Two-way ANOVA results for the HbO-based breath-holding index

Channel F-value dfl df2 p-value p-value (FWE) p-value (FDR)
01 1.880 1 20 0.186 >0.99 0.774
02 1.416 1 15 0.252 >0.99 0.774
03 1.874 1 14 0.193 >0.99 0.774
04 0.103 1 18 0.752 >0.99 0.908
05 0.167 1 18 0.687 >0.99 0.908
06 8.448 1 16 0.010* 0.155 0.155
o7 0.475 1 19 0.499 >0.99 0.908
08 0.010 1 14 0.924 >0.99 0.924
09 0.028 1 19 0.869 >0.99 0.924
10 0.873 1 20 0.361 >0.99 0.774
11 0.075 1 20 0.787 >0.99 0.908
12 1.197 1 18 0.288 >0.99 0.774
13 0.316 1 16 0.582 >0.99 0.908
14 0.890 1 18 0.358 >0.99 0.774
15 0.081 1 13 0.781 >0.99 0.908

Two-way ANOVA was performed to evaluate the treatmentxtime (baseline vs. 3-month follow-up) interaction of the HbO-based breath-holding index across
channels. p-values were corrected for multiple comparisons using FWE and FDR methods. Asterisk indicates a statistically significant (*p<0.05; uncorrect-
ed).

ANOVA, analysis of variance; HbO, oxygenated hemoglobin; df, degrees of freedom; FWE, family-wise error; FDR, false discovery rate.

58 www.e-hpr.org



Yeaetal. Breath-Holding fNIRS Responses in Migraine

Breath-holding index
Channel 06

0.5
0.4
0.3
0.2
0.1
0
-0.1
-0.2

03 Base 3M ] Base 3M
Time
Post hoc comparisons for the treatmentxtime interaction in Channel
06 based on the HbO breath-holding index

Mean p p p

Difference SE t df (uncorrected) (Tukey) (Bonferroni)
CGRP_Base vs. CGRP_3M 0.049 0.029 1.713 16 0.106 0.349 0.636
CGRP_Base vs. Oral_Base 0.070 0.043 1.642 16 0.120 0.384 0.720
CGRP_Base vs. Oral_3M 0.169 0.032 5.215 16 <0.001*** <0.001*** <0.0071***
CGRP_3M vs. Oral_Base 0.051 0.032 1.587 16 0.132 0.413 0.792
CGRP_3M vs. Oral_3M -0.047 0.031 -1.518 16 0.148 0.450 0.891
Oral_Base vs. Oral_3M -0.069 0.029 -2.397 16 0.029* 0.118 0.174

Figure 4. Treatmentxtime effects on the HbO-based breath-holding index on Channel 6. Tukey-adjusted p-values control the FWE rate
for a family of four comparisons. Bonferroni-adjusted p-values control the FWE rate for a family of six comparisons. Green dotted line:
decreasing within subject change from Base to 3M; orange dotted line: increasing within subject change from Base to 3M. Asterisk in-
dicates a statistically significant (*p<0.05; ***p<0.001).
CGRP, calcitonin gene-related peptide; Base, baseline; 3M, 3 months; IQR, interquartile range; HbO, oxygenated hemoglobin; SE, stan-
dard error; df, degrees of freedom; FWE, family-wise error.

Table 4. Two-way ANOVA results for the HbO-based recovery index

Channel F-value dfl daf2 p-value p-value (FWE) p-value (FDR)
01 1.219 1 17 0.285 >0.99 0.512
02 0.004 1 15 0.948 >0.99 0.948
03 2.378 1 16 0.143 >0.99 0.478
04 0.555 1 19 0.466 >0.99 0.635
05 0.949 1 20 0.342 >0.99 0.512
06 2.604 1 19 0.123 >0.99 0.478
o7 2.355 1 22 0.139 >0.99 0.478
08 0.346 1 16 0.565 >0.99 0.706
09 2.165 1 17 0.159 >0.99 0.478
10 8.242 1 20 0.009* 0.142 0.142
11 0.241 1 21 0.629 >0.99 0.725
12 1.148 1 17 0.299 >0.99 0.512
13 1.412 1 18 0.250 >0.99 0.512
14 0.173 1 17 0.683 >0.99 0.732
15 0.974 1 13 0.342 >0.99 0.512

Two-way ANOVA was performed to evaluate the treatmentxtime (baseline vs. 3-month follow-up) interaction for the HbO recovery index across channels. p-val-
ues were additionally corrected for multiple comparisons using FWE and FDR methods. Asterisk indicates a statistically significant (*p<0.05; uncorrected).
ANOVA, analysis of variance; HbO, oxygenated hemoglobin; df, degrees of freedom; FWE, family-wise error; FDR, false discovery rate.
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other channels showed significant interaction effects.

Post hoc analyses in channel 10 (Figure 5) revealed a
significant difference between the CGRP group at baseline
and the oral treatment group at 3 months (mean differ-
ence=0.150, p=0.001), which remained significant after
Bonferroni correction (p=0.007). Additionally, a significant
within group change was observed in the oral treatment
group from baseline to 3 months (mean difference=-0.097,
p=0.002), which also remained significant after Bonferroni
correction (p=0.010).

Analyses of HbR and HbT based Rec indices revealed no
significant treatmentxtime interaction effects after multi-
ple comparison correction; detailed results are reported in
the Supplementary Tables 4, 5 (available online).

DISCUSSION

This longitudinal fNIRS study examined whether clinical
improvement following migraine preventive therapy is
accompanied by changes in CVR during a hypercapnic
challenge. Although both the CGRP monoclonal antibody
group and the oral preventive medication group demon-
strated clinically meaningful improvements over 3 months,
these benefits were not uniformly associated with normal-
ization of cerebrovascular hemodynamic responses. This
dissociation suggests that symptomatic improvement in
migraine may occuy, at least in part, independently of res-
toration of altered CVR.

Cerebral blood flow is tightly regulated by arterial car-
bon dioxide tension, and within a physiologically rele-
vant range, variation in pCO, produces dose-dependent
vasodilatory or vasoconstrictive responses. The resulting

Recovery index
Channel 10

0.6
0.5
0.4
0.3
0.2
0.1
0
-0.1
-0.2

-0.3
Base 3M

Base 3M

Time
Post hoc comparisons for the treatmentxtime interaction in Channel
10 based on the HbO recovery index

Comparison Mean P P P .
Difference SE t df (uncorrected)  (Tukey) (Bonferroni)

CGRP_Base vs. CGRP_3M 0.011 0.027 0.414 20 0.683 0.975 >0.99
CGRP_Base vs. Oral_Base 0.005 0.043 0.108 20 0.915 >0.99 >0.99
CGRP_Base vs. Oral_3M 0.150 0.040 3.798 20 0.001** 0.006** 0.007**
CGRP_3M vs. Oral_Base 0.042 0.040 1.064 20 0.300 0.715 >0.99
CGRP_3M vs. Oral_3M -0.103 0.039 -2.629 20 0.016* 0.070 0.096
Oral_Base vs. Oral_3M -0.097 0.027 -3.646 20 0.002** 0.008** 0.010**

Figure 5. Treatmentxtime effects on the HbO-based recovery index on Channel 10. Tukey-adjusted p-values control the FWE rate for
a family of four comparisons. Bonferroni-adjusted p-values control the FWE rate for a family of six comparisons. Green dotted line: de-
creasing within subject change from Base to 3M; orange dotted line: increasing within subject change from Base to 3M. Asterisk indi-

cates a statistically significant (*p<0.05; **p<0.01).

CGRP, calcitonin gene-related peptide; Base, baseline; 3M, 3 months; IQR, interquartile range; HbO, oxygenated hemoglobin; SE, stan-

dard error; df, degrees of freedom; FWE, family-wise error.
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sigmoidal relationship reflects the degree of preserved va-
somotor reactivity within the remaining autoregulatory re-
serve of the cerebrovascular system."" In this physiological
context, the BHT provides a transient hypercapnic stim-
ulus suitable for evaluating vasodilatory capacity across
resting, BH, and Rec phases. In individuals with preserved
vasomotor reserve, rising pCO, during BH is expected to
induce arteriolar dilation and increases in HbO and HbT,
whereas in those with reduced reserve, hypercapnia-in-
duced increases may be attenuated or plateaued, reflecting
limited residual dilatory capacity.””

In our cohort, the CGRP monoclonal antibody group
showed a longitudinal decrease in both the BH and Rec
indices, whereas the oral preventive medication group
demonstrated an opposite pattern, with an increase in
these indices from baseline to 3 months. These divergent
temporal trajectories suggest that cerebrovascular re-
sponses may evolve differently over time between the two
treatment groups. However, we caution against inferring
a direct mechanistic effect of CGRP-targeted therapy on
CVR from these findings alone.” The attenuation of the
CO,-driven hemodynamic response in the CGRP group
may reflect modulation of late-phase vasodilatory dynam-
ics, variability in vasomotor reserve, or other unmeasured
*» Whether this pat-
tern represents attenuation of excessive vasoreactivity or

physiological or behavioral factors.

a relative reduction in cerebrovascular reserve remains
uncertain and warrants confirmation in larger, mechanis-
tically oriented studies. Accordingly, the present findings
should be interpreted primarily in terms of longitudinal
change patterns rather than absolute CVR values at indi-
vidual time points.

From a clinical perspective, these findings imply that
improvement in migraine burden may not necessarily
require concurrent normalization of CVR. Nociceptive
network modulation and cerebrovascular autoregulatory
adaptation may therefore represent partially independent
physiological domains. Accordingly, f{NIRS-based cerebro-
vascular indices should be interpreted as complementary
rather than surrogate markers of treatment response, par-
ticularly within short term therapeutic windows.”**

One plausible interpretation is that CGRP monoclonal
antibody therapy primarily exerts therapeutic benefit
through modulation of trigeminovascular nociceptive
signaling rather than direct correction of cerebrovascu-

lar autoregulatory dysfunction.' CGRP blockade may
effectively suppress migraine attacks without immedi-
ately normalizing interictal neurovascular abnormalities.
Alternatively, cerebrovascular adaptations may require
longer treatment duration or cumulative exposure before
measurable changes in vasomotor responsiveness emerge.
This interpretation aligns with prior reports indicating that
vascular and perfusion abnormalities may persist interic-
tally despite clinical improvement."””

It is also possible that distinct migraine phenotypes exist
some characterized predominantly by nociceptive net-
work dysregulation and others by greater cerebrovascular
dysautoregulation. Future studies incorporating subgroup-
or responder-stratified analyses, extended longitudinal
observation, and multimodal vascular assessment will
be required to clarify these relationships and determine
whether CVR trajectories carry prognostic or mechanistic
relevance in migraine."’

From a methodological standpoint, the BHT was used as
a practical hypercapnic challenge for f{NIRS-based assess-
ment of cerebrovascular reactivity. Although controlled CO,
inhalation offers a more standardized stimulus, it requires
specialized equipment and monitoring, which limits fea-
sibility for routine or longitudinal studies. By contrast, the
BHT induces hypercapnia with minimal procedural burden
and allows repeated assessments. Prior reports showing
good correspondence between BH derived and CO,-based
CVR measures support its suitability as a pragmatic ap-
proach for longitudinal evaluation, despite inter-individual
variability in BH capacity.””""’

In the present study, {NIRS measurements were con-
fined to the prefrontal cortex. Although this region is not
traditionally regarded as a primary nociceptive hub, it
plays an important role in autonomic regulation and cog-
nitive-affective integration of pain, and it has demonstrated
robust CVR to hypercapnic challenge in prior fNIRS stud-
ies."" Therefore, the present measurements likely capture
a meaningful component of cortical vascular regulation
relevant to migraine pathophysiology, although additional
cortical and subcortical regions may contribute to cerebro-
vascular adaptation in ways not captured in our dataset.’

Several limitations should be acknowledged. Episodic
and chronic migraine patients were analyzed together with-
out stratification by migraine subtype. Given the known
differences in disease severity between these subtypes,
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this heterogeneity may have influenced the observed treat-
ment-related changes. Because treatment allocation was
not randomized, potential confounding by indication can-
not be excluded. The relatively small sample size may have
limited statistical power to detect subtle between-group
differences in cerebrovascular responses. The recording
montage was restricted to the prefrontal cortex and may
not reflect hemodynamic changes in deeper or posterior
brain regions. Finally, the 3-month follow-up period may
be insufficient to capture delayed or progressive cerebro-
vascular adaptations; given that vascular remodeling and
tone regulation may occur on longer temporal scales than
symptomatic improvement, extended longitudinal obser-
vation will be essential in future work. Studies incorporat-
ing larger cohorts, longer treatment exposure, expanded
cortical coverage, and multimodal vascular assessment will
be necessary to further elucidate the temporal relationship
between clinical improvement and CVR in migraine.
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Abstract

Purpose: This study aimed to compare clinical characteristics between pediatric-onset and adult-onset cluster headache (CH)
using data from the Korean Cluster Headache Registry, a nationwide, prospective, multicenter registry.

Methods: This cross-sectional observational study analyzed data collected over a 4-year period from a prospective multicenter
registry. A total of 337 patients aged =19 years with episodic CH were included. Participants were classified as having pediat-
ric-onset CH (onset<18 years) or adult-onset CH (onset>18 years). Demographic and clinical features, smoking status, and
psychiatric comorbidities were compared between groups.

Results: Pediatric-onset CH was reported in 24.6% of patients (n=83). The diagnostic delay was significantly longer in the pedi-
atric-onset group compared with the adult-onset group (10.1 years vs. 6.2 years, p<0.001). Patients with pediatric-onset CH
experienced more severe headache attacks (numerical rating scale 9.2 vs. 8.9, p=0.025), although attack duration, frequency,
and other clinical features were similar between groups. Smoking exposure was lower in the pediatric-onset group, suggesting
potential differences in environmental risk factors. No significant differences were observed in psychiatric comorbidity or head-
ache-related disability.

Conclusion: Pediatric-onset CH is relatively common and shares most clinical features with adult-onset CH, apart from greater
attack severity and lower smoking exposure. The longer diagnostic delay in pediatric-onset cases highlights the need for im-
proved awareness and earlier recognition. Further research is warranted to elucidate the underlying pathophysiological mecha-
nisms and long-term outcomes in pediatric-onset CH.
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Chungetal. Pediatric-Onset Cluster Headache

INTRODUCTION

Cluster headache (CH) is an excruciating form of prima-
ry headache disorder that is characterized by recurrent
unilateral headache attacks accompanied by ipsilateral
autonomic features."” Salient features of CH are its young
male predominance, circadian rhythmicity, and trigeminal
autonomic features. Although widely varied, CH is preva-
lent in young adult period with age at onset of CH typically
between 20 and 40 years, and suggested to be rare among
children. However, recent epidemiologic studies based on
self-administered survey showed that 16%-35% of people
with CH reported their initial CH attack before the age of
20 years, suggesting pediatric-onset might be underreport-
ed.” Clinical features of pediatric-onset CH are similar
to adult-onset cases, but diagnostic delay was more fre-
quently reported in pediatric-onset CH, though, there are
few studies regarding clinical features of pediatric-onset
CH, especially in Asian population.”” The aim of this study
was to identify different features between pediatric-onset
and adult-onset CH using data from the Korean Cluster
Headache Registry (KCHR), which prospectively enrolled
patients with CH.

MATERIALS AND METHODS
1. Ethics approval and consent to participate

The study protocol and informed consent form were ap-
proved by the institutional review board at each hospital
(HDT 2016-09-39). Written informed consent was ob-
tained from all participants before they were enrolled in
this study. This study was conducted in accordance with
the principles of the Declaration of Helsinki.

2. Patients

This study was conducted using data from the KCHR. The
KCHR is a prospective, multicenter registry that includes
patients with consecutive CH aged =19 years across South
Korea. Patients were enrolled over 4 years (September
2016 to December 2020) from 15 university hospitals (nine
tertiary and six secondary referral centers) and two sec-
ondary referral general hospitals. The KCHR protocol has
been published previously.””’ All participants were evalu-

ated by board-certified neurologists in each center and CH
was diagnosed using the third edition, beta version of the
International Classification of Headache Disorders (ICHD-
3b) or the third edition of the ICHD (ICHD-3)."”"" Of the
enrolled patients, only patients meeting ICHD-3 criteria
for episodic CH were included in this study. Patients were
excluded for this analysis if their diagnosis did not meet
the ICHD-3 criteria for episodic CH (e.g., chronic CH,
probable CH, or first CH) or the patient had missing data.

3. Clinical information

Data obtained and used in the study included the follow-
ing: demographic factors, present age, age at onset, head-
ache characteristics, seasonal and diurnal rhythmicity, and
psychiatric status. Clinical information regarding current
headache episodes included the severity, duration, and
frequency of headache attacks, and diurnal rhythmicity.
The previous history of CH included the onset age of CH,
duration of CH disease, total number of cluster bouts, and
pattern of seasonal periodicity. The personal history of
cigarette smoking was obtained and used to classify pa-
tients into ever-smokers and never-smokers. Ever-smoker
patients were further classified into current and former
smokers.

4, Statistical analysis

Demographics and clinical features were compared be-
tween pediatric-onset and adult-onset patients. Pediat-
ric-onset was defined as onset age 18 years or less, and
adult-onset was defined as onset age more than 18 years.
The two-sample t-test were used to compare the mean
values between pediatric-onset and adult-onset cases. The
chi-square test or Fisher’s exact test was used to compare
categorical variables. Probability values of p<0.05 were
considered indicative of statistical significance. All anal-
yses were performed using the Statistical Package for the
Social Sciences (version 29.0; IBM Corp.).

RESULTS

The KCHR is a prospective, multicenter registry that en-
rolled patients with CH aged 219 years. Among the 463
patients identified as having CH in the KCHR, 337 met
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the criteria for episodic CH according to the ICHD-3. Of
the remaining 126 patients, 19 patients were diagnosed
with chronic CH, 45 were diagnosed as probable CH, and
the remaining 62 presented with the first CH period and
neither categorized as episodic nor chronic CH. There-
fore, 337 patients with episodic CH were included in this
analysis (Figure 1). The age at enrollment was higher in
the adult-onset CH group compared to the pediatric-on-
set CH group (39.419.2 years vs. 29.6+7.4 years). In the
pediatric-onset CH group, 15 (18.1%) were female, and
in the adult-onset group, 40 (15.8%) were female. There
was no statistically significant difference in the sex ratio
between pediatric- and adult-onset CH (Table 1). A total
of 151 patients (44.8%) were current smoker, and 204 pa-
tients (60.5%) were ever-smoker (comprising current and
ex-smokers). The prevalence of smoking differed signifi-

cantly between pediatric and adult-onset group. Twen-
ty-three (27.7%) were current smokers in pediatric-onset
group and 128 (50.4%) were current smokers in adult-onset
group (p<0.001). The proportion of ever-smokers was also
lower in the pediatric-onset group than in the adult-onset
group (41.0% vs. 66.9%, p<0.001) (Table 1).

Eighty-three (24.6%) participants reported an age of
onset of 18 or younger (pediatric-onset), while 254 re-
ported an age of onset after 19 years old. Disease history
was compared between the pediatric-onset and adult-on-
set patients. The age at onset was 15.7+2.4 years (range,
9-18 years) in pediatric-onset patients and 29.5+9.1 years
(range, 19-55 years) in adult-onset group. The time from
onset to diagnosis of CH was prolonged in both groups,
with pediatric-onset cases experiencing a notably greater
delay in diagnosis (10.1+7.6 years [range, 0-31 years] vs.

CH diagnosis (n=477)

A

Y

Exclusion: Duplicated case (n=14)

A4

Data analysis (n=463)

Exclusion: Chronic CH (n=19)

A4

A

y

Exclusion: First CH (n=62)

A

A4

Exclusion: Probable CH (n=45)

Finally enrolled : Episodic CH
(n=337)

v

Pediatric-onset (n=83)

Figure 1. Patient enroliment flowchart.
CH, cluster headache.

v

Adult-onset (n=254)

Table 1. Demographic features between pediatric- and adult-onset cluster headaches

All patients (n=337) Pediatric-onset (n=83)" Adult-onset (n=254)" p-value
Age (yr) 37.049.8 29.6+7.4 39.419.2 <0.001
Female sex 55 (16.3) 15 (18.1) 40 (15.8) 0.619
Current smoker 151 (44.8) 23 (27.7) 128 (50.4) <0.001
Ever-smoker* 204 (60.5) 34 (41.0) 170 (66.9) <0.001
Alcohol drinking 213 (63.2) 46 (55.4) 167 (65.7) 0.09
Coexisting migraine 44 (13.1) 10 (12.0) 34 (13.4) 0.754

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

*Ever-smokers, current and ex-smokers combined; "Pediatric-onset was defined as onset age 18 years or less, and adult-onset was defined as onset age

more than 18 years.

66 www.e-hpr.org



Chungetal. Pediatric-Onset Cluster Headache

6.2+6.5 years [range, 0-32 years], p<0.001) (Table 2).
Headache characteristics were compared between pedi-
atric- and adult-onset patients. Headache attack was more
severe in pediatric-onset patients based on numerical
rating scale (9.2+0.9 vs. 8.9+1.3, p=0.025). However, attack
duration and daily attack frequency did not differ between
the groups. There were no significant differences in bout
frequency (mean number of bouts per year), duration of
cluster period, diurnal rthythmicity, and seasonal propen-
sity in both groups (Table 3). Depression scale assessed
by 9-item Patient Health Questionnaire scale and anxi-
ety scale based on 7-item Generalized Anxiety Disorder
scale did not differ between pediatric and adult-onset CH.
Headache-related disabilities, as determined by 6-item
Headache Impact Test also did not differ (Table 3).

Table 2. Comparison of disease history and status

DISCUSSION

Main findings of present study were as follows: 1. Eighty-
three out of 337 patients (24.6%) reported onset of CH in
18 years or younger, indicating that pediatric-onset CH is
not uncommon. 2. Diagnostic delay of pediatric-onset CH
is more severe than adult-onset CH. 3. Smoking exposure
rate is lower than that of adult-onset case (all patients were
evaluated in adult age). 4. Clinical features are generally
similar to adult-onset CH, except more severe attack in pe-
diatric-onset cases.

CH is a rare primary headache disorder with a preva-
lence of around 0.1% in general population.” It is generally
known to occur most frequently in young adult males, and
studies and reports are rare in pediatric patients. In this
study, 24.6% (n=83) of 339 patients who met the criteria of
episodic CH reported initial onset of CH during pediatric
period (18-year or younger). Previous studies regarding

All patients (n=337) Pediatric-onset (n=83)*  Adult-onset (n=254)* p-value
Onset age of CH disease (yr) 26.1+9.9 15.7+2.4 29.5+9.1 <0.001
Duration of CH disease (yr) 10.9+£7.2 13.9+7.6 9.9+6.8 <0.001
Diagnostic delay (yr) 7.2+6.9 10.1+£7.6 6.216.5 <0.001
Lifetime bout occurrence (n) 9.7+10.8 14.9+17.6 8.0+6.5 <0.001
Bout frequency (times/yr) 1.14£2.3 1.2+1.4 1.142.5 0.864
Values are presented as meanzstandard deviation.
CH, cluster headache.
*Pediatric-onset was defined as onset age 18 years or less, and adult-onset was defined as onset age more than 18 years.
Table 3. CH features and psychiatric status
All patients (n=337)  Pediatric-onset (n=83)* Adult-onset (n=254)* p-value
CH characteristics
Attack severity (O-10 NRS) 9.0+£1.2 9.2+0.9 8.9+1.3 0.025
Attack frequency (times/day) 2.0£2.1 1.7+1.3 21+2.2 0.108
Attack duration (min) 96.2156.4 101.4+47.1 94.5+59.1 0.33
Duration of bout (wk) 6.2+5.3 6.6+7.1 6.1+4.6 0.401
Diurnal rhythmicity 209 (62.0) 48 (57.8) 161 (63.4) 0.138
Seasonal propensity 182 (54.0) 45 (54.2) 137 (53.9) 0.735
Psychiatric status
GAD-7 score 8.1+6.0 7.516.1 8.316.0 0.292
PHQ-9 score 7.846.6 7.0+6.8 8.1+6.5 0.174
Suicidal ideation 79 (23.4) 22 (26.5) 57 (22.4) 0.747
Suicide attempt 3(0.9) 1(1.2) 2(0.8) 0.757
HIT-6 score 69.4+7.8 70.1+£7.0 69.1+8.0 0.322

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

CH, cluster headache; NRS, numerical rating scale; GAD-7, 7-item Generalized Anxiety Disorder scale; PHQ-9, 9-item Patient Health Questionnaire scale;

HIT-6, 6-item Headache Impact Test.

*Pediatric-onset was defined as onset age 18 years or less, and adult-onset was defined as onset age more than 18 years.

www.e-hpr.org 67



Headache Pain Res 2026;27(1):64-70

pediatric-onset CH and/or pediatric CH is scarce and
mostly based on case series or single clinic observations,
therefore, epidemiologic data regarding pediatric CH is
still elusive.”"” An Italian multicenter study reported that
out of 6,629 childhood headache patients, 3 were diag-
nosed with CH, suggesting 1-year prevalence of childhood
CH at 0.03%." In United States CH survey study, 35% of
1,134 patients reported CH began at 20 years or young-
er.’ International study using self-administered survey
showed pediatric-onset (<18 years old) was found in 27.5%
(341/1,583) of participants.’ Both studies have a limitation
of questionnaire or survey-based method of CH diagno-
sis. A previous headache clinic-based study reported that
16% of CH patients experienced early onset (before age of
20)." In contrast, the present study, which utilized a na-
tionwide prospective registry, found that 24.6% of Korean
participants with episodic CH reported an onset of CH
at 18 years of age or younger. Although the age criteria of
pediatric-onset CH varied among studies, the proportion
of pediatric-onset cases in the present study is generally
consistent with findings from Western or international
research. Taken together, these results suggest that CH fre-
quently begins during pediatric years.

Although clinical features of CH is characteristic and
easily recognizable, there is no reliable biomarker available
for its diagnosis. Therefore, early diagnosis of CH remains
a challenge because many patients with CH experience
delayed diagnosis or misdiagnosis."”'* Given the severe
pain associated with CH attacks, such delays or misdiag-
noses could have a significant impact on both patients and
society as a whole. Our study demonstrated that diagnostic
delay was more severe in pediatric-onset patients. Diag-
nostic delay was 10.1 years in pediatric cases, compared to
6.2 years in adult-onset CH patients. Our result confirms
previous studies, which suggested younger age at onset

PIILIS Tnternational

as a factor for diagnostic delay of CH.
CH questionnaire study found only 15.2% of participants
with pediatric-onset were diagnosed before the age of 18."
The reasons for more delay in pediatric cases are unclear.
Pediatric CH might be more difficult to diagnose because
features of migraine are often frequently found in pediat-
ric CH." Furthermore, pediatric migraine attack can be as
short as 2 hours, and overlap in attack duration between
migraine and CH in child could make diagnosis even more
difficult.” Studies have indicated that the duration of CH at-

68 www.e-hpr.org

tacks in children may fall below the lower limit observed in
typical CH attacks.” Pediatric headache specialist are fewer
than adult headache specialist, therefore, lack of access to
physician might be another reason for diagnostic delay."
Clinical features of pediatric-onset CH was similar to
adult-onset cases in this study, except for slightly more
severe headache attack in pediatric-onset CH (9.2+0.9 vs.
8.9+1.3, p=0.025). However, headache feature analysis was
based on current CH attacks (all patients enrolled after 19
years old) and we could not identify whether headache
features changed from their original headache features
in pediatric ages. Clinical and autonomic features of ear-
ly onset CH were similar to adult-onset CH in other re-

16,19,20
ports.

Pediatric-onset patients display the full range
of each criterion for CH in a previous systematic review.’
Cranial autonomic features and restlessness occur at a
lower rate in pediatric cases, while migraine features such
as nausea, photophobia, and phonophobia were found
similarly to adult-onset patients.’

Although pathophysiologic associations are unknown,
epidemiologic studies have shown that cigarette smoking

is closely associated with CH.”™

Previous study has even
suggested that secondary smoke exposure during child-
hood may be related to the subsequent development of
CH.” Our study found that patients with pediatric-onset
CH were less frequently exposed to smoking. Proportion
of current smoker and ever-smoker in pediatric-onset cas-
es were lower than those of adult-onset CH in this study.
In line with our study, other studies demonstrated that
CH not exposed to smoking were more likely to develop

25,26

CH at a lower age than exposed patients.””” Lower smok-
ing exposure in pediatric-onset cases suggests a genetic
or biology-based etiology in pediatric-onset CH, while
higher smoking rate in adult-onset CH is suggestive of the
smoking-related environmental etiology in adult-onset

25,27

patients.””" However, a lower age at CH onset could cause
patients to avoid smoking habit, so the influence of smok-
ing before and after the onset of CH needs to be investigat-
ed further.”” Nonetheless, the relationship between smok-
ing exposure and CH warrant cautious interpretation. Age,
sex, and cultural background could markedly confound
the smoking habitus. In particular, the significantly higher
mean age in the adult-onset CH group may have provided
greater opportunity for smoking exposure in the adult-on-

set participants in our cohort. Accordingly, until additional
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validation is conducted, our findings should be considered
preliminary and hypothesis-generating.

There are several limitations in the present study. First,
the patients included in this study were individuals whose
headache onset occurred during childhood or adoles-
cence, but who were evaluated during adulthood. Some
clinical features of pediatric CH can only be accurately
assessed through direct observation during the pediatric
period, and, as a result, recall bias may have affected our
findings. Although long-term, prospective studies follow-
ing CH from childhood into adulthood would provide the
most reliable data, conducting such research is challeng-
ing due to the rarity of CH and the difficulties associated
with its diagnosis in pediatric populations. Second, in this
study, we did not investigate the differences of treatment
responses between pediatric and adult-onset CH. Third,
the participants in this study consisted only of Korean pa-
tients referred to a secondary or tertiary hospital, and so
the results might not be generalizable to all patients with
CH, especially those with milder forms of the disorder
or other ethnicity. Lastly, our analysis was limited to pa-
tients with episodic CH, excluding those with chronic CH
or probable CH. Chronic CH was very rare in our cohort,
representing only 4.1% (19/463) of the entire sample. Since
episodic CH is the most typical and prevalent form, focus-
ing on strictly defined episodic CH may be more valuable
for identifying the characteristics of pediatric-onset CH.
Nevertheless, further research is warranted to investigate
chronic CH and the long-term changes over time in pa-
tients with pediatric-onset CH.
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nal of Korean Headache Society. The journal published arti-
cles are freely and permanently accessible online immediate-
ly upon publication, without any subscription charges or reg-
istration barriers. The journal reports on basic and clinical
investigations related to migraine, cluster headache, ten-
sion-type headache, intracranial hypotension, intracranial
hypertension, reversible cerebral vasoconstriction syndrome,
and other primary or secondary headache disorders. It also
covers pediatric headache, temporomadibular disorder and
orofaical pain, as well as headache and pain-related dizzi-
ness, psychological and cognitive problems, epidemiology,
and big data. It publishes original articles, review articles,
clinical trials, case reports, perspectives, letters to the editor,
and editorials.

Headache and Pain Research follows Recommendations for
the Conduct, Reporting, Editing, and Publication of Scholarly
Work in Medical Journals (https://www.icmje.org/icmje-rec-
ommendations.pdf) from the International Committee of
Medical Journal Editors (ICMJE) if not otherwise described
below. Authors will be asked to confirm their compliance with
the journal’s policies and guidelines during manuscript sub-
mission on the web page, and each author will be asked to

submit a signed “Authorship Responsibility, Conflicts of Inter-
est, and Copyright Transfer/Publishing Agreement” (available
at Instructions & Forms at https://e-hpr.org/authors/authors.

php) prior to acceptance of their manuscript.

PUBLICATION AND RESEARCH ETHICS

The journal adheres to the ethical guidelines for research and
publication described in the Guidelines on Good Publication
(https://publicationethics.org/guidance/Guidelines) and the
Good Publication Practice Guidelines for Medical Journals
(https://www.kamje.or.kr/board/view?b_name =bo_publica-
tion&bo_id=13).

Statement of Human and Animal Rights and Informed
Consent

Any investigations involving humans and animals should be
approved by the Institutional Review Board and Institutional
Animal Care and Use Committee, respectively, of the institu-
tion where the study took place. Headache and Pain Research
will not consider any studies involving humans or animals
without the appropriate approval. Informed consent should
be obtained, unless waived by the institutional review board,
from patients who participated in clinical investigations. Hu-
man subjects should not be identifiable, such that patients’
names, initials, hospital numbers, dates of birth, or other pro-
tected healthcare information should not be disclosed. If ex-
periments involve animals, the research should be based on
national or institutional guidelines for animal care and use.
Headache and Pain Research can request an approval by the
institutional review board or institutional animal care and use
committee for the other types of articles when necessary. The
content of each article is the responsibility of the authors and
not of Headache and Pain Research.

Authorship and Author’s Responsibility

The corresponding author takes primary responsibility for
communication with the journal during the manuscript sub-
mission, peer review, and publication process, and typically

ensures that all the journal’s administrative requirements,
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such as providing details of authorship, ethics committee ap-
proval, clinical trial registration documentation, and gather-
ing conflict of interest forms and statements, are properly
completed, although these duties may be delegated to one or
more coauthors. The corresponding author should be avail-
able throughout the submission and peer review process to
respond to editorial queries in a timely way, and should be
available after publication to respond to critiques of the work
and cooperate with any requests from the journal for data or
additional information should questions about the paper
arise after publication. Authors are responsible for the whole
content of each article. Co-authorship should be based on the
following 4 criteria:

« Substantial contributions to the conception or design of the
work; or the acquisition, analysis, or interpretation of data
for the work; AND

o Drafting the work or revising it critically for important intel-
lectual content; AND

« Final approval of the version to be published; AND

e Agreement to be accountable for all aspects of the work in
ensuring that questions related to the accuracy or integrity
of any part of the work are appropriately investigated and re-
solved.

If any persons who do not meet above 4 criteria, they may be
listed as contributors in Acknowledgments section. There is
no limit to the number of authors, and in principle, only one
author should contact the editorial board. In the case of
multi-center or multi-disciplinary research, up to two corre-
sponding authors are allowed. Headache and Pain Research
does not allow adding authors or changing the first or the cor-
responding authors once its decision of ‘Accept as it is’ is
made. If any author wishes to be removed from the byline, he
or she should submit a letter signed by the author, as well as
all other authors, indicating his or her wish to be deleted from
the list of authors. Any change in the name order in the byline
requires a letter signed by all authors indicting agreement
with the same.

Conflict of Interest

The authors should disclose all potential conflicts of interest
including any research funding, other financial support, and
material support for the work. The corresponding author
must inform the editor of any potential conflicts of interest
that could influence the authors’ interpretation of the data. If
there is a disclosure, the editors, reviewers, and reader can
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approach the manuscripts after understanding the situation.

Originality and Duplicate Publication

Manuscripts under review or published by other journals will
not be accepted for publication in Headache and Pain Re-
search, and articles published in this journal are not allowed
to be reproduced in whole or in part in any type of publication
without permission of the Editorial Board. Figures and tables
can be used freely if original source is verified according to
Creative Commons Non-Commercial License. It is mandatory
for all authors to resolve any copyright issues when citing a
figure or table from a different journal that is not open access.
Regarding duplicate publication, plagiarism, and other prob-
lems related to publication ethics, “Good Publication Practice
Guidelines for Medical Journals” (https://www.kamje.or.kr/
board/view?b_name =bo_publication&bo_id =7) should be
followed.

Secondary Publication

It is possible to republish manuscripts if the manuscripts sat-
isty the conditions of acceptable secondary publication of the
Recommendations by ICMJE (https://www.icmje.org/recom-
mendations/browse/publishing-and-editorial-issues/over-
lapping-publications.html#three) as followings: Certain types
of articles, such as guidelines produced by governmental
agencies and professional organizations, may need to reach
the widest possible audience. In such instances, editors some-
times deliberately publish material that is also being pub-
lished in other journals, with the agreement of the authors
and the editors of those journals. Secondary publication for
various other reasons, in the same or another language, espe-
cially in other countries, is justifiable and can be beneficial
provided that the following conditions are met. (1) The au-
thors have received approval from the editors of both journals
(the editor concerned with secondary publication must have
access to the primary version). (2) The priority of the primary
publication is respected by a publication interval negotiated
by both editors with the authors. (3) The paper for secondary
publication is intended for a different group of readers; an ab-
breviated version could be sufficient. (4) The secondary ver-
sion faithfully reflects the authors, data, and interpretations of
the primary version. (5) The secondary version informs read-
ers, peers, and documenting agencies that the paper has been
published in whole or in part elsewhere—for example, with a
note that might read, “This article is based on a study first re-
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ported in the [journal title, with full reference]”—and the sec-
ondary version cites the primary reference. (6) The title of the
secondary publication should indicate that it is a secondary
publication (complete or abridged republication or transla-
tion) of a primary publication.

Process to Manage the Research and Publication
Misconduct

When the Journal faces suspected cases of research and pub-
lication misconduct such as redundant (duplicate) publica-
tion, plagiarism, fraudulent or fabricated data, changes in au-
thorship, undisclosed conflict of interest, ethical problem with
a submitted manuscript, a reviewer who has appropriated an
author’s idea or data, complaints against editors, and etc., The
resolving process will be followed by flowchart provided by
the COPE (https://publicationethics.org/guidance/Flow-
charts). The discussion and decision on the suspected cases
are done by Editorial Board.

Registration of Clinical Trial Research

Any research that deals with a clinical trial should be regis-
tered with a primary national clinical trial registration site
such as Korea Clinical Research Information Service (CRiS,
https://cris.nih.go.kr), other primary national registry sites
accredited by World Health Organization (https://www.who.
int/clinical-trials-registry-platform/network/primary-regis-
tries) or ClinicalTrial.gov (https://clinicaltrials.gov), a service
of the US National Institutes of Health.

Data Sharing Statement

Headache and Pain Research accepts the ICMJE Recommen-
dations for data sharing statement policy (https://icmje.org/
icmje-recommendations.pdf). Authors may refer to the edito-
rial, “Data Sharing statements for Clinical Trials: A Require-
ment of the International Committee of Medical Journal Edi-
tors,” in JKMS vol. 32, no. 7:1051-1053 (https://doi.org/10.
3346/jkms.2017.32.7.1051).

Use of generative Al-assisted technologies

¢ Permitted Use of Generative Al

Authors may use generative Al tools (e.g., ChatGPT, Gemini,
Claude) during manuscript preparation only for limited pur-
poses, provided that such use is transparently disclosed and
the authors fully verify the outputs. Permitted uses include:

- Language polishing, grammar correction, and sentence re-
structuring.

- Literature summarization or assistance in drafting general
background sections.

- Code syntax suggestions (e.g., R or Python formatting), but
not for performing actual statistical analyses or drawing
inferences.

* Use of generative Al tools to conduct statistical analysis,
produce statistical results, or assist in data interpretation is
strictly prohibited due to concerns about reproducibility, re-
liability, and the risk of fabricated outputs (hallucinations).

¢ Prohibited Use of Generative Al
Authors are strictly prohibited from:
- Generating original scientific content, results, tables, or
data interpretation using Al tools.
- Using AI for statistical modeling, inferential analysis, or
drawing conclusions from data.
- Listing Al tools as an author or co-author under any cir-
cumstances.
- Including unverifiable or Al-fabricated citations, referenc-
es, or findings.

¢ Required Disclosure
Any use of generative Al tools must be clearly described in the
manuscript, preferably in the “Methods,” “Acknowledgments,”
or “Author Contributions” section. The disclosure must include:
- The name and version of the Al tool used (e.g., ChatGPT-4,
Claude 3.5).
- The purpose and scope of use (e.g., English grammar cor-
rection, code suggestion).
- The date of Al use.
- A statement confirming that the authors have independent-
ly reviewed and verified all Al-generated content.
Example disclosure:
“This manuscript was prepared with the assistance of
ChatGPT-4 (OpenAl), used on June 15, 2025, for grammar and
language refinement. All content generated with Al assistance
was independently verified by the authors.”

¢ Authorship and Accountability

Al tools cannot be credited as authors.

All listed authors are responsible for the accuracy, integrity,
and originality of the submitted manuscript, including any
content generated with Al assistance.
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The use of Al does not exempt authors from ethical, scientific,
or legal responsibility.

¢ Use of Al in Peer Review

Reviewers may use Al tools to assist in summarizing manu-
scripts, but must not rely on them for forming scientific judg-
ments or final recommendations.

If Al tools are used, reviewers must disclose the use and de-

scribe the scope briefly in their review comments.

¢ Ethics and Transparency

Any misuse of Al tools that results in fabricated, manipulated,
or misleading scientific content will be considered a serious
breach of publication ethics.

Undisclosed use of Al tools may lead to manuscript rejection,
retraction, or a ban on future submissions.

¢ Policy Review and Updates
This policy will be reviewed and revised periodically to reflect
advances in generative Al technology and publication ethics.

Editorial Responsibilities

Editorial board will continuously work for monitoring/safe-
guarding publication ethics: guidelines for retracting articles;
maintenance of the integrity of the academic record; preclu-
sion of business needs from compromising intellectual and
ethical standard; publishing corrections, clarifications, retrac-
tions and apologies when needed; no plagiarism, no fraudu-
lent data. Editors are always keeping following responsibili-
ties: responsibility and authority to rejected/ accept article;
no conflict of interest respect to articles they reject/ accept;
acceptance of a paper when reasonably certain; promoting
publication of correction or retraction when errors are found;
preservation of anonymity of reviewers.

COPYRIGHTS, OPEN ACCESS, OPEN DATA,
ARCHIVING, AND DEPOSIT POLICY

Copyrights

The manuscript, when published, will become the property of
the journal. Copyrights of all published materials are owned
by the Korean Headache Society. All authors must sign the
Transfer of Copyright Agreement when they submit their
manuscript. Copyright transfer agreement form (https://
e-hpr.org/authors/copyright_transfer_agreement.php).
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Open Access Policy

Headache and Pain Research is an Open Access journal dis-
tributed under the terms of the Creative Commons Attribu-
tion Non-Commercial License (https://creativecommons.
org/licenses/by-nc/4.0/) which permits unrestricted
non-commercial use, distribution, and reproduction in any
medium, provided the original work is properly cited. Au-
thor(s) do not need to be permitted for use of tables or figures
published in Headache and Pain Research in other journals,
books, or media for scholarly and educational purposes. This
is in accordance with the Budapest Open Access Initiative
definition of open access. It also follows the open access poli-
cy of PubMed Central at the United States National Library of
Medicine (NLM) (https://www.ncbi.nlm.nih.gov/pmc/).

Open data policy

For clarification on result accuracy and reproducibility of the
results, raw data or analysis data will be deposited to a public
repository or Headache and Pain Research homepage after
acceptance of the manuscript. If the data is already a public
one, its URL site or sources should be disclosed. The data will
not be made publicly available; if it is made available by spe-
cial request to the corresponding author, this will be stated.

Archiving Policy

According to the deposit policy (self-archiving policy) of Sher-
pa/Romeo (https://www.sherpa.ac.uk), authors can archive
preprint (i.e., pre-refereeing) or postprint (i.e., final draft

post-refereeing). Authors can archive publisher’s version/PDE

GUIDELINES FOR MANUSCRIPT FORMATTING

1. General Guidelines

« The manuscript must be written in English.

e 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.

» 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.

« The authors should not number the pages or the lines. The
page and line numbers will automatically be generated
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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.

¢ 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.

« 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).

Headache and Pain Research recommends compliance with

some or all of the following guidelines.

- CONSORT for reporting of randomized controlled trials
(http://www.consort-statement.org)

- STARD for reporting of diagnostic accuracy studies (http://
www.stard-statement.org)

- STROBE for reporting of observational studies in epidemi-
ology (http://www.strobe-statement.org)

- PRISMA for reporting of systematic reviews (http://www.
prisma-statement.org)

- MOOSE for reporting of Meta-analyses of observational
studies (https://jamanetwork.com/journals/jamasurgery/
article-abstract/2778476)

- CARE for reporting of clinical cases (https://www.care-state-
ment.org)

- AGREE for reporting clinical practice guidelines (http://www.
agreetrust.org/resource-centre/agree-reporting-checklist/)

- ARRIVE for reporting of animal pre-clinical studies (https://

arriveguidelines.org/arrive-guidelines)
« Please also refer to the most recent articles published in
Headache and Pain Research for style.

2. Main Document

¢ 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).

* 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
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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
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.

¢ 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

o 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
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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.

« 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

« 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

o 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.

« The results of previous relevant studies should not be men-



tioned repeatedly, but any concordance or discordance
should be noted.

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

« 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

« State any potential conflict of interest that could influence
the authors’ interpretation of the data, such as financial sup-
port from or connections to pharmaceutical companies, po-
litical pressure from interest groups, or academically related
issues.

Acknowledgments and Author Contribution

¢ All persons who have made substantial contributions but
have not met the criteria for author- ship are acknowledged
here. All sources of funding applicable to the study should
be explicitly stated here.

e What authors have done for the study should be described
in this section. To qualify for authorship, all contributors
must meet at least one of the seven core contributions by
CRediT (conceptualization, methodology, software, valida-
tion, formal analysis, investigation, data curation), as well
as at least one of the writing contributions (original draft
preparation, review and editing). Contributions will be pub-
lished with the final article, and they should accurately re-
flect contributions to the work. The submitting author is re-
sponsible for completing this information at submission,
and it is expected that all authors will have reviewed, dis-
cussed, and agreed to their individual contributions ahead
of this time.

References
« In the text, references should be cited using superscript Ara-

1,23 *%) and numbered in the order cited.

bic numerals (e.g.,
« In the references section, the references should be num-
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.

« 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).

« 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.
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- Online book or Website
Foley KM, Gelband H, editors. Improving palliative care for
cancer [Internet]. National Academy Press; 2001 [cited
2002 Jul 9]. Available from: https://www.nap.edu/cata-
log/10149/improving-palliative-care-for-cancer

Tables

« 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.

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

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

e 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.

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

Figure Legends

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

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

Figures

o 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.

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

» 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
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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

 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

« 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.

o 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-
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dundancy, emphasize the central message, and provide only
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

« 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 10 references. A maximum of 2
figures including tables is allowed.

2.3.5. Editorials

o Editorials are submitted or invited by the editor and should
be commentaries on articles in the recent issues. Editorial
topics could include active areas of research, fresh insights,
and debates in all fields considered to be of interest to Head-
ache and Pain Research readers. Editorials should not ex-
ceed 1,000 words, excluding references, tables, and figures.
References should not exceed 10. A maximum of 3 figures
including tables is allowed.

2.3.6. Perspective
e 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).

« Little or no new original information is included, and there is
limited literature analysis. A perspective is a report of the au-
thors’ viewpoint on a specific subject of interest to our read-
ers as a commissioned paper at the request of the editor(s).

Table 1. Specification for publication types

Type of article Abstract (word) (ﬁﬁ)a) Reference %lg)llif(
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 10 2
Editorial Not required 1,000 10 3
Perspective Not required 1,500 10 3

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

REVIEW PROCESS AND MANUSCRIPT DECISION

« 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.
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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.

» 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.

¢ 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.

« 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

« 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.

« 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

X www.e-hpr.org

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.

« 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.

« 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-

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.
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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

(0 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.

« 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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