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Beyond the Pain: Rethinking Migraine Care with the

RELIEF PLAN Approach

Sanghyo Ryu

Dr. Ryu’s Neurology Clinic, Busan, Republic of Korea

Recent articles in this issue of Headache and Pain Research
have shed light on the complex nature of migraine, high-
lighting the need for a multifaceted approach to its under-
standing and management.' Migraine affects approximate-
ly 1.1 billion people worldwide and continues to be one
of the most disabling neurological conditions. The Global
Burden of Disease studies have highlighted its substantial
impact, ranking it as the second highest contributor to
years lived with disability, with a particularly significant
effect on women in their prime working years.”

Despite its significant contribution to disability-adjust-
ed life years, especially among women and young adults,
migraine frequently fails to receive the recognition given
to other chronic conditions. This leads to its widespread
trivialization and misunderstanding. The lack of aware-
ness highlights the urgent need for improved public health
initiatives aimed at enhancing understanding and recogni-
tion of the true impact of migraine.

The articles explore several dimensions of migraine
pathology, treatment, and public perceptions. One study
discusses the genetic, biological, and environmental fac-
tors contributing to migraine, supporting the view that
migraine is not merely a headache but a complex disorder
requiring a biopsychosocial approach for effective man-
agement. This aligns with the growing body of evidence
linking potentially traumatic experiences occurring before

the age of 18, including abuse, neglect, or household dys-
function, with the development of chronic migraines.”’

Another contribution examines the evolution of mi-
graine treatment, moving from the vascular theory to rec-
ognizing neural circuit dysfunction as the primary factor.
The discovery of key players, such as calcitonin gene-re-
lated peptide, in migraine mechanisms has transformed
therapeutic strategies, emphasizing the need for early de-
tection and intervention to prevent progression to chronic
or medication-overuse headaches.

In Korea, cultural and linguistic barriers complicate the
recognition of migraines. An article addresses the term “H
55" (one-sided headache), which contributes to wide-
spread misunderstandings about the nature of migraines.
It cites a survey that shows a significant portion of the pop-
ulation harbors misconceptions about the characteristics
and treatment of migraines, underscoring the need for im-
proved public education.’

To address these issues, I propose the “RELIEF PLAN"
approach to migraine management:

¢ R - Recognize adverse childhood events: Acknowledge

the role of early trauma.’

¢ E - Educate the family: To change perceptions and pro-

vide support.’

o L - Lifestyle modifications: Incorporate non-pharma-

cological interventions."
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o I - Identify triggers: Tailor trigger management to the

individual.’

« E - Early detection and intervention: Prevent chronicity

through timely action.”

« F - Foster regular visits: Ensure ongoing care and re-

search participation.’

o P - Plan for the future: Develop strategies to reduce so-

cietal burden.’

This editorial advocates for a future in which migraines
are treated with the complexity and attention they deserve.
Itis informed by the latest research published in this issue,
which calls for a holistic approach to care, education, and
policy.
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Exploring Secondary Headaches: Insights from
Glaucoma and COVID-19 Infection

Soo-Kyoung Kim

Department of Neurology, Gyeongsang National University Hospital, Gyeongsang National University College of Medicine, Gyeongsang

Institute of Health Science, Jinju, Republic of Korea

Secondary headaches are clinically significant manifesta-
tions that often reflect underlying systemic or neurological
conditions. Two notable examples include headaches
associated with glaucoma and those related to systemic
infections, such as COVID-19. This editorial integrates
findings from recent studies to explore their clinical impli-
cations and pathophysiological mechanisms.

Recent research has identified associations between
primary headaches—migraine and tension-type head-
ache (TTH)—and primary glaucoma subtypes, including
open-angle glaucoma (OAG) and closed-angle glaucoma
(CAG). The study revealed that patients with migraine are
at a higher risk of developing OAG due to systemic vascu-
lopathy, while patients with TTH are more likely to expe-
rience CAG, which is linked to mechanical and structural
factors. These findings underscore the importance of vas-
cular and structural evaluations in managing patients with
primary headaches, as they may predispose individuals to
secondary complications such as glaucoma.'

Similarly, headaches have emerged as a common neu-
rological symptom during and after COVID-19 infections,
affecting approximately 25% of infected individuals.
These headaches often persist post-recovery, impacting
6%-45% of patients. Key mechanisms include cytokine
storms, where elevated inflammatory markers such as

interleukin-6 sensitize trigeminal pathways. Additionally,
SARS-CoV-2-induced endothelial dysfunction disrupts
the blood-brain barrier, and viral entry via ACE2 receptors
damages neuronal and glial cells. These mechanisms fre-
quently result in headaches that mimic migraines or TTH,
necessitating accurate diagnosis and appropriate interven-
tion.”

The overlapping vascular and inflammatory pathways
in these conditions highlight the importance of interdis-
ciplinary headache management. Regular neurological
evaluations for patients with glaucoma may help identify
coexisting headache disorders, while post-COVID-19
patients require persistent headache monitoring with
tailored interventions such as nonsteroidal anti-inflam-
matory drugs, calcitonin gene-related peptide antagonists,
or nerve blocks. For high-risk patients with glaucoma or
COVID-19-related neurological issues, early screening and
targeted neurological testing are essential. This includes
assessing anosmia or cognitive changes in COVID-19 pa-
tients and conducting vision tests, intraocular pressure
measurements, and ophthalmic ultrasound or tonometry
to screen for glaucoma. These measures facilitate early
identification and intervention, ensuring effective man-
agement with tailored treatments and non-pharmacolog-
ical approaches. Non-pharmacological strategies, such as
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lifestyle modifications, stress management, and dietary
adjustments, are particularly critical for patients experi-
encing prolonged headaches.

These secondary headaches underscore the intricate
relationship between systemic and neurological factors.
A deeper understanding of their mechanisms supports
improved diagnosis and treatment, ultimately alleviating
headache symptoms. This approach not only improves
patient management but also advances our knowledge of
headache-related pathophysiology.

AVAILABILITY OF DATA AND MATERIAL

The data presented in this study are available upon rea-
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Abstract

Purpose: The aim of this clinical practice guideline (CPG) from the Korean Headache Society is to provide evidence-based
recommendations on the pharmacologic treatment for migraine prevention in adult migraine patients.

Methods: The present CPG was developed based on the guideline adaptation methodology through a comprehensive sys-
tematic search for literature published between January 2012 and July 2020. The overall quality of the CPGs was assessed
using the Korean version of the Appraisal of Guidelines for Research and Evaluation Il tool. High-quality CPGs were adapted
to make key recommendations in terms of strength (strong or weak) and direction (for or against).

Results: The authors selected nine available high-quality guidelines throughout the process of assessment of quality. Regard-
ing oral migraine preventive medications, propranolol, metoprolol, flunarizine, sodium divalproex, and valproic acid are recom-
mended to adult patients with episodic migraines based on high-quality evidence (“strong for”). Topiramate can be recom-
mended for either episodic or chronic migraine (“strong for”). For migraine prevention using calcitonin gene-related peptide
monoclonal antibodies, galcanezumab, fremanezumab, erenumab, and eptinezumab are recommended for adult patients
with either episodic or chronic migraine on the basis of high-quality evidence (“strong for”). OnabotulinumtoxinA is recom-
mended for adult patients with chronic migraine based on high-quality evidence (“strong for”). Last, frovatriptan, naratriptan,
and zolmitriptan are recommended for short-term prevention in women with menstrual migraine (“strong for”).

Conclusion: In the present CPG, the authors provide specific, straightforward, and easy-to-implement evidence-based recom-

mendations for pharmacologic migraine prevention. Nevertheless, these recommendations should be applied in real-world
clinical practice based on optimal individualization.

Keywords: Appraisal of Guidelines for Research and Evaluation I, Calcitonin gene-related peptide, Guideline, Migraine, Pre-
vention
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INTRODUCTION

Migraine is a common cycling brain disorder that can be
characterized of recurrent episodic disabling headache at-
tacks.' Migraine affects an estimated more than 12% of the
population worldwide, and the prevalence of migraine in
Korea was estimated to be 6% (3% in men and 9% in wom-
en).”’ Since the prevalence of migraine is highest amongst
individuals aged 20 to 50, migraine attacks can result in
headache-related disability and negative impact on social
and occupational function in daily lives, particularly in
young and middle-aged population.

For a subset of migraineurs, episodic migraine (EM)
attacks may be more frequent over time, which can sub-
stantially increase the burden of migraine. In terms of the
frequency of monthly migraine days (MMDs) and monthly
headache days (MHDs), migraine diagnosis can be con-
ceptualized and subdivided into EM and chronic migraine
(CM) as a disease spectrum.” CM is defined as having >8
MMDs and =15 MHDs for at least 3 months, while EM hav-
ing <15 MHDs. CM and EM patients with frequent head-
aches generally require preventive therapy to reduce the
frequency, duration, or severity of migraine attacks and to
reinforce the efficacy of acute (abortive) therapy. Success-
ful preventive therapy reportedly has potential to improve
quality of life and reduce migraine-related medical cost.

The purpose of this clinical practice guideline (CPG) is
globally to provide evidence-based recommendations on
pharmacologic treatment for migraine prevention to guide
clinicians treating patients with EM, CM, and menstrual
migraine and pregnant women. The CPG committee of
the Korean Headache Society (KHS) recommends that mi-
graine prevention based on the recommendations of this
CPG should be cooperatively determined by healthcare
providers and patients.

MATERIALS AND METHODS
1. Design and participants

The present CPG was based on guideline adaptation
methodology and developed using the Grading of Recom-
mendations Assessment, Development and Evaluation
(GRADE) system.’ The development working group (DWG)
in the CPG Committee of the KHS included 16 neurolo-
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gists who had specialty and interest in headache disorders
and one KHS guideline methodologist. The members of
DWG developed key question (KQ) that were clinically
essential for migraine prevention in patients with EM, CM,
and menstrual migraine, using the framework of Patient;
Intervention; Comparison and Outcome (PICO) question.’
The CPG oversight committee approved the composition
of the working group and development of evidence-based
recommendations with respect to the PICO KQs. All CPG
committee members were required to disclose any conflict
of interest that may potentially affect their participation
and work. The DWG members have regularly communi-
cated using e-mail and online conference during the CPG
development period.

2. Patient; Intervention; Comparison and Outcome
key questions

First, the DWG set the patient as adult patients with mi-
graine (EM, CM, pregnancy, and menstrual migraine).
Next, regarding the intervention and comparison, a sys-
tematic review of literature aimed to focus on pharma-
cologic treatments for migraine prophylaxis. Non-phar-
macologic treatments and neuromodulation were not
considered for intervention. The migraine prophylactics
selected were as follows: beta-blockers (KQ 3), calcium
channel blockers (KQ 4), angiotensin receptor blockers
(KQ 5), angiotensin-converting enzyme inhibitors (KQ 5),
antidepressants (KQ 6), antiseizure medications (KQ 7 and
9), calcitonin gene-related peptide (CGRP) monoclonal
antibodies (mAbs) (KQ 8 and 12), botulinum toxin (KQ 11),
and triptans (KQ 14). Last, outcome was determined by
clinical improvement, in terms of reduction of number of
MMDs, MHDs, and menstrual migraine days and propor-
tions of 50% reduction of MMDs and/or MHDs. In this re-
gard, the DWG discussed and settle search terms for each
KQ. Consequently, the DWG proposed 16 PICO KQs relat-
ed to pharmacologic treatment of EM, CM, and menstrual
migraine. The CPG oversight committee reviewed the
proposed PICO KQs. Then, these were revised according
to advice from the CPG oversight committee. Finally, the
PICO KQs were approved by the CPG oversight committee.



Kimetal. Guideline for Migraine Prevention

3. Search and selection of literature

The KHS guideline methodologist conducted comprehen-
sive search for the systematic review of literature to answer
the KQs (Figure 1). Based on the fact that the American
Headache Society (AHS) and American Academy of
Neurology (AAN) jointly published CPGs on migraine
prevention in 2012, we searched literature published be-
tween January 1, 2012, and July 1, 2020, throughout data-
bases (Guideline international network, Ovid MEDLINE/
EMBASE, Cochrane library, and KoreaMed), using the
key search terms migraine, prevention, prophylaxis, and
treatment. The literature search process was conducted
separately for each KQ using a search equation that includ-
ed the relevant prophylactic agent. We considered only
studies involving adult patients (>18 years) with the full
article available in English. Two or more DWG members
assigned to each KQ independently screened titles and
abstracts from the primary literature identification. All dis-
agreements were discussed between the two members or
by a third DWG member to reach a consensus. If we could
not find an answer to the KQs in the guidelines, we tried
to answer the KQs through discover new evidence with
recency search of systematic reviews, meta-analyses, and
randomized controlled trials (RCTs). Likewise, if we could
not find an answer again, we searched and reviewed non-
RCT, cohort study, case-control study, case series (single
arm before-after study), cross-sectional study, case report,
and expert opinion.

Of the guidelines and studies retrieved, the following se-
lection criteria were applied for inclusion in quality assess-
ment of evidence: 1. included PICOs that aligned with the
KQs; 2. were peer-reviewed; 3. were published in English; 4.
used evidence-based methodology; and 5. were published
after 2012. Subsequently, a total of 19 guidelines that met
the inclusion criteria were retrieved during the compre-
hensive literature search.””

4. Analysis of evidence and recommendations

Regarding assessment of quality of those guidelines, two
DWG members were assigned to each guideline, and they
independently rated the score of each retrieved guideline
using the Appraisal of Guidelines for Research and Eval-
uation (AGREE) II framework.”"** AGREE II consists of 23

items in six domains and two overall assessments. Con-
sequently, of the 19 guidelines, we excluded 10 guidelines
that scored less than 60% in the domain 3. Rigour of devel-
opment (Table 1).

Formulation of 16 key PICO
questions
Episodic migraine
Chronic migraine
Pregnant women
Menstrual migraine

A4

Comprehensive search for CPGs

A4

Assessment of quality of CPGs

(AGREE 1)
v Assessment of quality
. ) . 1. AMSTAR
Making evidence tables (SIGN) |« 2 Cochrane RoB
3. RoBANS
A
v Literature search for

recent evidence

Is the evidence enough to 1. Systematic review

answer the KQ? No

A4

2.RCT

3. Observational study

Yes

A4

Determination of level
of evidence, drafting
recommendation (GRADE)

A4

Consensus, review, and revision

A4

Publishing

Figure 1. Flowchart of the development of this clinical practice
guideline on pharmacologic treatment for migraine prevention.
PICO, Patient; Intervention; Comparison and Outcome; CPG,
clinical practice guideline; AGREE I, Appraisal of Guidelines for
Research and Evaluation II; SIGN, Scottish Intercollegiate Guide-
lines Network; KQ, key question; GRADE, Grading of Recommen-
dations Assessment, Development and Evaluation; AMSTAR, A
MeaSurement Tool to Assess systematic Reviews; RoB, risk of
bias in randomized trials; ROBANS, Risk of Bias Assessment Tool
for Nonrandomized Studies; RCT, randomized controlled trial.
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Table 1. Quality assessment of clinical practice guidelines on migraine prevention using the AGREE Il framework

. . o Domain 1: Domain 2: ngain 3: Domgin 4. Domain 5: meaih 6: Overall
Clinical practice guideline Scope and Stakeholder Rigour of Clarity o_f Aoplicabilit Editorial inde- assessment
purpose involvement development presentation pp y pendence
2012 AHS/AAN® 94.4 778 88.5 91.7 79.2 100.0 875
2012 Canadian Headache Society’ 100.0 94.4 96.9 100.0 91.7 100.0 95.8
2012 Croatian Medical Association™’ 52.8 472 32.3% 69.4 14.6 0.0 66.7
2012 Danish Headache Society"" 91.7 66.7 24.0% 75.0 20.8 100.0 58.3
2012 SFEMC" 778 778 76.0 91.7 43.8 87.5 83.3
2012 SISC* 63.9 55.6 60.4 88.9 31.3 66.7 75.0
2013 IcsI™ 94.4 86.1 90.6 86.1 64.6 95.8 95.8
2015 NICE™ 50.0 50.0 31.3* 722 16.7 0.0 41.7
2016 AAN™® 80.6 44.4 41.7% 50.0 0.0 100.0 70.8
2019 AHS" 63.9 63.9 46.9% 69.4 45.8 45.8 54.2
2017 RSSHA™® 61.1 52.8 34.4% 47.2 50.0 58.3 333
2020 EAN" 97.2 58.3 74.0 97.2 458 83.3 66.7
2019 EHF*° 97.2 61.1 81.3 94.4 50.0 66.7 75.0
2019 Spanish Society of Neurology”* 16.7 222 7.3*% 13.9 16.7 66.7 41.7
2015 Alberta, Canada™ 66.7 44.4 51.0% 75.0 25.0 875 375
2018 EHF* 77.8 52.8 62.5 72.2 375 54.2 79.2
2018 EMA/EHF* 61.1 61.1 40.6* 52.8 54.2 79.2 62.5
2013 Latin American and Brazilian 66.7 44.4 35.4* 61.1 16.7 50.0 58.3
Headache Societies®
2018 SIGN™ 100.0 778 93.8 100.0 58.3 75.0 83.3

Values are average scores independently rated rated by two development working members using the AGREE Il framework.

AGREE, Appraisal of Guidelines for Research and Evaluation; AHS, American Headache Society; AAN, American Academy of Neurology; SFEMC, French So-
ciety for the Study of Migraine Headache; SISC, Italian Society for the Study of Headaches; ICSI, Institute for Clinical Systems Improvement; NICE, National
Institute for Health and Care Excellence; RSSHA, Russian Society for the Study of Headache; EAN, European Academy of Neurology; EHF, European Head-
ache Federation; EMA, European Medicines Agency; SIGN, Scottish Intercollegiate Guidelines Network.

*Guidelines that scored less than 60% in the domain 3. Rigour of development were excluded.

For each KQ, relevant studies were evaluated in terms of
level of evidence (LOE). In this regard, we used the grading
of the Agency for Healthcare Research and Quality, with
modifications, to define levels of evidence as follows: LOE
I, evidence obtained from meta-analysis or at least one
RCT; LOE I, evidence obtained from at least one well-de-
signed controlled study without randomization, or at least
one other type of well-designed quasi-experimental study;
LOE III: evidence obtained from well-designed non-exper-
imental descriptive studies, such as comparative studies,
correlation studies and case studies; and LOE IV, evidence
obtained from expert committee reports or opinions and/
or clinical experiences of respected authorities.”

Two or more DWG members drafted guidelines for each
PICO KQ. In this guideline, evidence-based recommen-
dation was proposed in terms of strength (strong or weak)
and direction (for or against) according to the GRADE
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methodology.” This strength of recommendation (SOR)
was determined on basis of quality of evidence, balance
scale between desirable and undesirable effects, values
and preferences, and resources (costs).

All DWG members reviewed the guideline document.
They made consensus according to the Delphi method.
The guideline was verified by external panels (2 family
physicians, 1 urologist, 1 anesthesiologist, 1 nurse, and 1
pharmacist).
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RESULTS

1. Key question 1. What factors should be consid-
ered for migraine prevention in adult patients with
episodic migraine?

1) Analysis of evidence

The recommendations related to this KQ in existing guide-
lines are all based on expert consensus, which means that
the LOE is low and clinical studies are difficult to con-
duct.”"*"*1" %

Existing guidelines summarize the important associated
factors to consider when initiating migraine prevention for
adult patients with EM: (1) headache frequency, (2) head-
ache intensity, (3) effectiveness of acute migraine treat-
ment. In addition, (4) the patient’s personal preferences
and (5) the physician’s individual judgment may also play
a role in the decision to initiate migraine prevention. In
particular, migraine prevention should be initiated when
there is a high risk of migraine chronification, (6) when
they experience frequent or incremental frequency of
migraine attacks, and (7) when they have comorbid med-
ication overuse headache (MOH). Migraine prevention
may also be considered even if the frequency of migraine
attacks is low, (8) the effectiveness of migraine acute treat-
ment is insufficient, or (9) migraine patients have contra-
indications to acute migraine treatment that preclude the
use of acute migraine treatment. Lastly, migraine preven-
tion may also be considered in (10) some patients whose
migraines are accompanied by neurologic disorders, such
as migraine with brainstem aura or hemiplegic migraine.

2) Recommendation

e Migraine prevention is recommended for patients with
migraine who experience meaningful disability from mi-
graine despite adequate attempts at lifestyle modification
and acute migraine treatment (LOE: IV, SOR: Strong for).

e Migraine prevention is recommended for migraine pa-
tient (1) if acute migraine treatment does not effectively
treat migraine or if they experience migraine-related
disability, even if the headache frequency is low, or (2) if
acute migraine treatment is effective but the headache
frequency is frequent (LOE: IV, SOR: Strong for).

o If migraine patient uses acute migraine medications
more than 10 to 15 days per month, migraine prevention

is recommended due to the risk of development of MOH
(LOE: 1V, SOR: Strong for).

« Migraine prevention may be considered if the migraine
patient prefers it, regardless of headache frequency, or
if the physician determines that migraine prevention is
clinically indicated (LOE: IV, SOR: Weak for).

» Migraine prevention may be considered if migraine pa-
tient has a medical contraindication to acute migraine
treatment (LOE: IV, SOR: Weak for).

2. Key question 2. How should discontinuation of
migraine prevention be decided in adult migraine pa-
tients?

1) Analysis of evidence

In line with the KQ 1, existing guidelines provide recom-
mendations for discontinuation of migraine prevention
based on expert opinion and are similarly worded.”"*""""*°
To determine the efficacy of migraine prevention of specif-
ic medication, guidelines recommend trying the optimal
or maximum tolerated dose for at least 2-3 months or 8
weeks.

The effectiveness of migraine prevention is considered
significant if it reduces the frequency of migraine episodes
by 50% or more. Even if migraine prevention does not
significantly reduce the frequency of migraine episodes,
it may be continued for a period of time and then slowly
tapered and discontinued if there are clinical findings of
reduced migraine-related disability, reduced pain intensity
or duration, or improved response to acute migraine treat-
ment. Guidelines recommend that migraine preventive
medications be maintained for 6 months to 1 year. In addi-
tion, it is consistently recommended that the effectiveness
of migraine preventive medications should be determined
solely by patient. In this regard, guidelines also emphasize
the significance of keeping a headache diary during mi-
graine prevention.

2) Recommendation

« The efficacy of migraine prevention in adult patients with
migraine can only be determined after at least 2 months
of use at the optimal or maximal tolerable dose (LOE: 1V,
SOR: Weak for).

« If migraine prevention is effective, it may be continued
for at least 3 months before a dose reduction or discon-
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tinuation is attempted. The duration of migraine preven-
tion is individualized for each patient, depending on the
frequency and intensity of headaches and the impact of
migraine on daily life (LOE: IV, SOR: Weak for).

o If migraine frequency increases after tapering or discon-
tinuation of migraine preventive medication, consider
increasing or restarting medication dose (LOE: IV, SOR:
Weak for).

 Keeping a headache diary is recommended to assess effi-
cacy, side effects, and adherence to migraine prevention
and to determine the duration of maintenance (LOE: IV,
SOR: Strong for).

3. Key question 3. Are beta-blockers effective in re-
lieving headache compared to other drugs, placebo,
or no treatment in adults with episodic migraine?

1) Analysis of evidence
Propranolol has been recommended as effective for mi-
graine prevention in all guidelines to date.””"*"*** In partic-

ular, propranolol and metoprolol are strongly recommend-
ed in most guidelines for migraine prophylaxis based on
the highest LOE. Atenolol and nadolol, on the other hand,
are rated as weakly recommended in most guidelines with
moderate quality evidence. In a recent meta-analysis, pro-
pranolol was reported to reduce the number of headache
days per month by 1.5 days at 8 weeks (95% confidence
interval [95% CI], -2.3 to -0.65), and to reduce headache
frequency by 50% at 12 weeks (relative risk, 1.4; 95% CI,
1.1-1.7)."

2) Recommendation

e Propranolol is recommended for use as migraine preven-
tion in adult patients with EM (LOE: I, SOR: Strong for).

e Metoprolol is recommended for use as migraine preven-
tion in adult patients with EM (LOE: I, SOR: Strong for).

« Atenolol may be considered for use as migraine preven-
tion in adult patients with EM (LOE: II, SOR: Weak for).

« Nadolol may be considered for use as migraine preven-
tion in adult patients with EM (LOE: II, SOR: Weak for).

« Nebivolol may be considered for use as migraine preven-

tion in adult patients with EM (LOE: II, SOR: Weak for).
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4. Key question 4. Are calcium channel-blockers
effective in relieving headache compared to other
drugs, placebo, or no treatment in adults with epi-
sodic migraine?

1) Analysis of evidence

Flunarizine is not marketed in the United States and was
not evaluated in the 2012 AHS/AAN guideline, but is rec-
ommended for use in migraine prevention guidelines in

#1326 The recommendation for flu-

many other countries.
narizine for migraine prevention is strongly recommend-
ed in Italy and Scotland, and weakly recommended in
Canada. Calcium channel blockers other than flunarizine
were not included in many guidelines, with cinnarizine,
nicardipine, and verapamil each receiving a recommen-
dation rating in one or two guidelines. Nimodipine and
nifedipine were only reviewed by the AHS and rated as
insufficient evidence. In a 2015 meta-analysis, flunarizine’s
effectiveness versus placebo in episodic migraine preven-
tion was demonstrated at 8 and 12 weeks (standardized
mean difference: -0.60 [95% CI, -1.20 to 0.00]; -0.84 [-1.34
to -0.34]), but not at 4 weeks (standardized mean differ-
ence: -0.27 [-0.76 to 0.23]).” However, a recently published
meta-analysis demonstrated the effectiveness of migraine
prevention of flunarizine even at 4 weeks.” In an analysis
of 5 placebo-controlled studies out of a total of 25 clinical
studies, flunarizine reduced migraine attacks by 0.4 mi-
graine attacks per week more than placebo when taken
for 4 weeks (mean difference: 95% CI, -0.61 to -0.26), with
a response rate 8.86 times higher than placebo (95% CI,
3.57-22.0).

2) Recommendation

« Flunarizine is recommended for use as migraine preven-
tion in adult patients with EM (LOE: I, SOR: Strong for).

« Cinnarizine may be considered for use as migraine pre-
vention in adult patients with EM (LOE: IV, SOR: Weak
for).

« Verapamil, nicardipine, nifedipine, and nimodipine are
not recommended for use as migraine prevention in
adult patients with EM (LOE: I, SOR: Strong against).
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5. Key question 5. Are angiotensin receptor blockers
or angiotensin-converting enzyme inhibitors effective
in relieving headache compared to other drugs, place-
bo, or no treatment in adults with episodic migraine?

1) Analysis of evidence

Candesartan and lisinopril are recommended in exist-
ing migraine prevention guidelines based on weak evi-
dence.””'*'*'"* Telmisartan is not recommended for use
(the 2012 AHS/AAN guideline) or is not included as a rec-

ommended agent in most guidelines.

2) Recommendation

e Candesartan may be considered for use as migraine
prevention in adult patients with EM (LOE: I, SOR: Weak
for).

« Lisinopril may be considered for use as migraine preven-
tion in adult patients with EM (LOE: IV, SOR: Weak for).

e Telmisartan is not recommended for use as migraine
prevention in adult patients with EM (LOE: I, SOR: Strong
against).

6. Key question 6. Are antidepressants effective in
relieving headache compared to other drugs, place-
bo, or no treatment in adults with episodic migraine?

1) Analysis of evidence
Previous guidelines suggested various antidepressants

with varying levels of recommendation.””"*"*'"*

In partic-
ular, amitriptyline is highly recommended in most guide-
lines for migraine prevention. Venlafaxine is recommend-
ed as a low-grade recommendation due to its relatively low
quality of evidence. Nortriptyline was only recommended
with a low recommendation in the 2013 Institute for Clini-
cal Systems Improvement guideline. Fluoxetine is not rec-
ommended or included as a recommended agent due to

conflicting studies.

2) Recommendation

o Amitriptyline is recommended for use as migraine pre-
vention in adult patients with EM (LOE: II, SOR: Strong
for).

o Nortriptyline may be considered for use as migraine pre-
vention in adult patients with EM (LOE: III, SOR: Weak
for).

« Venlafaxine may be considered for use as migraine pre-
vention in adult patients with EM (LOE: II, SOR: Weak
for).

« Fluoxetine may not be recommended for use as migraine
prevention in adult patients with EM (LOE: II, SOR: Weak
against).

7. Key question 7. Are antiseizure medications effec-
tive in relieving headache compared to other drugs,
placebo, or no treatment in adults with episodic mi-
graine?

1) Analysis of evidence
Topiramate was highly recommended in all migraine pre-
vention guidelines based on a strong LOE.””"*"""** Valpro-

ic acid was also recommended in most guidelines based
on higher levels of evidence. Gabapentin has a low LOE
and conflicting recommendations in the guidelines. Leve-
tiracetam and zonisamide have somewhat lower levels of
evidence or were not mentioned in most guidelines. How-
ever, recent systematic reviews and meta-analyses have
shown that levetiracetam effectively reduced the frequen-

% 1 evetiracetam should be used

cy of episodic migraine.
with caution due to side effects such as drowsiness and
psychotic symptoms. Zonisamide was not cited in pub-
lished guideline recommendations, but RCTs have shown
it to be effective in preventing migraine.” No studies have
compared zonisamide to placebo, but studies have com-

pared it to topiramate and valproic acid.”

2) Recommendation

« Topiramate is recommended for use as migraine preven-
tion in adult patients with EM (LOE: I, SOR: Strong for).

 Sodium divalproex and valproic acid are recommended
for use as migraine prevention in adult patients with EM
(LOE: 1, SOR: Strong for).

« Levetiracetam may be considered for use as migraine
prevention in adult patients with EM (LOE: I, SOR: Weak
for).

« Zonisamide may be considered for use as migraine pre-
vention in adult patients with EM (LOE: II, SOR: Weak
for).

e Gabapentin may not be recommended for use as mi-
graine prevention in adult patients with EM (LOE: II,
SOR: Weak against).
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3) Additional consideration

Divalproex sodium and valproic acid should be used with
caution in women of childbearing potential due to the risk
of teratogenicity, including neural tube defects, and are
contraindicated in pregnant patients. In addition, dival-
proex sodium and valproic acid may be restricted in wom-
en due to side effects such as weight gain and polycystic
ovary syndrome.

8. Key question 8. Are calcitonin gene-related pep-
tide monoclonal antibodies effective in relieving
headache compared to other drugs, placebo, or no
treatment in adults with episodic migraine?

1) Analysis of evidence

Despite the fact that activation of the trigeminal neurovas-
cular system is an important mechanism in the pathophys-
iology of migraine pain and that CGRP is the most import-
ant neurotransmitter involved in this activation, no specific
drugs had been developed to prevent migraine.'” Since late
2018, four mAbs targeting CGRP itself or its receptor have
been approved by the U.S. Food and Drug Administration.
These are erenumab, a mAb against the CGRP receptor,
and fremanezumab, galcanezumab, and eptinezumab,
mAbs against the CGRP ligand, and are the first preventive
medications to be developed based on the specific mech-
anism of migraine. These agents have been shown to be
effective, safe, and well-tolerated in well-designed clinical
studies and are highly anticipated as preventive medica-
tions for CM as well as EM.' CGRP mAbs are a recently
established class of agents that are not included in the
majority of previously published guidelines and are only
included in guidelines published after 2019. The European
Headache Federation (EHF) guideline suggested that gal-
canezumab, fremanezumab, and erenumab were strongly
recommended based on moderate to high quality evi-
dence, while eptinezumab was moderately recommended

20

based on low quality evidence.™ After the publication of
the EHF guideline, the results of an RCT of eptinezumab
were published, confirming the efficacy and safety of this
prophylactic treatment for EM.” Subsequently published
meta-analyses confirmed the effectiveness and safety of
CGRP mAbs compared to placebo, particularly for the only

intravenously administered agent, eptinezumab.” "’
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2) Recommendation

¢ Galcanezumab is recommended for use as migraine pre-
vention in adult patients with EM (LOE: I, SOR: Strong
for).

e Fremanezumab is recommended for use as migraine
prevention in adult patients with EM (LOE: I, SOR: Strong
for).

e Erenumab is recommended for use as migraine preven-
tion in adult patients with EM (LOE: I, SOR: Strong for).

« Eptinezumab is recommended for use as migraine pre-
vention in adult patients with EM (LOE: I, SOR: Strong
for).

9. Key question 9. Are antiseizure medications effec-
tive in relieving headache compared to other drugs,
placebo, or no treatment in adults with chronic mi-
graine?

1) Analysis of evidence

Topiramate has the highest LOE for oral migraine preven-
tive medication of CM, with proven effectiveness in the
CM patients with or without comorbid MOH.""""** Other
antiseizure medications of choice for the prevention of CM
include sodium valproate and gabapentin, but the quality
of evidence is low. Antiseizure medications used to prevent
migraines are generally effective at lower doses than those
used for anticonvulsants. Topiramate has been shown to
be an effective prophylactic agent in the prophylaxis of CM
in two RCTs in patients with CM and has been accepted as
an effective prophylactic agent in CM with MOH. Valproic
acid has relatively limited research in CM. In an RCT of pa-
tients with chronic daily headache, including CM, sodium
valproate 500 mg twice daily improved headache frequen-
cy and intensity, with more improvement in the CM group
than in the chronic tension-type headache group.

2) Recommendation

« Topiramate is recommended for use as migraine preven-
tion in adult patients with CM (LOE: I, SOR: Strong for).

« Sodium divalproex and valproic acid may be considered
for use as migraine prevention in adult patients with CM
(LOE: 11, SOR: Weak for).

3) Additional consideration
Divalproex sodium and valproic acid should be used with
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caution in women of childbearing potential due to the risk
of teratogenicity, including neural tube defects, and are
contraindicated in pregnant patients. In addition, dival-
proex sodium and valproic acid may be restricted in wom-
en due to side effects such as weight gain and polycystic
ovary syndrome.

10. Key question 10. Are beta-blockers, calcium
channel-blockers, angiotensin receptor blockers,
or antidepressants effective in relieving headache
compared to other drugs, placebo, or no treatment in
adults with chronic migraine?

1) Analysis of evidence

There is very limited research on preventive medications
in CM patients. Furthermore, even when studies include
patients with CM, chronic daily migraine, and mixed
(chronic+episodic) migraine, the only medications stud-
ied are beta-blockers and antidepressants. However, even
for these agents, the evidence is lacking, as there are no
well-designed RCTs.

2) Recommendation

e Because EM and CM are on the same spectrum, clini-
cians may consider selecting agents based on the level
of recommendation for EM, assuming that preventive
agents that are effective in EM will also be effective in
CM. (LOE: IV, SOR: Weak for).

11. Key question 11. Is onabotulinumtoxinA effec-
tive in relieving headache compared to other drugs,
placebo, or no treatment in adults with chronic mi-
graine?

1) Analysis of evidence

OnabotulinumtoxinA has been shown to be effective in the
preventive treatment of CM.""***° In an RCT (PREEMPT I),
there was no significant difference in headache frequency
between the onabotulinumtoxinA and placebo groups,
but there was a significant reduction in headache days and
migraine days. In another RCT (PREEMPT II), onabotu-
linumtoxinA reduced the total number of headache days
compared to placebo, and also significantly reduced the
number of migraine days, severe headache days, and the
total number of hours of headache per month, the propor-

tion of patients with severe Headache impact test-6 scores,
and the frequency of headache attacks. Onabotulinumtox-
inA also significantly reduced disability and significantly
improved quality of life compared to placebo. Onabotu-
linumtoxinA has the disadvantage of having to be inject-
ed in multiple areas, and the side effects of having some
injections in the facial area. However, it is an effective
preventive treatment that can be used when oral migraine
preventive medications are not tolerated due to side effects
or when oral migraine preventive medications are insuffi-
ciently effective.

2) Recommendation

¢ OnabotulinumtoxinA is recommended for use as mi-
graine prevention in adult patients with CM (LOE: I, SOR:
Strong for).

12. Key question 12. Are calcitonin gene-related
peptide monoclonal antibodies effective in relieving
headache compared to other drugs, placebo, or no
treatment in adults with chronic migraine?

1) Analysis of evidence

The use of CGRP mAbs in patients with CM was recom-
mended by the AHS statement and recommended in the
2019 EHF guideline."”” The EHF guideline states that
CGRP mAbs for the prophylaxis of CM is effective and
safe based on the results of four RCTs of galcanezumab,
fremanezumab, and erenumab. Subsequently published
meta-analyses have also shown supportive results for pre-
ventive effectiveness in CM."" Following the publication of
the EHF guideline, the results of an RCT of the remaining
CGRP monoclonal antibody, eptinezumab, were pub-
lished, confirming the efficacy and safety of prophylactic
treatment for CM."

2) Recommendation

¢ Galcanezumab is recommended for use as migraine pre-
vention in adult patients with CM (LOE: I, SOR: Strong
for).

« Fremanezumab is recommended for use as migraine pre-
vention in adult patients with CM (LOE: I, SOR: Strong
for).

e Erenumab is recommended for use as migraine preven-
tion in adult patients with CM (LOE: I, SOR: Strong for).
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« Eptinezumab is recommended for use as migraine pre-
vention in adult patients with CM (LOE: I, SOR: Strong
for).

13. Key question 13. Is pharmacological treatment
effective in relieving headache compared to other
drugs, placebo, or no treatment in pregnant women
with migraine?

1) Analysis of evidence
Preventive migraine medications should be avoided in
pregnant women due to the potential teratogenic effects

on the fetus.”>"****

Particular care should be taken during
the first trimester of pregnancy, as the risk of malforma-
tions is higher. Migraines often resolve spontaneously
in the second and third trimesters, so starting migraine
preventive medications in the first trimester should be
avoided except in exceptional circumstances. It is import-
ant to educate and reassure patients that pregnancy has a
positive effect on migraine relief. Avoiding migraine trig-
gers and making lifestyle modifications that help prevent
migraines, such as drinking plenty of fluids, eating regu-
larly, and getting regular sleep, should be prioritized. In
addition, migraine abortive medications that are relatively
safe and only used during migraine attacks or non-phar-
macologic migraine prevention should be prioritized over
long-term use of migraine preventive medications."*"’

There are no RCTs to guide the choice of migraine pre-
vention in pregnant women, and the authors of the various
articles are often inconsistent in their recommendations.
If it is necessary to start migraine prevention in a pregnant
woman, the risks of the medication should be discussed
with her. The medication should be used in minimal doses
and for as short a period of time as possible. If the use of
migraine preventive medications is essential in pregnant
women, oral magnesium, propranolol, metoprolol, and
tricyclic antidepressants may be considered.”'*"

All antiseizure medications used for migraine preven-
tion are not recommended due to the risk of fetal mal-

formations.”"”*°

Divalproex sodium and valproic acid are
classified as pregnancy drug safety class X and should be
avoided in pregnant women due to their teratogenicity for
neural tube defects. Valproic acid should also be avoided
in all women of childbearing potential who may become

pregnant, even if the pregnancy is not planned. If an un-
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planned pregnancy occurs while taking valproic acid/
divalproex sodium, it should be discontinued as soon as
possible. Topiramate increases the risk of cleft palate to the
fetus when taken in the first trimester of pregnancy. When
used in combination with valproic acid, there is a risk of
encephalopathic malformations. Therefore, topiramate
should be avoided or used with caution in pregnant wom-
en or women who may become pregnant.

2) Recommendation

« Pharmacologic treatment is not recommended for use as
migraine prevention in pregnant women with migraine
(LOE: 1V, SOR: Strong for).

e Pharmacologic treatment for migraine prevention may
be considered if the risk to the mother and fetus from mi-
graine symptoms is determined to be significantly higher
than the risk from the pharmacologic treatment (LOE: 1V,
SOR: Weak for).

¢ Sodium divalproex and valproic acid are not recom-
mended for use as migraine prevention in pregnant
women with migraine (LOE: III, SOR: Strong against).

e Topiramate is not recommended for use as migraine
prevention in pregnant women with migraine (LOE: III,
SOR: Strong against).

14. Key question 14. Are triptans effective as short-
term prevention in relieving headache compared to
other drugs, placebo, or no treatment in women with
menstrual migraine?

1) Analysis of evidence

Patients with menstrual migraine can be categorized into
pure menstrual migraine, in which migraine attacks oc-
cur only during menstruation but not on other days, and
menstrual-related migraine, in which migraine attacks
occur both during menstruation and on other days. These
patients may be considered for short-term prevention fo-
cused on the menstrual cycle rather than the usual ongo-
ing migraine prevention.

To date, frovatriptan, naratriptan, and zolmitriptan are
the drugs that have been reported in RCTs for the short-
term prevention of menstrual migraine. In several guide-
lines, frovatriptan is strongly recommended as a high LOE
for the short-term prevention of menstrual migraine, and
naratriptan and zolmitriptan are also recommended for
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Figure 2. Heat map summarizing the evidence-based recommendations on pharmacologic treatment for migraine prevention.
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Table 2. Range of the daily administration dose or single injection dose and common adverse events of migraine preventive medica-

tions

Medication

Range of daily dose or single
injection dose (mg)

Adverse events

Beta-blockers

Fatigue, dizziness, depression, and vivid dreams
Fatigue, dizziness, depression, and vivid dreams

Fatigue, dizziness, depression, vivid dreams, dyspnea, bradycardia, palpita-
tion, and vomiting

Fatigue, dizziness, depression, vivid dreams, dyspnea, bradycardia, palpita-
tion, and vomiting

Headache, dizziness, dysesthesia, nightmare, gastrointestinal disorder, dys-
pnea, itching, and edema

Weight gain, somnolence, dry mouth, dizziness, hypotension, and depression
Weight gain, somnolence, dry mouth, dizziness, hypotension, and depression
Palpitation, edema, arrythmia, and rash

Constipation, facial flushing, helplessness, headache, myalgia, tremor, and
dizziness

Constipation, facial flushing, helplessness, headache, myalgia, tremor, and
dizziness

Gastrointestinal disorder, headache, dizziness, somnolence, and tremor

Hypotension and aggravation of congestive heart failure
Hyperkalemia, dizziness, hypotension, rash, and myalgia

Dizziness, headache, cough, fatigue, muscle cramps, diarrhea, and hypoten-
sion

Weight gain, dry mouth, somnolence, fatigue, helplessness, dizziness, blurred
vision, and constipation

Weight gain, dry mouth, somnolence, fatigue, helplessness, dizziness, blurred
vision, and constipation

Somnolence, insomnia, dizziness, headache, vomiting, dry mouth, anxiety,
and sexual dysfunction

Fatigue, vomiting, diarrhea, insomnia, loss of appetite, impotence, tremor,
anxiety, and restlessness

Paresthesia, fatigue, anorexia, diarrhea, weight loss, and difficulty with memory

Nausea, vomiting, weight gain, tremor, hair loss, somnolence, and dizziness

Nausea, vomiting, weight gain, tremor, hair loss, somnolence, and dizziness

Fatigue, helplessness, somnolence, myalgia, dizziness, diplopia, rash, and
cough

Weight loss, diplopia, visual disturbance, somnolence, ataxia, and abnormal
thinking

Propranolol 20-160
Metoprolol 50-200
Atenolol 50-200
Nadolol 40-160
Nebivolol 2.5-5.0
Calcium channel-blocker
Flunarizine 5-10
Cinnarizine 25-50
Verapamil 120-480
Nicardipine 40-80
Nifedipine 15-60
Nimodipine 90
Angiotensin receptor blockers and angiotensin-converting enzyme inhibitor
Candesartan 4-16
Telmisartan 40-80
Lisinopril 10-20
Antidepressants
Amitriptyline 2.5-50.0
Nortriptyline 25-150
Venlafaxine 37.5-150.0
Fluoxetine 10-80
Antiseizure medications
Topiramate 12.5-150.0
Sodium divalproex 250-1,500
Valproic acid 600-2,000
Levetiracetam 500-2,000
Zonisamide 100-600
Gabapentin 300-1,800

Calcitonin gene-related peptide monoclonal antibody

Galcanezumab

Fremanezumab

Erenumab

120 or 240 mg SC (monthly)

225 mg SC (monthly)
675 mg SC (quarterly)
70 or 140 mg SC (monthly)

Peripheral edema, dizziness, somnolence, ataxia, and weight gain

Injection site pain, injection site reaction, injection site erythema/pruritis,
upper respiratory tract infection, and constipation

Injection site pain, injection site reaction, injection site erythema/pruritis,
upper respiratory tract infection, and constipation

Injection site pain, injection site reaction, injection site erythema/pruritis,
upper respiratory tract infection, and constipation
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Table 2. Continued

Range of daily dose or single

Medication injection dose (mg)

Adverse events

Eptinezumab

100 or 300 mg IV (quarterly) Hypersensitivity, infusion site extravasation, upper respiratory tract infection,

and constipation

Botulinum toxin

OnabotulinumtoxinA 155-195 units IM (12-wk

Neck pain, muscular weakness, myalgia, injection site pain, and ptosis

Triptan sensation, dizziness, somnolence, fatigue, lethargy, headache, and

vomiting

Triptan sensation, dizziness, somnolence, fatigue, lethargy, headache, and

vomiting

interval)
Triptans
Frovatriptan 2.5-5.0
Naratriptan 1-2.0
Zolmitriptan 2.5-75

Triptan sensation, dizziness, somnolence, fatigue, lethargy, headache, and

vomiting

SC, subcutaneous; IV, intravenous; IM, intramuscular.

the short-term prevention of menstrual migraine based on
high LOE.”"*'"* The meta-analysis confirmed the efficacy
of frovatriptan, naratriptan, and zolmitriptan compared to
placebo, supporting the recommendations of these agents

in previously published guidelines."*"’

2) Recommendation

e Frovatriptan is recommended for use as short-term pre-
vention in women with menstrual migraine (LOE: I, SOR:
Strong for).

e Naratriptan is recommended for use as short-term pre-
vention in women with menstrual migraine (LOE: I, SOR:
Strong for).

o Zolmitriptan is recommended for use as short-term pre-
vention in women with menstrual migraine (LOE: I, SOR:
Strong for).

Conclusions

The CPG committee of the KHS compiled and analyzed
the evidence to provide specific, straightforward, and
easy-to-implement recommendations for pharmacologic
treatment of migraine prevention (Figure 2). Range of dai-
ly dose of oral migraine preventives and single injection
dose of injectable therapies were summarized in Table 2.
The authors hope that this guideline will be widely used
in a variety of settings, including real-world clinical prac-
tice and research, and that it will provide real benefit to
migraine patients. The specific recommendation for men-
strual migraine would be useful to satisfy unmet clinical

need of women with menstrual migraine.”
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Abstract

Migraine, a chronic neurological disorder, imposes a significant burden on individuals and healthcare systems globally. This
systematic review and meta-analysis evaluated the efficacy and safety of atogepant in preventing episodic migraine (EM) in
adults. A systematic search was conducted in four major databases (PubMed, Scopus, Web of Science, and Cochrane CEN-
TRAL) up to June 2024. The inclusion criteria targeted randomized controlled trials (RCTs) comparing atogepant to placebo or
standard care in patients with EM. Statistical analyses were performed using Review Manager (RevMan) software. Four RCTs
with 2,018 patients receiving atogepant and 761 patients receiving placebo or standard care were included. Atogepant signifi-
cantly reduced monthly migraine days compared to placebo at 10 mg daily (mean difference [MD], -1.16 days; 95% confi-
dence interval [95% Cl], -1.60 to -0.73), 30 mg daily (MD, -1.15 days; 95% Cl, -1.64 to -0.66), 60 mg daily (MD, -1.48
days; 95% Cl: -2.36 to -0.61 days), 30 mg twice daily (MD, -1.30 days; 95% Cl, -2.17 to -0.43), and 60 mg twice daily (MD,
-1.20 days; 95% Cl, -1.90 to -0.50). A 250% reduction in migraine days was frequently significantly achieved with atogepant
across all dosages. Atogepant was generally well tolerated, though it was associated with higher incidence rates of constipation
and nausea compared to placebo. Atogepant is an effective and well-tolerated option for preventing EM, offering patients a
noninvasive oral alternative to injectable therapies. Further research is warranted to explore its long-term safety and efficacy in
diverse patient populations and refine its role in this field.
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INTRODUCTION

Migraine is a prevalent neurological disorder that signifi-
cantly impacts quality of life. Episodic migraine (EM),
characterized by headache attacks occurring fewer than
15 days per month, often imposes a substantial burden on
patients, particularly when attacks are frequent and inade-
quately managed."” Despite advances in acute treatments,
many patients continue to experience recurrent migraines,
highlighting the need for effective preventive options.™

Currently available preventive therapies, such as be-
ta-blockers, anticonvulsants, and calcium channel block-
ers, often have limitations related to efficacy and tolerabil-
ity.”® These challenges and the lack of migraine-specific
mechanisms in older treatments underscore the necessity
for targeted approaches.

Recent advancements in understanding migraine mech-
anisms have identified calcitonin gene-related peptide
(CGRP) as a pivotal target in migraine pathogenesis. El-
evated CGRP levels during migraine attacks contribute
to vasodilation and neurogenic inflammation, processes
central to migraine development.”* Consequently, the de-
velopment of CGRP antagonists, including both injectable
monoclonal antibodies (e.g., fremanezumab, eptinezum-
ab, galcanezumab) and small-molecule CGRP receptor
antagonists known as “gepants” (e.g., atogepant), has rev-
olutionized preventive migraine treatment.” Among these,
atogepant, an orally active CGRP receptor antagonist,
represents a novel approach to EM prevention, offering
the advantages of targeting specific pathophysiological
mechanisms and accommodating patient preferences for

oral administration.'”"'

Its oral formulation addresses a key
patient preference for non-invasive treatment options, es-
pecially in comparison to injectables, which, despite their
efficacy, may pose compliance challenges."

Initial clinical studies have shown that atogepant sig-
nificantly reduces the frequency of migraine attacks in
patients with EM."*"
dividual trials are often limited by factors such as small

However, the conclusions from in-

sample sizes, differences in study designs, and variation
in outcome measures. Therefore, a comprehensive me-
ta-analysis is warranted to aggregate data across studies,
offering a more precise evaluation of atogepant’s efficacy
and safety profile. This meta-analysis addresses these gaps
by systematically evaluating the efficacy and safety of ato-
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gepant, offering robust evidence to support its role in EM
prevention.

By systematically assessing atogepant’s therapeutic
potential, this review seeks to contribute to clinical deci-
sion-making and optimize the management of migraine,
particularly for patients inadequately served by existing
preventive treatments. Furthermore, it aims to highlight
the limitations of previous analyses and clarify atogepants’
efficacy and safety across diverse patient populations,
guiding their future role in personalized migraine care.

METHODS

This systematic review and meta-analysis followed rigor-
ous methodology as outlined in the ‘Cochrane Handbook
for Systematic Reviews of Interventions’® and adhered to
the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines'’ to ensure transpar-
ency and reproducibility.

1. Search strategy and screening

A comprehensive search of four databases (PubMed, Sco-
pus, Web of Science, and Cochrane CENTRAL) was per-
formed up to June 5, 2024, using the search query: [(“ato-
gepant” OR “calcitonin gene-related peptide antagonists”
OR “CGRP antagonists”) AND (“migraine disorder” OR
“chronic migraine” OR “episodic migraine” OR “headache
disorders”)]. No filters were applied to ensure a broad cap-
ture of relevant studies. The search strategy was designed
to identify randomized controlled trials (RCTs) comparing
atogepant with placebo or standard care in patients diag-
nosed with EM. We aimed to include all RCTs, whether
open-label or double-blinded, to provide a comprehen-
sive evaluation of atogepant’s efficacy and safety profile in
EM prevention. The inclusion of an open-label study was
justified explicitly by its relevance to safety data and long-
term outcomes, which complemented the controlled trial
data and addressed existing gaps in the literature. This ap-
proach ensured a holistic and comprehensive review of all
available evidence regarding atogepant.

Two independent reviewers (A.M. and M.E.M.) screened
titles and abstracts using Rayyan software,'® with discrep-
ancies resolved by consensus and arbitration from a third
reviewer (A.M.A.). Studies that met the inclusion criteria
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progressed to full-text screening, and any conflicts were
further discussed to reach a final decision.

2. Data extraction

Two reviewers used Microsoft Excel 2021 (Microsoft) to
extract data independently, ensuring accuracy and com-
pleteness. Extracted data included:

o Study characteristics: study design, sample size, country,
duration, inclusion criteria, and key findings.

o Patient characteristics: demographics such as age, sex,
body mass index, and migraine duration.

« Risk of bias domains as outlined by the revised Cochrane
risk-of-bias tool (RoB-2).

« Efficacy outcomes: changes in monthly migraine days,
headache days, and acute medication use days, along
with the proportion of patients achieving a 250% reduc-
tion in monthly migraine days.

e Safety outcomes: adverse events (AEs) such as upper
respiratory tract infections (URTIs), nausea, constipa-
tion, nasopharyngitis, urinary tract infections (UTIs),
and fatigue, as well as serious adverse events (SAEs),
treatment-related AEs, and discontinuations due to AEs.
Discrepancies in data extraction were resolved through
discussion or consultation with a third reviewer.

3. Risk of bias assessment

Two authors independently assessed the risk of bias in
the included studies using the RoB-2." This tool evaluates
bias across five domains: randomization, deviations from
intended interventions, missing outcome data, measure-
ment of outcomes, and reporting bias. Each domain was
rated as low risk, some concerns, or high risk. If any do-
main showed a high risk or multiple domains showed con-
cerns, the study was considered at high risk of bias.

4, Statistical analysis

Data were analyzed using Review Manager (RevMan) soft-
ware.”’ Continuous outcomes (e.g., monthly migraine days,
headache days, and acute medication use days) were sum-
marized as mean differences (MD) with 95% confidence
intervals (CIs). For dichotomous outcomes (e.g., 250% re-
duction in migraine days and AEs), risk ratios (RR) or risk

differences (RD) were calculated with 95% CI.

Heterogeneity was assessed using the chi-square test,
with the extent of heterogeneity measured using the
I-squared (I?) statistic. A chi-square p-value less than 0.1
or an I greater than 50% indicated significant heterogene-
ity. In cases of significant heterogeneity, a random-effects
model was used; otherwise, a fixed-effects model was ap-
plied.”

Subgroup analyses were conducted to handle significant
heterogeneity and evaluate the efficacy of different atogep-
ant dosage levels (10 mg once-daily [QD], 30 mg QD, 60 mg
QD, 30 mg twice-daily [BID], and 60 mg BID) on primary
outcomes. Additionally, an overall analysis combining all
dosage groups was performed, following the Cochrane
Handbook’s recommended formula.” Given the limited
number of included studies (fewer than 10), publication
bias could not be formally assessed using funnel plots.”

RESULTS
1. Search and screening

The systematic search across four databases yielded 1,598
articles. After removing duplicates, 951 unique records
were identified. Title and abstract screening narrowed
these to 28 studies, and after full-text evaluation, four
RCTs'""'** met the inclusion criteria for this meta-analysis
(Figure 1).

2. Baseline characteristics

The included trials involved a total of 2,018 patients treat-
ed with atogepant and 761 patients in placebo or standard
care groups. The mean age across the studies was 41.3
years, with 312 males among the participants. Three of the
four trials were double-blinded and multicenter in design,
except for Ashina et al.,'" which was not double-blinded
and compared atogepant to standard care. The latter one
was included in this systematic review, not the analysis to
allow for consistent analysis of atogepant versus placebo.
All studies followed the diagnostic criteria for EM as de-
fined by the International Classification of Headache Dis-
orders, 3rd edition.” Study details are provided in Table 1.

www.e-hpr.org 23
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Figure 1. PRISMA flow diagram of study selection process.
WOS, Web of Science.

3. Risk of bias assessment

The ROB-2 tool was used to assess the risk of bias, and all
studies demonstrated a low risk. Each trial adequately im-
plemented randomization procedures, and no significant
deviations from the intended interventions were observed.
Details of the risk-of-bias assessment are included in Sup-
plementary Figure 1 (available online).

4. Mean difference in monthly migraine days

13,15,23

Three studies reported data on monthly migraine

days across varying atogepant doses (10 mg QD, 30 mg QD,

60 mg QD, 30 mg BID, and 60 mg BID).

e At 10 mg QD and 30 mg QD dosages: In two studies, ato-
gepant at 10 mg QD significantly reduced monthly mi-
graine days compared to placebo (MD: -1.16 days, 95%

CI: -1.60 to -0.73, p<0.00001), with no significant hetero-

24 www.e-hpr.org

geneity (p=0.83, I’=0%). Similarly, at 30 mg QD, there was
a significant reduction in migraine days (MD: -1.15 days,
95% CI: -1.64 to -0.66, p<0.00001), with low heterogene-
ity (p=0.21, I’=36%) (Figure 2).

» At 60 mg QD dosage: Three studies involving 553 patients
in the atogepant group and 547 in the placebo group re-
ported a significant reduction in migraine days for the 60
mg QD dosage (MD: -1.48 days, 95% CI: -2.36 to -0.61,
p=0.0009), though with moderate heterogeneity (p=0.008,
I’=79%) (Figure 2).

« At 30 mg BID and 60 mg BID dosages: In one study, ato-
gepant significantly reduced monthly migraine days at
both 30 mg BID (MD: -1.30 days, 95% CI: -2.17 to -0.43,
p=0.004) and 60 mg BID (MD: -1.20 days, 95% CI: -1.90 to
-0.50, p=0.0008) (Figure 2).

« Combined doses vs. placebo: The pooled analysis of the
four doses (10 mg QD, 30 mg QD, 60 mg QD, and 30 mg
BID) across three studies (n=1,430 atogepant, n=547 pla-
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Atogepant Placebo Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.4.1 10 mg/day
Ailani 2021 -3.7 2925 214 -25 2925 214 61.9% -1.20 [-1.75, -0.65] —i—
Goadsby 2020 -4 2877 92 -29 266 178 38.1% -1.10[-1.81, -0.39] — &
Subtotal (95% Cl) 306 392 100.0% -1.16 [-1.60, -0.73] <
Heterogeneity: Tau? = 0.00; Chi?2 = 0.05, df = 1 (P = 0.83); 12 = 0%
Test for overall effect: Z = 5.22 (P < 0.00001)
1.4.2 30 mg/day
Ailani 2021 -39 2986 223 -25 2925 214 50.0% -1.40[-1.95, -0.85] —i—
Goadsby 2020 -3.8 2698 182 -29 266 178 50.0% -0.90 [-1.45, -0.35] —i—
Subtotal (95% Cl) 405 392 100.0% -1.15[-1.64, -0.66] e =
Heterogeneity: Tau? = 0.05; Chiz = 1.57,df =1 (P = 0.21); I? = 36%
Test for overall effect: Z = 4.60 (P < 0.00001)
1.4.3 60 mg/day
Ailani 2021 -42 2979 222 -25 2925 214 37.2% -1.70 [-2.25, -1.15] —
Goadsby 2020 -36 266 177 -29 266 178 37.2% -0.70 [-1.25, -0.15] —
Tassorelli 2024 -42 4964 154 -19 4979 155 257% -2.30[-3.41,-119] — & —
Subtotal (95% ClI) 553 547 100.0%  -1.48 [-2.36, -0.61]

Heterogeneity: Tau? = 0.46; Chi? = 9.63, df = 2 (P = 0.008); I> = 79%
Test for overall effect: Z = 3.32 (P = 0.0009)

1.4.4 30 mg twice/day

Goadsby 2020 -42 355 79 -29 266 178 100.0%
Subtotal (95% CI) 79 178 100.0%
Heterogeneity: Not applicable

Test for overall effect: Z = 2.91 (P = 0.004)

1.4.5 60 mg twice/day

Goadsby 2020 41 279 87 -29 266 178 100.0%
Subtotal (95% ClI) 87 178 100.0%

Heterogeneity: Not applicable
Test for overall effect: Z = 3.34 (P = 0.0008)

-1.30 [-2.17, -0.43]
-1.30 [-2.17, -0.43]

-1.20 [-1.90, -0.50]
-1.20 [-1.90, -0.50]

Favours [Atogepant] Favours [Placebo]

Figure 2. Forest plot of mean differences in monthly migraine days for various dosages of atogepant.
SD, standard deviation; IV, inverse variance; Cl, confidence interval; df, degree or freedom.

cebo) demonstrated a significant reduction in monthly
migraine days compared to placebo (MD: -1.40 days, 95%
CI: -1.97 to -0.83, p<0.00001), with moderate heteroge-
neity (p=0.06, I’=64%) (Supplementary Figure 2, available
online).

5. Analysis of 2 50% reduction in monthly migraine
days

« At 10 mg QD and 30 mg QD dosages: Two studies'”"”
showed that both 10 mg QD and 30 mg QD dosages re-
sulted in a statistically significant number of patients
achieving >50% reduction in monthly migraine days
compared to placebo (RD: 0.23, 95% CI: 0.14-0.32,
p<0.00001 for 10 mg; RD: 0.22, 95% CI: 0.05-0.38, p=0.01
for 30 mg). The number needed to treat (NNT) was ap-
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proximately 5 for both doses (Figure 3).

¢ At 60 mg QD dosage: In three studies, the 60 mg QD dose
showed a significant effect (RD: 0.25, 95% CI: 0.12-0.39,
p=0.0001), with an NNT of 4 (Figure 3).

¢ At 30 mg BID and 60 mg BID dosages: One study found
that both 30 mg BID (RD: 0.18, 95% CI: 0.05-0.31,
p=0.008) and 60 mg BID (RD: 0.22, 95% CI: 0.09-0.34,
p=0.0007) significantly improved outcomes, with NNTs of
6 and 5, respectively (Figure 3).

« Combined doses vs. placebo: The pooled analysis re-
vealed that atogepant across all doses significantly
increased the proportion of patients achieving a >50%
reduction in migraine days (RD: 0.26, 95% CI: 0.15-0.36,
p<0.00001), with moderate heterogeneity (p=0.009,
I’=79%) (Supplementary Figure 3, available online).
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Atogepant Placebo

Study or Subgroup

Risk Difference
Events Total Events Total Weight M-H, Random, 95% CI

Risk Difference

M-H, Random, 95% CI

1.7.1 10 mg/day

Ailani 2021 119 214 62 214 60.5%
Goadsby 2020 53 92 72 178 39.5%
Subtotal (95% CI) 306 392 100.0%
Total events 172 134

Heterogeneity: Tau? = 0.00; Chi? = 1.47,df = 1 (P = 0.23); I = 32%
Test for overall effect: Z = 4.94 (P < 0.00001)

1.7.2 30 mg/day

Ailani 2021 131 223 62 214 51.2%
Goadsby 2020 97 182 72 178 48.8%
Subtotal (95% CI) 405 392 100.0%

Total events 228 134
Heterogeneity: Tau? = 0.01; Chi2 = 6.02, df =1 (P = 0.01); I =83%
Test for overall effect: Z =2.54 (P = 0.01)

1.7.3 60 mg/day

Ailani 2021 135 222 62 214 34.4%
Goadsby 2020 92 177 72 178 32.6%
Tassorelli 2024 78 154 28 155 33.0%
Subtotal (95% CI) 553 547 100.0%
Total events 305 162

Heterogeneity: Tau? = 0.01; Chi? = 10.99, df = 2 (P = 0.004); I> = 82%
Test for overall effect: Z = 3.81 (P = 0.0001)

1.7.4 30 mg twice/day

Goadsby 2020 46 79 72 178 100.0%
Subtotal (95% CI) 79 178 100.0%
Total events 46 72

Heterogeneity: Not applicable
Test for overall effect: Z = 2.67 (P = 0.008)

1.7.5 60 mg twice/day

Goadsby 2020 54 87 72 178 100.0%
Subtotal (95% CI) 87 178 100.0%
Total events 54 72

Heterogeneity: Not applicable
Test for overall effect: Z = 3.39 (P = 0.0007)

0.27 [0.18, 0.36]
0.17 [0.05, 0.30]
0.23 [0.14, 0.32]
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0.22 [0.05, 0.38]

0.32[0.23, 0.41]
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0.25 [0.12, 0.39]
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Figure 3. Forest plot of 250% reduction in monthly migraine days for various dosages of atogepant.
M-H, Mantel-Haenszel; Cl, confidence interval; df, degree or freedom.

6. Mean difference in monthly headache days

«At 10 mg QD and 30 mg QD dosages: Atogepant at
both 10 mg QD (MD: -1.40 days, 95% CI: -1.88 to -0.92,
p<0.00001) and 30 mg QD (MD: -1.44 days, 95% CI: -1.90
to -0.98, p<0.00001) significantly reduced monthly head-
ache days compared to placebo, with no significant het-

erogeneity (p>0.99, I°=0%) (Figure 4).

» At 60 mg QD dosage: The 60 mg QD dose also significant-
ly reduced headache days (MD: -1.59 days, 95% CIL: -2.17
to -1.00, p<0.00001), with low heterogeneity (p=0.20,

1°=38%) (Figure 4).
« At 30 mg BID and 60 mg BID dosages: Atogepant signifi-

05

Favours [Atogepant]

cantly reduced headache days at 30 mg BID (MD: -1.30
days, 95% CI: -2.28 to -0.32, p=0.0009) and 60 mg BID (MD:
-1.40 days, 95% CI: -2.37 to -0.43, p=0.005) (Figure 4).

« Combined doses vs. placebo: The pooled analysis con-
firmed a significant reduction in monthly headache days

for atogepant compared to placebo (MD: -1.52 days, 95%

online).
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CI: -1.89 to -1.15, p<0.00001) with homogeneity of the
data (p=0.35, I’=6%) (Supplementary Figure 2, available
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Atogepant Placebo Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight [V, Random, 95% CI IV, Random, 95% CI
1.5.1 10 mg/day
Ailani 2021 -39 2925 214 -25 2925 214 757% -1.40[-1.95, -0.85] ——
Goadsby 2020 -43 3.83 92 -29 4 178 24.3% -1.40[-2.38, -0.42] -
Subtotal (95% Cl) 306 392 100.0%  -1.40 [-1.88, -0.92] -
Heterogeneity: Tau? = 0.00; Chi?2 = 0.00, df = 1 (P = 1.00); 12 = 0%
Test for overall effect: Z = 5.69 (P < 0.00001)
1.5.2 30 mg/day
Ailani 2021 -4 2986 223 -25 2925 214 69.2% -1.50 [-2.05, -0.95] ——
Goadsby 2020 -42 404 182 -29 4 178 30.8% -1.30 [-2.13, -0.47] —
Subtotal (95% Cl) 405 392 100.0%  -1.44[-1.90, -0.98] L -
Heterogeneity: Tau? = 0.00; Chi2 = 0.15, df = 1 (P = 0.69); I? = 0%
Test for overall effect: Z = 6.12 (P < 0.00001)
1.5.3 60 mg/day
Ailani 2021 -42 2979 222 -25 2925 214 48.0% -1.70 [-2.25, -1.15] —i—
Goadsby 2020 -39 399 177 -29 4 178 31.2% -1.00 [-1.83, -0.17] —
Tassorelli 2024 -41 4964 154 -19 4979 155 20.9% -2.20 [-3.31, -1.09] e
Subtotal (95% ClI) 553 547 100.0% -1.59 [-2.17, -1.00] -
Heterogeneity: Tau? = 0.11; Chi? = 3.25, df = 2 (P = 0.20); I = 38%
Test for overall effect: Z = 5.32 (P < 0.00001)
1.5.4 30 mg twice/day
Goadsby 2020 -42 3.55 79 29 4 178 100.0% -1.30[-2.28, -0.32] i
Subtotal (95% ClI) 79 178 100.0%  -1.30 [-2.28, -0.32]
Heterogeneity: Not applicable
Test for overall effect: Z = 2.60 (P = 0.009)
1.5.5 60 mg twice/day
Goadsby 2020 -4.3 3.7 87 -29 4 178 100.0% -1.40[-2.37, -0.43] i
Subtotal (95% ClI) 87 178 100.0%  -1.40 [-2.37, -0.43]

Heterogeneity: Not applicable
Test for overall effect: Z =2.82 (P = 0.005)

2 4 0 1 2
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Figure 4. Forest plot of mean differences in monthly headache days for various dosages of atogepant.
SD, standard deviation; IV, inverse variance; Cl, confidence interval; df, degree or freedom.

7. Mean difference in monthly acute medication use
days

Three studies™'>*

reported data on acute medication use

days.

¢ At 10 mg QD and 30 mg QD dosages: Both 10 mg QD (MD:
-1.30 days, 95% CI: -1.74 to -0.86, p<0.00001) and 30 mg
QD (MD: -1.40 days, 95% CI: -1.79 to -1.01, p<0.00001)
significantly reduced acute medication use, with no het-
erogeneity (p>0.99, I°=0%) (Figure 5).

« At 60 mg QD dosage: The 60 mg QD dose showed a sig-
nificant reduction (MD: -1.58 days, 95% CI: -2.26 to -0.91,
p<0.00001) with moderate heterogeneity (p=0.06, I’=65%)
(Figure 5).

» At 30 mg BID and 60 mg BID dosages: Atogepant sig-
nificantly reduced acute medication use days at 30 mg
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BID (MD: -1.40 days, 95% CI: -2.10 to -0.70, p<0.0001)
and 60 mg BID (MD: -1.20 days, 95% CI: -1.91 to -0.49,
p=0.0009) (Figure 5).

e Combined doses vs. placebo: The combined dose anal-
ysis confirmed significant reductions in medication use
(MD: -1.54 days, 95% CI: -2.06 to -1.02, p<0.00001) with
low heterogeneity (p=0.10, I’=57%) (Supplementary Fig-
ure 2, available online).

8. Dose comparison

Across the studies, there were no statistically significant
differences in efficacy between the different dosages of
atogepant (10 mg QD vs. 30 mg QD, 60 mg QD, 30 mg BID,
or 60 mg BID) for the primary outcomes (p>0.05).
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Atogepant Placebo Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% ClI
1.6.1 10 mg/day
Ailani 2021 -3.7 2925 214 -24 2925 214 61.9% -1.30 [-1.85, -0.75] —
Goadsby 2020 -3.7 2877 92 -24 266 178 38.1% -1.30 [-2.01, -0.59] —a—
Subtotal (95% CI) 306 392 100.0%  -1.30 [-1.74, -0.86] <o
Heterogeneity: Tau? = 0.00; Chi? = 0.00, df = 1 (P = 1.00); I = 0%
Test for overall effect: Z = 5.84 (P < 0.00001)
1.6.2 30 mg/day
Ailani 2021 -3.7 2986 223 -24 2925 214 49.9% -1.30 [-1.85, -0.75] ——
Goadsby 2020 -39 269 182 -24 266 178 50.1% -1.50 [-2.05, -0.95] ——
Subtotal (95% CI) 405 392 100.0%  -1.40 [-1.79, -1.01] <o
Heterogeneity: Tau? = 0.00; Chi? = 0.25, df = 1 (P = 0.62); I> = 0%
Test for overall effect: Z=7.01 (P < 0.00001)
1.6.3 60 mg/day
Ailani 2021 -3.9 2979 222 -24 2925 214 39.1% -1.50 [-2.05, -0.95] ——
Goadsby 2020 -35 266 177 -24 266 178 39.1% -1.10 [-1.65, -0.55] ——
Tassorelli 2024 -3.7 4964 154 -1.1 4979 155 21.8% -2.60 [-3.71, -1.49] -
Subtotal (95% CI) 553 547 100.0%  -1.58 [-2.26, -0.91] R
Heterogeneity: Tau? = 0.22; Chi? = 5.70, df = 2 (P = 0.06); I = 65%
Test for overall effect: Z =4.61 (P < 0.00001)
1.6.4 30 mg twice/day
Goadsby 2020 38 266 79 24 266 178 100.0%  -1.40 [-2.10, -0.70] t
Subtotal (95% CI) 79 178 100.0%  -1.40 [-2.10, -0.70]
Heterogeneity: Not applicable
Test for overall effect: Z = 3.89 (P < 0.0001)
1.6.5 60 mg twice/day
Goadsby 2020 36 2798 87 24 266 178 100.0%  -1.20 [-1.91, -0.49] t
Subtotal (95% Cl) 87 178 100.0%  -1.20 [-1.91, -0.49]

Heterogeneity: Not applicable
Test for overall effect: Z = 3.33 (P = 0.0009)
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Figure 5. Forest plot of mean differences in monthly acute medication use days for various dosages of atogepant.
SD, standard deviation; 1V, inverse variance; Cl, confidence interval; df, degree or freedom.

9. Adverse events

Atogepant was associated with a higher risk of treat-
ment-related treatment-emergent AEs (TEAEs) (RR: 1.75,
95% CI: 1.36-2.25, p<0.0001), constipation (RR: 4.59, 95%
CL: 2.29-9.22, p<0.0001), and nausea (RR: 2.16, 95% CI:
1.31-3.56, p=0.002) compared to placebo. No significant
differences were found for other AEs, including SAEs and
discontinuations (Figure 6).

10. Adverse events and dose dependence

Given that all dosages of atogepant demonstrated effi-
cacy without significant differences between them, we
performed a descriptive analysis focused solely on AEs re-
ported at two or more dose levels. This approach aimed to

evaluate potential dose-dependent trends in AEs, provid-

ing valuable insights for practitioners to better anticipate

and manage AEs in their patients (Supplementary Table 1,

available online).

« For ‘any TEAEs;, the incidence rates were similar across
doses, with 56.7% at 10 mg QD, 57% at 30 mg QD, 54.45%
at 60 mg QD, 60.4% at 30 mg BID, and 58.24% at 60 mg
BID, showing no clear dose-dependent trend.

« ‘Treatment-related TEAEs' revealed a potential increase
specifically at 60 mg BID (26.4%), compared to lower dos-
es (21.65% at 10 mg QD and 17.76%-20.9% for others),
but no clear pattern in QD groups.

o For ‘SAEs, incidence rates remained low, ranging from
0%-1.05%, with no apparent dose dependence.

o Similarly, for “TEAEs leading to treatment discontinua-
tion, rates varied (4.1% at 10 mg QD, 1.8% at 30 mg QD,
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Atogepant Placebo Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
1.2.1 Any TEAE
Ailani 2021 360 680 126 222 45.6% 0.93[0.82, 1.07]
Goadsby 2020 388 639 92 186 34.2% 1.23[1.05, 1.44]
Tassorelli 2024 81 156 84 157 20.1% 0.97 [0.79, 1.20] *
Subtotal (95% CI) 1475 565 100.0% 1.04 [0.95, 1.14]
Total events 829 302
Heterogeneity: Chiz = 7.15, df =2 (P = 0.03); I? = 72%
Test for overall effect: Z = 0.86 (P = 0.39)
1.2.2 Treatment- related TEAE
Ailani 2021 130 680 20 222 33.3% 2.12[1.36, 3.31] -
Goadsby 2020 140 639 30 186 51.3% 1.36 [0.95, 1.94] L3
Tassorelli 2024 31 156 14 157 15.4% 2.23[1.23, 4.02] —
Subtotal (95% CI) 1475 565 100.0% 1.75 [1.36, 2.25] ¢
Total events 301 64
Heterogeneity: Chi? = 3.27, df =2 (P = 0.19); I? = 39%
Test for overall effect: Z = 4.33 (P < 0.0001)
1.2.3 Serious adverse event
Ailani 2021 2 680 2 222 456% 0.33[0.05, 2.30] — &
Goadsby 2020 5 639 2 186 46.9% 0.73[0.14, 3.72] _.1_
Tassorelli 2024 4 156 0 157 7.5% 9.06 [0.49, 166.83]
Subtotal (95% CI) 1475 565 100.0% 1.17 [0.44, 3.12] ‘
Total events 11 4
Heterogeneity: Chi? = 3.86, df =2 (P = 0.14); I = 48%
Test for overall effect: Z = 0.32 (P = 0.75)
1.2.4 TEAEs leading to treatment discontinuation
Ailani 2021 19 680 6 222 81.9% 1.03[0.42, 2.56]
Tassorelli 2024 3 156 2 157 18.1% 1.51[0.26, 8.91]
Subtotal (95% ClI) 836 379 100.0% 1.12 [0.50, 2.50]
Total events 22 8
Heterogeneity: Chiz = 0.14, df =1 (P = 0.71); I? = 0%
Test for overall effect: Z = 0.28 (P = 0.78)
1.2.5 Constipation
Ailani 2021 49 680 1 222 12.9% 16.00[2.22, 115.18] e
Goadsby 2020 30 639 4 186 53.0% 2.18[0.78, 6.12] ——
Tassorelli 2024 16 156 4 157 341% 4.03[1.38, 11.77] —
Subtotal (95% CI) 1475 565 100.0% 4.59 [2.29, 9.22] <
Total events 95 9
Heterogeneity: Chiz = 3.59, df =2 (P = 0.17); I? = 44%
Test for overall effect: Z = 4.29 (P < 0.0001)
1.2.6 Nausea
Ailani 2021 35 680 4 222 242% 2.86 [1.03, 7.95] -
Goadsby 2020 57 639 9 186 55.9% 1.84[0.93, 3.65] il
Tassorelli 2024 11 156 5 157 20.0% 2.21[0.79, 6.22] T
Subtotal (95% CI) 1475 565 100.0% 2.16 [1.31, 3.56] <&
Total events 103 18
Heterogeneity: Chiz = 0.50, df =2 (P = 0.78); I? = 0%
Test for overall effect: Z = 3.03 (P = 0.002)
1.2.7 Urinary tract infection
Ailani 2021 21 680 8 222 542% 0.86 [0.39, 1.91] ——
Goadsby 2020 23 639 4 186 27.9% 1.67 [0.59, 4.78] T
Tassorelli 2024 4 156 4 157 17.9% 1.01[0.26, 3.95] -
Subtotal (95% CI) 1475 565 100.0% 1.11 [0.63, 1.97] 2
Total events 48 16
Heterogeneity: Chiz = 1.01, df =2 (P = 0.60); I = 0%
Test for overall effect: Z = 0.36 (P = 0.72)

Figure 6. Forest plot of adverse events for atogepant versus placebo.
M-H, Mantel-Haenszel; Cl, confidence interval; TEAE, treatment-emergent adverse event; df, degree or freedom.
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1.2.8 Nasopharyngitis

Ailani 2021 20 680 8 222 39.9% 0.82[0.36, 1.83]

Goadsby 2020 32 639 4 186 20.5% 2.33[0.83, 6.50] T
Tassorelli 2024 8 156 12 157 39.6% 0.67 [0.28, 1.60] —&T
Subtotal (95% CI) 1475 565 100.0% 1.07 [0.65, 1.76] ‘
Total events 60 24

Heterogeneity: Chi? = 3.75, df =2 (P = 0.15); I? = 47%
Test for overall effect: Z = 0.26 (P = 0.79)

1.2.9 Upper respiratory tract infection

Ailani 2021 31 680 10 222 39.4% 1.01[0.50, 2.03]
Goadsby 2020 42 639 15 186 60.6% 0.82[0.46, 1.44]
Subtotal (95% CI) 1319 408 100.0% 0.89 [0.58, 1.38]
Total events 73 25

Heterogeneity: Chiz = 0.22, df =1 (P = 0.64); I? = 0%
Test for overall effect: Z=0.51 (P = 0.61)

1.2.10 Fatigue

Ailani 2021 19 680 4 222 394% 1.55[0.53, 4.51] T
Goadsby 2020 20 639 6 186 60.6% 0.97 [0.40, 2.38] t
Subtotal (95% ClI) 1319 408 100.0% 1.20 [0.60, 2.38]

Total events 39 10

Heterogeneity: Chi2 = 0.44, df =1 (P = 0.51); I? = 0%
Test for overall effect: Z = 0.52 (P = 0.60)

1.2.11 Increased blood creatine kinase level

Ailani 2021 14 680 2 222 39.4% 2.29[0.52,9.98] T &
Goadsby 2020 17 639 3 186 60.6% 1.65[0.49, 5.57] —il—
Subtotal (95% CI) 1319 408 100.0% 1.90 [0.74, 4.85] -
Total events 31 5

Heterogeneity: Chiz = 0.11, df =1 (P = 0.74); I? = 0%
Test for overall effect: Z=1.34 (P = 0.18)

1.2.12 Deaths

Ailani 2021 0 680 0 222 Not estimable
Tassorelli 2024 0 156 0 157 Not estimable
Subtotal (95% CI) 836 379 Not estimable
Total events 0 0

Heterogeneity: Not applicable
Test for overall effect: Not applicable

0.001 0.1 1 10 1000
Favours [Atogepant] Favours [Placebo]

Figure 6. Continued.

and 2.325% at 60 mg QD) without a consistent trend. « ‘Nasopharyngitis’ showed a slight dose-dependent in-

« ‘Constipation’ demonstrated a dose-dependent increase crease in QD doses, from 2.23% at 10 mg QD to 5.325% at
in QD doses, rising from 6.05% at 10 mg QD to 7.15% at 60 mg QD, while BID dosing rates remained inconsistent.
60 mg QD, though BID doses showed a lower incidence ¢ ‘URTIs’ had variable rates (4.8%-6.97%) across doses with
(3.49%-4.4%). no clear trend.

« A strong dose-dependent relationship was observed for ¢ Other AEs, including ‘increased blood creatine kinase
‘nausea, increasing consistently from 5.09% at 10 mg QD levels’ (6.97% at 30 mg BID), ‘sinusitis’ (1.8%-2.2%),
t0 9.9% at 60 mg BID. Similarly, ‘fatigue’ exhibited a clear ‘gastroenteritis’ (0.9%-2.2%), ‘influenza’ (1.4%-2.2%),

increase at higher doses, peaking at 9.9% with 60 mg BID, and ‘sinus congestion’ (0.5%-1.7%), displayed minimal
compared to lower QD doses (1.27%-3.35%). or inconsistent patterns across doses. Notably, ‘anxiety’
« For “‘UTIs; a peak incidence of 4.86% was reported at 30 showed a slight increase at 60 mg QD (2.2%) compared to
mg QD, without a linear trend. lower doses (0.4%-0.9%), while ‘somnolence’ (1.7%-3.2%)
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Figure 7. Graph for adverse events that show clear dose-dependence.
QD, once daily; BID, twice a day.
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and ‘increased alanine aminotransferase levels’ exhibited

no clear dose relationship.

In conclusion, dose-dependent trends were most ap-
parent for ‘nausea, ‘fatigue, and ‘constipation, particularly
in higher doses, while other AEs showed inconsistent or
minimal trends across the dose groups. The incidence for
these three AEs is visualized in Figure 7.

DISCUSSION

Our meta-analysis demonstrated that atogepant at dos-
es of 10 mg QD, 30 mg QD, 60 mg QD, 30 mg BID, and
60 mg BID significantly reduced the number of monthly
migraine days and monthly headache days compared to
placebo, highlighting its efficacy in migraine prevention.
The dose-dependent reduction in monthly migraine days,
ranging from -1.16 to -1.48 days, is consistent with other
CGRP receptor antagonists, further validating atogepant as
an effective preventive treatment for EM.

Moreover, atogepant was effective in reducing acute
medication use days, particularly at higher doses, which
is clinically relevant in reducing the reliance on rescue
medications during migraine attacks. A 250% reduction in
monthly migraine days was also observed in a significant
proportion of patients, with RD ranging from 0.18 to 0.25
depending on the dosage, underscoring the dose-response
relationship and therapeutic potential of atogepant.

The efficacy of atogepant across different dosages pro-
vides flexibility in tailoring treatment based on individual
patient needs. The choice of dosage (10 mg, 30 mg, or 60
mg QD) should be guided by factors such as the frequency
of migraine attacks, the presence of comorbidities, and the
potential for drug interactions.”” Dose reduction or con-
traindication of atogepant should be considered in spe-
cific conditions, such as concurrent use of strong CYP3A4
inhibitors (e.g., ketoconazole) and in patients with severe
renal or hepatic impairment.” Higher doses, while more
effective, may also be associated with a greater incidence
of AEs, which must be weighed against the benefits for in-
dividual patients.

The safety profile of atogepant is an essential con-
sideration in its clinical use. Our analysis revealed that
treatment with atogepant was associated with a higher
incidence of treatment-related TEAEs, constipation, and
nausea, compared to placebo. However, no significant dif-

ferences were observed for other AEs, including UTIs, UR-
TIs, fatigue, nasopharyngitis, increased blood creatinine
levels, or deaths. Additionally, there was no significant dif-
ference in treatment discontinuations due to AEs or in the
incidence of SAEs between atogepant and placebo. These
findings suggest that atogepant is generally well tolerated
but warrants monitoring for gastrointestinal side effects,
particularly in patients with pre-existing gastrointestinal
conditions.

The introduction of atogepant into clinical practice
could substantially improve patients’ quality of life by
reducing the frequency of migraine attacks, decreasing
medication use, and lowering healthcare costs associated
with migraine care. This is particularly significant given the
high disability burden of EM and the economic impact of
migraine on healthcare systems.”

A unique aspect of our work is the comparative analysis
of different atogepant doses to evaluate if there were sta-
tistically significant differences in efficacy across dosages.
Importantly, when comparing doses directly, no statis-
tically significant differences were observed in efficacy
for any primary outcome. This finding suggests that the
therapeutic effect of atogepant does not substantially in-
crease with higher doses, indicating a potential plateau in
dose-response. Clinically, this supports the use of lower
doses, such as 10 mg QD or 30 mg QD, to achieve similar
benefits while potentially minimizing the risk of AEs as-
sociated with higher dosages. By adhering strictly to Co-
chrane guidelines, we provided a methodologically sound
and clinically relevant assessment of atogepant’s efficacy
and safety profile in EM prevention.

Schwedt et al.” reported that approximately 62% of
participants receiving galcanezumab and 61% of partic-
ipants receiving rimegepant achieved a 250% reduction
in monthly migraine days, with no statistically significant
difference between the two treatments.

In our meta-analysis, atogepant demonstrated a simi-
lar response, with 23% to 25% of participants achieving a
>50% reduction in monthly migraine days depending on
the dose, corresponding to an NNT of 4 to 5 across doses.
These differences may reflect variations in trial popula-
tions, baseline characteristics, and endpoints assessed.
The trial by Schwedt et al.” primarily compared galcane-
zumab and rimegepant in a single trial setting, whereas
our meta-analysis pooled multiple trials of atogepant,
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focusing on dose-response relationships and placebo-con-
trolled outcomes.

Furthermore, Schwedt et al.”" highlighted that mono-
clonal antibodies, such as galcanezumab, often require
subcutaneous administration, which can pose adherence
challenges despite their efficacy. In contrast, atogep-
ant’s oral formulation aligns with patient preferences for
non-invasive options, offering a convenient alternative
without compromising efficacy.

Rimegepant, another CGRP receptor antagonist with
a half-life similar to atogepant (approximately 11 hours),
supports a QOD dosing schedule as an alternative to daily

dosing.””*

This option could benefit patients with con-
cerns about daily medication, offering greater flexibility
without sacrificing clinical efficacy.

In conclusion, while direct comparisons between atoge-
pant and CGRP monoclonal antibodies like galcanezumab
are limited by differences in study design and method-
ology, our findings support atogepant as a flexible and
effective preventive option for EM, particularly for patients
seeking oral treatment alternatives. Further head-to-head
studies would be valuable to establish the comparative ef-

fectiveness of these therapies.

1. Implications for clinical practice

Atogepant offers versatile dosing options that can be tai-
lored to individual patient needs and treatment goals. In
our analysis, we conducted a head-to-head comparison
of different atogepant doses (10 mg QD, 30 mg QD, 60 mg
QD, 30 mg BID, and 60 mg BID) across all efficacy out-
comes, including reductions in monthly migraine days,
headache days, and acute medication use. The results
showed no statistically significant differences in efficacy
between the various doses. This finding indicates that cli-
nicians can prioritize dose selection based on individual
patient preferences, tolerability, and clinical circumstanc-
es rather than relying on higher doses to achieve greater
efficacy.

The 60 mg QD dose is the most effective option for pa-
tients requiring robust reductions in monthly migraine
and headache days. It also minimizes acute medication
use, making it particularly suitable for individuals with fre-
quent migraines seeking potent preventive effects.

For patients prioritizing a balance between efficacy and
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tolerability or those sensitive to side effects, the 30 mg QD
dose serves as an excellent starting point. This dosage ef-
fectively reduces migraine days and acute medication use
while maintaining a favorable safety profile, making it an
ideal choice for achieving preventive benefits with fewer
AEs. The 10 mg QD dose provides an alternative for pa-
tients with milder symptoms or those initiating preventive
therapy. While its impact on migraine and headache days
is slightly lower than higher doses, it still offers meaningful
reductions in attack frequency with minimal side effects.
For patients requiring a more intensive approach, the BID
dosing options—30 mg or 60 mg BID—offer additional
flexibility. These regimens may benefit patients who do
not achieve adequate relief with QD dosing or prefer split
dosing throughout the day.

In summary, the 60 mg QD dose is optimal for maximum
efficacy, while the 30 mg QD dose balances effectiveness
and tolerability. Lower doses and BID regimens provide
personalized options, making atogepant a flexible and pa-
tient-centered choice for migraine prevention.

2. Limitations and recommendations

This meta-analysis has several limitations that may affect
the generalizability and reliability of the findings. First, the
inclusion of only four RCTs represents a relatively limited
evidence base, reducing the statistical power and precision
of the estimates. Despite subgroup analyses to address this
limitation, significant heterogeneity among studies, par-
ticularly regarding dosing regimens, raises concerns about
the consistency of results. Variability in study designs, pa-
tient populations, and outcome measures further compli-
cates direct comparisons.

Additionally, three of the four RCTs were conducted in
the United States, limiting the findings’ external validity to
non-United States populations. The under-representation
of male and non-White patients, as noted by Tassorelli et
al.,” restricts the applicability of the results to more di-
verse demographics. Expanding future research to include
broader patient populations is essential to enhance gener-
alizability, especially in regions with differing healthcare
systems and patient characteristics.

Another notable limitation is the lack of long-term safety
and efficacy data, particularly for patients resistant to mul-
tiple migraine therapies. The current evidence focuses on
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short-term outcomes, leaving uncertainty about atogep-
ant’s long-term impact, especially in patients with complex
clinical profiles or comorbidities, which may influence its
pharmacokinetics and safety.

Furthermore, questions remain about the relative ad-
vantages of oral CGRP antagonists like atogepant com-
pared to injectable monoclonal antibodies targeting the
CGRP receptor. While oral formulations offer convenience,
issues of adherence, patient acceptance, and long-term
preference require further investigation. Patient-centered
research is crucial to better understand these factors and
their influence on clinical outcomes.

Safety concerns, particularly gastrointestinal side effects
such as reduced motility and constipation,'® also warrant
attention. These AEs may affect patient quality of life and
should be carefully monitored, especially in individuals
with pre-existing gastrointestinal conditions.

Future research should prioritize long-term safety and
efficacy studies, particularly in EM patients and those with
complex treatment histories. Additionally, trials should
include more diverse patient populations in terms of gen-
der and ethnicity to improve generalizability. Investigating
optimal dosing strategies and comparing atogepant to oth-
er CGRP-targeted therapies will also be essential to better
define its role in the prevention and management of EM.

CONCLUSION

Atogepant demonstrates significant efficacy in reducing
monthly migraine and headache days and decreasing
acute medication use, making it a valuable option for EM
prevention. Its selective CGRP receptor antagonism un-
derpins its clinical benefits, though side effects such as
constipation and nausea require careful monitoring. While
evidence supports its short-term safety and efficacy, gaps
remain regarding long-term use in EM and in diverse de-
mographic groups. The under-representation of male and
non-White patients highlights the need for broader, more
inclusive research. Additionally, further studies should
investigate optimal dosing strategies to refine atogepant’s
clinical role and enhance its utility in the prevention of EM.
Addressing these gaps will improve outcomes for diverse

EM patient populations.
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Abstract

Tension-type headache (TTH) is the most common type of headache, characterized by mild to moderate intensity, bilateral, with
a pressing or tightening (non-pulsating) quality. Migraine and TTH can occur in the same person, and their risk factors and
treatments can overlap. However, TTH receives less attention than migraine. Furthermore, despite the expanding market for
migraine treatments targeting calcitonin gene-related peptide (CGRP) mechanisms, the lack of evidence regarding mecha-
nisms related to CGRP-related mechanisms in TTH continues to be neglected. There remains a need to develop effective pre-
ventive treatments for chronic TTH, which imposes a very high burden of disease. From this perspective, this review aims to

provide the latest evidence on TTH.

Keywords: Headache, Tension-type headache, Headache disorders, Primary, Migraine

INTRODUCTION

Tension-type headache (TTH) is the most common head-
ache disorder. It is characterized by mild to moderate
intensity, bilateral, pressing, or tightening pain quality in
the forehead, occiput, and neck. The term “tension” em-
phasizes the role of muscle contraction and emotional ten-
sion, leading to various treatments that focus on muscle
relaxation and stress management.

Despite knowing the nature of how TTH and migraine
can co-occur and having similar medical treatments, such
as non-steroidal anti-inflammatory drugs (NSAIDs) or

amitriptyline, TTH remains less researched, poorly diag-
nosed and treated than migraine.' For example, a PubMed
search for the word “migraine” yields to almost 50,000 hits,
compared to less than 5,000 hits for the word “tension-type
headache! It is also interesting to note that while migraine
and TTH can become interchangeable over time and share
similar risk factors, triggers, and comorbidities in indi-
viduals, they have distinctly different headache charac-
teristics.” The distinctive features of migraine, as opposed
to TTH, appear to be influenced in part by the calcitonin
gene-related peptide (CGRP) mechanism, which has re-
cently received a great deal of attention. In contrast, TTH
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has been neglected as a research topic due to the lack of a
clear biomarker and the absence of randomized controlled
trial-based effective preventive medications for frequent
episodic or chronic TTH.

This review aims to provide an overview of recent find-
ings on the epidemiology, pathophysiology, diagnosis, and
treatment of TTH.

EPIDEMIOLOGY

The global prevalence of TTH is approximately 26% of
adults, with wide variation between studies and ethnic-
ities, but it is generally estimated that 30% to 80% of the
adult population will be affected at some point in their
lives.”

The incidence of TTH is higher in women than in men,
and this gender difference may be due to hormonal fac-
tors, stress, and psychosocial influences. TTH can occur
at any age, but the greatest burden in terms of years of life
lived with disability is in the between 15 and 49 age group.’
The incidence of TTH tends to decrease with age, although
it remains a significant health problem in the elderly pop-
ulation.’

Lower socioeconomic status is often associated with
higher levels of stress, poorer access to healthcare, and
lower levels of education, all of which may contribute to
the prevalence and severity of TTH.” Cultural attitudes to-
ward pain and healthcare-seeking behaviors may influence
how individuals report and manage their headache symp-
toms. In some cultures, headache may be underreported
due to stigma or misconceptions about headache. In ad-
dition, infrequent episodic TTH may be under-reported in
epidemiological studies.”’

CLINICAL PRESENTATION

TTH is characterized by a diffuse, mild to moderate, bi-
lateral headache that is often described as a tightening
sensation. Unlike migraine, the headache is not typically
pulsating and does not worsen with routine physical ac-
tivity. Also, TTH is also not usually associated with nausea
or vomiting, although mild photophobia or phonophobia
may be present in some cases. The clinical presentation
of TTH is highly variable between individuals, with some
experiencing infrequent episodic headaches and others

suffering from chronic daily headaches."

The frequency of TTH episodes can vary widely, ranging
from infrequent episodic TTH (occurring less than 1 day
per month) to chronic TTH (occurring more than 15 days
per month).

Factors that contribute to the chronicity of TTH include
high levels of stress, co-existing migraine, fatigue, anxiety,
and depression, and an inability to relax after work."

DIAGNOSIS

The diagnosis of TTH is primarily clinical and based on the
patient’s history and symptoms according to the criteria of
the International Classification of Headache Disorders, 3rd
edition (ICHD-3) (Table 1)."” However, due to the non-spe-
cific nature of TTH symptoms, diagnosis can be challeng-
ing because of overlap with other headache disorders and
medical conditions. This diagnostic ambiguity can lead to
misdiagnosis, inappropriate treatment, and unmet patient
needs. Therefore, it is important to rule out other diseases
on the basis of the headache history.

Headache diaries are the best assessment tool for diag-
nosis and classification. However, additional diagnostic
tests such as neuroimaging, blood sampling, and lumbar
puncture may be necessary if any red flags are present."”’

Without strict criteria are applied, both migraine and
TTH may coexist and sometimes overlap, further com-
plicating the diagnostic process. Migraine and TTH may
have some overlap in their clinical features. Photophobia
and phonophobia are more common in migraine than
in TTH, also nausea and vomiting are more common
in migraine than in TTH, although mild nausea may be
present in chronic TTH according to the ICHD-3."""* This
can lead to clinicians misdiagnosing a patient as having
migraine when they are actually have TTH, and vice versa.
In children and adolescents, the transition from migraine
to TTH or from TTH to migraine occurs within a few years,
supporting the continuum theory of headache in this sub-
group of individuals. Not only are mixed presentations and
diagnostic shifts common at younger ages, but the chal-
lenges associated with distinguishing TTH from migraine
in clinical practice, clinical research, and epidemiologic
studies have been widely recognized.'”"” TTH with mi-
graine comorbidity is associated with genetic factors."’ Re-
cently, machine learning models have demonstrated high
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Table 1. Diagnostic criteria of tension-type headache according to the International Classification of Headache Disorders, 3rd edition

(ICHD-3)"

2.1. Infrequent
episodic tension-type
headache

2.2. Frequent
episodic tension-type
headache

2.3. Chronic
tension-type
headache

2.4. Probable tension-type headache

2.4.1. Probable
infrequent episodic
tension-type
headache

2.4.2. Probable
frequent episodic
tension-type
headache

2.4.3. Probable
chronic tension-type
headache

At least 10 episodes
of headache occur-
ring on <1 day/mo
on average (<12
days/yr) and fulfill-
ing criteria B-D

At least 10 episodes of
headache occurring
on 1-14 day/mo
on average for >3
months (212 and
<180 day/yr) and
fuffilling criteria B-D

Lasting from 30 minutes to 7 days

Headache occurring
on 215 day/mo
on average for >3
months (2180 day/
yr), fulfilling criteria

Lasting hours to days,
or unremitting

At least two of the following four characteristics:

1. bilateral location

2. pressing or tightening (non-pulsating) quality
3. mild or moderate intensity
4. not aggravated by routine physical activity such as walking or

climbing stairs
Both of the following:

1. no nausea or vomiting
2. no more than one of photophobia or pho-

nophobia

Both of the following:

1. no more than one
of photophobia,
phonophobia or
mild nausea

2. neither moderate
or severe nausea

One or more epi-
sodes of headache
fulfilling all but one
of criteria A-D for
2.1. Infrequent ep-
isodic tension-type
headache

Episodes of headache
fulfilling all but
one of criteria A-
D for 2.2. Frequent
episodic tension-
type headache

Headache fulfilling all
but one of criteria
A-D for 2.3. Chronic
episodic tension-
type headache

Not fulfilling ICHD-3 criteria for any other headache disorder

Not better accounted for by another ICHD-3 diagnosis

nor vomiting
E Not better accounted for by another ICHD-3 diagnosis"

diagnostic accuracy in migraine from electronic health

. . 19-21
records or questionnaires.

However, these are not yet
sufficient for application to TTH.”'

Premonitory or prodromal symptoms are characteristic
of migraine and include yawning, mood changes, fatigue,
and neck pain. These symptoms typically occur within 2-48
hours of the onset of migraine headache.” There are no
of premonitory symptoms in patients with TTH. Migraine
headaches may also be associated with menstrual periods,
with the drop in estrogen levels affecting the frequency of
migraine headaches. Migraine attacks are common during
the perimenstrual period and usually improve during
pregnancy.”

And the selective 5HT1B/1D agonist is thought to relieve
migraine by stimulating the 5HT1B receptor on cranial
vascular smooth muscle to reduce the pain-inducing vaso-
dilation that may be responsible for the headache.” How-
ever, it is not effective for the treatment of TTH, except in
people who also have migraine.”” The healthcare provider
caring for patients with headache should be aware of these
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overlaps and their implications for the management of pa-
tients with headache.

PATHOPHYSIOLOGY

The pathophysiology of TTH is complex, multifactorial,
and not fully understood, involving both peripheral and
central mechanisms. The peripheral mechanisms are pri-
marily related to myofascial tissues and nociception, while
the central mechanisms of chronification are related to
pain processing in the central nervous system.”””" There
has been some research into the mechanisms of nitric
oxide-induced TTH and drug development is current-
ly underway, but to date there have been no significant

20,28,29

results. The role of CGRP in the progression and re-

mission of chronic TTH is becoming a subject of interest,
although treatment response to anti-CGRP monoclonal

antibodies is poor.' "’
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1. Peripheral mechanisms

The peripheral mechanisms of TTH are mainly related to
pericranial muscle tenderness during acute headache at-

** The most common

tacks and myofascial trigger points.
method used to assess tenderness is manual palpation of
the pericranial muscles and calculation of the total tender-
ness score.”’ And muscle hardness can be measured using
the hardness meter, a quantitative method.” Pericranial
tenderness is exacerbated during the acute headache
phase and increases with the severity and frequency of
TTH attacks, supporting the presence of more severe ten-
derness in individuals with chronic TTH than in those with
episodic TTH.”

Myofascial tissues, which include muscles and con-
nective tissues, can develop localized areas of tenderness
called trigger points. These trigger points can cause pain in
other areas, such as the neck or shoulder, which may con-
tribute to the headache pain experienced in TTH.” Active
myofascial trigger points are common in TTH consistent
with the hypothesis that peripheral mechanisms are in-
volved in the pathophysiology.”” However, the relationship
between myofascial trigger points and the severity of TTH
varies between studies.

Electromyography studies have shown increased muscle
activity and tension in individuals with TTH, suggesting
that sustained muscle contraction and tension play a role
in the development of headache pain.”

2. Central mechanisms

Central sensitization of second-order neurons in the spinal
cord or the spinal trigeminal nucleus is a key mechanism
in the pathophysiology of transformation from episodic
to chronic TTH.”" Patients with chronic TTH had higher
pain sensitivity and lower tolerance to pressure stimula-
tion of cranial and extracranial structures than patients
with episodic TTH patients.””"'

Comorbidities, such as back pain, fibromyalgia, and
sleep disorders, may alter pain sensitivity in patients with
chronic TTH and increase central sensitization compared
to patients with transient TTH, suggesting shared central
mechanisms between the two groups. Anxiety and de-
pression are in patients with TTH and are associated with

worsening symptoms. >’

Functional magnetic resonance imaging studies have
provided insight into the central mechanisms of TTH by
examining dynamic brain changes between pain and pain-
% These stud-

ies have shown changes in activation in pain-processing

free periods in patients with episodic TTH.

regions of the brain, including the anterior cingulate cor-
tex, insula, and prefrontal cortex. These findings suggest
that individuals with TTH have abnormal pain processing
and modulation, which may contribute to the perception
of headache pain.

In addition, neurotransmitters such as serotonin and nor-
epinephrine have been found to be associated with TTH,
although several studies have yielded conflicting results.

TREATMENT

There are significant gaps in the management of TTH,
and many patients are not receiving adequate treatment.
A multidisciplinary approach tailored to each individual
patient. For example, patients with infrequent episodes
of TTH can be managed with acute medications and
non-pharmacological treatments such as lifestyle mod-
ifications, while patients with frequent episodes of TTH
or chronic TTH may require preventive pharmacological
treatments with behavioral interventions (Figure 1).

1. Acute pharmacological treatments

Acute treatment aims to provide rapid relief of headache
attacks quickly and is typically used at the onset of a head-
ache episode. Simple analgesics have evidence-based effi-
cacy and are widely accepted as the first-line treatment for
the acute treatment of patients with TTH."

NSAIDs and acetaminophen are commonly used for
acute symptom management. Opioids, triptans, and mus-
cle relaxants are not generally recommended for symp-
tomatic TTH.""*

» NSAIDs

NSAIDs inhibit the enzyme cyclooxygenase, which reduc-
es the production of prostaglandins that which mediate in-
flammation and pain. Initial treatments for acute TTH in-
clude ibuprofen, ketoprofen, naproxen, and diclofenac.”””
Side effects include gastrointestinal discomfort, ulcers, and

cardiovascular risks with long-term use.
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Acute pharmacological
treatments

Non-steroidal anti-inflammatory drugs

Acetaminophen

Other antidepressants

Combination analgesics

Figure 1. Current treatments for tension-type headache.

* Acetaminophen

Acetaminophen is the preferred initial therapy for patients
with TTH who are intolerant of or contraindicated for
NSAIDs for pregnant patients. Acetaminophen is typically
used in a single oral dose of 500 to 1,000 mg. It is generally
well tolerated, but overdose may cause liver toxicity.”'

« Combination Analgesics

Combination of caffeine with acetaminophen, aspirin, or
ibuprofen improves the efficacy for the acute treatment of
TTH.” Caffeine may enhance the analgesic effects by pro-
moting their gastric absorption.” However, frequent use
may increase gastrointestinal discomfort and increase the
risk of medication overuse headache.

2. Preventive pharmacological treatments

Preventive treatments have been shown to help reduce
headache frequency and severity in patients with fre-
quent episodic TTH (1 to 14 headache days per month) or
chronic TTH (>15 headache days per month). Preventive
treatment is also indicated in patients with infrequent TTH
when simple analgesics are ineffective, poorly tolerated, or
contraindicated.

The goal of treatment is to reduce the frequency, severi-
ty, and duration of attacks and to improve the response to
treatment of acute attacks. It is important to understand
patient expectations and consider patient preferences
when deciding which of the various preventive therapies
to use. For patients who respond well (over 50% reduction
in headache days per month), an adjunctive approach is to
discontinue treatment after 3 or 6 months and monitor for
headache recurrence, unless there are other comorbidi-
ties, such as depression or anxiety disorders.
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Preventive pharmacological
treatments

Tricyclic antidepressants

Non-pharmacological
treatments
Cognitive-behavioral therapy
Biofeedback
Physical therapy
Acupuncture

Lifestyle modifications

« Tricyclic Antidepressants (TCAs)

TCAs have moderate to high potency for TTH, and ami-
triptyline controls pain through its inhibitory effects on
serotonin and norepinephrine reuptake.

Amitriptyline also reduces pericranial muscle tender-
ness, resulting in peripheral antinociception and inhibition
of central sensitization. It is common for clinicians to start
amitriptyline at 2.5-10 mg nightly and increase by 5-10 mg
per week to a maximum of 70-80 mg. Common side effects
include sedation, weight gain, dry mouth, and constipation.

- Other Antidepressants

Mirtazapine (noradrenergic and specific serotonergic an-
tidepressant) is comparable to amitriptyline and has a bet-
ter tolerability profile than amitriptyline. Evidence for the
effectiveness of venlafaxine (serotonin-norepinephrine re-
uptake inhibitor) in preventing TTH is weak and supports
alevel B rating by the EFNS-TE."

3. Non-pharmacological treatments

Non-pharmacological treatments such as cognitive behav-
ioral therapy (CBT), biofeedback, and relaxation therapy
are often recommended as first-line interventions. In ad-
dition, integrative medicine (acupuncture and massage)
and lifestyle modifications (sleep management, healthy
diet, hydration, and exercise) may be considered to reduce
headache triggers. However, the evidence for non-phar-
macological approaches in TTH are very limited.”

« CBT

CBT is a psychological intervention that helps patients
identify and modify negative thought patterns and behav-
iors that cause stress and muscle tension, both of which
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are important factors in TTH.” CBT techniques for TTH
include cognitive restructuring, behavioral activation, and
relaxation techniques, among others. Stress management
therapy has demonstrated efficacy in randomized and pla-
cebo-controlled trials and has been shown to be equivalent

56

to amitriptyline in preventing chronic TTH.” Long-term
group behavioral therapy has been shown to be effective
in reducing headache frequency and intensity, improving
coping strategies, and improving overall mental health.””*
CBT has been shown to improve quality of life and reduce

comorbid symptoms of anxiety and depression.

* Biofeedback

Biofeedback is a technique that teaches individuals how to
regulate physiological processes such as muscle tension,
heart rate, and skin temperature through real-time feed-
back. Biofeedback helps patients become aware of and
voluntarily control these processes, which can help reduce
the frequency, duration, and intensity of headaches in pa-
tients with TTH.

* Physical Therapy

Physical therapy involves the use of massage, cervical
spine manipulation, and exercise to improve muscle func-
tion, reduce tension, and promote relaxation.” It is partic-
ularly useful for TTH patients with severe musculoskeletal
problems, such as poor posture, muscle imbalances, and
trigger points.” However, there is no standardized protocol
for treating TTH, and a combination of techniques appears
to be more effective.”'

» Acupuncture

The exact mechanism by which acupuncture relieves TTH
is not fully understood, but it is believed to involve the
modulation of pain pathways, release of endogenous opi-
oids, and reduction of muscle tension and inflammation.”
As the efficacy of greater occipital nerve block in various
headache disorders has been confirmed, attempts have

63-65

been made to use it as a treatment for TTH. One sys-

tematic meta-analysis found acupuncture to be effective

66

and safe for frequent episodic TTH and chronic TTH.

- Lifestyle Modifications
Adopting healthy lifestyle habits can play an important
role in the management and prevention of TTH. Important

lifestyle changes include regular physical activity, healthy
sleep patterns, a balanced diet, and effective stress man-
agement‘(ﬁ,(ﬂ!

Regular exercise, such as aerobic exercise, yoga, and
stretching, has been shown to help reduce stress, improve
sleep quality, and relieve muscle tension, all of which can
help prevent TTH.

Strategies such as maintaining a consistent sleep sched-
ule, avoiding caffeine and electronic devices before bed-
time, and creating a comfortable sleep environment can
help prevent headaches caused by sleep deprivation.

Eating a balanced diet that includes a variety of nutrients
can help prevent and manage TTH.

FUTURE RESEARCH DIRECTIONS

Future research should focus on addressing the diagnostic
challenges and improving our understanding and treat-
ment of TTH. The co-occurrence of migraine and TTH
may be coincidental, but more research is needed to de-
termine whether there is a causal mechanistic relationship
between the two disorders."

One of the major challenges in diagnosing these head-
aches is the lack of reliable biomarkers, with diagnosis
largely based on clinical criteria and patient self-report.
More research is needed to improve diagnostic accuracy.
While both migraine and TTH are associated with genetic
factors, the specific genes responsible for the heritability of
TTH remain unknown, in contrast to the multiple risk loci
identified for migraine.

Pharmacological provocation studies have provided
valuable insights into the pathophysiology of migraine,
leading to the discovery of important therapeutic targets.
However, similar studies have not been thoroughly per-
formed for TTH. Unfortunately, in the absence of identified
therapeutic targets, this approach is not currently feasible
for TTH patients.

In addition, the evidence supporting the use of botuli-
num toxin and anti-CGRP monoclonal antibodies in the
treatment of TTH is limited. We believe additional studies
are needed to evaluate the utility of botulinum toxin and
other emerging therapies for this common and debilitating
condition.
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CONCLUSION

TTH remains a common and often debilitating headache
disorder. Despite its high prevalence, TTH remains un-
der-recognized and under-treated, with significant public
health implications. A comprehensive understanding of its
epidemiology, pathophysiology, and clinical management
is essential to improve patient outcomes. Continued re-
search into the underlying mechanisms and public health
efforts are needed to address the diagnostic and treatment
gaps and ultimately improve the quality of life for individu-
als affected by TTH.
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Abstract

The application of artificial intelligence (Al) in the field of headache disorders, particularly migraine, is rapidly expanding, and Al
has demonstrated significant potential for diagnosis, treatment, and research. This review examines the current role of Al in mi-
graine management, categorizing Al applications into diagnosis and classification, assessment of treatment response, predic-
tion of migraine attacks, and research. A systematic review of literature published between 2000 and 2024 was conducted,
following PRISMA guidelines and utilizing the snowball technique. Of the 398 articles identified, along with five additional arti-
cles, 61 were finally reviewed. The results highlight promising Al applications, including the use of patient questionnaires, natu-
ral language processing, and imaging for migraine diagnosis, as well as predicting treatment responses and forecasting mi-
graine attacks. Nonetheless, challenges remain in improving the accuracy, generalizability, validation, and clinical relevance of
Al applications. Despite the substantial promise of Al for improving migraine management, it does not always guarantee better
results than traditional methods. Careful consideration of the study design and method selection is crucial. Additionally, the in-
terpretation of Al-generated results, particularly those from generative models, requires caution to avoid potential pitfalls.

Keywords: Computational, Deep learning, Large language models, Machine learning, Neural network

INTRODUCTION

The evolution of artificial intelligence (AI) has been trans-
formative, significantly impacting various aspects of the
medicine, including diagnosis, treatment, research, and
the development of medical devices. However, the applica-
tion of Al in the field of headache disorders, including mi-
graine, has been relatively slow. A meta-analysis published

in 2020 revealed that only four (<1%) of the 985 selected
articles published on Google Scholar between 2010 and
2019 that utilized deep learning (DL) techniques focused
on migraine. In contrast, 303 (40%), 161 (21%), and 131
(18%) of these articles addressed Alzheimer’s disease, au-
tism, and epilepsy, respectively.' Nevertheless, research,
tools, and applications related to migraine and headache
disorders have expanded considerably since then, leading
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to a significant increase in published studies. According to
a systematic review of computerized migraine diagnostic
tools, the number of such tools has increased by 4.5 times
since 2005, compared to the period before 2005.°
The current concept of Al and its application in the field
of headache disorders is summarized in Figure 1. Briefly,
Al can be categorized into symbolic and statistical meth-
ods. The symbolic method is based on logic and rule-
based reasoning, using knowledge as inputs to produce
knowledge that can be directly interpreted.’ Statistical
methods generally rely on raw, continuous inputs and use
statistical techniques to produce associations that need to
be interpreted with background knowledge.
Examples of symbolic Al include Deep Blue for chess
gameplay and MYCIN in the medical field, a comput-
er-based consultation system designed to assist physicians

in the diagnosis and therapy selection for patients with
bacterial infections.”

The evolution of computer systems has driven the rapid
advancement of Al technologies, particularly in the area of
statistical Al Statistical methods can be divided into ‘su-
pervised’ and ‘unsupervised’ learning, based on whether
they have answers, known as ‘labels’ Machine learning
(ML) is a type of statistical Al that involves algorithms for
data-driven pattern analysis, decision-making, and predic-
tion. Among ML algorithms, neural networks are models
inspired by the human neural network. Among artificial
neural networks (ANN), convolutional neural networks
(CNN) are better suited for image analysis, while recurrent
neural networks and long short-term memory networks
are more appropriate for linear and wavelet data. DL refers
to neural network algorithms with multiple, deep layers.

Symbolic Al

Knowledge-rule-based systems

Expert Systems

Al

Statistical Al

Machine learning

RF, SVM,
KNN LASSO, GB,
XGBoost, LR, etc

Cluster analysis,
PCA, GMM

Neural

network

Deep

©

Unsupervised

$

Application in headache/migraine

Utilization Diagnosis/classification

Data source Questionnaire Natural language (EHR, LLMs)

Treatment response

Migraine attack forecast
Imaging (MRI, PET)

Research analysis

Electrophysiology (EEG, SEP) Wearable device

Figure 1. Schematic diagram of Al and its applications in the headache field Al can be divided into symbolic and statistical methods.
Machine learning, neural networks, deep learning, and LLMs are examples of statistical methods. These methods can also be catego-
rized as unsupervised or supervised based on their use of labeled data. The applications of Al in headache and migraine can be ana-

lyzed in terms of its utilization and the data source.

Al, artificial intelligence; PCA, principal component analysis; GMM, Gaussian mixture models; RF, random forest; SVM, support vector
machine; KNN, K-nearest neighbor; LASSO, least absolute shrinkage and selection operator; GB, gradient boosting; XGBoost, extreme
gradient boosting; LR, logistic regression; LLM, large language model; EHR, electronic health records; MRI, magnetic resonance imag-
ing; PET, positron emission tomography; EEG, electroencephalography; SEP, somatosensory evoked potentials.
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Numerous DL architectures are available, each proven ef-
fective for specific type of data.

Utilization of Al in headache medicine can be catego-
rized into several key areas: diagnosis or classification of
headache disorders, assessment of treatment response,
forecasting of migraine attacks, and as a tool for analysis
during research. Regarding data sources and methods, Al
applications utilize a range of inputs including question-
naires, language data (e.g., generative language models or
electronic health records [EHR]), medical devices or tools
such as magnetic resonance imaging (MRI), results from
electrophysiology studies (e.g., electroencephalography
[EEG], somatic evoked potential [SEP]), and wearable de-
vices, either individually or in combination. This review
aims to outline the current use and role of Al in the field of
headache disorders, with a focus on migraine, and to dis-
cuss future perspectives.

METHODS
1. Search strategies

Although this is not a systematic review, the search process
was conducted following the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) guide-
lines.’ A literature search was performed in PubMed using
the following terms: ((migraine*) AND ((artificial*) OR (ar-
tificial intelligence*) OR (AI*) OR (deep learning*) OR (ma-
chine learning*) OR (artificial intelligence [MeSH Terms])
OR (AI [MeSH Terms]) OR (deep learning [MeSH Terms])
OR (machine learning [MeSH Terms])))

The search was restricted to literature published be-
tween 1 January 2000 and 31 July 2024. Only abstracts in
the English language were included for review.

2. Inclusion and exclusion criteria

In reviewing abstracts, only studies that explicitly included
Al, ML, or DL methods in their analytical processes were
considered for inclusion. Studies where the authors used
ML or DL methods but did not specify this in the abstract
were excluded. Semi-automated approaches that involved
computational methods alongside expert-suggested al-
gorithms were included if they were specified as Al-based
methods or if they were well-organized for comparative
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review. Medical tools, including imaging techniques such
as MRI and positron emission tomography (PET), elec-
trophysiology methods such as EEG and SEP, magnetoen-
cephalography (MEG), and other devices such as wearable
technologies, were included if the analytical methods uti-
lized Al techniques. Review articles, editorials, opinions,
and viewpoints were considered for snowballing purposes
but were generally excluded from the systematic review.
Additionally, studies for which the full text was unavailable
or not published in English were excluded. Manuscripts
were further excluded if they employed inappropriate
methodologies, such as not applying the International
Classification of Headache Disorders, 3rd edition (ICHD-3)
criteria, or if they involved improper headache diagnosis
or did not specify headache participants.

RESULTS
1. Search results and article inclusion/exclusion

Of the 398 articles identified, one was a duplicate and 317
were excluded based on abstract review. Of the remaining
80 articles, six were review articles, four were editorials or
opinion pieces, two did not utilize AI methodology, one
was not related to the headache field, seven did not adhere
to ICHD-3 criteria or did not specify headache diagnosis
methods, and four had full texts that were unavailable. An
additional five articles were identified through the snow-
ball technique. In total, 61 articles published between 2002
and 2024 were included in the review, with the majority
published since 2020. The PRISMA flow chart outlining the
selection process is shown in Figure 2. The summaries of
the included studies are demonstrated in Table 1.

ARTIFICIAL INTELLIGENCE APPLICATIONS IN
THE DIAGNOSIS OF HEADACHE DISORDERS

1. Questionnaire/survey

Traditionally, questionnaires have been valuable tools
in aiding the diagnosis of headache disorders, given that
such diagnoses are typically based on clinical profiles.
Furthermore, previously collected data from these ques-
tionnaires facilitates the swift and effective application of
Al technology.
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Figure 2. PRISMA 2020 flow diagram.”

Al, artificial intelligence; ICHD-3, International Classification of Headache Disorders, 3rd edition.

The number of items in the questionnaires varied from
17-22°" to 75."” While the details differed, all question-
naires included demographic data (age, sex), headache
characteristics, duration, frequency, and accompanying
symptoms.

The number of participants and the number of classify-
ing groups varied across studies. Liu et al.” distinguished
between 84 migraine and 89 tension-type headache (TTH)
participants using a 19-item questionnaire. Simi¢ et al.’
utilized a 20-item questionnaire to classify 1,022 subjects,
identifying 169 with migraine, 224 with TTH, and 186 with
other headache types. Kwon et al."’ employed a 75-item
questionnaire from a headache center to classify 2,162
individuals with headache disorders, including migraine,
TTH, trigeminal autonomic cephalalgias (TAC), epicranial
headaches, and thunderclap headaches.

Most studies utilized supervised ML methods, includ-
ing decision trees (DTs), random forests (RFs), gradient
boosting (GB), logistic regression (LR), and support vec-
tor machines (SVMs). The performances were present-
ed with sensitivity, specificity, accuracy, area under the
receiver operating characteristic curve (AUROC), and F1
score. The F1 score is the harmonic mean of precision

precisionxrecall

and recall (2 X rgsonirecar ), Where precision is calculat-

T'rue Positive

ed as (TruePositive+FalsePositive) and recall is calculated as

T'rue Positive

(Trae Posttive r False Negatiwe )- The F1 score is particularly useful
for evaluating predictive performance, especially when the

dataset is imbalanced.

Kwon et al.” used a stacked classifier model with four
layers of eXtreme Gradient Boosting (XGBoost) classifi-
ers, each layer classifying migraine, TTH, TAC, epicranial
headaches, and thunderclap headaches. Different features
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Table 1. Summary of studies involving Al in the headache field

Purpose Data source Study Year Al method Al method specification
Diagnosis
Questionnaire Kwon et al.”? 2020 ML Stacked classifier model with four layers of XGBoost
classifiers, LASSO
Questionnaire Liu et al.’ 2022 ML RF, GB, LR, SVM
Questionnaire/NL Katsuki et al.”* 2020 DL NLP, ANN
Questionnaire Simié et al.” 2021 Hybrid Calinski-Harabasz index, Analytical Hierarchy Pro-
system cess, and Weighted Fuzzy C-means Clustering
algorithm (ML)
Questionnaire Katsuki et al.”’ 2023 ML GB, LR, Ridge Classifier, RF, Extra Trees Classifier, K
Neighbors Classifier, Dummy Classifier, DT, SVM,
AdaBoost Classifier, LDA, Naive Bayes, QDA, best
performance: GB
Questionnaire Katsuki et al.” 2023 ML Light GB machine, RF, LDA, Ridge Classifier, Extra
Trees, GB Classifier, LR, AdaBoost Classifier, DT, K
Neighbors, Naive Bayes, Dummy Classifier, SVM,
QDA, best performance: light GB machine classifier
Questionnaire Sasaki et al.” 2023 ML Light GB machine, RF, LDA, Ridge Classifier, Extra
Trees, GB Classifier, LR, Ada Boost Classifier, DT K
Neighbors, Naive Bayes, Dummy Classifier, SVM,
QDA, best performance: extremely randomized
trees
Questionnaire Okada et al."" 2024 ML Light GB machine classifier
NL Vandenbussche etal.”” 2022 NLP/ML  NLP, LR, SVYM
NL (EHR) Riskin et al.” 2023 NLP/ML  Not specified
Questionnaire/MRI Chong et al.”® 2021 ML PCA, logistic classifier
Clinical data/MRI Dumkrieger et al.”! 2023 ML Ridge LR on principal component
MRI Razr;man Siddiquee et 2022 DL ResNet-18
al.
MRI Mitrovié et al.”* 2023 ML LDA
MRI Mitrovi¢ et al.” 2023 ML SVM
Resting-state fMRI Chong et al.” 2017 ML Diagonal QDA
Resting-state fMRI Yang et al.* 2018 ML,DL  SVM, CNN
Resting-state fMRI Tuetal.”® 2020 ML Recursive feature elimination, SVM, LOOCV
Resting-state fMRI Nie et al.”"*® 2021; ML K-means clustering, hierarchical clustering, SVM
2023
Resting-state fMRI Fernandes et al.” 2024 ML Gaussian Process Classifier
MEG Hsiao et al.”” 2022 ML SVM
MEG Hsiao et al.* 2023 ML DT, discriminant analysis, naive Bayes classifiers,
SVM, KNN
EEG Akben et al.” 2012 ML MLP
EEG (wearable) Cao et al.”’ 2018 ML LDA, KNN, MLP, Bayesian classifier, SVM
EEG Frid et al.” 2020 ML Relif Family algorithm, SVM
EEG Aslan® 2021 ML Rotation Forest, BFTree, RF, Bagging, AdaBoost,
SPAARC, MultiBoost, Random Tree, NBTree ensem-
ble classifiers
EEG Hsiao et al.*® 2023 ML DT, discriminant analysis, naive Bayes classifiers,
SVM, KNN
EEG Orhanbulucu et al.* 2023 DL AlexNet, ResNet50, SqueezeNet
SEP Zhuetal.” 2019 ML, DL RF, XGBoost trees, SVM, KNN, MLP, LDA, LR, CNN
ECG Chiang et al."* 2022 DL CNN
Headache diary applica- De Brouwer et al.” 2022 ML Knowledge-based classification, ML-based detection
tion/wearable device of activity, stress, sleep events
(Continued to the next page)
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Table 1. Continued

Purpose Data source Study Year Al method Al method specification
Functional near-infrared  Chen et al.** 2022 ML LDA, QDA
spectroscopy
Treatment efficacy/response
Web-based survey Ashina et al.”’ 2024 ML RF, LASSO
NL (EHR) Hindiyeh et al.** 2022 NLP Not specified
NL (social media) Guo et al.” 2023 NLP Transformer-based models
NL (EHR) Chiang et al.” 2024 NLP ClinicalBERT regression model, GPT-2 Question An-
framework swering model zero-shot, GPT-2 QA model few-shot
training fine-tuned on clinical notes, GPT-2 gener-
ative model few-shot training fine-tuned on clinical
notes
NL (generative LLM) Moskatel and Zhang™ 2023 LLMs ChatGPT-3.5
NL (generative LLM) Lietal.” 2024 LLMs ChatGPT-3.5, ChatGPT-4.0, Google Bard, Meta Lla-
ma2, and Anthropic Claude2
Clinical dataset Ferroni et al.”’ 2020 ML SVM, random optimization
Clinical dataset Luetal.” 2022 ML SVM, DT, MLP
Clinical dataset G()srgzalez-Martinez et 2022 ML RF, Bayesian search optimization method
al.
Clinical dataset Stubberud et al.”® 2022 ML, NLP  Multitask Gaussian process model, NLP
Clinical dataset Ciancarelli et al.”® 2022 Neural ~ ANN
network
Clinical dataset Martinelli et al.> 2023 ML, neural RF, SVM, ANN, adaptive neuro-fuzzy inference sys-
network tem, fuzzy c-means clustering
Clinical dataset/MRI Tso et al.” 2021 ML PCA, t-distributed stochastic neighbor embedding,
KNN, XGBoost implemented GB DT
MRI, fMRI Wei et al.” 2023 DL,ML  ResNet34, ResNet50, RexNeXt50, DenseNet121,
3D ResNet18,, best performance: ResNet-18 /SVM
Multimodal MRI Wei et al.*° 2024 ML LASSO, LR, SVM-recursive feature elimination for
Feature selection / LR, SVM, RF, DT, KNN, MLP
elastic network, light GB machine, XGBoost for clas-
sification, best performance: RF
PET Marino et al.”* 2023 ML CBDA
Migraine attack prediction
Wearable device Siirtola et al.* 2018 ML QDA, LDA
Headache diary applica- ~ Stubberud et al.** 2023 ML LR, SVM, RF, GB, Adaptive boosting, XGBoost, best
tion/wearable device performance: RF
Headache diary applica-  Katsuki et al.’ 2023 ML, neural Generalized linear mixed model, feedforward neural
tion/weather data network network, XGBoost
Research
Cortical-evoked potentials Thomas et al.®® 2002 Neural Neural network model
in response to repetitive network
visual/auditory stimulus
Mouse grimace scale Chiang et al.”’ 2022 DL ResNet-18
Temporal multi-omics Kogelman et al.*® 2023 ML Qlattice

profile

Al, artificial intelligence; ML, machine learning; XGBoost, extreme gradient boosting; LASSO, least absolute shrinkage and selection operator; RF, random
forest; GB, gradient boosting; LR, logistic regression; SVM, support vector machine; NL, natural language; DL, deep learning; NLP, natural language pro-
cessing; ANN, artificial neural network; DT, decision tree; LDA, linear discriminant analysis; QDA, quadratic discriminant analysis; EHR, electronic health
records; MRI, magnetic resonance imaging; PCA, principal component analysis; fMRI, functional MRI; CNN, convolutional neural network; LOOCV, leave-
one-out cross-validation; MEG, magnetoencephalography; KNN, K-nearest neighbor; EEG, electroencephalography; MLP, multilayer perceptron; BFTree,
best first decision tree; SPAARC, sequential pattern-aided adaptive response classification; NBTree, naive Bayes decision tree; SEP, somatosensory evoked
potentials; ECG, electrocardiogram; ClinicalBERT, clinical bidirectional encoder representations from transformers; GPT, generative pre-trained transformer;
LLMs, large language models; PET, positron emission tomography; CBDA, Compressive Big Data Analytics.

www.e-hpr.org 53



Headache Pain Res 2025;26(1):48-65

were selected from the self-reported data at each layer
using the least absolute shrinkage and selection operator
(LASSO). The model achieved an accuracy of 81% for the
test set. The sensitivity and specificity for migraine, TTH,
TAC, epicranial headache, and thunderclap headache
were 88% and 95%, 69% and 55%, 65% and 46%, 53% and
48%, and 51% and 51%, respectively."’

In contrast, Simi¢ et al.” proposed a hybrid system incor-
porating the Calinski-Harabasz index, Analytical Hierarchy
Process, and Weighted Fuzzy C-means Clustering algo-
rithm, an unsupervised ML method. The accuracy rates
were 67% for migraine, 74% for TTH, and 86% for other
primary headaches, with corresponding F1 scores of 75%,
74%, and 75%, respectively.’

The Japanese research group, led by Katsuki, Yamamo-
to, Sasaki, and Okada, along with other co-authors, has
published multiple articles utilizing questionnaires and Al
methods. In their first study, published in 2020, they used a
combination of questionnaires, unstructured descriptions,
and DL methods to classify primary headaches among
848 participants, with 46% diagnosed with migraine, 47%
with TTH, and 5% with TAC." Natural language processing
(NLP) was employed using the commercial DL framework,
Prediction One, and an ANN model was applied. The
model achieved an accuracy of 0.7759, a mean precision
of 0.8537, a mean recall of 0.6086, and a mean F1 score of
0.6353.

In subsequent studies, the same group used a 17- or 22-
item questionnaire along with multiple AI methods to
classify five to six different outcomes: migraine and medi-
cation-overuse headache (MOH) separately or together as
migraine/MOH, TTH, TACs, other primary headaches, and
other headaches."” Among the 6,058 participants, there
were 4,829 cases of migraine, 834 cases of TTH, 78 cases of
TACs, 38 cases of other primary headache disorders, and
279 cases of other headaches. The GB classifier yielded
the highest c-statistic of 0.88. The c-statistic, equivalent to
the AUROC, measures a classification model’s ability to
discriminate between classes, with higher values indicat-
ing better performance. The model’s accuracy, sensitivity,
specificity, precision, and F1-score were 93.7%, 84.2%,
84.2%, 96.1%, and 84.2%, respectively.

The AI model’s performance was compared with that
of non-headache specialists, and its usefulness in aiding
headache diagnosis was evaluated using data from a study
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of 4,000 patients.’ The light GB machine classifier achieved
the highest c-statistic of 0.9203. The diagnostic accuracy of
five non-headache specialists was then compared to that
of the Al model using a sample of 50 patients. Without the
Al model, the non-specialists’ overall diagnostic accuracy
was 46%, with a kappa value of 0.212. With the aid of the AI
model, their accuracy and kappa value improved signifi-
cantly to 83.2% and 0.678, respectively. External validation
of the AI model’s diagnostic performance using a sample
of 59 participants demonstrated an overall accuracy of
94.92% and a kappa value of 0.65 (95% confidence interval
[95% CI], 0.21-1.00) when compared to the ground truth.
The sensitivity, specificity, precision, and F1-score for
diagnosing migraines were 98.21%, 66.67%, 98.21%, and
98.21%, respectively.''

The application of the system in pediatric and adoles-
cent populations was also validated. Sasaki et al."” used
multiple Al models to diagnose 909 participants aged 6
to 17 years, including 234 individuals with migraine. For
the test dataset, the model achieved an accuracy of 94.5%,
sensitivity of 88.7%, specificity of 96.5%, precision of 90.0%,
and an F1-score of 89.4%.

However, non-Al methods and rule-based decision
systems have also demonstrated impressive results. For
example, a web-based headache diagnosis questionnaire
validated by telephone interviews showed a sensitivity of
92.6%, a specificity of 94.8%, and a kappa coefficient of
0.875 for diagnosing migraine among 256 participants.
For the diagnosis of TTH and probable migraine (PM), the
sensitivity, specificity, and kappa coefficients were 78.4%,
98.4%, and 0.809, and 85%, 92.9%, and 0.757, respectively.’

Computerized systems based on expert opinions have
also proven effective. In 2008, Maizels and Wolfe'® devel-
oped a Computerized Headache Assessment Tool (CHAT)
using web-based questionnaires with branching ques-
tions based on headache frequency, duration, and ICHD
criteria. Among 135 participants who completed CHAT
and 117 who completed a diagnostic interview, CHAT cor-
rectly identified 35/35 cases (100%) of episodic migraine
(EM), 42/49 cases (85.7%) of transformed migraine, 11/11
cases of chronic TTH, 2/2 cases of episodic TTH, and 1/1
case of episodic cluster headache (CH). It also identified
medication overuse in 43/52 cases (82.7%), with the most
common misdiagnosis being transformed migraine or new
daily persistent headache.
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In another study by Cowan et al."’, the concordance
between a self-administered, computer-based diagnostic
engine (CDE) and a semi-structured interview conducted
by a headache specialist was assessed. The CDE, devel-
oped by the authors using a detailed DT, was completed
by 212 participants, who also underwent an interview. For
diagnosing migraine and PM, the CDE demonstrated a
sensitivity of 90.1% and a specificity of 95.8%, with a con-
cordance rate with SSI of k=0.83 (95% CI, 0.75-0.91).

These expert-based systems, built on transparent de-
cision-making processes using ICHD-3 criteria, exhibit
high sensitivity and specificity. In contrast, Al operates as
a “black-box” system, where the decision-making process
is not easily interpretable. While AI models may demon-
strate high accuracy, careful interpretation according to
current knowledge is necessary, and biases of the data may

result in subpar prediction results."”

Questions remain as
to whether current Al offers real advantages beyond being
novel and innovative. The challenge remains validating
Al models and ensuring their effective application in re-

al-world settings.

2. Natural language

Natural language as a data source in headache research
holds significant potential, especially in aiding practi-
tioners and saving time. Many patient interviews are nat-
urally conducted in unstructured language, which doctors
traditionally summarize and interpret to make a diagnosis.
While structured questionnaires have been used to stan-
dardize this natural language, the raw language itself may
contain even more valuable information. In this context,
natural language includes any unstructured text, such as
EHRs and generative large language models (LLMs). How-
ever, studies utilizing generative LLMs have predominantly
focused on assessing treatment response rather than di-
agnosis and classification. Three studies were identified in
the area of diagnosis and classification, with one integrat-
ing questionnaire data and natural language, as previously
discussed in the questionnaire section.

Riskin et al.”” used US claims and EHR data from 2010
to 2012 to compare the efficacy of migraine identification.
They defined “Traditional Real-World Evidence (RWE)” as
the use of insurance claims or structured EHR data, while
“Advanced RWE” was defined as the use of unstructured

EHRs. Although the exact Al-based technology was not
specified, an ML algorithm was employed. Based on man-
ual annotation by seven annotators, 2,642 migraine and
6,530 headache-related concepts were identified, and their
recall rates were compared. “Traditional RWE” achieved
recall rates of 66.6% and 29.6%, while “Advanced RWE”
recalled 96.8% and 92.9%, respectively. The superior per-
formance of “Advanced RWE” was consistent across the
identification of six migraine-associated symptoms, with
F1 scores ranging from 80.7% to 95.6%.

Vandenbussche et al.”’ conducted a web-based survey
in which 81 migraine and 40 CH patients were asked to de-
scribe their headache disorders in detail. NLP was applied
to analyze the narrative self-reports, focusing on lexical, se-
mantic, and thematic properties. Lexicon-based sentiment
analysis of attack descriptions revealed predominantly
negative sentiments. For the classification of migraine and
CH using features from the attack descriptions, LR and
SVM algorithms demonstrated the best performance, with
F1 scores ranging from 0.6 to 0.8. There was a significant
difference between Dutch-speaking migraine and CH
patients in how they described their disorder. Migraine
patients used the Dutch word for “headache” more often,
while CH patients more frequently used the word “pain”

3. Imaging

Numerous studies have employed brain imaging tech-
niques, such as MRI, functional MRI (fMRI), and PET, ana-
lyzed with ML and DL methods to differentiate and classify
headache disorders, particularly migraine.

Mitrovi¢ et al.”’ analyzed brain MRI data from a cohort
including healthy controls (HCs) and patients with mi-
graine with aura (MwA). Cortical thickness, surface area,
and volume were compared using various ML methods.”
The best classification results were obtained with linear
discriminant analysis (LDA), achieving 97% accuracy for
MwA. Left temporal pole, right lingual gyrus, and left pars
opercularis thickness were notable distinguishing fea-
tures. Further research used the average Migraine Aura
Complexity Score (MACS) from multiple MwA attacks and
evaluated its correlation with 340 MRI features.”” Applying
ML methods including SVM, a high coefficient of deter-
mination (0.89) was achieved, with 26 significant features
including left parahippocampal mean Gaussian curvature,
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left transverse temporal mean Gaussian curvature, left
transverse temporal thickness, and left pars opercularis
thickness (p<0.01) strongly correlating with average MACS
(p<0.05).

Chong et al.”’ combined questionnaire data with
T1-weighted MRI and diffusion tensor imaging, to distin-
guish between migraine and persistent post-traumatic
headache (PTH) attributed to mild traumatic brain injury.
A logistic classifier achieved an overall accuracy of 78%,
with 97.1% accuracy for migraine and 64.6% for PTH. Crit-
ical features contributing to accuracy included responses
related to anxiety on sports concussion Assessment Tool
and decision-making difficulty on Beck Depression Inven-
tory-13, as well as cortical brain regions such as the bilater-
al superior temporal gyrus, inferior parietal lobe, posterior
cingulate cortex, and fiber tracts like the right anterior
thalamic radiations and right superior longitudinal fas-
ciculus. Additional study utilized clinical data, along with
MRI measures of brain structure and functional connectiv-
ity.”" A classifier using ridge LR on principal components
achieved an average accuracy of 72% when using function-
al connectivity data, and 63.4% without it. In addition, a
DL method was developed using a 3D ResNet-18 classifier
to automatically identify features that differentiate MRIs of
95 migraine patients, 48 with acute PTH, 49 with persistent
PTH, and 532 HCs. The 3D ResNet-18 classifier, an 18-layer
CNN based DL architecture for image analysis, adapted
for 3D convolutions, achieved an accuracy of 75%, a sen-
sitivity of 66.7%, and a specificity of 83.3% in distinguish-
ing migraine from HCs. The most significant biomarkers
identified by the migraine classifier included the caudate,
caudal anterior cingulate, superior frontal gyrus, thalamus,
and ventral diencephalon.”

Resting-state fMRI has been frequently analyzed in mi-
graine research, utilizing various ML and DL techniques
for feature extraction and classification. Several studies
compared migraineurs and HCs.

Tu et al.” examined 70 migraine without aura (MwoA)
patients and 46 matched HCs, identifying abnormal func-
tional connectivity within the visual network (VN), default
mode network (DMN), sensorimotor network (SMN), and
fronto-parietal networks that distinguished migraineurs
from HCs using an SVM model with 93% sensitivity and
89% specificity. The model was validated on an indepen-
dent cohort of 19 MwoA patients and 19 additional con-
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trols, achieving 84% sensitivity and specificity. To verify
specificity, the model was tested on 18 MwoA patients and
76 non-migraine pain patients (with chronic lower back
pain and fibromyalgia), demonstrating 78% sensitivity
and 76% specificity for distinguishing migraineurs from
non-migraineurs.

Nie et al.”” applied both unsupervised and supervised
ML techniques. Using an automatic segmentation algo-
rithm, K-means clustering combined with hierarchical
clustering identified 17 dynamic functional connectome
patterns (DFCPs).”” SVM was used to select optimal fea-
tures from static functional connectivity strength and
DFCP features and to classify migraine patients and HCs.”

Chong et al.”’ used diagonal quadratic discriminant
analysis (QDA), an ML algorithm to analyze functional
connections from 33 seeded pain-related regions of 58 mi-
graine patients and 50 HCs. Notably, those with an disease
duration of more than 14 years were classified more accu-
rately (96.7% vs. 82.1%).

MwA was also examined in several studies. Fernandes
et al.”’ used Gaussian Process Classifier to differentiate
between ictal and interictal periods in two patients with
MwaA.

Yang et al.”' analyzed the amplitude of low-frequency
fluctuations, regional homogeneity, and regional func-
tional correlation strength to distinguish 21 patients with
MwoA, 15 with MwA, and 28 HCs. SVM classifier achieved
an accuracy of 83.67%, whereas a CNN approach based on
the Inception module improved accuracy to 86.18%.

4. Electrophysiology and magnetoencephalography

Wavelet data from electrophysiology studies, including
EEG and SEP, have also been utilized for the diagnosis and
classification of migraine. Analyzing these data often re-
quires transformations, such as Fourier transformation, to
process the complex signals. MEG has also been employed
in the analysis of headache disorders and, in this review,
is included in this section due to its time-dependent data
acquisition characteristics. Studies utilizing EEG and MEG
signals have been conducted to differentiate migraine from
other conditions.

Hsiao et al.” conducted multiple studies utilizing MEG.
In 2022, resting-state MEG data from 70 HCs, 100 chronic
migraine (CM) patients, 35 EM patients, and 35 FM pa-



Lee et al.

Al Applications in Headache Research: Focus on Migraine

tients were analyzed to calculate source-based oscillatory
connectivity in relevant cortical regions.”” Using a SVM
classifier, a model was developed to identify CM. The
salience, SMN, and parts of the DMNs were key features
differentiating CM from HCs, with classification perfor-
mance showing an accuracy of 286.8% and an area under
the curve (AUC) of = 0.9. When comparing CM to EM, the
model achieved an accuracy of 94.5% and an AUC of 0.96,
and for CM versus FM, an accuracy of 89.1% and an AUC
of 0.91. In 2023, resting-state MEG data of 70 HCs, 100 CM,
40 CM with FM, 35 FM, 30 chronic TTH, and 75 EM were
analyzed.” Features were extracted and classified using
ML algorithms including DT, discriminant analysis, naive
Bayes classifiers, SVM, and K-nearest neighbor (KNN). The
best classification model distinguished CM from HCs with
an accuracy of over 92.6% and an AUC of over 0.93. When
validating CM classification against other groups, accuracy
exceeded 75.7%, with an AUC greater than 0.8.

Although EEG is not routinely recommended in head-
ache practice, its application in headache research has
persisted.” EEG signals have been utilized to classify HCs,

35,36

migraine patients, CM patients,”””” and to differentiate
between MwA and MwoA.” EEG signals were recorded
during resting state, visual or auditory stimulation tasks,
or non-painful, painful, and repetitive painful electrical
stimulation. Various signal processing techniques were
applied, such as the tunable Q-factor wavelet transform
method to decompose EEG signals into sub-bands™ and
segmentation of a 3-minute EEG into 120 1-second seg-
ments, generating 325 functional connectivity values be-
tween electrode pairs.”” Most studies employed ML mod-
els. However, in one study, EEG signals were transformed
into scalogram-spectrogram images and classified using
CNN architectures, including AlexNet, ResNet50, and
SqueezeNet.”

Akben et al.” in 2012 compared different flash stimula-
tion frequencies (2 Hz, 4 Hz, and 6 Hz) and durations (2
seconds, 4 seconds, 6 seconds, and 10 seconds) to deter-
mine the most effective conditions for detecting migraine.
EEG was recorded during flash stimulation in 15 migraine
patients and 15 HCs. The power spectral density estimate
was computed, and a multilayer perceptron (MLP) neural
network was used for classification. The study found that a
4 Hz flash stimulation frequency and an 8-second duration
were most effective in detecting migraine, particularly at

the beta band of the T5-T3 channel.

In another study by Cao et al.”’, a wearable, wireless EEG
device (Mindo-4S) was used to record EEG signals from
the prefrontal (Fpz) and occipital (01, Oz, O2) regions to
differentiate 40 MwoA patients from 40 HCs. EEGs from
interictal, pre-ictal, ictal, and post-ictal phases were pro-
cessed, and a binary classification model was developed
using LDA, KNN, MLP, Bayesian classifier, and SVM. The
SVM demonstrated the highest accuracy (76%+4%) for
classifying interictal and pre-ictal phases using prefrontal
EEG complexity.

Chiang et al."" analyzed the electrocardiogram (ECG)
data of 17,840 participants with MwA and 22,162 partici-
pants with MwoA, excluding those with a history of atrial
fibrillation (AF). The team employed an AI-ECG algorithm,
developed using a CNN-based approach, to calculate the
probability of concurrent paroxysmal or impending AF in
ECGs showing normal sinus rhythm. The AF prediction
model output was significantly higher in the MwA group
compared to the MwoA group (mean [standard deviation],
7.3% [15.0%] vs. 5.6% [12.4%]; mean difference [95% CI],
1.7% [1.5%-2.0%]; p<0.001). These differences remained
significant even after adjusting for vascular comorbidities,
suggesting a higher probability of concurrent paroxysmal
or impending AF in individuals with MwA compared to
those with MwoA.

Although not as extensively researched, SEP have also
been investigated in the context of migraine. Zhu et al.”
utilized SEP data to differentiate between 42 migraine pa-
tients (29 in the interictal phase and 13 in the ictal phase)
and 15 HCs. The right median nerve SEPs were recorded,
and features in both the time and frequency domains were
selected through a feature selection method. The data
were then classified using various ML algorithms, includ-
ing RE, XGBoost trees, SVM, KNN, MLP, LDA, and LR. The
classification accuracies for distinguishing HCs, ictal, and
interictal phases ranged from 51.2% to 72.4%. After model
and feature selection, the accuracy improved to 89.7% for
HC-ictal, 88.7% for HC-interictal, 80.2% for ictal-interictal,
and 73.3% for HC-ictal-interictal classification. Interesting-
ly, a tested CNN-based model showed lower performance
compared to the ML-based models.
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5. Wearables and other devices

De Brouwer et al.”’ utilized the Empatica E4 wearable
device (Empatica Inc., Cambridge, MA, USA) along with
a custom-made application to maintain a diary of head-
ache-specific data. The device employed data-driven
ML algorithms to detect activity, stress, and sleep events.
Individual headache attacks were classified based on a
knowledge-based classification system, focusing on mi-
graine, CH, and TTH. A total of 133 headache attacks from
14 migraine and four CH patients were analyzed. The strict
application of ICHD-3 criteria resulted in the classification
of eight out of 98 MwoA attacks and 0 out of 35 CH attacks.
However, an adapted version of the criteria, which modi-
fied the headache duration for treated and terminated epi-
sodes, improved classification to 28 out of 98 MwoA attacks
and 17 out of 35 CH attacks. The device also collected data
on activities and stress events, which were confirmed in
46% and 59% of cases, respectively, indicating the potential
link between headache and physiological data, although
further improvement is warranted.

Functional near-infrared spectroscopy was employed
to measure changes in hemoglobin levels in the prefron-
tal cortex during a mental arithmetic task, with the data
used to classify 13 HCs, nine CM patients, and 12 MOH
patients.”” ML techniques, including LDA and QDA, were
applied in both direct and stepwise classifications. The
resulting model achieved a sensitivity of 100% and a speci-
ficity of 75% in classifying CM patients.

The statistical application of Al is particularly well-suit-
ed for use in classification tasks, especially when applied
to data sources such as brain imaging, electrophysiology,
wearable devices, or other measurable inputs. These data
sources provide numerous inputs, and the diagnosis of
headache disorders offers clearly defined target labels,
facilitating the use of Al in generating accurate classifi-
cations. As demonstrated in the studies presented, these
methods often yield favorable accuracies and show sig-
nificant potential. However, the application of these Al
methods in real-world clinical settings remains uncertain.
A meta-analysis on the real-world accuracy of wearable
activity trackers for detecting COVID-19, AFE, and falls re-
ported sensitivities of 79.5%, 94.2%, and 81.9%, and speci-
ficities of 76.8%, 95.3%, and 62.5%, respectively.”’ Notably,
the highest accuracy was observed in detecting AE, which
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is primarily diagnosed using wavelet-transformed data
from ECG signals. In contrast, the gold standard for diag-
nosing headache disorders is patient interviews, and inter-
preting headache diagnoses classified by complex wavelet
data presents significant challenges. Additionally, random-
ized controlled studies are limited in demonstrating the
benefits of Al or comparing with gold standard methods."
Also most studies, except for the ECG study by Chiang et
al.”’, involved a small number of participants, raising con-
cerns about the generalizability of these Al applications to
broader populations.

ARTIFICIAL INTELLIGENCE APPLICATIONS IN
THE ASSESSMENT OF TREATMENT EFFICACY
AND RESPONSE IN HEADACHE DISORDERS

Assessing treatment response is a crucial aspect of clinical
practice. Identifying responders and non-responders helps
avoid ineffective therapies and minimize adverse effects,
which is the core principle of precision medicine. This is
particularly important when treating patients with head-
ache disorders, especially CM, using costly therapies such
as OnabotulinumtoxinA and anti-calcitonin gene-related
peptide monoclonal antibodies (anti-CGRP mAb), where
non-responders can have significant implications. Al
methods have been increasingly utilized to assess or pre-
dict the need for treatment, evaluate treatment response,
and identify potential good responders.

1. Questionnaire/survey

Ashina et al.”’ conducted a web-based survey involving
31,529 out of 61,826 individuals (51.0%) who had sought
medical care for migraine in the previous 12 months. Us-
ing ML techniques, including RF and LASSO, the study
identified 13 sociodemographic and clinical factors most
strongly associated with seeking medical care for migraine.
Among these, higher interictal burden, disability, and allo-
dynia were particularly significant factors.

2. Natural language

NLP of EHRs, generative LLMs have been utilized to assess
treatment response, evaluate current treatment status, and
analyze patient feedback.
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Hindiyeh et al.” constructed a migraine outcome mod-
el based on headache severity (mild, moderate, severe),
headache descriptors (pulsating, debilitating, stabbing),
headache progression, and associated symptoms (nausea,
vomiting, photophobia, and phonophobia). Each data el-
ement was weighted to define a 10-point scale. EHR data
from 2018 to 2020 were reviewed, and trained annotators
assigned scores. The accuracy of “traditional approaches”
and “advanced approaches” was compared. From 2,006
encounters, the average F1 score for automated extraction
was 92.0% for Al applied to unstructured data (advanced
approach).

Guo et al.”’ developed a platform-independent text
classification system to automatically detect and analyze
self-reported migraine-related posts. Texts from Twitter
and Reddit were manually labeled, and six transform-
er-based models were used to classify posts as positive
if at least one sentence within the post was identified as
self-reporting. The best system achieved an F1 score of
0.9 on Twitter and 0.93 on Reddit, demonstrating minimal
bias. Treatment-related information and associated senti-
ments were also analyzed. This study suggests the poten-
tial for analyzing treatment response based on real-time,
real-world self-reports, outside of traditional hospital set-
tings or headache diaries, which could reduce recall bias.

Chiang et al.” performed a retrospective cross-sectional
study from two tertiary headache referral centers. A total
of 1,915 neurology consultation notes written by 15 spe-
cialized clinicians between 2012 and 2022 were extracted.
Four NLP frameworks were applied to generate answers
and extract headache frequency. Among these, the gen-
erative pre-trained transformer 2 (GPT-2) generative
model showed the best performance, with an accuracy of
0.92 (95% CI, 0.91-0.93) and an R® score of 0.89 (95% ClI,
0.87-0.90). All GPT-2-based models outperformed the
Clinical BERT (Bidirectional Encoder Representation from
Transformers) model in terms of exact matching accuracy.

Lietal.’ provided 30 migraine-related queries, including
evaluation, definition, testing, diagnosis, treatment, fol-
low-up, prognosis, and special population considerations,
to five LLMs (ChatGPT-3.5, ChatGPT-4.0, Google Bard,
Meta Llama2, and Anthropic Claude2). The answers were
randomly ordered and rated by neurologists.”’ Although
the difference in performance was not statistically signif-
icant, ChatGPT-4.0 received the highest accuracy ratings,

whereas Google Bard had a relatively higher proportion of
‘poor’ ratings. Notably, there were erroneous recommen-
dations, such as proposing hemicraniectomy for persistent
and severe migraine by ChatGPT-3.5.

This study highlights the need for caution among clini-
cians, researchers, and potential patients when using LLMs
for medical purposes. These erroneous recommendations
are not just incorrect; they have the potential to cause pa-
tient harm. Therefore, the use of LLMs must be managed
with caution and public awareness, and further research is
warranted.

Another significant caution regarding the use of LLMs
for medical advice arises from a study by Moskatel and
Zhang.” They queried ChatGPT-3.5 on the efficacy of 47
medications for the prevention of migraine and evaluated
its responses and citations. The assessments of 33 medica-
tions were found to be unreliable, with 66% (76/115) of the
citations being hallucinations and 5% (6/115) being erro-
neous.

3. Clinical dataset

Lu et al.” evaluated 610 migraine patients, including 326
who responded to non-steroidal anti-inflammatory drugs
(NSAIDs) and those who did not. They extracted poten-
tial predictors among demographic and clinical features
using multivariable LR analysis.”” The SVM, DT, and MLP
algorithms were used to predict NSAID responsiveness,
with the AUC for the test cohort ranging from 0.712 to
0.744 across the three ML methods. Significant predictors
identified included disease duration, headache intensity,
frequency, anxiety, depression, and sleep disorders.
Martinelli et al.” attempted to predict treatment re-
sponse to OnabotulinumtoxinA in patients with CM
and high-frequency episodic migraine. Among the 212
enrolled patients, 35 were classified as excellent respond-
ers and 38 as non-responders. The Relif Family feature
selection algorithm was used to select demographic and
clinical data, which were then analyzed using various ML
methods. Although ML methods failed to distinguish good
responders from non-responders overall, the RF algorithm
in the high-frequency EM group achieved a high classifi-
cation accuracy of 85.71%. Key predictors of response in
the high-frequency EM group included age at migraine
onset, opioid use, anxiety subscore on the Hospital Anxiety

www.e-hpr.org 59



Headache Pain Res 2025;26(1):48-65

and Depression Scale, and Migraine Disability Assessment
(MIDAS) score.

Gonzalez-Martinez et al.””’s team utilized prospective-
ly collected multicenter dataset of 712 migraine patients
receiving anti-CGRP mAb therapies to predict treatment
response. The study population was predominantly female
(93%), with 84% having CM. A RF-based approach was em-
ployed, with hyperparameters selected using a Bayesian
search optimization method. Prediction models at 6, 9, and
12 months utilized variables such as headache days per
month at each time point and their reduction, migraine
days per month at baseline and 3 months, and headache
impact test (HIT-6) scores. The F1 scores of the models
ranged from 0.70 to 0.97, with AUROC values between 0.87
and 0.98. A calculator tool was subsequently developed
and made available online (https://portal.brainguard.life/
tools/cgrp.php).

Stubberud et al.” utilized clinical data from a retrospec-
tive cohort of 1,446 CM patients to estimate individual
treatment effects across 10 classes of preventive therapies,
including OnabotulinumtoxinA, flunarizine, candesartan,
serotonin-noradrenaline reuptake inhibitors, topiramate,
tricyclic antidepressants, acupuncture, valproate, beta
blockers, and serotonergic agents. The analysis was per-
formed using a causal multitask Gaussian process model.
Data were collected through automated extraction using
NLP of Microsoft Word template-based clinical records,
achieving an accuracy of 90.73% compared to manual
extraction. Individual treatment effects were then used
to rank the preventive therapies for machine-guided pre-
scription. The machine prescription policy was estimated
to reduce time-to-response by 35% (3.750 months; 95% CI,
3.507-3.993; p<0.0001) compared with expert guidelines,
with no substantive increase in expense per patient.

57y

Ferroni et al.”"’s research utilized a dataset of 777 mi-
graine patients with 21% (162) of whom reported MO last-
ing for at least 2 years, to predict the risk of developing MO.
The team developed a customized ML-based decision sup-
port system combining SVM and Random Optimization
(RO-MO), which was compared to a baseline SVM model.
The final RO-MO decision support system, incorporating
the top four models, achieved a c-statistic of 0.83, with sen-
sitivity and specificity of 0.69 and 0.87, respectively, and an
accuracy of 0.87. LR analysis confirmed the system’s effec-

tiveness in predicting MO, with odds ratios of 5.7 and 21.0
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for patients classified as probably (three predictors posi-
tive) and definitely at risk of MO (four predictors positive),
respectively.

Ciancarelli et al.” used ANN to predict the effect of
EMG-biofeedback treatment in 20 CM patients. The ANN
predicted post-treatment MIDAS scores with 75% accu-
racy. A significant correlation between NOx (nitrite and
nitrate) levels and MIDAS (R=-0.675, p=0.011) suggested
that higher nitric oxide levels pre-treatment were associ-
ated with lower post-treatment MIDAS scores, particularly
when peroxide levels are within a specific range (116-205
U/mL).

4. Imaging

Wei et al.”” evaluated 111 migraine patients, of whom 62
were responders to NSAIDs and 49 were non-responders.
Their 3D-T1 weighted images were analyzed using DL with
the ResNet-18 model demonstrated the best accuracy of
0.78. In a subsequent study, the static functional connec-
tivity was compared among 35 NSAID-responsive episodic
MwoA patients, 35 NSAID-non-responsive MwoA patients,
and 33 HCs. Clinical characteristics and functional net-
work connectivity features were applied to a SVM model to
classify NSAID responsiveness, yielding a sensitivity of 0.88,
specificity of 0.89, and an AUROC of 0.93. NSAID-respon-
sive patients exhibited reduced connectivity between the
DMN and VN, as well as between the SMN and VN, while
showing enhanced VN-auditory network connections.

In a follow-up study, the team compared 59 NSAID
responders with 59 non-responders among migraine
patients, using propensity score matching.” Multimodal
MRI was employed to extract percentage amplitude oscil-
lations and gray matter volume from six brain areas, with
multiple ML models applied. The RF model, which had
the lowest predictive residuals, was selected. The model
metrics in the training and testing groups were as follows:
AUROC 0.982/0.711, sensitivity 0.976/0.667, and F1 score
0.930/0.649. The choice of Al algorithm is noteworthy.
ResNet-18, a CNN based DL architecture, is advanta-
geous for direct image analysis. When features extracted
from MRI were used, ML methods were applied. Marino
et al.” utilized Compressive Big Data Analytics (CBDA),
a semi-supervised ML technique, to identify predictive
migraine biomarkers at the molecular level using a PET
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dataset from 38 migraine patients and 23 HCs. The CBDA
method classified migraineurs from HCs with accuracy,
sensitivity, and specificity above 90% for both whole-brain
and region-of-interest analyses. The putamen was identi-
fied as the most predictive region for migraine, particularly
regarding p-opioid and D2/D3 dopamine receptors.

Tso et al.” predicted verapamil responsiveness in 708
CH and probable CH patients, comprising 317 episodic
and 391 chronic cases, using 72 clinical features from 410
patients and imaging data from 194 patients. Non-linear
dimensionality reduction techniques, including principal
component analysis and t-distributed stochastic neighbor
embedding, were applied to the clinical data, identifying
two large clusters. KNN was then used to define these clus-
ters. The voxel-based morphometry analysis revealed a
gray matter cluster in lobule VI of the cerebellum (-4, -66,
-20) that exhibited increased gray matter concentration
in verapamil non-responders compared with responders
(p=0.008). The XGBoost-implemented GB DT was used to
predict verapamil response, achieving AUROC of 0.689 on
cross-validation (95% CI, 0.651-0.710) and 0.621 on held-
out data.

While there are still relatively few studies and the results
have not yet been particularly compelling, the potential
for utilizing Al in this area has been demonstrated. Fur-
ther research and development are needed to refine these
methods and make them more accessible for clinical ap-
plication in the future.

ARTIFICIAL INTELLIGENCE APPLICATIONS IN
MIGRAINE ATTACK PREDICTION

1. Forecasting migraine attack

Migraine sufferers often have a strong desire to predict
both the onset and intensity of a migraine attack. Despite
knowing that acute-phase migraine medication should be
taken immediately when a headache begins (as reported
by 184 out of 207 participants), many delay treatment. This
hesitation is largely due to the desire to confirm whether
the headache is indeed a migraine (68.7%) and to reserve
medication for cases that develop into severe migraine at-
tacks (46.2%).” The application of Al holds great potential
in forecasting migraine attacks, given its strength in classi-
fication and prediction.

In a study by Stubberud et al.”’, 18 migraine patients
were prospectively included, completing 388 headache di-
ary entries and self-administering app-based biofeedback
sessions that wirelessly measured heart rate, peripheral
skin temperature, and muscle tension. The primary out-
come was the presence or absence of any headache on the
day following a completed headache diary entry and bio-
feedback session. The RF model was the top-performing
model in the out-of-sample test set, achieving an AUROC
of 0.62, with accuracy, sensitivity, and specificity of 0.56,
0.0, and 1.0, respectively. A GB classifier showed similar
results. Using SHapley Additive exPlanations, the most
important features for predicting the next day’s headache
were identified as premonitory symptoms (craving, swell-
ing, and feeling cold), the amount of sleep, the presence
and intensity of headache, the impact of the headache on
daily functioning, the length of the biofeedback session,
and mean heart rate.

Siirtola et al.” utilized wearable sensors from the wrist-
worn Empatica E4 device, along with sleep data, to predict
migraine attacks. Data from seven participants, includ-
ing headache diaries and sleep metrics, were used. The
wearable device collected data from a 3D accelerometer,
thermometer, electrodermal activity sensor (galvanic skin
response), and photoplethysmography sensor (measur-
ing blood volume, heart rate, and heart rate variability).
Features were derived by comparing nights before a mi-
graine attack to nights without an attack, and nights before
a day without a migraine were also compared with each
other. QDA and LDA were used as classifiers, with QDA
producing better results than LDA. The personal model
outperformed the balanced user-independent model, with
accuracy for detecting attacks one night prior exceeding
82% in five individuals, while accuracy varied significantly,
ranging from 60.4% to 69.6% in the other two individuals.

Katsuki et al.” utilized a smartphone application to col-
lect hourly headache occurrences from 4,375 migraine suf-
ferers, integrating this data with local weather information.
The variables were analyzed using a generalized linear
mixed model, feedforward neural network, and XGBoost.
The study found that headache occurrences were associ-
ated with lower barometric pressure (p<0.001, gain=3.9)
and significant decreases in barometric pressure (p<0.001,
gain=11.7), higher barometric pressure at 6 a.m. (p<0.001,
gain=4.6), higher humidity (p<0.001, gain=7.1), and in-
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creased rainfall (p<0.001, gain=3.1).

Further research is needed to enhance accuracy, ease
of use, and generalizability, but the significant patient de-
mand and industrial potential underscore the importance
of this field.

ARTIFICIAL INTELLIGENCE APPLICATION IN
RESEARCH OF HEADACHE DISORDERS

1. Basic research

Kogelman et al.”

collected temporal multi-omics profiles
from 24 migraine patients during spontaneous migraine
attacks, 2 hours after triptan treatment, during head-
ache-free periods, and after a cold-pressor test. Relevant
metabolites were evaluated using an ML method based on

symbolic regression, QLattice.”

The study detected lower
cortisol levels, higher sumatriptan levels, and elevated glu-
tamine levels following treatment. Changes in sumatriptan
levels were correlated with changes in GNA1 and VIPR2
gene expression, both of which are known to regulate
cAMP levels.

Chiang et al.”” developed a DL model for the mouse
grimace scale (MGS) called DeepMGS, utilizing the Res-
Net-18 architecture. This model automatically crops
mouse face images, predicts action unit scores and total
scores on the MGS, and infers the presence of pain. The
system was tested on six migraine and six control mice,
with performance compared to human scorers. The model
achieved an accuracy of 70% to 90% and demonstrated a
high correlation with human scorers in total MGS score
(correlation coefficient=0.83).

Thomas et al.”’ used a neural network model to replicate
the neurophysiological dysfunction observed in migraine
sufferers, specifically analyzing cortical-evoked poten-
tials in response to repetitive visual and auditory stimuli.
They developed normal and migraine synapse models for
comparison. Upon repetitive presentation of stimuli at 40
dB and 70 dB input levels, the migraine model exhibited
sensitization, with higher potentiating synapse strength
resulting in a greater output.

2. Imaging

169

Hong et al.” developed a system for the segmentation of
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deep white matter hyperintensities (WMHSs) using a deep
neural network based on the U-Net architecture. The
model, applied to 148 migraine patients, comprised two
networks: the first identified potential deep WMH candi-
dates, and the second reduced false positives among these
candidates. The models achieved a true positive rate of
0.88, a false discovery rate of 0.13, and an F1 score of 0.88
for segmenting deep WMHs.

CONCLUSIONS AND FUTURE PERSPECTIVES

The application of Al in the field of headache disorders
is on the rise and has shown promising results. However,
significant challenges remain in improving accuracy, gen-
eralizability and validation, ease of application, and linking
findings to clinical relevance. Further research is needed
in areas such as digital twins, which have been suggested
as a potential tool in migraine management but have yet to
be thoroughly explored.”

The appropriate use of Al holds great potential to en-
hance diagnosis, treatment, and research processes in
the headache field. However, it is important to recognize
that DL, ML, and various supervised and unsupervised
methods do not always produce optimal results. No single
approach—whether ML, DL, or supervised/unsupervised
methods—is inherently superior to the other. Therefore,
selecting the most appropriate method with careful con-
sideration of study design is recommended. Caution is
necessary when interpreting results, particularly with gen-
erative Al models such as LLMs.
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Associated Disorders, and Management Strategies

Yooha Hong"" , Mi-Kyoung Kang™" “, Min Seung Kim" ", Heejung Mo" “’, Rebecca C. Cox’ ", Hee-Jin Im*

'Department of Neurology, Dongtan Sacred Heart Hospital, Hallym University College of Medicine, Hwaseong, Republic of Korea
2Department of Psychological and Brain Sciences, Washington University in St. Louis, St. Louis, MO, USA

Abstract

Morning headaches, which are defined by occurrence upon or shortly after waking up in the morning, range from mild discom-
fort to severe pain and significantly impact an individual’s quality of life. Although morning headaches are a prevalent and po-
tentially debilitating condition, the criteria for defining these headaches vary. The lack of universally accepted diagnostic criteria
complicates understanding their etiology, associated factors, and potential interventions. The causes of morning headaches
are multifaceted, including primary headache disorders like migraines and cluster headaches, and secondary causes such as
sleep disorders, hypertension, abnormal intracranial pressure, and brain parenchymal diseases. Psychological factors, includ-
ing anxiety and depression, as well as substance use, further complicate the clinical presentation, often requiring a multidisci-
plinary approach for effective diagnosis and treatment. This review provides a comprehensive overview of morning headaches,
examining their various aspects and possible treatment options, with the goal of enhancing clinicians’ understanding and

management of this common yet often overlooked condition.

Keywords: Depression, Morning headache, Primary headaches, Secondary headaches, Sleep apnea syndromes

INTRODUCTION

Morning headache, characterized by their occurrence
upon waking, can range from mild discomfort to severe
pain and have profound implications on an individual’s
quality of life. This prevalent and often debilitating condi-
tion affects 5% to 8% of the general population, with wom-
en reporting morning headaches more frequently than

men. The prevalence is also higher among individuals
aged 45 to 64 years."”

The criteria for defining morning headaches differ across
studies, but various criteria have been used, including
experiencing three or more morning headaches in the
past year, the presence of any morning headache, having
a morning headache once a week or more, and frequency
descriptors such as ‘always, ‘often, or ‘sometimes’ having
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Morning Headaches: Causes and Management Strategies

headaches upon waking."’ Additionally, some studies
specify criteria like ‘often’ or ‘very often’ experiencing
headaches upon waking." Since there are no universal-
ly accepted diagnostic criteria for ‘morning headache,
understanding their causes, related factors, and possible
treatments is essential for creating effective management
strategies.

The causes of morning headaches are multifaceted and
can include primary headache disorders such as migraines
and cluster headaches (CH), as well as secondary causes
like sleep disorders, hypertension, and brain parenchymal
disease.' For primary headache, hormonal fluctuations
such as cortisol, which peaks in the early morning, the
effect of medications wearing off overnight or morning
movement such as from a lying to a standing position or
sudden/vigorous physical activity also can trigger morn-
ing headache. Sleep-related factors, including obstructive
sleep apnea (OSA), circadian disruption, and poor sleep
hygiene, are particularly significant, given their direct im-
pact on sleep quality and overall health. A natural morn-
ing surge in blood pressure combined with or without
uncontrolled hypertension can result morning headache
suggesting secondary brain parenchymal disease such as
hemorrhagic stroke or changes of intracranial pressure
(ICP) or brain tumors.” Moreover, psychological aspects,
including anxiety and depression, further complicate the
clinical picture, often necessitating a multidisciplinary
approach to diagnosis and treatment. Consulting with a
professional can help identify the underlying cause and
appropriate treatment.

This article aims to provide a comprehensive overview
of morning headaches, exploring their various aspects and
possible treatment options. We present a comprehensive
review of morning headaches which can result from a
combination of factors, including primary headaches like
migraines or tension-type headaches (TTH), secondary
headaches like brain parenchymal disease, hypertension,
and linked to underlying conditions such as sleep disor-
ders or poor sleep quality or sleep apnea, and behavioral
aspects such as mood, stress levels and medication/sub-
stance overuse.

HEADACHE DISORDERS IN MORNING HEADACHE

Morning headaches are frequently reported by individuals

suffering from primary and secondary headache disorders.
Recent research has explored the intricate connections be-
tween morning headaches and these other types of head-
aches.

1. Primary headache manifesting as morning
headache

1) Migraine
Migraines are common issues that significantly impact
daily life. The prevalence of morning headaches among
migraine sufferers varies. Studies reported that about 60%
to 70% of migraine patients experience morning head-
aches,”” suggesting that these two conditions are closely
related and often share common underlying causes.’
Several mechanisms may explain the connection be-
tween these two types of headaches. First, changes in
blood vessels, such as constriction and dilation, can
influence the mechanisms behind morning headaches
and migraines. Migraines are often associated with ab-
normal vascular expansion and contraction, which can
significantly contribute to morning headaches. Recent
studies have delved deeper into how these physiological
changes impact the occurrence of morning headaches
and migraines."’ Second, hormonal changes play a crucial
role in the relationship between morning headaches and
migraines. Hormonal fluctuations are known to be major
triggers for migraines, especially in women,'"”"* who may
experience headaches due to menstrual cycles, pregnancy,

or menopause.' "’

These hormonal changes can be par-
ticularly pronounced in the morning, increasing the likeli-
hood of both morning headaches and migraines."”

Specific genetic factors may contribute to both morning

headaches and migraines.”"

New theories suggest that
central nervous system hypersensitivity, inflammatory
responses, and hormonal imbalances could be shared trig-
gers. It is proposed that hypersensitivity and inflammatory
responses may provoke both conditions, while hormonal
imbalances could also play a role in their simultaneous oc-

currence.' "

2) Cluster headache

CH is characterized by its striking circadian and circannual
rhythmicity."” These headaches often occur at the same
time each day, predominantly in the early morning hours.
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Previous studies reported that about 80% of patients with
CH had headache awakening and these patients reported
nocturnal sleep as a trigger of attacks.”””'

This have been linked to disruptions in the body’s inter-
nal biological clock. Research has demonstrated that the
hypothalamus, which regulates circadian rhythms, plays a

*»* This connec-

critical role in the pathophysiology of CH.
tion to the hypothalamus helps explain why CH frequently
occurs in the early morning, aligning with the peak of mel-
atonin secretion and other circadian processes.”"”
Understanding the association between morning head-
aches and CH is crucial for developing effective treatment
strategies. Clinicians should consider evaluating patients
with CH for underlying sleep disorders, such as OSA, and
address any sleep disturbances that may contribute to
headache occurrence."” Treatments aimed at regulating
circadian rhythms, such as melatonin supplementation
or chronotherapy, may also be beneficial for patients with
CH.*"* Additionally, the use of continuous positive airway
pressure (CPAP) therapy in patients with comorbid sleep
apnea could help reduce the frequency and severity of CH

attacks.”

3) Tension-type headache
TTH are one of the most common forms of primary head-
aches and are often characterized by a bilateral pressing
or tightening pain. Research indicates that up to 40% of in-
dividuals with TTH experience morning headaches, high-
lighting the close association between these conditions.”
The relationship between TTH and morning headaches is
clinically significant, as they share common contributing
factors such as muscle tension, stress, and poor sleep qual-
ity. Morning headaches, specifically, can frequently occur
in individuals with TTH, especially when muscle tension
builds up during sleep or due to inadequate sleep posture.
Moreover, the cyclical relationship between poor sleep and
TTH is well-documented.” Poor sleep quality can exac-
erbate TTH, leading to an increased likelihood of waking
with a headache. In turn, the pain and discomfort from
TTH can further disrupt sleep, perpetuating a cycle that
can be challenging to break without targeted interventions.
Understanding the prevalence of morning headaches in
patients with TTH is critical for developing comprehensive
treatment strategies. Addressing underlying issues such as
sleep hygiene, stress management, and muscle relaxation
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can be effective in reducing the frequency and severity of
both morning headaches and TTH.

4) Hypnic headache

Hypnic headache (HH), known as “alarm clock headache,”
is a rare condition affecting 0.07% to 0.3% of individuals,
primarily those over 50, and is more common in wom-

29,30
en.

Attacks typically occur early in the morning, be-
tween 2 am and 4 am, lasting from 5 minutes to 12 hours,
with pain described as dull, sharp, or throbbing. HHs and
morning headaches are distinct conditions, but they can
overlap in some cases. If a patient wakes up due to an
HH and is unable to go back to sleep, the headache may
also be categorized as a morning headache, especially if it
persists into waking hours. Many patients report difficulty
falling back asleep due to the intensity of the headache.
Although the exact percentage of those affected is not
well-documented, sleep disruption is a well-known feature
of HHs.

The pathophysiology of HH is not well understood but
it may share some predisposition with migraines, which
thought to involve hypothalamic disruptions, particularly
in areas regulating circadian rhythm, pain processing, and

132 [tg

melatonin release, which may be related to aging.
connection to sleep suggests it could be a chronobiological
disorder involving hypothalamic changes. Diagnosing HH
involves excluding other causes, particularly sleep-related
headaches. Unlike migraine sufferers, who tend to rest in
a dark room, HH patients often get up to relieve pain. HH
is distinct from CH, which have autonomic symptoms like
tearing or nasal congestion. HH is unique as it occurs only
during sleep.”

Treatment for HH includes abortive therapies like caf-
feine, effective due to its vasoconstrictive properties but
potentially causing insomnia.” Caffeine-containing an-
algesics and serotonin receptor agonists (triptans) show
variable results. Preventive options include caffeine before
sleep, lithium, indomethacin, and melatonin, though

29,34,35

outcomes vary. Amitriptyline and anticonvulsants

like topiramate, lamotrigine, and pregabalin have shown

%" Other medications, such as be-

efficacy in some cases.
ta-blockers, verapamil, and glucocorticoids, yield mixed
results. Nonpharmacologic approaches like physical ac-
tivity at onset, occipital-nerve stimulation, occipital-nerve

block, and oxygen therapy may also be beneficial. "
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2. Secondary headache manifesting as morning temic blood pressure (Figure 1). Morning headaches can
headache be associated with changes in ICP, a condition character-

ized by low or high cerebrospinal fluid (CSF) pressure."’
1) Intracranial pressure One previous study showed 62% of patients with idiopathic
Cerebral autoregulation is the process by which the brain  intracranial hypotension documented their headache with

maintains a consistent blood flow despite changes in sys-  awakening and 73% of patients reported daily headache."
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Figure 1. Cerebral autoregulation and increased ICP. (A)The Monro-Kellie doctrine states that because the cranial volume is fixed, in-
creases in brain tissue, CSF, or blood must be offset by decreases in one or more of the others to prevent a rise in ICP. Autoregulation
maintains CBF within a mean arterial pressure of 50 to 150 mmHg, with this range shifting higher in chronic hypertension. (B) ICP-
volume compliance curve: When compensatory mechanisms are disrupted, the ICP rises sharply, risking brain herniation.

CBF, cerebral blood flow; CPP, cerebral perfusion pressure; CSF, cerebrospinal fluid; ICP, intracranial pressure; MAP, mean arterial

pressure; TBI, traumatic brain injury.
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First, Intracranial hypertension, defined as CSF open-
ing pressure >250 mm H,0O, physiologically can worsen
headache at morning because, during sleep, particularly
in a lying down position, blood flow to the brain can in-
crease, leading to a slight rise in ICP.” This can be more
pronounced in individuals with conditions that already
elevate ICP. Also, hormonal changes and fluid retention
during lying down while sleeping can also contribute to in-
creased ICP. Otherwise, intracranial hypotension defined
as a lumbar puncture opening pressure below 60 mm
H,0." It typically results from a CSF leak, which can oc-
cur spontaneously or due to trauma, medical procedures,
or certain connective tissue disorders. These headaches
are ‘positional’ or ‘orthostatic, which is typically worsen
when upright and improve when lying down, so patients
frequently mention that their headache is either absent
or minimal upon waking and gradually worsen as the day
progresses. But they can also be present upon waking due
to positional changes during sleep.

Diagnosis of issues related to ICP typically involves im-
aging studies such as magnetic resonance imaging (MRI)"
or computed tomography (CT) scans, lumbar punctures to
measure CSF pressure, and possibly other tests to identify
underlying causes. In a large study involving 568 patients
who underwent imaging with either CT myelography or
spinal MRI, a CSF leak was identified in 51% of the cases.
Treatment varies depending on whether the problem is
increased or decreased ICP. For increased ICP, treatment
might include medications to reduce pressure, surgical in-
terventions, or lifestyle changes. For decreased ICP, treat-
ments may focus on sealing CSF leaks, bed rest, hydration,
caffeine intake, or procedures like an epidural blood patch.
Recognizing the connection between morning headaches
and ICP can facilitate timely diagnosis and management of
this potentially serious condition.

2) Hypertension and its complications
According to the International Classification of Headache
Disorders (ICHD)-3, headache attributed to arterial hy-
pertension is classified as a secondary headache disorder
of hemostasis." In a study of prevalence and risk factors of
morning headaches in the general population, hyperten-
sion (11.0% vs. 7.2%) is one of the significant associated
factors with morning headache.'

Guidelines specify that such headaches are linked to

70 www.e-hpr.org

abruptly elevated blood pressure (systolic blood pres-
sure 180 mmHg or higher, or diastolic blood pressure 120
mmHg or higher). Mild to moderate chronic arterial hy-
pertension does not appear to cause of headache.” The
relationship between headache and hypertension was first
examined in 1913. Hypertensive headache was described
as non-migrainous headaches that occur in the morning
and gradually resolve.'” However, these findings had lim-
itations because they were based on patients with malig-
nant hypertension.

A non-dipping blood pressure pattern may contribute to
early morning headaches. This pattern means that blood
pressure does not significantly decrease at night, leading
to higher blood pressure in the early morning. Morning
headache is secondary symptom of OSA." A non-dipping
blood pressure is independently associated with OSA."
This can cause increased ICP and subsequently result in
headaches upon waking. Additionally, the higher blood
pressure in the morning can be a trigger for these head-
aches due to the stress it places on the cardiovascular and
cerebrovascular systems.”

The pathophysiology underlying the onset of headaches
related to sudden rises in blood pressure appears to be at
the cellular level. Abrupt high blood pressure can cause
endothelial dysfunction, reducing vasodilator substances
(such as nitric oxide) and increasing vasoconstrictive fac-
tors, thereby contributing to hypertension and headaches.
Additionally, increased ICP, and the modulation of pain
by the baroreflex system in the brainstem contribute to
the complex interaction between cardiovascular regula-
tion and pain perception (Figure 2). These mechanisms
highlight the intricate relationship between cardio-cere-
brovascular health and headache disorders, particularly
migraines."””"

Understanding these complex relationships is important
for proper diagnosis and management of patients with
both hypertension and headaches. Effective blood pres-
sure management can alleviate headaches and reduce
overall cardio and cerebrovascular risk.

3) Brain tumor
Brain tumor is rare but serious causes of secondary head-
aches. Headache is reported in 32.2% to 71% in patients

54-58

with brain tumor,” ™ often accompanied by various neuro-

logical symptoms. Morning headaches are one of the char-
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Figure 2. Pathophysiology of headache and arterial hypertension. Abrupt high blood pressure can cause endothelial dysfunction, re-
ducing vasodilator substances (such as nitric oxide) and increasing vasoconstrictive factors, thereby contributing to hypertension and
headaches. Additionally, increased intracranial pressure (ICP) and the modulation of pain by the baroreflex system in the brainstem
contribute to the complex interactions between cardiovascular regulation and pain perception.

acteristic signs in brain tumors, presenting as worse head-
ache in the early morning upon waking. Headache is often
worsening during the sleep. These morning or nocturnal
headaches are attributed to the exacerbation of increased
ICP during sleep, through sustained recumbency and cere-
bral vasodilatation due to nocturnal hypoventilation with
raised the partial pressure of carbon dioxide.” Also, tumor
headache is often exacerbated by lying down or bending,
and by Valsalva-like maneuvers such as cough, exercise, or
straining. Nausea or vomiting is another common accom-
panying symptom. However, the clinical characteristics of
tumor headache are heterogeneous with various severi-

ty,

ing or night were only reported in 25.5% and 3.1% of cases,

57,58,60

and headache specifically occurring in the morn-

respectively.”

Factors associated with morning headache in patients
with brain tumor headache is uncertain, but large-sized
brain tumor and tumor with increased ICP showed higher
prevalence of morning headache.” The location of tumor
and the distribution of the headache do not always cor-
relate precisely, but infratentorial tumors are associated
with occipital headaches. Also, intraventricular and infra-
tentorial tumors have higher prevalence of headache com-

pared to supratentorial tumor.” Tumors with rapid-grow-
ing characteristics are more likely to cause headache.
Based on the ICHD-3 diagnostic criteria for headache
attributed to intracranial neoplasia, patients presenting
with progressive headache, headache worsening in the
morning and/or lying down, aggravated by Valsalva-like
maneuvers, accompanied by nausea/vomiting or cranial
nerve palsies should be promptly screened, and appropri-
ate brain imaging studies should be performed."

To alleviate headaches related to brain tumors, manag-
ing the brain tumor itself is the most important and effec-
tive approach. Specifically, for headaches that worsening
in the morning, corticosteroid therapy is effective in reliev-
ing increased ICP. Among corticosteroids, dexamethasone
is preferred due to its strong potency, long half-life and

minimal mineralocorticoid effect.”’ If headache is not as-
sociated with brain edema or increased ICP, non-steroidal

anti-inflammatory drugs and/or opioids may be used.”

SLEEP AND CIRCADIAN DISORDERS IN
MORNING HEADACHE

Headache and sleep disorders are closely related, with a
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complex and multidimensional relationship. The comor-
bidity of these two conditions leads to their chronification
and increases the overall burden, worsening both disor-
ders. This results in a decreased quality of life, a higher
frequency of complications, and reduced treatment effec-
tiveness. Especially, morning headache is often recognized
as a common manifestation of sleep disorders.

1. Insomnia and sleep deprivation manifesting as
morning headache

Population-based studies have shown an increased prev-
alence of sleep disorders among individuals with head-

ache.”"

Among the various sleep disorders, insomnia
stands out as being closely associated with headaches.
Insomnia, much like headaches, is remarkably common in
the general population. The prevalence of insomnia rang-
es from 30%-48%, and 16%-21% of the population expe-
riences insomnia often or always, or three or more days a

65

week.” This high prevalence underscores the importance
of understanding the relationship between insomnia and
headaches. People with insomnia have a two- to three-
fold increased risk of migraines,” TTH," and chronic daily
headaches.” This elevated risk highlights the potential
causal or exacerbating role that sleep disturbances may
play in headache disorders.

A comprehensive study on this topic yielded interesting
results regarding the co-occurrence of headaches and
sleep problems. The study found that 18.1% of people had
both headaches and insomnia, 16.3% had headaches only,
and 21.1% had sleep problems only.” In particular, the
association between morning headaches and insomnia
disorders or other sleep disorders involving sleep depriva-

™ This connec-

tion is a well-known cause of headaches.
tion is well-established in the medical community and is
recognized as a common cause of headaches. The timing
of these headaches—occurring in the morning—points to
the potential role of nighttime sleep disturbances in their
onset.

Further emphasizing this relationship, previous study
reported that morning headache is more common in pa-
tients with Diagnostic and Statistical Manual of Mental
Disorders-IV insomnia disorders (18.4%) than in those
without (6.9%).' This difference was statistically significant,
providing strong evidence for the link between insomnia
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and morning headaches. The most recent study conducted
in adults and children has provided additional insights.”
It reported that worse sleep quality was associated with
morning-onset headaches but not afternoon-onset head-
aches. Furthermore, the study suggested that morning-on-
set headaches may be more representative of a migraine
phenotype rather than a TTH phenotype.

Also, disturbances in sleep quality, including insomnia
and altered sleep architecture, are also commonly report-
ed by patients with CH. Actigraphy and sleep diary studies
have shown that patients with CH often experience lower
rapid eye movement sleep density and longer sleep latency
compared to healthy controls, indicating poor sleep qual-
ity'w,m

attacks, although the exact mechanisms remain unclear.

This disruption in sleep may act as a trigger for CH

These findings collectively underscore the complex in-
terplay between sleep disorders, particularly insomnia,
and headaches. They suggest that addressing sleep issues
may be a crucial component in managing and potentially
preventing certain types of headaches, especially those oc-
curring in the morning. Further research in this area could
provide valuable insights into the mechanisms underlying
this relationship and inform more effective treatment strat-
egies for both sleep disorders and headaches.

2. Sleep apnea manifesting as morning headache

Many patients with sleep apnea experience morning head-
aches, believed to be a secondary symptom of OSA." The
repeated interruptions in breathing during sleep lead to
oxygen deprivation and carbon dioxide build-up in the
body, which contributes to these headaches.” For several
decades, morning headaches have been considered to be
a symptom of OSA syndrome.”"”” Research has primarily
focused on the relationship between morning headaches
and heavy snoring and OSA, which can cause hypoxia and
blood pressure changes during sleep.” These conditions
are believed to provoke headaches that persist upon wak-
ing. It has also been reported that patients with OSA who
experience morning headaches significantly improve their
morning headaches after CPAP treatment.”” However, it
is important to note that while morning headaches are
similar to sleep apnea headaches (Table 1), they are not
exclusively caused by OSA. This distinction highlights the
complex nature of the relationship between sleep disor-
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Table 1. Diagnostic criteria for sleep apnea headaches according
to the International Classification of Headache Disorders 3 (ICHD-
3)

1. Headache has developed in temporal relation to the onset of
sleep apnea

2. Either or both of the following:

a) headache has worsened in parallel with worsening of sleep
apnea

b) headache has significantly improved or remitted in parallel
with improvement in or resolution of sleep apnea

3. Headache has at least one of the following three characteristics:
a) recurring on 215 days/mo
b) all of the following:
- bilateral location
- pressing quality
- not accompanied by nausea, photophobia or phonophobia
¢) resolving within 4 hours
4. Not better accounted for by another ICHD-3 diagnosis.

Adapted from the article of Headache Classification Committee of the In-
ternational Headache Society (Cephalalgia 2018;38:1-211).*

ders and morning headaches.

Morning headaches are a common symptom of sleep
apnea, and sleep apnea headache is a specific diagnosis.
The criteria for sleep apnea headaches, as set by the ICHD-
3, are that they occur 15 or more days per month, typically
resolve within 4 hours of waking up, and are characterized
by a pressure-like sensation, usually bilateral. In contrast,
morning headaches in sleep apnea also occur upon wak-
ing, but can last longer than for hours and are often accom-
panied by additional symptoms such as dry mouth or sore
throat. These types of headaches are typically described as
""" Both types are related to the physio-
logic effects of sleep apnea, such as intermittent hypoxia

dull, diffuse pain.

and changes in ICP, and often improve with effective sleep

% However, im-

apnea treatment, such as CPAP therapy.
provement with treatment is a diagnosis for sleep apnea
headaches, not common morning headaches. Therefore,
if you have a morning headache, sleep apnea should be
suspected, and further evaluation is needed to determine
if you meet the criteria for sleep apnea headaches.

Several studies have investigated the prevalence and
characteristics of morning headaches in relation to sleep
apnea. A cross-sectional study of people suffering from
snoring and OSA syndrome found that 18% experienced
headache often or very often upon awakening, while only
5% of the general population experienced the same type of

headache.” This suggests that snoring and OSA increase
the risk of sleep apnea headaches three- to four-fold. A
study across five European countries (Germany, Italy, Por-
tugal, Spain, and the United Kingdom) revealed that 7.6%
of the general population experienced chronic morning
headaches, while this increased to 15.2% among those with
breathing-related sleep disorders.' A Norwegian epidemi-
ological survey using polysomnography found that 11.8%
of participants with OSA had sleep apnea headaches, com-
pared to 4.6% of those without OSA who had similar morn-
ing headaches.”

An older study conducted to determine whether morn-
ing headaches were a consistent symptom of sleep apnea,
18% of patients with sleep apnea experienced morning
headaches frequently, compared with 21% to 38% of pa-
tients with other sleep disorders and 6% of controls.”
Interestingly, morning headaches were most common in
those with mild non-obstructive apnea, with no signifi-
cant difference among patients with moderate to severe
sleep apnea. These findings suggest that frequent morn-
ing headaches may be a non-specific symptom of various
sleep disorders, rather than a consistent symptom of sleep
apnea syndrome alone. This is further supported by an-
other study which found that morning headaches, while
frequently reported among OSA patients, may not neces-
sarily be related to OSA itself. This study found no statisti-
cally significant association between the apnea-hypopnea
index, arousal index, or oxygen saturation parameters and
the probability of morning headaches.” These results par-
tially confirm previous findings from a case-control study
that concluded that there was no relationship between

%8 Therefore,

severity of OSA syndrome and headaches.
more comprehensive research is needed to understand the
complex relationship between sleep disorders and morn-
ing headaches. These results partially confirm previous
case-control study findings that concluded there was no
relationship between the severity of OSA and headaches.
The lack of a clear correlation between OSA severity and
morning headaches suggests a more complex relationship
between sleep disorders and headaches than previously
thought. Given these findings, it’s evident that more com-
prehensive research is needed to fully understand the
intricate relationship between sleep disorders, particularly
OSA, and morning headaches. Future studies should aim
to elucidate the mechanisms underlying this relationship
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and explore potential confounding factors that may influ-
ence the occurrence of morning headaches in individuals
with sleep disorders.

3. Circadian rhythm disorders manifesting as morning
headache

The relationship between morning headaches and cir-
cadian rhythm has been a subject of increasing interest
in headache research. Several studies have shown that
headache attacks, particularly migraines and CH, exhibit
%% This periodicity
suggests a strong link between our body’s internal clock

seasonal and circadian periodicity.

and the onset of certain types of headaches.”"” Notably,
migraine attacks have been found to occur more frequently
in the early morning hours.” This temporal pattern aligns
with various physiological changes that occur during the
transition from sleep to wakefulness, such as fluctuations
in hormone levels, neurotransmitter activity, and auto-

nomic nervous system function.””*’

The consistency of this
early morning peak in migraine occurrence across mul-
tiple studies underscores the potential role of circadian
rhythm disturbances in headache pathophysiology.”**""
Understanding this connection could have significant
implications for both the prevention and treatment of
morning headaches. For instance, interventions targeting
circadian rhythm regulation, such as light therapy or mel-
atonin supplementation, might prove beneficial in manag-
ing these types of headaches. Furthermore, this circadian
influence on headache patterns highlights the importance
of considering timing in headache management strategies,
potentially leading to more personalized and effective
treatment approaches. As research in this area continues
to evolve, it may provide new insights into the complex
interplay between our body’s internal clock, sleep-wake
cycles, and the manifestation of morning headaches, ul-
timately contributing to improved quality of life for those

affected by these conditions.

BEHAVIORAL PROBLEMS IN MORNING HEADACHE
1. Mood changes manifesting as morning headache

Mood may be one behavioral predictor of morning head-
ache. Indeed, it is well-established that depression and
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anxiety disorders are highly comorbid with headache,”
including migraine,” tension type headache,” and chron-

96

ic daily headache.” Such comorbidity may reflect shared
underlying brain regions between emotion and pain.”’
Although limited work has examined the association be-
tween mood and morning headache specifically, extant
findings suggest a link similar to that observed for head-
ache broadly. Consistent with the broader headache lit-
erature, a study conducted in a large community sample
found chronic morning headache is likewise associated
with higher prevalence of mood and anxiety disorders.'
Similarly, in a large sample of habitual snorers, greater
frequency of morning headache was associated with more
severe general psychological distress.” Notably, mood and
headache are dynamic processes that vary over time; thus,
studies using prospective monitoring methods may pro-
vide more detailed insight into the relationship between
mood and morning headache. One such study followed
a sample of habitual snorers who monitored mood and
morning headache incidence over 90 days. Results re-
vealed that clinically significant anxiety symptoms, but
not depression symptoms, predicted increased likelihood
of experiencing morning headache, controlling for sleep
quality.” In contrast, a recent study in a large sample of
community adults with and without migraine who mon-
itored mood and morning headache for 2 weeks found
that worse mood and higher anxiety predicted higher
incidence of morning headache in univariate models, but
these effects were no longer significant when accounting
for the effects of sleep quality and energy level.”” Thus,
additional research using prospective monitoring designs
is needed to clarify the day-to-day association between
mood and morning headache, over and above the effect of
sleep.

2. Substance use manifesting as morning headache

Morning headaches are frequently linked to substance
use, including alcohol, caffeine, and certain medications.
Because alcohol is frequently consumed during evenings,
weekends, or typically after work or school as a way to
unwind and relieve stress after a long day and to socialize,
excessive alcohol consumption can cause dehydration,
hypoglycemia resulted from low blood sugar levels after
an overnight fasting a common headache trigger, and
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disrupt sleep patterns, leading to poor-quality sleep and
resulting in morning headaches which is called ‘hangover

headache’ or ‘delayed alcohol-induced headache, espe-

99,100

cially common in migraine. Caffeine has a dual effect;

while moderate intake can alleviate headaches, excessive

consumption or abrupt withdrawal can cause rebound

101,102

headaches, particularly upon waking. Previous exper-

imental studies and reports have shown that about 50% of

patients experience headaches during caffeine withdraw-

al."’"'""'""* And higher daily caffeine intake is reported to be

associated with more severe withdrawal headaches.'”"'”

Even relatively low doses (around 100 mg/day) can cause
101,106

withdrawal symptoms.
Certain medications, especially those for chronic pain
or psychiatric conditions, can also contribute to morning

107

headaches. " Overuse of analgesics, for instance, can lead

to medication overuse headaches, which are often worse

in the morning. Medication overuse headaches often man-
ifest in the morning, likely due to the decline of drug levels
"% Understand-

ing the impact of substance use on morning headaches

in the body overnight (called wearing-off).

is crucial, as modifying these behaviors can significantly
reduce the frequency and severity of headaches, thereby
improving overall quality of life.

CONCLUSION

In conclusion, morning headache is a common condition
that significantly impacts an individual’s quality of life.
The complex interplay of multiple factors contributing to
morning headache necessitates a multidisciplinary ap-
proach to both diagnosis and treatment.

As a neurologist, your approach to morning headaches
should be systematic and patient-centered (Table 2). Start

Table 2. Summary of risk factors and treatment options for morning headaches

Risk factors Neurologist’s considerations

Treatment options

Primary headaches

may present as morning headaches
-Rule out secondary causes of headaches

Secondary headaches -Distinguish between primary and secon

ache disorders

-Rule out brain parenchymal lesion or abnormal intra-

cranial pressure
-Monitor for red flag symptoms
-Evaluate stroke risk

Sleep disorders
lying neurological symptoms

-Take a sleep history in detailed/assess the sleep

quality
-Consider polysomnography for diagnosis

-Assess for mood disorders often comorbid with sleep

issues

Cervicogenic factors -Assess for cervical spine pathology

-Consider contribution to other headache types

-Evaluate for comorbid temporomandibular

-Evaluate for medication-overuse headache
-Assess for substance use disorders
-Consider comorbid psychiatric conditions
-Develop personalized withdrawal plans
-Educate on caffeine’s role in headaches

Substance use (medication,
caffeine/alcohol)

Psychiatric comorbidities -Screen for psychiatric comorbidities

-Consider impact on headache chronification

-Evaluate need for a multidisciplinary appro

-Distinguish between primary headache disorders (e.g.,
migraine, cluster headache, hypnic headache) that

-Evaluate for secondary headaches & potential under-

-Pharmacological management: pain-relieving, preven-
tive medications

-Non-pharmacological management: behavioral ther-
apy (regular sleep, exercise, avoidance of trigger
factors, Biofeedback)

-Imaging studies (MRI/MRA, CT)

-Lumbar puncture if indicated

-Medication to reduce intracranial pressure or anti-
platelet therapy if indicated

-Management of vascular risk factors

-Monitor blood pressure regularly, lifestyle changes,
medication as prescribed by a doctor

-PAP for sleep apnea

-Sleep hygiene education for insomnia

-Cognitive behavioral therapy for insomnia

-Light therapy, chronotherapy

-Melatonin or sleeping pills supplementation (*teeth
grinding or sleep posture problems: use of a night
guard, dental treatment, supportive pillows, physical
therapy)

-Physical therapy
-Occipital nerve blocks
-Postural correction

-Medication withdrawal under supervision
-Preventive medications

-Patient education on medication use
-Gradual caffeine reduction

-Alcohol moderation or abstinence
-Hydration therapy

-Psychotherapy
-Antidepressants with analgesic properties
-Stress management

dary head-

disorders

ach

MRI, magnetic resonance imaging; MRA, magnetic resonance angjography; CT, computed tomography; PAP, positive airway pressure.
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by taking a detailed history and performing a compre-
hensive neurological examination. If you suspect a sleep
disorders, don’t hesitate to recommend a sleep study.
Neuroimaging can be a useful tool to rule out structural
causes, so consider a brain MRI or CT scan if clinically in-
dicated. Encourage patients to keep a detailed headache
diary, as this can identify important patterns and triggers
of headache. Use the information you gather to make
treatment decisions, including the possibility of preventive
or acute medications. Patient education is paramount, so
focus on teaching lifestyle modifications and strategies for
trigger avoidance. Finally, recognize that managing morn-
ing headaches is an ongoing process. Schedule regular
follow-up visits to assess the effectiveness of the treatment
plan and make adjustments as needed to ensure a dynam-
ic and personalized approach to patient care. By focusing
on these key areas, healthcare professionals can better
understand, treat, and ultimately alleviate the burden of
morning headaches on patients.
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Abstract

Primary stabbing headache (PSH), characterized by sudden, localized stabbing headache pain, is a recognized primary head-
ache disorder with evolving diagnostic criteria. Epidemiological studies show a wide range of prevalence, influenced by various
factors. PSH is more common in females, frequently occurring in conjunction with migraine, and can manifest in children. Re-
cent diagnostic criteria have changed the definition of sharp stabbing pain, which is no longer restricted to the first division of
the trigeminal nerve. In addition, the criterion of “no accompanying symptoms” has been refined to “no cranial autonomic
symptoms” specifically. These changes have increased the sensitivity for capturing PSH. Although it is generally considered be-
nign, stabbing headache can be associated with secondary causes. Clinical red flag signs can be helpful in distinguishing sec-
ondary headaches from PSH. A recent prospective study has proposed the monophasic, intermittent, and chronic patterns as
subtypes, and this division may be helpful for predicting the prognosis. Pharmacological treatment is typically not required for
PSH, although indomethacin and other alternating agents can be used. The treatment should be selected based on individual
clinical features and comorbidities. This review aims to highlight the necessity of recognizing the distinctive clinical profile of
PSH and of tailoring treatment approaches to patients’ individual needs.

Keywords: Diagnosis, Indomethacin, Primary headache disorders, Stabbing headache, Therapeutics

INTRODUCTION names such as ice-pick pain, jabs and jolts, needle-in-

the-eye syndrome, and sharp short-lived headache. As
Primary stabbing headache (PSH), first described by Lan-  different clinical features have been reported compared
sche' in 1964 as “ophthalmodynia periodica,” is a well-rec-  to those previously documented, the diagnostic criteria
ognized primary headache disorder. PSH is a sudden, for PSH have changed over time. Initially, it was believed

localized stabbing pain in the head, known by various  that the headache was confined to the first division of the
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trigeminal nerve.” However, it has been reported that PSH
can occur in extra-trigeminal areas, with PSH occurring in
an extra-trigeminal area in approximately more than 70%
of patients with PSH.” Additionally, the criteria for no ac-
companying symptoms have been refined to specifically

5,6

no cranial autonomic symptoms.” The absence of cranial
autonomic symptoms of PSH be helpful in differentiating
it from short-lasting unilateral neuralgiform headache at-
tacks with autonomic symptoms (SUNA) or short-lasting
unilateral neuralgiform headache attacks with conjuncti-
val injections and tearing (SUNCT). Consequently, PSH is
now defined in the International Classification of Head-
ache Disorders, third edition (ICHD-3), as a primary head-
ache characterized by a single stab or a series of stabs that
last for a few seconds, occurring with irregular frequency
and without any cranial autonomic symptoms.’ Although
the pathophysiology of PSH is unknown, current hypoth-
eses include irritation of the trigeminal and extra-trigem-
inal nerves and/or intermittent impairment of central
pain processing leading to neuronal hyperexcitability or
spontaneous synchronous discharge of neurons. Previous
studies have shown that most cases of stabbing headache
are benign and self-limiting without treatment. However, a
few studies have reported structural intracranial or extra-
cranial disorders and systemic autoimmune disorders,”®
suggesting that neuroimaging may be necessary when
clinical features do not match the typical features of PSH.
With regard to treatment, PSH is regarded as one of the
indomethacin-responsive headaches.’ As indomethacin
can demonstrate inadequate response and may contrain-
dicate or be intolerable to individual patients, a number
of different treatments have been attempted, with some
demonstrating efficacy in clinical trials despite small case
studies. Treatment may therefore be selected based on
individual clinical features and comorbidities. This review
aims to provide an up-to-date review of epidemiology,
clinical features, diagnostic criteria, differential diagnosis,
and treatment of PSH.

EPIDEMIOLOGY

The prevalence of PSH exhibit significant variability across
different epidemiological studies. This variability is influ-
enced by several factors, including age, sex, referral bias,
the definition of PSH, and the presence of comorbid head-

ache disorders. Reported prevalence rates for PSH range
from 0.2% to 35.2% in general population and 1.5% to
26.7% in hospital- and clinic-based studies, respectively. In
general population, the largest study specifically examin-
ing PSH prevalence was conducted in Vaga, Norway, where
1,779 parishioners were questioned about head pain de-
scribed as jabs.'"’ This study reported a high lifetime prev-
alence of 35.2%. In contrast, other studies have reported
significantly lower prevalence. In a large study of primary
headache disorders, 1,000 individuals in Copenhagen were
interviewed, and only 2% reported a lifetime occurrence of
stabbing headache.'' Similarly, a population study in Porto
involving 2,008 subjects found a lifetime prevalence of only
0.2%."” In addition, hospital- and clinic-based studies have
been performed to investigate the prevalence. A study of
1,219 patients presenting to a tertiary neurology clinic in
China found that isolated PSH had a prevalence of 1.5%."
In a Turkish headache clinic, a prevalence of 12.6% were
reported.” In Spanish and Taiwanese headache clinics, 5%
of 725 patients and 13% of 872 patients, respectively, were
reported.””'* In Korea, the self-reported lifetime prevalence
rates of PSH were 11.0% among patients with headache
and 26.7% among neurologists in different hospitals.'""
These differences between patients and neurologists might
reflect under diagnosis of PSH in general populations.

PSH is more common in females within the adult pop-
ulation, with a female-to-male ratio ranging from 1.49 to
6.6:1."”"" The mean age of onset for PSH in adults ranges
from 28 to 53, with significant variation across previous
studies.'”'**" A family history of migraine was reported
in 34.8%-40.5% of patients with PSH.”** PSH can occur
in isolation or in association with other headache types,
including migraine and tension-type headache, with mi-
graine being the most common. A prevalence of approxi-
mately 40% has been reported in patients with migraine.”

In childhood, the prevalence of PSH ranges from 3.35% to
9.97%.”*° Age of onset for PSH is between 4.5 and 9 years,
with 12.4% of cases occurring in children younger than 6
years old.”” Recently, the prevalence of PSH were found
to be 77 patients (9.97%) of 772 children and adolescents,
indicating that it is not uncommon among thisagegroup.”
In this study, 0.9% of patients experienced the onset of PSH
before the age of six, with a mean onset age of 10.9+3.5

26

years (ranging from 4 to 16 years).” The sex distribution

among children with PSH is not consistent across studies.

www.e-hpr.org 81



Headache Pain Res 2025;26(1):80-87

CLINICAL CHARACTERISTICS

Patients typically describe the pain as stabbing or piercing
without a pulsatile component.” This stabbing pain occurs
spontaneously and in irregular patterns, with no circadian
or circannual rhythm, and can even wake patients from
sleep.'’ The severity of pain reported by patients shows
considerable variation across different studies. While the
Vaga study found that 93% of patients described their pain
as mild to moderate, other studies indicate that the major-
ity of patients experience pain that is moderate to severe.”
Pediatric studies show no significant difference in pain
severity, with most patients reporting moderate to severe
pain. Based on the previous epidemiological and clinical
studies, 80% of attacks last 3 seconds or less, although
occasionally they can last from 10 to 120 seconds.'”" The
majority of patients experience single, brief stabs of pain,
although they may also present with a series of stabs. At-
tacks of stabbing pain are typically infrequent, occurring
one to a few times a day. However, on rare occasions, the
pain can occur repeatedly for days to 1 week.”'”'"” At times,
patients may experience more than a dozen attacks per
day. Initially, the pain was believed to be localized to the
first branch of the trigeminal nerve, with previous studies
indicating that 45%-62% of patients with PSH experienced

pain exclusively in the V1 distribution.'*"

However, more
recent research indicates that up to 70% of patients also ex-
perience stabbing pain in areas other than the trigeminal
nerve, including the occipital, nuchal, and parietal regions
innervated by nerves C2-C4."° The stabbing pain may
manifest unilaterally or bilaterally, with unilateral location

3,29

reported in 59%-91.4% of patients.”” During the stabs,
symptoms such as jolts, allodynia, vocalization, and bodily
jabs can be accompanied. Among them, jolts and allo-
dynia are commonly observed. Jolts can accompany the
stabbing pain in 38%-74% of cases, while allodynia is pres-
ent in 19%-37% of patients with PSH.""® Vocalization was
observed in 18% of patients, while bodily jabs were seen
in only 1.1% of those with PSH."**’ Nausea and vomiting
(7%-11.1%), photophobia and phonophobia (8%-22.2%),
and dizziness (5.6%-8%) were uncommon accompanying
Symptomsllfl,lﬁ,}l
alalgias (TACs), PSH do not present with cranial autonom-

In contrast to trigeminal autonomic ceph-

ic features such as tearing or ptosis during the pain attacks.
Although similar findings have been observed in pediatric
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studies, one study reported that vertigo, nausea, photo-
phobia, and phonophobia can occur in as high as 47% of
children with stabbing headache.”

In recent studies, clinical courses and patterns of PSH
have been proposed, including monophasic, intermittent,

and chronic."”

The patterns were identified based on the
frequency of stabbing pain, the clinical course, and the
total disease duration. Stabbing pain in the monophasic
pattern was characterized by greater severity, higher fre-
quency, side-locked location, and single stabs that typical-
ly responded well to treatments such as indomethacin, ste-
roids, gabapentin, or tricyclic antidepressants. In contrast,
the chronic daily stabbing pain pattern was associated
with a longer duration, variable location, multiple stabs,
less responsiveness to treatment, and a higher prevalence

among female patients.’

DIAGNOSTIC CRITERIA

The diagnosis of PSH is based on the clinical character-
istics outlined in the ICHD criteria (Table 1).” Over time,
there have been two significant changes to the diagnostic
criteria for PSH. The first is the location of pain, and the
second is the accompanying symptoms. In the ICHD-2
criteria published in 2004, the diagnosis of PSH was re-
stricted to the first branch of the trigeminal nerve.” How-
ever, according to some later studies, PSH was localized
in extra-trigeminal regions such as behind the ear, frontal,
parietal, and occipital regions, implying that the head can
be all involved. Consequently, in 2018, the ICHD-3 crite-
ria, which limited the location of pain to the first branch of
the trigeminal nerve, were abandoned.’ In accompanying
symptoms of ICHD-2, no accompanying symptoms were
included for the diagnosis of PSH. However, accompany-
ing symptoms such as allodynia, nausea and vomiting, and
photophobia or phonophobia have been reported. Con-
sequently, the ICHD-3 revised the diagnostic criteria for
PSH, changing no accompanying symptom to no cranial
autonomic symptoms.

DIFFERENTIAL DIAGNOSIS

The differential diagnosis for PSH encompasses a range of
short-lasting, stabbing primary and secondary headache
disorders. Among the primary headache disorders, the
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Table 1. Diagnostic criteria of primary stabbing headache in the
ICHD-3
Primary stabbing headache

A. Head pain occurring spontaneously as a single stab or series
of stabs and fulfilling criteria B and C

B. Each stab lasts for up to a few seconds*

C. Stast recur with irregular frequency, from one to many per
day

D. No cranial autonomic symptoms
E. Not better accounted for by another ICHD-3 diagnosis.
Probable primary stabbing headache

A. Head pain occurring spontaneously as a single stab or series
of stabs

B. Two only of the following:
1. Each stab lasts for up to a few seconds

2. Stabs recur with irregular frequency, from one to many per
day

3. No cranial autonomic symptoms
C. Not fulfilling ICHD-3 criteria for any other headache disorder
D. Not better accounted for by another ICHD-3 diagnosis.

ICHD-3, International Classification of Headache Disorders, third edition.
*Studies show that 80% of stabs last 3 seconds or less; rarely, stabs last
for 10-120 seconds. 'The attack frequency is generally low, with one or a
few per day. In rare cases, stabs occur repetitively over days, and there has
been one description of stabs lasting 1 week.

Adapted from the article of Headache Classification Committee of the In-
ternational Headache Society (IHS) (Cephalalgia 2018;38:1-211).°

short-duration primary headache category includes tri-
geminal neuralgia, TACs such as paroxysmal hemicrania,
SUNA and SUNCT. Trigeminal neuralgia is a unilateral
disorder characterized by brief electric shock-like attacks of
pain limited to the distribution of one or more divisions of
the trigeminal nerve. The attacks of pain are often precipi-
tated by mechanical stimulation such as speaking, eating,
or brushing teeth. The distribution of pain and provocative
factors differentiate trigeminal neuralgia from PSH. TACs
must have unilateral cranial autonomic features by defini-
tion. The presence or absence of autonomic symptoms rep-
resents a key differentiating factor between a TAC and PSH.

Stabbing headaches have been described as the present-
ing symptom in pituitary tumours,” intracranial meningi-
oma,” herpetic meningoencephalitis,” stroke,” and giant

cell arteritis.™

Therefore, underlying pathology should be
considered in patients presenting with new complaints of
stabbing headaches. Furthermore, there have been reports
of stabbing headaches in patients with autoimmune disor-

ders, including multiple sclerosis, lupus, Behcet'’s disease,

Sjogren’s syndrome, vasculitis, antiphospholipid antibody
syndrome, and Lyme disease.” A recent studies have iden-
tified clinical red flag signs that are associated with sec-
ondary causes. These include the recent onset of stabbing
headache, which is exclusively unilateral (ipsilateral) at the
same location, a crescendo pattern, which is triggered by
head movements, or a Valsalva maneuver.’

Although the prevalence of secondary headache disor-
ders manifesting as stabbing headaches was low, brain
imaging such as computed tomography or magnetic reso-
nance imaging could be considered to investigate for po-
tential secondary structural disorders. It is also reasonable
to perform blood evaluation, including erythrocyte sedi-
mentation rate, in patients over the age of 50 who present
with stabbing pain, particularly if they have additional fea-
tures of giant cell arteritis.

PATHOPHYSIOLOGY

The pathophysiology of PSH remains unclear. Proposed
theories include irritation of peripheral branches of the
trigeminal nerve or other cranial nerves, as well as inter-
mittent dysfunction of central pain processing leading to
spontaneous synchronous discharges or hyperexcitability

of neurons.”*

It is hypothesized that irritation or sponta-
neous firing of the peripheral branches of the trigeminal
nerve cause stabbing pain. The pain of PSH, which is very
short-lasting, focal, and not triggered by external stimuli,
suggests a spontaneous and temporary firing of nocicep-
tive nerve endings, specifically A-delta fibers, originating
from sensory afferents in the head, such as the trigeminal
and occipital nerves."” The intermittent nature of most
PSH, characterized by infrequent stabs and normal senso-
ry function between episodes, implies a nonpathological
process without axonal damage. Nociceptive Schwann
cells, recently identified in both mice and humans, might
fail transiently in their pain gating function, leading to
spontaneous nerve firing.”’ However, as the location of
pain often does not correspond to the distribution of the
trigeminal nerve, the pathogenesis is likely to be more
complex.”

Dysfunction of central pain processing secondary to
peripheral mechanisms can be another proposed mech-
anism. Extra-trigeminal stabbing headaches can occur in
cephalic regions innervated by C2-C4. Pain signals from
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these upper cervical areas, similar to those from trigeminal
inputs, are transmitted to the trigemino-cervical complex.
This suggests that both trigeminal and extra-trigeminal
sources may converge on central pain control mechanisms

16

that may be defective. * Central sensitization may be an-
other central mechanism for intermittent and chronic dai-
ly PSH. This may explain the long-term course, migrating
pain locations, allodynia, and bodily jabs observed in PSH
patients. High prevalence of PSH with migraine has also
suggested the proposed segmental disinhibition of central

pain processing.”
TREATMENT

In patients with infrequent attacks, the explanation that
PSH is a benign condition may be sufficient and treat-
ment may not be necessary. However, high frequency of
stabbing attacks may require intervention. Due to pain
paroxysms, treatment is aimed at prophylactic suppression
of the attacks. PSH is considered to be one of the indo-
methacin-responsive headache syndromes."’ In PSH, the
therapeutic mechanism of indomethacin may be its an-

P Ttis a

ti-inflammatory and vasoconstrictive properties.
nonsteroidal anti-inflammatory drug that exerts its effects
through reversible inhibition of cyclooxygenase (COX)-1
and COX-2 enzymes. It also impedes polymorphonuclear
leukocyte motility, reduces mucopolysaccharide synthesis,
and may induce vasoconstriction.” Furthermore, indo-
methacin is known to inhibit nitric oxide release, decrease
cerebral blood flow, and lower cerebrospinal fluid pres-
sure." Patients with PSH have been reported to respond
quickly to indomethacin ranging from 75-250 mg/day giv-
en in divided doses. Dose-related side effects include dys-
pepsia, gastrointestinal bleed, and renal toxin."’ Long-term
treatment with indomethacin may also result in gastroin-
testinal and renal side effects. Furthermore, the response
rate to indomethacin was found to be inconsistent across
clinical studies, with remission rates ranging from 20% to
57%.'”'"" Therefore, other treatment options for patients
who are unable to tolerate indomethacin or are not re-
sponsive to indomethacin.

Alternative agents reported to be effective in small series

of patients include other COX-2 inhibitors,”** predniso-
lone, melatonin,” gabapentin,” topiramate,” acetazol-

amide,” amitriptyline,” and onabotulinum toxinA.” In

84 www.e-hpr.org

cases where a series of treatments utilizing selective COX-
2 inhibitors such as celecoxib and etoricoxib were used, a
favourable response was observed. Melatonin is a pineal
hormone and marker of circadian function. Its chemical
structure is very similar to that of indomethacin. In cases
series, patients had complete remission with melatonin,

46

3-21 mg at night.” In this study, a strategy which starting
with a bedtime dose of 3 mg and increasing by 3 mg every
three to four nights until pain relief, with 24 mg as an upper
dose limit was recommended. In other cases, gabapentin
400 mg every 12 hours have also been reported to be ef-
fective."” All patients had complete relief of pain already in
the first days of treatment. The precise mechanisms of ac-
tion of gabapentin are still not completely defined but are
probably related to both peripheral and central pathways
of pain suppression. Gabapentin may have an effect by
inhibiting ectopic discharge activity from injured periph-
eral nerves.” In case reports, topiramate 100 mg per day
and acetazolamide 250 mg twice per day was effective in
the treatment of PSH.""
were treated with amitriptyline, a single dose of 10-25 mg

In other case series, two patients

at bedtime with significant improvement within the first
month of treatment.” Onabotulinum toxinA was studied in
a prospective, unblinded study in 24 patients with PSH.”"
Patients received five units of onabotulinum toxinA into
each area where they experienced the stabs with the mean
dose 11.81+7.17 units. Among them, 22 patients showed
partial-response and three patients full-response.

The treatment plan for PSH could be tailored according
to the specific clinical pattern presented in a recent pro-
spective study: monophasic, intermittent, and chronic."
For a monophasic pattern, characterized by a single epi-
sode, short-term treatment with indomethacin, COX-2 in-
hibitors and/or prednisolone can provide quick relief. For
an intermittent pattern, involving sporadic episodes over
weeks to months, preventive and abortive treatments with
indomethacin and/or melatonin, gabapentin, topiramate,
acetazolamide, or amitriptyline may reduce frequency and
severity. Chronic patterns, defined by daily or near-daily
episodes, require consistent preventive approaches with
long-term use of indomethacin and/or botulinum toxinA
injections, along with regular monitoring and dosage ad-
justments. Adjunctive therapies such as lifestyle modifica-
tions, including regular sleep patterns, stress management,
and avoiding known triggers, can further help manage



Chandraetal. Advancesin Primary Stabbing Headache

headache frequency and severity.

While there is limited information available regarding
the treatment of PSH in children and adolescents, it’s not-
ed that the number of reported cases is small. Nonetheless,
the general treatment strategy should be similar to that of
adult patients.

PROGNOSIS

Previous studies of PSH have indicated that both popu-
lation-based and clinic-based subjects exhibited a wide
variety of disease durations, ranging from a few days to
several years.'”"° Although there have been no prospective
studies on the prognosis of PSH, it is generally regarded as
a benign condition that may resolve over time. However, in
arecent study, half of patients with PSH experienced spon-
taneous remission, while the other half required medical
treatment to reach remission. This study has indicated
that the prognosis of PSH may depend on the individual
clinical courses.” Patients with the intermittent subtype
may experience relapses at variable frequencies over sev-
eral years. This subtype may progress to the chronic daily
subtype, although this has been reported in a very small
number of patients. In patients with the chronic subtype,
the majority may not respond to treatment and continue to
experience chronic daily headaches. The chronic daily pat-
tern was associated with multiple or migrating locations,
slightly longer-lasting stabs, frequent allodynia, and bodily
jabs.

SUMMARY

Clinical features of PSH were summarized on Table 2. The
evolution of diagnostic criteria has expanded understand-
ing of its clinical features and epidemiology, revealing a
wide prevalence range influenced by demographic fac-
tors. While treatment options such as indomethacin and
alternative agents exist, prognosis varies among patients.
Further research is needed to elucidate the underlying
pathophysiology and optimize management strategies for
PSH. This comprehensive review serves to highlight the
necessity of recognizing the distinctive clinical profile of
PSH and of tailoring treatment approaches to the individu-
al needs of patients.

Table 2. Summary of the clinical features of PSH

Main feature
Prevalence 0.2%-35.2%
F:M ratio Female predominance (1.49-6.6:1)
Mean age at onset (yr) 28-53

Comorbid headache  Migraine and tension-type headache, with
migraine being the most common

Pain location Can be anywhere on the head
Pain side Can be bilateral or unilateral and switch
between attacks
Severity Mild to severe
Accompanying Jolts (38%-74%)
symptoms Allodynia (19%-37%),
Vocalization (18%)
Bodily jabs (1.1%)
Photophobia and phonophobia (8%-22.2%)
Nausea (7%-11.1%)
Dizziness (5.6%-8%)
Treatment Indomethacin (75-250 mg/day) is most

widely used

Cyclooxygenase type 2 inhibitors, predniso-
lone, melatonin, gabapentin, topiramate,
acetazolamide, and onabotulinum toxinA

PSH, primary stabbing headache; F:M, female-to-male.
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publication (complete or abridged republication or transla-
tion) of a primary publication.

Process to Manage the Research and Publication
Misconduct
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lication misconduct such as redundant (duplicate) publica-
tion, plagiarism, fraudulent or fabricated data, changes in au-
thorship, undisclosed conflict of interest, ethical problem with
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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,
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Data Sharing Statement
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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).

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
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not be made publicly available; if it is made available by spe-
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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.

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

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

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

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

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

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

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

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

- Centrifugation force: 100,000 x g

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

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

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

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

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

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

o The contact information of the corresponding author should
include the mailing address and e-mail address.
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« ORCID: Open researcher and contributor ID (ORCID) of all
authors are recommended to be provided. To have ORCID,
authors should register in the ORCID web site available from:
https://orcid.org. Registration is free to every researcher in
the world.

2.2. Abstract

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

« The abstract should be concise, less than 250 words, and de-

scribe the subject of research concisely, in a paragraph. The
abstract for an original article must be structured to include
a Purpose, Methods, Results, and Conclusion as follows:
Purpose: In one or two sentences, the specific purpose of
the article and why it is worthy of attention should be indi-
cated. The purpose stated here should be identical to the
one given in the title of the paper and the introduction.
Methods: The methods used to achieve the purpose ex-
plained in the first paragraph should be described succinct-
ly, stating what was done and how bias was controlled, what
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

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

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

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

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

e 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.
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Results

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

o 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.

o 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.

o 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.

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

Conflict of Interest

o 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
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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-

bic numerals (e.g., ', **, *°

) and numbered in the order cited.
« 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).

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

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

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

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

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

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

- Book
Murray PR, Rosenthal KS, Kobayashi GS, Pfaller MA. Medi-
cal microbiology, 4th ed. Mosby; 2002.
Gilstrap LC 3rd, Cunningham FG, VanDorsten JP, editors.
Operative obstetrics, 2nd ed. McGraw-Hill; 2002.
Meltzer PS, Kallioniemi A, Trent JM. Chromosome Alter-
ations in Human Solid Tumors. In: Vogelstein B, Kinzler
KW, editors. The Genetic Basis of Human Cancer. Mc-
Graw-Hill; 2002. p. 93-113.

- Online book or Website
Foley KM, Gelband H, editors. Improving palliative care for
cancer [Internet]. National Academy Press; 2001 [cited
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, #, §, ||, €, **, 1, %,
etc. Abbreviations should be defined in a footnote below
each table.

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

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

Figure Legends

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

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

Figures

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

« Labels/arrows should be of professional quality.

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

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

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

Video Clips

e 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.

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

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

« 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.
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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.

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

¢ 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.

o Please send us a Presubmission Inquiry before writing a re-
view article. All review articles undergo the same review
process as other types of articles prior to acceptance. Re-
views have no restrictions on word count or the number of
figures and tables. However, authors should eliminate re-
dundancy, emphasize the central message, and provide only
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

¢ 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
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to write a reply. No abstraction is required. The letter should
be 1,000 words or less (excluding references and figure leg-
ends) with a maximum of 5 references. A maximum of 2 fig-
ures including tables is allowed.

2.3.5. Editorials

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

2.3.6. Perspective

« 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
authors’ viewpoint on a specific subject of interest to our
readers as a commissioned paper at the request of the edi-
tor(s).

Table 1. Specification for publication types

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

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

REVIEW PROCESS AND MANUSCRIPT DECISION

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

« Submitted manuscripts will generally be reviewed by the ed-
itors, as well as two peer reviewers who are experts in the
submitted subject matter and the peer reviewers will make



suggestions to the editor(s).

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

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

 Submitted manuscripts will be rendered one of the following

decisions:

Accept: The manuscript is accepted for publication.

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

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

new submission.

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

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

« 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.

e Document forms: Before you log into the online submission
system, it is helpful to prepare the following documents as
you will be asked to upload them during the electronic sub-
mission process.

- Author statement forms

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

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

Submission of Revised Manuscript

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

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

o 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

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

o 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
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,
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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.



Author Checklist

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

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

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

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

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

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

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

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

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

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

Manuscript title:

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

ments:

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

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

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

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

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

Conflict of Interest Disclosure Statement

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

Name of the author(s) Date Signature
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