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Abstract

Background Migraine burden is over twice as high among females than males. Although sex differences are
recognized in migraine, robust sex-specific guidance for management remains limited.

Objective To systematically review and synthesize current evidence on sex-related clinical differences in migraine,
including treatment outcomes and reproductive management, and to provide evidence-based or expert consensus
recommendations where high-quality data are lacking.

Methods A systematic literature review using the PICO framework addressed 24 sex-specific questions across three
domains: (1) biological sex differences across the lifespan, (2) sex-specific variations in treatment outcomes, and (3)
fertility and reproduction-related management. To address anticipated evidence gaps, a structured Delphi consensus
process complemented the review. The protocol was registered in PROSPERO (CRD420251058438).

Results Thirty-seven studies informed 10 evidence summaries. Acute and preventive anti-CGRP therapies seem

to show similar efficacy between sexes. For menstrual-related migraine attacks (MM), triptans and lasmiditan are
effective, with frovatriptan being recommended for short-term prevention; long-term prevention include topiramate
and anti-CGRP mAbs. In pregnancy triptans, greater occipital nerve (GON) blocks, and onabotulinumtoxinA are safe,
with GON blocks showing potential efficacy. During breastfeeding, triptans appear to be safe. Anti-CGRP mAbs are
equally effective in pre and postmenopausal women. Expert consensus emphasizes the influence of hormonal
transitions on migraine expression across sexes and supports the use of acetaminophen, antiemetics, magnesium,
NSAIDs, steroids, beta-blockers, amitriptyline, and calcium channel blockers as generally safe in WOCBP and during
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pregnancy, although some agents have trimester-specific limitations. Efficacy was noted for acetaminophen,
sumatriptan, antiemetics, magnesium, propranolol, amitriptyline, and onabotulinumtoxinA. During breastfeeding,
acetaminophen, NSAIDs, domperidone, prochlorperazine, magnesium, caffeine, beta-blockers, tricyclics,

onabotulinumtoxinA, and GON blocks were considered safe.

Conclusions Evidence is limited, but sex (likely mediated by sex hormones) influence the clinical course of migraine,
and likely treatment response. Limitations include absence of sex-specific analyses in older trials, underrepresentation
of men, and scarce reproductive safety data. Integrating sex-based analyses and broadening trial inclusion and more
reproductive safety evidence are essential for personalized, equitable migraine care.

Introduction

Migraine is one of the most prevalent and disabling neu-
rological conditions globally and the most recent data
from the 2023 Global Burden of Disease study shows a
widening gender gap in headache-attributed health loss,
with females experiencing a greater overall burden than
males (2.1:1 vs. 1.6:1 in GBD 2021) [1]. The complex
nature of migraine including wide phenotypic variability
and polygenic inheritance has increasingly challenged the
traditional one-size-fits-all approach to management and
treatment. As the understanding of migraine pathophysi-
ology increases, it is becoming evident that a personal-
ized medicine framework is crucial to improve outcomes
and reduce the burden of this disease [2].

Personalized medicine aims to tailor healthcare based
on individual genetic, biological, and phenotypic char-
acteristics. In the context of migraine, this approach is
particularly pertinent as it is a disorder with different sex
prevalences and in which phenotypic expression seems
to be modulated by sex hormones [3]. Nevertheless, a
substantial sex-related knowledge gap exists, despite the
well-known differences in headache prevalence, symp-
toms, triggers, and management issues, between males
and females. These disparities demonstrate the urgency
of integrating sex (and gender) dimensions into both clin-
ical practice and research to ensure equitable care [4].

Migraine exhibits sexual dimorphism, character-
ized by distinct molecular pathways and the differential
regulation of neuropeptides and ion channels within
the trigeminovascular system [5]. In animal models, the
expression of receptor component RAMP1 of calcitonin
gene-related peptide (CGRP), key mediator of migraine
attacks, is markedly higher in female than in male tri-
geminal ganglia [6]. The trigeminovascular system is
dynamically modulated by ovarian hormones, as RAMP1
expression peaks during proestrus (high-estrogen phase)
and is subject to epigenetic regulation via DNA meth-
ylation [7]. Additionally, prolactin and transient receptor
potential melastatin 3 (TRPM3) channels act as female-
specific sensitizing factors; TRPM3-mediated firing is
more prominent in female meninges, and these channels
are normally inhibited by estrogen and progesterone,
suggesting that hormonal withdrawal during menses dis-
inhibits this pathway and facilitates migraine attacks [8].

Clinical studies have demonstrated that the trigemino-
vascular response to stimulation of Transient Receptor
Potential Vanilloid 1 (TRPV1) channels differs through-
out the menstrual cycle [9]. In contrast, a male-specific
mechanism seems to involve orexin B and its receptor
OX2R, which are more abundantly expressed in male
TG and drive neuronal sensitization exclusively in males,
potentially through a CGRP-independent pathway [10].

Furthermore, migraine with aura appears to be dif-
ferentially influenced by sex hormones compared to
migraine without aura. Increased estradiol levels dur-
ing pregnancy and breastfeeding are hypothesized to
enhance susceptibility to Cortical Spreading Depression
(CSD), thereby triggering or worsening aura attacks [11-
14]. In CACNAI1A knock-in migraine mouse models,
female mice show greater CSD susceptibility than males.
This difference is abolished by ovariectomy and partially
restored by 17f3-estradiol treatment, with similar findings
reported in other rodent studies [15, 16].

Additionally, CGRP-induced vasodilation of human
arteries appears less potent in young women than in
men, possibly due to receptor desensitization resulting
from higher endogenous CGRP exposure. In contrast,
TRPM3-mediated vasodilation is enhanced in females,
likely reflecting higher NMDA receptor expression [17,
18].

How these sex and hormone-related biological dis-
parities influence treatment outcomes remains unclear.
Evidence regarding therapies such as CGRP-targeted
monoclonal antibodies (mAbs), gepants (CGRP recep-
tor antagonists), and triptans (serotonin 5-HT1B/1D
receptor agonists) is mixed, with reported sex differ-
ences in efficacy, recurrence, and adverse events [19, 20].
Gender-affirming hormone therapy may affect migraine
progression in transgender and gender non-conforming
individuals, while its impact on treatment outcomes is
largely unknown [21-28].

Understanding and addressing sex-specific factors may
enhance our ability to customize therapies. However, the
current evidence base remains limited and fragmented.
To address this gap, we conducted a systematic review
to synthesize existing data on sex and gender-specific
approaches to migraine management and treatment.
Acknowledging the anticipated scarcity of high-level
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evidence, we planned to complement this analysis with
expert consensus opinions, to guide clinical practice yet
also to delineate priority areas requiring further research
and encourage the systematic inclusion of sex-based
analyses in future migraine research.

Methods

Study design and objective

A systematic literature review was conducted to investi-
gate sex-specific differences in migraine. The review was
structured according to the PICO (Population, Inter-
vention, Comparison, Outcome) framework to define
focused research questions and guide data extraction
and synthesis. This strategy was designed to support the
development of specific and clinically relevant evidence-
based recommendations.

Given the anticipated limited availability of high-qual-
ity evidence in certain domains, a Delphi consensus panel
approach was subsequently employed. The Delphi meth-
odology was selected for its robustness in synthesizing
expert opinion and promoting convergence using a struc-
tured and iterative process, enabling the formulation of
expert-based recommendations in areas where evidence-
based conclusions are not feasible.

The objective was to systematically and qualitatively
analyze and synthesize evidence on biological sex dif-
ferences in migraine in terms of clinical expression,
treatment outcomes, and fertility/reproduction-specific
management issues, ultimately producing clinical prac-
tice guidelines and contributing to standardized care.
The protocol was developed collaboratively by the author
group and has been registered in the PROSPERO data-
base (registration number: CRD420251058438).

Working group panel composition

The European Headache Federation (EHF) board nomi-
nated a multidisciplinary working group panel. Each
senior panel member collaborated with two junior
headache experts from different geographic regions to
enhance diversity in perspectives and ensure robust lit-
erature analysis. The panel was divided into three sub-
groups, each assigned PICO questions aligned with their
primary areas of expertise.

Literature search strategy

Research questions were formulated using the PICO
model to address specific aspects of sex-specific migraine
management. During the initial meeting, the working
group proposed a series of PICO-formatted research
questions. These questions were refined through col-
lective discussion and organized by consensus. A total
of 24 PICO questions were developed, organized into
three thematic areas: (Part I) biological sex differences
in clinical expression and comorbidities, (Part II) sex
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differences in treatment outcomes, and (Part III) fertil-
ity and reproduction-specific management issues. The
full list of PICOs is detailed in Table 1. Comprehensive
searches were conducted in PubMed and Embase data-
bases, with additional manual searches of reference lists
from relevant reviews and guidelines. For Part III, safety
databases and studies on migraine medications used
for non-migraine indications were also included as rel-
evant sources of data. Search terms were derived from
each PICO question, combining MeSH (Medical Sub-
ject Headings) terms and free-text keywords with Bool-
ean operators (AND, OR). Full search strings for each
PICO are provided in Supplementary Material. Searches
included studies published up to May 2025, ensuring
inclusion of the most recent evidence.

Study selection

Three independent reviewers per PICO questioned
screen titles and abstracts using the Rayyan software
[29]. Eligible studies included randomized clinical tri-
als and observational studies conducted in pediatric and
adult populations. Studies were excluded if they met any
of the following criteria: Population not aligned with the
PICO question (e.g., non-migraine populations); Inter-
vention not relevant to the PICO question (e.g., non-
hormonal treatments for a hormonal-related PICO); No
comparison between populations of interest (e.g., female
vs. male or transgender female vs. male); Outcomes not
relevant to the PICO question (e.g., non-migraine-related
outcomes). Additionally, animal studies, case series,
case reports, review articles and conference abstracts
did not fit criteria for inclusion. Reasons for exclusion
were documented in Rayyan to ensure transparency and
reproducibility. Subsequently, eligible studies underwent
full-text review by three independent reviewers to con-
firm inclusion based on PICO criteria. Discrepancies
were resolved through consensus. For PICO questions
with existing systematic reviews or meta-analyses, the
“last RCT” method was applied: the most recent random-
ized controlled trial (RCT) from the meta-analysis was
evaluated, supplemented by additional studies published
after the meta-analysis cutoff date.

When individual studies that contributed to a retrieved
meta-analysis also reported outcome data beyond the
scope of the pooled analysis (e.g., low birthweight, uterine
atony, postpartum haemorrhage, or neurodevelopmental
outcomes not included in the meta-analytic estimates for
PICO 20), these studies were retained in the evidence
tables to provide a more comprehensive evidence sum-
mary. This approach was necessary given the scarcity and
heterogeneity of reproductive safety data and to avoid the
loss of clinically relevant information that would not oth-
erwise be captured by the meta-analytic estimates alone.
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Table 1 Full list of PICOs
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Subgroup PICO Question

Part| 1 In children and adolescents with migraine, how does entering puberty influence the clinical expression of migraine in
females compared to males?

Part | 2 In individuals of reproductive age with migraine, does being in the reproductive period lead to different clinical expres-
sions of migraine in females compared to males?

Part| 3 In individuals with migraine reaching the end of the reproductive phase, how does this transition affect clinical migraine
expression in females compared to males?

Part| 4 In people with migraine, how do hormonal treatments influence migraine expression in females compared to males?

Part| 5 In people with migraine, does the risk of migraine-related complications differ in females compared to males?

Part| 6 In people with migraine, how does the risk of developing chronic migraine, medication overuse and/or medication over-
use headache compare between individuals of female and male sex?

Part Il 7 In children and adolescents with migraine, how does puberty affect the effectiveness of acute migraine treatments in
females compared to males?

Part Il 8 In children and adolescents with migraine, how does puberty influence the effectiveness of preventive treatments in
females compared to males?

Part Il 9 Among individuals with migraine, how does long-term transgender hormonal therapy affect the effectiveness of acute
migraine treatments in females compared to transgender males?

Part Il 10 Among individuals with migraine, how does long-term transgender hormonal therapy influence the effectiveness of
preventive migraine treatments in females compared to transgender males?

Part Il 1M In adults with migraine, does the effectiveness of acute attack treatment differ between females and males?

Part Il 12 In adults with migraine, does the effectiveness of preventive treatment differ between females and males?

Part Il 13 In transgender individuals with migraine who are receiving long-term hormonal therapy, is there a difference in the safety
of migraine treatments between transgender males and transgender females?

Part I 14 In elderly with migraine, does the effectiveness of acute attack treatment differ between females and males?

Part I 15 In elderly with migraine, does the effectiveness of preventive treatments differ between females and males?

Part Il 16 In individuals with menstrual-related migraine, which treatments are effective for managing acute migraine attacks?

Part Il 17 In individuals with menstrual-related migraine, which short-term treatments are effective for preventing migraine attacks?

Part Ill 18 In individuals with menstrual-related migraine, which prophylactic treatments are effective at preventing migraine attacks?

Part Il 19 In women of childbearing potential with migraine, which treatments are safe for managing migraine?

Part Il 20 In pregnant women with migraine, which treatments are safe for managing migraine?

Part Il 21 In breastfeeding women with migraine, which treatments are safe for managing migraine?

Part Il 22 In pregnant women with migraine, which treatments are effective for managing acute migraine attacks?

Part Il 23 In pregnant women with migraine, which treatments are effective for preventing migraine attacks?

Part Il 24 In post-menopausal women with migraine, which treatments are effective for managing migraine?

For PICO questions without systematic reviews, all
eligible primary studies were evaluated. The sequential
review steps, including the PRISMA flow diagram, are
illustrated in Fig. 1.

Data extraction

Data were extracted using a standardized template, cap-
turing study design, population characteristics, inter-
ventions, comparators, outcomes (e.g., pain freedom,
migraine frequency, adverse events), and risk of bias.
Extracted data were cross-checked by a second reviewer.

Data analysis

All eligible study outcome data were tabulated. A descrip-
tive analysis was provided, summarizing study designs,
populations, interventions/exposures, comparators and
outcomes with counts, percentages, means + SD or medi-
ans (IQR) as appropriate. When suitable, a meta-analytic
approach was employed. Clinical and methodological
heterogeneity were appraised qualitatively; statistical

heterogeneity was assessed with I and T Where pooling
was justified, a random-effects model (restricted maxi-
mum likelihood) was used; sensitivity analyses (leave-
one-out, risk-of-bias strata) were pre-specified if pooling
was feasible. If not feasible, results stayed in narrative
form.

Quality control and risk of bias assessment

Reviewers were blinded to each other’s initial screening
and data extraction decisions to reduce bias. Risk of bias
was assessed at the study level using standardized tools
selected according to study design. Randomized con-
trolled trials (including secondary and subgroup analyses
of randomized trials) were evaluated with RoB 2. Non-
randomized studies of interventions (e.g., real-world
cohorts, single-arm clinical series, non-randomized com-
parative analyses) were assessed with ROBINS-I. Studies
in which the exposure was not assigned by investigators
(e.g., pregnancy exposure studies based on registries/
claims, spontaneous reporting databases) were assessed
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PRISMA 2020 flow diagram for new systematic reviews which included searches of databases, registers and other sources

{ Identification of ies via datab and reg [ Identification of studies via other methods ]
—
,E Records identified from Record_s rfemoved before . - .
= - . screening: Records identified from:
3 databases (n= 13125): » Duplicate records removed Websites (n = 0)
= PubMed/MEDLINE (n = e - isati =
g 1297) (n=1515) Olrgalnlsahons (_n =0)
§ Embase (n = 11828) Records reToved for other Citation searching (n = 13)
reasons (n = 0)
) I
— I
Records screened > Records excluded*
(n=11610) (n=11582)
Reports sought for retrieval Reports not retrieved Reports sought for retrieval o| Reports not retrieved
2 (n=28) > (n=0) (n=13) "l (n=0)
s
5 | !
3}
(2]
ReEorts assessed for eligibility »| Reports excluded: Reports assessed for eligibility »| Reports excluded: 0
(n=28) Reports irrelevant to the (n=13)
subject matter (n =4)

Studies included in review
(n=37)

Reports of included studies
(n=37)

* No automation tools were used. Exclusion was performed only by humans.

Fig. 1 Study flowchart diagram

with ROBINS-E. For each included study, judgments
were made independently across the relevant domains of
the chosen tool and then summarized as an overall risk-
of-bias judgment, following the standard decision rules
of each framework. Full details, and relative tables, are
available in the Supplementary Material.

Quality of evidence

The Grading of Recommendations Assessment, Devel-
opment, and Evaluation (GRADE) methodology was
applied independently by two reviewers to assess the
certainty of evidence for each outcome relevant to the
predefined PICO questions [30], with disagreements
resolved by consensus. Assessments were conducted
outcome-specifically, drawing on the available evidence
for that outcome, based on full-text evaluation of study
design, methods, results, and reported limitations. Start-
ing certainty levels were assigned according to study
design, with downgrades or upgrades applied based on
predefined criteria derived from GRADE handbook rec-
ommendations and adapted for migraine studies (e.g.,
emphasizing subgroup imbalances in sex-specific analy-
ses) [31]. Due to the marked heterogeneity of study
designs, endpoints, populations, and the predominance
of post-hoc sex-stratified analyses, as well as the over-
all scarcity of adequately powered data (particularly for
male subgroups and pregnancy safety), the GRADE rat-
ings were not used as the sole determinant of the final

recommendations, which were formulated through a
structured Delphi consensus process integrating evidence
appraisal and expert clinical judgment. This approach
reflects the intrinsic limitations of the evidence and the
consensus-based nature of the Delphi process. Detailed
Evidence Profiles, including domain-specific justifica-
tions and downgrading/upgrading rationale, are provided
in the Supplementary Material for transparency.

Delphi consensus development process
It was anticipated during the planning stages of the
review that the available evidence could be insufficient
to support an evidence-based approach for many of the
proposed PICO questions. Prior to initiating the Delphi
process, all PICO questions lacking sufficient data were
re-evaluated for both their relevance and the likelihood
of achieving expert consensus, based on the retrieved
evidence. To ensure that only the most pertinent and
essential items were advanced, all authors independently
rated the importance of each question using a 7-point
Likert scale (1=not important, 7 =critically important),
in accordance with GRADE and COMET consensus
methodology. Questions were retained for the Delphi
process if 270% of authors assigned a rating of 6. [32].
The panel of experts convened for the Delphi study
included four of the authors (DU, GT, AvD, MB), 9
EHF board members and 9 other experts identified
through their publication record, leadership roles, and
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involvement in relevant clinical or methodological guide-
line development. A minimum of 20 participants was
targeted to ensure diversity and breadth of input, in line
with published recommendations [33]. The Delphi pro-
cess was managed by 3 authors (RGG, SM, MB).

The initial round of the Delphi process was open-
ended, as participants were invited to provide detailed
responses to each of the retained PICO questions, draw-
ing upon their personal clinical experience and, when
applicable, supporting their views with relevant evidence
from the literature.

Based on these results, the Delphi management team
drafted a preliminary answer to each PICO question
that was presented to the panel for agreement and com-
ments. In the second round, each panel member rated
every item using a 7-point Likert scale (1=not impor-
tant, 7 = critically important). Panelists were also invited
to provide qualitative comments and suggest modifica-
tions to improve item clarity and relevance. Consensus
was predefined as 270% of panelists rating an item as 6-7
(agreement) and <15% rating it as 1-3 (disagreement),
in accordance with established best practice reporting
guidelines [34].

If most of the items did achieve the predefined con-
sensus threshold after the first iteration, panelists were
asked to revise or rewrite the proposed initial statements,
providing justifications supported by evidence or clinical
experience. The three members of the Delphi manage-
ment team would then independently review and refined
the revised statements and resolving any discrepancies by
consensus.

Up to two additional rounds were allowed to achieve
consensus. In each round, the full Delphi panel re-rated
the finalized statements, with the management group
refining wording to ensure agreement and response sta-
bility. This iterative process allowed reflection, reduced
bias, and encouraged convergence of expert opinions. All
Delphi rounds were conducted electronically to preserve
anonymity and minimize group conformity bias. Partici-
pation was voluntary, and all experts provided informed
consent.

Statistical analysis

Descriptive statistics were used to analyze Delphi ratings;
for meta-analyses (if applicable), pooled effect estimates
(e.g., risk ratios, mean differences) were calculated using
random-effects models, with heterogeneity assessed via
I? statistics. Subgroup analyses explored sex-specific dif-
ferences where data allowed.

Ethical considerations
As a literature review and consensus process, this study
did not require ethical approval. However, the panel is
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committed to principles of transparency, inclusivity, and
scientific integrity throughout the entire process.

Results

Evidence synthesis

Part |, biological sex differences in clinical expression and risk
of comorbidities

For PICOs 1 through 5, no studies identified in this sys-
tematic review reported data that directly addressed
these questions. Consequently, no conclusions could be
drawn based on the current evidence base, and these
PICOs were considered for the Delphi process.

For PICO 6 (Table 2), only one study (the CaMeo
Study) specifically examined the transition from episodic
(EM) to chronic migraine (CM) by sex. This longitudinal,
web-based survey followed 16,789 adults with migraine
over one year, with assessments every three months.
Variables compared by gender included age at onset,
attack frequency and severity, aura, allodynia, depression,
anxiety, healthcare use, disability, and CM transition.
Although the crude 1-year CM risk was similar between
sexes, men showed higher adjusted risks at 6, 9, and
12months (HR=1.48, 2.04, 2.04; p<0.05) [35]. No stud-
ies were found comparing sex differences in medication
overuse or medication overuse headache.

Evidence summary: Based on currently available evi-
dence, including data derived from a single longitudinal
study there is limited but suggestive evidence that male
sex may be associated with a higher risk of progression
from episodic to chronic migraine over a one-year period
when controlling for relevant risk factors.

Part ll, sex differences in treatment outcomes

For PICOs 7 through 10, and for PICOs 13 through 15,
no studies identified in this systematic review reported
data that directly addressed these questions so these
PICOs were considered for the Delphi process.

For PICO 11, only two studies were identified (Table
2). The two meta-analyses on acute treatment efficacy
by Porreca et al. [19] and Goadsby et al. [36] were both
retained. Despite partially overlapping primary studies,
the analyses differed in their statistical approaches and
interpretations.

A 2024 subpopulation analysis by Porreca et al. re-
examined FDA dossiers for the three approved gepants
(ubrogepant, rimegepant, zavegepant), stratified by sex
across five randomized, placebo-controlled trials (~14%
men). In women, gepants significantly outperformed pla-
cebo for pain freedom (mean gain=9.5%, NNT =11) and
freedom from the most bothersome symptom (10.2%,
NNT =10). In men, pooled gains were smaller and non-
significant (2.8% and 3.2%, NNTs =36 and 32). Treatment
effects were consistently higher in women (p=0.00024)
and had no comparable benefit in men. Part of the



Page 7 of 24

(2026) 27:120

Braca et al. The Journal of Headache and Pain

isypene aulelbiu bunuaAid 1e 911D ale syuawieal) d13deAydold ydiym ‘suleIbIu pale|Ri-[eniisusW UM S[enpIAIpul Ul *8L ODId

91815 [edIbojoydAsd 9IS UOD3(UI Yors 18 9pUO|YD
pue 3y1| Jo Axjenb buiroiduwl pue saydepeay Jo A11aAas pue Aduanbaly ayy Bupnpal N JO JusW -0IPAY aued0pI| bul (07 JO 950p piepuels e
-1ea11 33 Ul sixejAydoud wi1-Huo| pue wia1-110ys 1o} uoindo SAID3Y3 Ue 3G Aew 3peyd0|q NOD  YliM 3pexd0|d (NOD) AU [e11d1DD0 Ja1eain) Apnis uado aannoadsold  Gzoz  [gv] e 18 unad
uaxoiden
“Syoele sulelbiw ueidienol
JuaA2.d O} JUBWILRI] WIS)-1OYS Ul 1Y3Uq SWOos Moys os|e uaxoideu pue ‘ueidiiiwioz ‘ueiduielen ueduiwioz  Juswieas uonuasald I
“Juswieal} sixejAydold Wisi-1oys A3 1SOW 3Y3 sem Ajiep ad1m) Bul gz ueidiienol ueidujelen uo s| DY Jo sishleue-eIoN  +207  [L¥] B39 ooy

isyoene auleibiul bunuaaaid 10j A3 318 SIUSWIIBI] WIS1-HOYS YDIYmM ‘DUlelBIW palejal-[eniisusd Yim sfenplAlpul Ul :ZL OdId
Buw sz pioe d1jAd1es| 1908 + bul 68
Qulayed + bl pgz usydouiwelady

uelplwseT
ueidiienol
ueyduiow|y
'sueldil} JSY10 || UeY1 AIID3YD 53] Sem urId1IIRAO ‘3SN JaLJe Y1, pue 7 Yyiog uerduiesen
“UI91 OYS Y3 Ul A 10} uondo JuaLIeal] 93nJe Ue Se pasn 9q UeD UrlIPILISET] ueyduwioz
'SINOY 77 puUe SINOY 7 1€ J31j3) uaxoideN + uerdpiewng 1usWieanl
uted (A) dulelbiuw [eniisusul 31NJe 10§ JUSWIIeI] UI|-1SIY SAIIDRYS 1SOW 3Y3 sem ueiduiewns ueydiiewng  aulelbiu [ensisusW 1nde
"7 PUB 7 Y100 18 0gade(d UBY) SAIIDRYS 240U AJUBDLIUDIS 919M S1UaWIRaI] pazAjeue ||y ueydiieziy UOo S| DY JO SISAjeue-e1al  +20¢ [L7] D12 00Uy
iSyoe11e aueIbIW 31nde HulbeURW JO) SAINDDYS DIB SJUDWIESIY YDIYM ‘SuleIBIUl pale|ai-[eniisusul YiM S|enplAipul Ul :91 OdId
[9¢]
2WO0DIN0 AUB IO} UOIIDRIAUI X3S JURDYIUDIS ON 1uedaboly S1DY ¥ Wouy e1ep pajood 70T ‘|e 12 AgQspeon
‘PUNO a19Mm Juedabole Yim pateal syuaied Jo D yim syusied 1uedsboly ‘gewnzaundy
US9M13Q S3DURIHIP OU ‘I\/F YHM USW Ul UBY] USLIOM Ul SAIIIRYS 3I0W ARYDIIS SQYW dYDD Uy ‘qeuinzaueulald ‘qeunzauedies ‘qewnualy  s|DY || Wolje1ep pajood 07 [61] | 19 eI31iod
sisAjeue
3W02IN0 AUB JOj UOIIDRIDIUI X3S JURDLIUBIS ON gewnzaupdy doy-1s0d | DY e aseyd €70z [0v] | 12 eulysy
S1DY € aseyd psjood
3W02INO AUP J0j UOIIDRISIUI X3S JURDLIUBIS ON gewnzaupd] OM] JO SISAleue D04 1504 7707 [6€] ‘e 19 Ulley
S2/1UD
aydepeay 9| woly siskjleue
3W0DINO AUP J0j UOIIDRISIUI X3S JURDYIUBIS ON gewnuaiy e1ep plIoM-|Bal P3J00d |70z [8€] [e 1@ Of]pulQ
[/€]
sisAjeue ‘B 19 )uUlg usQg
SW02IN0 AUP J0j UOIIDRISIUI X3S JURDLIUBIS ON gewnzauewai doy-150d | DY gE 3seyd  1Z0T UBA USSR
{S3]PW PUB S9|PWIR) U3MISQ JIHIP 1USUIIRI] SAIUSARID JO SSRUSAIIDRYD 343 S0P ‘dulelBIw Yum synpe Ul :zL 0dId
[9¢]
9WO0DIN0 AUB IO} UOIIDRIAIUI X3S JURDYIUDIS ON 1edaboign S1DY {7 Wouy e1ep pajood  $70¢ ‘|e 12 Agspeon
uaWl Ul 1yauaq 3|qesedwod
sSI|qe1sa 01 JUDLYNSUI SI 9Seq 9DUIPIAS JUDLIND (UDUIOM Ul ADBDLJD 9INDR Je3|D 9ARY Siuedan 1uedabauwly ‘1uedabanez wuedaboign S1DY G Wolye1ep pajood  +207 [61] e 32 edau0d
(S9[PW pUB S3|PWS} USMISQ JILIP 1USWIIRSI] 3YDB1E SINDR JO SSAUSAIIDRYS 31 S0P ‘DUlelBIW Yum synpe Ul 11 0dId
(S0°0>d yoea) SYIUOWI 7| PUR 6 18 £0°7 PUB (/00 =0) SYIUOW Q 1R 8 | I9M USUIOM ASAINS e
SA UDUWI 10§ SYH |BAISIUL AQ 19ASMOY {USW PUB USWOM UJ JB[ILUIS SEM 3DUSPIDUL D 1894-| apniD) SIBW SA SI|BWD Ul 13SUO D -UO[1D35-5504) [eulpnibuol 6107 [S€]/pio v 13Yds

X3S S[_UI PUB 3[2W) JO S|ENPIAIPUI UDIMID] J2HIP SUDBPR3Y 3SNISAO UONLDIPIU 10/PpUR 3SNISAO UORRDIP3W ‘BUeIBiw djuoiyd BuidoaAsp 4O 3sii 3yl s2op moy ‘autelbiw yum ajdoad U '9 0dId

sbuipuiq uiepy S2Jnseaw awodInQ ubisag Apnis  Jeap sioyiny

(0DId 42d) saipnis panaLiay g d|qeL



Page 8 of 24

(2026) 27:120

Braca et al. The Journal of Headache and Pain

(65°S—¥TT 1D %56 ¥S'€ YO) S1013u0d Aynjeay sa gvs | (b L-/60) 8L'L

YO S|0AU0D AYIe3Y SA 91 L-19°0 1D %56 ‘780 HO) S|0J1U0D 2UlRIBIW SA SUOIIRWIO}eW Jofew | ON
(LLY=10'L) ¥0'T Hye

S129J9p |9 'SUONLWLIOjeW Jofeul | [|I2A0 OU (86 L—FE' L 1D %56 ‘€9'| YOP) Uoilioge snosueiuods |

'SWOIAWIAS 1O (17£'1=8/°0 1D %56 ‘9L’L YHM) SIsOuBRIP QHAY YHM UOIRID0SSe ON

(£'1-60)

0C'L YH obeedsiw (G120 '10"1) Wi2321d 10 (6'L—+0 1D %56 ‘780 YOP) S10342p Jofew | oN
‘Aoueubald

Ul dUlelBIU Pa1eaIUN SA $310DS AM|IeID0S 19yDIYy ‘SIeaA G 18 1UsWdO|9ASPOINAU 3SI9APE ON

(%6 SA 9% L ~) MOJ S3SI 91n|osqe ‘ueidi}-ou/aulrIBIW SA QE” | ~ Yy JoIABYS] Dulzi|eulaix]

(451~ 40®)

sbeylioway wnyedisod Yam pazeposse uoidwapal 1915aWliI-puUZ {UOIIeID0SSe UOIeULIO) e ON
AJUN JeaU sl UBIdLIBUINS JRISBWILI-IS | (T 1 L-08°0 1D %S6) S6°0 HO UORWIO) W AUy

"9SN J91e| YIM SSO| poo|q winjiedisod pue AUole aulsIn | 1s9poln

ybEMyLIg

MOJ/W13321d Ul SUOIIBAS|D JUBDYIUDIS-UOU ‘|[BLUS ‘SUOIIBULIOPW [PHUSHUOD Ul 35B2IDUl ON

yBlaMyIg Mo| pue yuiq wiaiaid Jo sppo JaybiH

ueydiieaoy ‘uerdiieleu ‘uel

-dinse ‘uerdunwioz ‘ueiduiezy ‘uerdulewns
ueyduieseu ‘uerdiiowe ‘uey

-duis|s ‘uerdiuiw|oz ‘ueidiiezil ‘ueiduiewns
ueyduowe ‘uerdileleu ‘uey

-duis|s ‘uerdiuiwoz ‘ueidiiezil ‘ueiduiewns
ueydiiowe ‘ueldiieleu ‘uey

-dinse ‘uerduiwioz ‘ueiduiezy ‘uerdilewns
ueyduiow|e ‘ueidiieleu ‘uey

-dinage ‘uerdunwioz ‘uerduiezi ‘uerduiewng
uerduiow|e ‘ueidiieleu ‘uey

-duis|s ‘uerdiuiwoz ‘ueidiiezil ‘ueiduiewns
(ueydijeseu ‘ueydilow e 3| jeWS
‘uerdiyw|oz ‘uerdiis|e ‘uerdiez ‘uerdy
-1ewns) Aoueubald ul pawaapal suerdi|

sueydi) Buipnjoul autelbiw 1oy sbnig
(uerduia)e ‘uerduniwoz
‘ueidiiiezis os|e ‘uediiewns 906=) sueidl]

(uerdurewns Apueuiwopaid) sueydu]

ueydiiewng

SiSAjeue-e1a
110yo> paseq-uone|ndod

(egoA) 1OYOD aA13d3ds0Id
1oyod
[PUOIIRAIDSTO 2A1DdS0Id

(egOW) HOYOD dA11DdS0ld
(egOA)) 110YOD 2AR3ds0Id

abeyul|

Asi6a1 yuig-uonduasald
(e3ep BIP

paguosaid + MalAI1ul Y
-BUDUE) SJ915ID3I |euoeN
abexul| £1151631 + (BGO)
110402 Yuiqg 9A1dadsold
110yod

Ansibay yriig [ed1pay
abeyul|

Ansibal yuig-uondiuosald

VASIN L
SI0Z 19 OquIYdIEW

1207 [99] ‘|12 pleipg
zzoc  [GS)[eI9 skueH
[vsle

810¢ 19 uuew)aidg
8107  [€G] e 19 SuueH
910z [¢S] 7R3 poom
[1G] e 19 uasyu

€107  -U3H-BAO[RAZIN

Loz [0S] e 39 ugjiey

[67] 232 UasHU
0107  -UaH-eA0eAZaN

100C  [8v][e1s u|Ry

000C [/¥] 1839 USSIO

ioulelbiul buibeuewl 1oy 9)eS a1 SIUSWIEI] 91NDE UDIYM ‘DuleBiud Yum uswom Jueubaid Ul :yoz OdId

Buipuy urely

ogeaoe(d yum paseduwlod uosiad Jad suonedipaw uted pue sueidil Jo asn sy}

pue ‘21025 A111aA3S aydepesy abesaae 3y ‘syoelie aulelbiul Aue Jo Aousnbaly ayi ‘syoene aulelbiw
|BNJISUSW JO Jaquuinu abelaAe 3yl (100 > d) paonpal A|9A1IDaya Uoieuiquiod usbolsaolfyd ay |
‘dulelbiuw [enisuswl Ul asn onoejAydoid bunioddns (9z/0=d

'UOI12BISIUI MOPUIM-[BNIISUSUIXIUSWIRIL OU ! G'0-8E°0 [D %S6 ‘70 JudWieal} 10j YO) sAep
suleiblw [eniisuaulliad-uou pue [eniisuswiiad Ul SUo[IINPal Jejiulls padnpoid sqyw dyoD-luy
‘duleIBIW JINg-Uou

pue (dINd) pouad [enisuawiiad 1oy Jejiwis Sem Juawieall aiewelidol yim Aduanbaly sutesbiw ul
UO[ONPaJ Y| "9SN 9AIIAIDLIIUOD [BIO PAUIGUUOD JO SS3|PpJebal puUe ‘eine INOYIM puUe Yiim aulelbiul
BupnPULWHIA YHM uswom Ul autelbiu [ensisuswiad Jo Aduanbaiy ayi padnpas arewelidof
‘SJUSWI1RAI1 APOGIIUER [BUOPOUOW dYDD

1914 PAAISSCO SeM (1000 > d) (SINOY G 01 ¢ UIOJ)) UOIRIND 32B11e PUR ‘(01 /9 01 01/ WO4)) Alsusiul
uted ‘(Yruow Jad sAep z 01 G wouy) Aouanbaily joelle sulelbiul [eniisusd Uelpal Ul Uoidnpal

"sKep auleIBIW AYIUOW U] SUl|Sseq WOJf UORINPaI 905 Z bul
-ASIUDE Ul 9AIID3YD 3. (A]9ANDadsal ‘G617 :HO PUR 64€°7 HO) Geuunuala pue gewinzaued|en)

ainsodx3

SA99M 1 10§ (Altep Bw 05

4soyod xe|q ‘bu o tenb buop ‘bui 09
S2UOAR|JOSI AOS) UONRUIQUIOD UDH0IISI0IAYJ

geuwnzaueulald ‘qgewnuail

syuow 9 ‘Aep/bul 00z-0 1ewesido|

(Buiopl Buiy)

geWwNUaJ3 ‘gPWNZauUBWalS ‘qewnzaued|en)
(syauow 9 ‘Alyruowl DS Bwig/) qewnuaiy
(syauow 9

‘Alyruow DS Bw Q7 |) gewnzaued|en

ubisap Apnis

104 pajjouod-0gade(d
'PUI|g-9|gnOp ‘Paziwopuey
1io0yod

pliom-|eal ‘ule-a|buls

e JO SISA|eUR D0U-1504

10440
sisAjeue dnoibgns 50y-1504
Apnis pliom-jeal [age|

-uado paziuwopuel-UoN|

S| DY 4O SIsAjeue-e1ay

1e9) sioyny

7007 [9¥] e 19 aing

[Sylle
€207 19 3| usbeyiap

Loz [yrle1ssely

[ev]
1202 |2 12 0J1S3A

¥20C  [Ly] e 1= 00oyy

sbuiputd utepy

saJnseaw 2WwodlnQ

ubisaqg Apmis

1897 sioyny

(panupuod)  3qeL



Page 9 of 24

(2026) 27:120

Braca et al. The Journal of Headache and Pain

‘2Insodxa
JuUBJUI 3ZIW
-luju Jayuny
01 g~ 10} pied
-SIp-pue-dund
Jeuondo 1596
-bns sioyine
3sn Jusanbaijul
‘asop-9|bulg

|edtuiD/auepu| SOLIDW Jajsuedy YIN
(%) 0¢/¢ Bupad|q Jouiw
1YIUOW/0' €< G'G PAdNPaJ SABP UOIIRDIPSW-IINDIE [ 7 1B 7«8 PIONPaJ YA URIPIW (JNULINUI ‘SISO)
-SOUASOIURID ‘WSIPIYD101dAID) YdeD (96€) | /| S9I|PWIOUR [PIBUORU JOUIU {(96€) SSO| UIM] dUO (%€ )
0€/t SyuIqg wia1aid ‘pariodal suoned|jdwod [e1s) o Aoueubaid Juedyiubis ou ‘sapueubaid Aury |
J9159WII3 151y /uon

-dasuoda.d a19m $2INSOdX3 1SOW PUNOIBY DB YIM JUSISISUOD SI9M SR $13943P Jofew 10} 9%/ 0
PUE [|BISAO 9%9'C Sem 3DUS(eAaId 1039 YUIG-aA1| ‘(Sasni1a) /6 1) sapueubaid aandadsoid g6 | $s0Idy
‘SIYBIIMUYLIG [BWIOU YlMm

UIDY-||NJ 2I9M SILIDAIIDP J9YIO || ‘SUOIeULIOeW [PHUSDUOD ou pue dnolb panunuod syl ul abeu
-1eDS|W | SeM 319y ‘(paddols €| ‘uoneissb buunp panuiuod 7€) saloueubaid pasodxs G buowy

"S9UIODINO [BIRUOSU/|RID0) O ‘S9W02IN0 Adueubaid 10y ‘||e1ano sueidu sa buipiodal

paseadul Ou {(Y10g § ‘syuedab 9/ 'sqyw 9g€) ||eIaA0 sainsodxe Adueubaid usAas-A1xIS paipuny no4
'suexduy Jo ‘sseqerep

pJRMUO-8| 07 ‘95eCRIEP ||N SA AlljeUO1I0dOIdSIP OU !S139)9p UYlIg 6 BuIpN|DUl SOWODINO [BIRUOSU
¢z ‘Aiuniewsald g ‘suoiiioge snosuriuods €9 ‘suiodas pateal-Aoueubaid xis-A1ybia paipuny om|
'suodal papunojuod

Buipn|oxa Jayje paseaddesip sueidil snsia [eubis 'oseqelrep [Ny A Aljeuoriodoidsip ou 's109)9p
YHig z ‘symig wisiaid ¢ ‘suonloge snoaueluods €7 ‘suodal uoieide|/Aoueubald inoj-A1aulN

4 |eJO JURyU|
%1 Buiwnsse 1a)e 96t 0~ :9S0p paisnipe-1m [eusaleul JO 95°¢ diY ‘(6w 9 Jo %t 0) [99]
4 1210 Bl | I Ul P2I9A03I €101 {(/'G— |1 |D %S56) 61 Olies BuuSe|d:y|Iu Ue|y

(3sop 91bulIs) DS Bw g urldulPWNG (G =U) Y UolLIDE] 9661
jaulelbiu buibeuew 10y 9)eS a1 SIUSWILAIIYDIYM ‘DUlelBIu YlM UsSWom Buipasjisealq ul Lz Odld

‘|B 19 UOLIOH-1BU[Op

ainsodx3 ubisap Apmis  Jedp sioyiny
(950 auredeAldng Aja1el ‘9 | auled Aanins suoyd + 110y [59]
-0pl|) $320|g 9AI2U [eUdDO0 J1ealb |esale|ig -0D 9AIDRds0IRY  S70T ‘|e 12 Joullws
(9%0€~ aydepeay (91epdn Jeak-67)
/aulelbIul papN|DUl SUOIEDIPUL ‘asegeie  MaIAI 9seqelep A1ajes bul
K194eS [PQO|D URDID||Y) YUIXOIWNUINIOGRUQ  -1oyiewisod 9Andadsonsy  €20¢ [+9] e 12 ulg

(21u1]> aydepeay
AJe1ay 91buls) 1oyod
(wbipeled | dINTFTHd) YulxornuiniogeuQ plom-|eal 9ADadsold 007 [€9] e 10 buopn
1uedaboie
‘uedabawil quedaboign ‘gewnzaunda suerdi sa

‘qewnzauewaly ‘gewinzauediel ‘qewnuaie  uosiedwod asegiBIA OHM 207 [29] ‘|e 32 epasoN

gewnzaunda
‘gewnzauewaly ‘qewnzaued|eb ‘gewnuais a1epdn asegibiA OHM  €20C [19] e 12 epasoN
Aujeuolniodoidsip adue|ibIA
gewnzauewsaly ‘qewnzaued(eb ‘gewnuald  -odewieyd asegibIAOHM  LZOZ [09] '|e 12 epasoN

jaureIbiw BuibeuRW 10) 3)es a1 SIUBWILAIY SANUAID YdIyMm ‘BulelBill yum uswom Jueubaid Ul :goz OdId

(PT'1-€9°0 '88°0 HOB) VS 10 (£T7-580 '6€'L) M1
(011080 '¥6°0) Awiniewa1d (61'1-850 1D %56 '£8'0 Yye) SUOHEUWIOJ W JO[eW YLM UOIRIDOSSE ON

-duis|e ‘uerdiuiwoz ‘ueidiiezil ‘ueiduiewns

(uerduneseu ‘uerduiowe ‘uey (paseq-swiied)

110402 9ANDRdsoNRY  $207  [6S] e 19 pielag

(80'9-£E0) (3Iqerene sasA[eue-e1aW [8¢)
6171 OB SIM £€> VD (8K L-+6'0) 81'L YO B00SZ > M@ (6€ 1-€80) LO'| HOP Suopeuniojjews 1ofey  elep uerdinewns Apueujwiopaid) sueidup 3 MIINDI DNBWANSAS  7Z0Z e 12 uewpng
sbuipulq ureyy sainseaw awodno ubisag Apnis  Jesap sioyiny

(panupuod)  3qeL



Page 10 of 24

(2026) 27:120

Braca et al. The Journal of Headache and Pain

syuaned | /| Uuo

sadUalayIp dnoib-usamiaq ou 3l Jo Alljenb pue Ay (Soam ) Al1siDas aAdads [0/]
-|Igesip ‘skep aydepeay Ajyruow Ui Apuedyiubis psaoiduldl uswom jesnedousl-1sod pue -aid Yyiog gewnzauewsai{ -0id e Jo S|sAjeue d0Y-150d 207 ‘[e 312 NoUABIY
siuaned
gPWNZaUBWSM)  £E7 UO (SYIUOW 7 |) 110YOD [69]
uswom abe-bupeagp|iys s [lesnedousul-1sod Ui sAep aydepesy A|yiuow Jo uondnpal 3|geledwo)  ‘qewnzauedieb ‘qewnuals Sqyw d4od-luy pliom-|eal 9Adadsold  £20¢ ‘|B 19 1UOZIaND)
ioulelbiul buibeuew J0f SAI1D9YS 3. SIUSWIRaI1 YDIYM ‘Dulelbiul yim uswom [esnedousw-1sod u| gz 0dId
(2000=9) (lz=u)
(06-0040I) 0°€ 03 (0'CL-8'0 YOI) §'S WO |3} SABP LOIEDIPSWI-9INe A|LIUOW URIPSIA (1000 >d) (%50 duredeadng Aanins suoyd + 110y [s9]
SIN0OY 7 18 (0—0'0 YOI) 0°'¢ 03 1npadoid-aid (0'8—0'Z YOI) 0'8 WO} padnpas 2105 uled uelpapy AJ2181 104 | SUIEDOPI|) $Y20|g NOD |es1e|ig -02 9AIDadsoNRY  570T D 13 JOUIIWS
iSyor1Ie auleIBIW BunuaAid 10) SAIDSYD SU. SIUSWIRSI] YDIYM ‘DulelBiul yim uswom yueubaid Ul :€Z OdId
Buipuy urepy ainsodx3 ubisap Apnis Jesp sioyiny
Apnis
ul payiodai
SIUSAD 3SI9APE
1uejul ou ‘asn
950p-3|buls
19Ye buipasy
-15e319 Yim
Ajignedwod
s159b6ns ‘Kep/By1/bwl 70| 950p paz (z1=u’l
%L >dld ~[EULIOU-IM [eUIR1EW ‘Aep/63/6W G00'0 950P JUBjUI UBSW ‘(71°0 AS) %150 AlY Uea (9s0p 3|6uls) Od b G/ uedabauury  aseyd) sd uoiieideT [adva [89] '|e 12 J=xeg
‘payiodai
SRENEENEYNe]
JuBjUl OU
‘pouad |ey
-euoaUu a4y}
ul paugyaud
$s9] 9 Aew
ueidiieseu
uopned sioyy
-ne pjoysaiyl (1) ueaduieseu ‘(1) (5195
%01 >sdld 9%0'G ueidiieleu ‘(£'G-/0) %'z ueIdunw|oz ‘%g'| ueiduowle (' 1-€0) %60 uerdulowe () ueiduispe ‘() uerdunw|oz AW ZZ 6L =U)
uesw ||y ueyduiezi (8 1-z°0) %/ 0 ueiduiewns (8:0—-£'0) %90 uerduia|e :(ebuel) sqly ueap ‘() uerdiinezy ‘(g) uerdinewns :suexdi | Md uoneide 10T [£9] *|e 32 USspUNWY
sbuipuiq urepy sainseaw awodnQ ubisaqg Apnis  Jedp sioyiny

(Ponunuod) Z3jqeL



Braca et al. The Journal of Headache and Pain (2026) 27:120

attenuation in men reflected a higher placebo response,
but even where placebo rates were similar the active—pla-
cebo difference remained modest [19].

A 2025 secondary analysis by Goadsby et al. pooled
four ubrogepant RCTs (10-14% men). Two phase 3 tri-
als showed similar efficacy between sexes: pain freedom
at 2h was 19.4% (men) vs 21.1% (women); most-bother-
some-symptom relief was 35.1% vs 39.0%, with no sig-
nificant sex interactions. Phase 2b and prodrome-phase
trials showed comparable patterns. Odds of avoiding
moderate-to-severe headache within 24h of prodromal
dosing were 1.79 (men) vs 2.16 (women) [36].

Evidence Summary: Based on post-hoc and pooled
analyses of FDA-submitted phase 2 and phase 3 trials of
gepants (ubrogepant, rimegepant, and zavegepant) for
the acute treatment of migraine, there is no definitive
evidence of a clinically meaningful sex-based difference
in overall treatment effectiveness. Ubrogepant had no
statistically significant sex—treatment interaction while
rimegepant and zavegepant show clear and consistent
efficacy in women, while evidence in men remains lim-
ited and inconclusive. Interpretation is constrained by
the post-hoc nature of subgroup analyses and the under-
representation of male participants, stressing the need
for prospectively powered studies with balanced sex
representation.

For PICO 12, six studies were retrieved (Table 2).

A sex-stratified post-hoc analysis of the phase 3b
FOCUS trial evaluated fremanezumab in adults with epi-
sodic or CM who had failed two to four previous preven-
tives. Among 837 participants (16% men), fremanezumab
reduced monthly migraine days (MMDs) by 4.1-4.6 days
in men and 3.6-3.9 in women, versus minimal change
with placebo. Treatment-by-sex interaction was nonsig-
nificant (p=0.36). Headache days, >50% responder rates,
acute treatment days, and MIDAS scores improved simi-
larly in both sexes, though HIT-6 scores reached signifi-
cance only in women [37].

A pooled post-hoc analysis of PROMISE-1 (EM) and
PROMISE-2 (CM) [39] assessed eptinezumab (1737 par-
ticipants; 13% men). Both 100mg and 300 mg doses pro-
duced nearly identical benefits in men and women, with
responder rates around 55-60% on active drug vs ~40%
on placebo. Confidence intervals overlapped, and no sex
interaction was detected, suggesting comparable efficacy.
The DELIVER trial (7 =890; 10% men) confirmed similar
reductions in MMDs across sexes (5.0 vs —4.5 to -5.2;
p=0.51 [40]).

A 2024 FDA dossier review reanalyzed all CGRP-tar-
geting preventives (mAbs and atogepant), separating
results by sex across 11 randomized, placebo-controlled
trials. In EM, treatment effects were consistent but some-
what smaller in men (mean reduction -0.5 to -1.0 vs -1.3
to —2.1days; pooled male-to-female ratio 0.55). In CM,
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efficacy was nearly equivalent between sexes (ratio 0.90).
Interestingly, atogepant showed slightly larger mean
effects in men, though sample sizes were small. Overall,
anti-CGRP mAbs were unequivocally effective in women
and effective, though slightly less so, in men with EM,
with similar benefit once migraine became chronic [19].

A 2025 pooled analysis [36] of four atogepant trials
(10-14% men) found no sex-related efficacy differences.
In EM, the 60mg dose yielded a placebo-adjusted MMD
reduction of —1.95 in men vs -1.13 in women; in CM,
reductions were —2.26 vs —2.46 days, respectively. Results
were consistent across doses and trials.

Finally, a real-world pooled analysis [38] of erenumab
outcomes across 16 headache centers (n=1,410; 18%
men) found no significant sex differences in responder
rates or efficacy measures. MHDs fell by 6.9 days in men
and 7.9 in women; MMDs by 7.1 vs 7.7; and HIT-6 dis-
ability scores by 8.4 vs 9.1 (all p>0.05). Adjusted analyses
confirmed that sex did not influence treatment response.

Overall, across RCTs and real-world data, anti-CGRP
agents (mAbs and gepants) demonstrate robust efficacy
in both sexes. Slightly smaller effects in men with epi-
sodic migraine were noted. However, once migraine
becomes chronic, efficacy appears equivalent between
men and women.

Evidence Summary: Based on evidence from multiple
phase 3 and 3b randomized, placebo-controlled trials
and pooled post-hoc sex-stratified analyses, preventive
therapies targeting the CGRP pathway, including mAbs
(fremanezumab, eptinezumab, erenumab, galcanezumab)
and atogepant, demonstrate broadly similar reductions
in migraine burden in adult females and males, with no
evidence of a clinically meaningful treatment-by-sex
interaction in either episodic or chronic migraine. Inter-
pretation remains provisional due to the underrepre-
sentation of men and the post-hoc nature of subgroup
analyses; however, current evidence do not support sex-
specific differences in preventive efficacy.

Part lll, fertility and reproduction-specific management
Issues

For PICOs 19 and 22 no studies identified in this system-
atic review reported data that directly addressed these
questions so they were considered for the Delphi Process.

For PICO 16, only one study was identified (Table 2).

A meta-analysis by Khoo et al. [41] of 26 RCTs
(n=8,926) on menstrual migraine (MM) compared the
efficacy of acute treatments using SUCRA rankings and
odds ratios. All drugs outperformed placebo for pain
relief at 2 and 24 hours. At 2hours, sumatriptan ranked
highest (SUCRA =0.963), followed by zolmitriptan, riza-
triptan, and lasmiditan; at 24-hours, sumatriptan and
lasmiditan remained top-ranked (0.868 and 0.755). For-
est plots confirmed sumatriptan 100 mg as most effective
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at 2h (OR 4.62, 95% CI 3.23-6.60), followed by almo-
triptan 12.5mg and zolmitriptan 2.5mg. At 24h, las-
miditan showed the strongest effect (OR 4.81, 95% CI
1.02-22.68).

In summary, all acute agents - triptans, lasmiditan, and
AAC (acetaminophen + caffeine + aspirin) - were superior
to placebo. Sumatriptan 100 mg is the most effective for
2-hour pain freedom, while lasmiditan offers sustained
24-hour benefit. Frovatriptan showed weaker early effi-
cacy, and rizatriptan had reduced effect at 24 hours

Evidence Summary: High-quality evidence from a com-
prehensive meta-analysis of 26 randomized controlled
trials involving 8,926 patients with menstrual-related
migraine demonstrates that all evaluated acute therapies,
including triptans (rizatriptan, sumatriptan, zolmitriptan,
naratriptan, almotriptan, frovatriptan), sumatriptan plus
naproxen, lasmiditan, and an acetaminophen-—acetylsali-
cylic acid—caffeine combination, are significantly more
effective than placebo for pain freedom and pain relief at
both 2 and 24 hours. Sumatriptan showed the most con-
sistent efficacy across included trials and emerged as the
highest-ranked acute treatment. Lasmiditan represents
an effective alternative, especially when triptans are con-
traindicated or not tolerated. Frovatriptan appears less
effective for acute relief but may retain a role in short-
term perimenstrual prophylaxis.

For PICO 17, two studies were retrieved (Table 2).

A meta-analysis by Khoo et al. [41] found strong evi-
dence supporting short-term perimenstrual preventive
therapy for MM. Overall efficacy was significant (OR
2.25, 95% CI 1.90-2.66), with frovatriptan 2.5mg twice
daily the most effective (OR 3.01), followed by once-daily
frovatriptan and naratriptan 1 mg twice daily. For>50%
reduction in MMDs, zolmitriptan 2.5mg twice daily
ranked highest, with naratriptan providing comparable
though slightly weaker benefit. Naproxen 550 mg twice
daily also reduced monthly headache days (-1.4 MMDs).

A 2025 prospective study [42] of GON blockade with
lidocaine in 33 women who had used at least two prophy-
lactic medications without benefit showed significant,
sustained reductions in pain and disability scores over six
months, though sample size was small.

Evidence Summary: High-quality evidence, including
a comprehensive meta-analysis and a prospective inter-
ventional study, supports the use of short-term perimen-
strual preventive therapy with triptans to significantly
reduce the risk of menstrual migraine attacks in individu-
als with menstrual-related migraine. Among available
regimens, frovatriptan 2.5mg twice daily, administered
for six days starting two days before menses, demon-
strates the greatest preventive efficacy among evaluated
regimes. Other triptan regimens, including frovatrip-
tan 2.5mg once daily, naratriptan 1mg twice daily, and
zolmitriptan 2.5mg twice daily, also provide significant
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but less robust benefit. Naproxen 550 mg twice daily for
14.days per month shows moderate efficacy and repre-
sents a reasonable non-triptan alternative. Preliminary
evidence suggests that GON blockade with lidocaine may
offer benefit however, current data are limited and larger
controlled studies are required.

For PICO 18, five studies were identified (Table 2).

A meta-analysis by Khoo et al. [41] found both galca-
nezumab and erenumab effective for menstrual-related
migraine (MRM) prevention; >50% responder rates
favored galcanezumab (OR 2.35) and erenumab (OR
2.20), with corresponding mean MMD reductions of
-2.36 and -2.10.

In a real-world cohort (17 =40) [43] treated with CGRP
mAbs (fremanezumab, galcanezumab, erenumab), peri-
menstrual attack frequency, duration, intensity, and
MMDs all improved significantly (median MMDs 19-5,
p<0.001). Over half achieved>50% reduction in MM
days.

A post-hoc PROMPT analysis [44] showed topiramate
(50-200mg/day, 6 months) reduced monthly migraine
frequency by ~47% (MMD -3.1), with similar benefit
during and outside perimenstrual periods, independent
of oral contraceptive use.

Verhagen et al. [45] reported that erenumab and
fremanezumab reduced MMDs by 31% over six months
(-4.4 days/month) with similar efficacy during and out-
side the menstrual window.

A placebo-controlled RCT [46] found soy-based phy-
toestrogens significantly reduced MRM attack frequency,
severity, and medication use versus placebo (p <0.01).

Evidence Summary: Evidence from randomized con-
trolled trials, meta-analyses, and real-world cohort stud-
ies supports the use of CGRP-targeted mAbs (including
galcanezumab, erenumab, and fremanezumab) as effec-
tive preventive therapies for menstrual-related migraine,
with consistent reductions in attack frequency, dura-
tion, and severity observed both during and outside the
perimenstrual window. Among non-CGRP preventive
options, topiramate showed moderate efficacy, although
we need to consider its reproductive safety. A soy-based
phytoestrogen has shown preliminary benefit in reducing
menstrual migraine frequency and severity.

For PICO 20, 19 studies were retrieved, subdivided
between acute(A) and preventive(B) exposures (Table 2).

For PICO 20A, thirteen studies were identified (Table
2). The two meta-analyses on triptan safety in pregnancy
by Marchenko et al. [57] and Dudman et al. [58] were
both retained. Despite partially overlapping primary
studies they employ different comparators, use different
statistical methods, and cover different time periods, pro-
viding complementary perspectives on the same safety
question.
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The meta-analysis by Marchenko et al. [57], found no
increased risk of major congenital malformations when
comparing triptan-exposed pregnancies to migraine con-
trols (OR 0.84, 95% CI 0.61-1.16) or to healthy controls
(OR 1.18, 0.97-1.44).

Spontaneous abortion rates were higher in the triptan-
exposed group versus healthy controls (OR 3.54, 95% CI
2.24-5.59), though not versus migraine controls. A sub-
sequent systematic review and meta-analysis by Dudman
et al. [58] confirmed no significant increase in major mal-
formations (aOR 1.07, 0.83-1.39), low birthweight (aOR
1.18, 0.94-1.48), or prematurity (aOR 1.49, 0.37-6.08)
when comparing triptan users to the general population.

Beyond the outcomes captured by these pooled analy-
ses, several individual studies reported additional clini-
cally relevant data and were therefore retained in the
evidence table. Olesen et al. [47] and Killén et al. [48]
reported on low birthweight as a separate outcome, with
increased odds in the former (OR 3.0) but non-signifi-
cant elevations in the latter. Nezvalova-Henriksen et al.
[49], within the Norwegian Mother and Child Cohort
(MoBa), found no elevated risk of major malformations
but reported that second- or third-trimester exposure
was weakly associated with postpartum haemorrhage
(adjusted OR 1.3; 95% CI 1.1-1.5) and uterine atony
(adjusted OR 1.4; 95% CI 1.1-1.8). Spielmann et al. [54]
documented similar rates of major birth defects (OR
0.84, 95% CI 0.4-1.9), spontaneous abortion (HR 1.20,
0.9-1.7), and preterm delivery (OR 1.01, 0.7-1.5), with
analyses stratified by gestational timing of exposure.

Neurodevelopmental follow-up studies in MoBa by
Wood et al. [52] and Harris et al. [53, 55]—outcomes
entirely outside the scope of the available meta-analy-
ses—found no evidence of adverse behavioural or cogni-
tive outcomes, and no increased risk of ADHD through
3, 5 and 10vyears of follow-up.

A few analyses, such as Bérard et al. [56], reported
higher odds of spontaneous abortion (OR 1.63, 95% CI
1.34-1.98) and gastrointestinal malformations (OR 2.04,
95% CI1.01-4.11), but these findings were not replicated.
A large claims-based study by Bérard et al. [59] found no
association with major malformations (aRR 0.83, 95%
CI 0.58-1.19), prematurity (0.94, 0.80-1.10), low birth-
weight (1.39, 0.85-2.27), or spontaneous abortion (aOR
0.88, 0.63—1.24).

Overall, current evidence supports that triptans, par-
ticularly sumatriptan, do not appear to increase the
risk of congenital or developmental abnormalities, and
may be considered for use in pregnancy when clinically
indicated.

Evidence Summary: Based on the current body of evi-
dence, including multiple large registry studies, cohort
analyses, and meta-analyses, sumatriptan and other
triptans appear to be safe for acute migraine treatment
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during pregnancy, particularly when exposure occurs in
the first trimester. Across studies totaling several thou-
sand exposed pregnancies, triptan use has not been
associated with an increased risk of major congenital
malformations, no significant increase in overall risks of
stillbirth, prematurity, or low birth weight compared with
either migraine-affected or general-population controls.

Single studies of mid-to-late pregnancy exposure show
modestly increased risks of uterine atony and post-
partum hemorrhage in registry-based cohorts, but the
risk was low, and it is unclear if migraine disease sever-
ity was accounted for. Long-term neurodevelopmental
follow-ups show no adverse effects at five years and no
increased ADHD risk, with small absolute differences in
externalizing behaviors at age three.

Overall, triptans in pregnancy can be considered when
clinically necessary, with awareness near delivery.

For PICO 20B, six studies were identified (Table 2).

Noseda et al. [61] analyzed WHO VigiBase reports
up to 2019 (94 exposures) and 2021 (286 exposures) to
CGRP mAbs, identifying spontaneous abortion as the
most frequent outcome but finding no consistent dis-
proportionality signal versus the full database or triptans
after adjustment. An extension through May 2023 [62]
captured 467 pregnancy exposures to CGRP antago-
nists (mostly mAbs but also including gepants), with
no increased reporting compared with triptans and
lower reporting odds for maternal, fetal, and neonatal
outcomes.

For onabotulinumtoxinA, Wong et al. [63] followed
45 exposed pregnancies, including 32 who continued
treatment during pregnancy, with one miscarriage and
no congenital abnormalities with a mean follow-up of
3.5years. Larger safety database analyses (Brin et al.
[64], 913 reported pregnancies; 195 prospective) showed
defect rates comparable to background, with a major-
defect prevalence of 0.7% among live births.

Smirnoff et al. [65] reported outcomes in 30 pregnan-
cies exposed to GON blocks, 18% in the first trimester,
54% in the second, and 28% in the third; with lidocaine
1% (98%) or bupivacaine 0.5% (2%) noting some obstetric
complications and mostly minor neonatal findings, with-
out a clear safety signal.

Evidence Summary: Based on currently available evi-
dence that includes limited observational registry data,
retrospective cohort studies, and pharmacovigilance
analyses, there is no clear evidence of teratogenic or
major obstetric risk associated with the use of onabotu-
linumtoxinA for CM and GON blocks used as preventive
interventions for migraine during pregnancy.

CGRP mAbs and gepants on>450 pregnancy expo-
sures show no emerging safety signal in postmarketing
data regarding spontaneous abortion, congenital anom-
alies, or adverse neonatal outcomes relative to either
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triptan comparators, but due to unsystematic nature of
these data sources, evidence remains insufficient to sup-
port routine use during pregnancy.

For PICO 21, three lactation studies were identified
(Table 2).

Wojnar-Horton et al. [66] studied five lactating women
given subcutaneous sumatriptan 6 mg. Although milk
concentrations exceeded plasma (milk:plasma AUC ratio
4.9), the absolute infant exposure was very low (0.24% of
the maternal dose); the effective infant dose was<0.5%
after accounting for oral bioavailability. Given the short
maternal half-life (~2hours) and episodic dosing, the
authors concluded continued breastfeeding is unlikely
to pose significant risk. Amundsen et al. [67] analysed
breast-milk transfer of six triptans in nineteen breast-
feeding women. Mean relative infant doses were low for
all agents ranging from 0.6—2.1% for most triptans except
naratriptan (eletriptan 0.6%, 0.3—-0.8; n =3, sumatriptan
0.7%, 0.2—1.8; n =38, rizatriptan 0.9% 0.3—1.4; n =5, almo-
triptan 1.8%, single subject, zolmitriptan 2.1%, 0.7-5.3;
n =4, and naratriptan 5.0% single subject), while remain-
ing below the 10% compatibility threshold. No infant
adverse events were reported.

Baker et al. [68] conducted a single-dose pharmacoki-
netic study of rimegepant in twelve lactating women and
found minimal milk transfer (mean relative infant dose
0.51%, SD 0.14) well below standard safety thresholds
for breastfeeding compatibility, with no reported infant
adverse events.

Evidence Summary: Based on currently available phar-
macokinetic and lactation data, sumatriptan and other
triptans with short half-lives (e.g., eletriptan, rizatriptan,
zolmitriptan) demonstrate minimal transfer (well below
the conventional 10% safety threshold) into human breast
milk and are considered compatible with breastfeed-
ing when used at therapeutic doses for acute migraine
management. Naratriptan, given its higher RID and pro-
longed half-life, may be less preferred during the imme-
diate neonatal period, though still within acceptable
safety margins.

Available data of a single small open-label study indi-
cate that rimegepant transfer into breast milk is negligi-
ble, supporting its compatibility with lactation.

For PICO 23, one retrospective cohort study was iden-
tified (Table 2).

Smirnoff et al. [65] evaluated bilateral GON blocks
in pregnant women with migraine in an uncontrolled
and open study. Median pain scores decreased from 8.0
pre-procedure to 2.0 at 2hours post-block (p<0.001).
Monthly days of acute medication use also declined
from 5.5 to 3.0 (p=0.002). Analyses were not stratified by
trimester.

Evidence Summary: Based on a single small uncon-
trolled retrospective cohort study, bilateral GON blocks
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appear effective in reducing acute pain and reliance on
acute medications during pregnancy, with no procedure-
related maternal or fetal safety concerns identified. Given
limited preventive options in pregnancy, GON blockade
showed acute pain reduction and decreased acute medi-
cation use, with no identified safety concerns.

For PICO 24, two real-world studies were identified
(Table 2).

Guerzoni et al. [69] prospectively compared meno-
pausal and reproductive-age women treated with anti-
CGRP mAbs (mostly erenumab and galcanezumab) over
12months. Monthly headache days, acute medication
use, and disability scores (HIT-6, MIDAS) improved sim-
ilarly in both groups, with no sustained between-group
differences. Outcomes were comparable across natural
versus surgical menopause and between erenumab and
galcanezumab; lower baseline analgesic use predicted
excellent response (>75% reduction in monthly headache
days) at 12 months (p=0.03).

Argyriou et al. [70] conducted a post-hoc analysis of
a prospective registry of women treated with freman-
ezumab for 24 weeks. Significant improvements in head-
ache days, disability, and quality of life were observed in
both pre- and post-menopausal women, with no differ-
ences between groups.

Evidence Summary: In two studies, anti-CGRP mAbs
demonstrated robust, sustained effectiveness in post-
menopausal women, aligning closely with responses
in younger, reproductive-age patients, indicating that
menopausal status does not modify treatment response
and should not influence clinical decision-making.

Delphi consensus results

PICOs 1-5, 7-10, 13-15, and 19-23 were considered
for the Delphi process because the systematic review did
not identify studies directly addressing these questions
or because available evidence was insufficient to fully
answer them. These PICOs therefore underwent the pre-
defined retention and iteration process (Table 3). PICOs
1-4 and 20-23 were retained, whereas PICOs 5, 7-10,
and 13-15 were excluded from the Delphi process. PICO
19 achieved a rating>6 by 67% of panelists; although
slightly below the pre-specified 70% threshold, the Del-
phi management group deemed the topic sufficiently rel-
evant and approved its inclusion.

All invited experts participated in Round 1 (n=22),
which was conducted in an open format; input from all
panelists was therefore considered in drafting the ini-
tial responses to each PICO question. Panel retention
remained high across subsequent rounds, with partici-
pation rates of 86% (n=19) in Round 2, 72% (n=16) in
Round 3, and 86% (n=19) in Round 4. Consensus was
achieved for all proposed PICOs, with 72% reaching
agreement by the third round; PICOs 4, 21B, and 23
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Table 3 Retention and iteration Delphi process for each PICO
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PICO Agreement level, result
N To include in Delphi Round 2 version Round 3 version Round 4 version
1 79%, Included 68%, no consensus 79%, consensus
2 79%, Included 58%, no consensus 79%, consensus
3 82%, Included 62%, no consensus 82%, consensus
4 83%, Included 47%, no consensus 64%, no consensus 84%, consensus
5 42%, Not Included
7 33%, Not Included
8 42%, Not Included
9 33%, Not Included
10 33%, Not Included
13 25%, Not Included
14 59%, Not Included
15 58%, Not Included
19 67%, Included 63%, no consensus 71%, consensus
20 A 83%, Included 63%, no consensus 71%, consensus
20B 83%, Included 37%, no consensus 86%, consensus
21 A 75%, Included 58%, no consensus 79%, consensus
21 B 75%, Included 47%, no consensus 50%, no consensus 74%, consensus
22 75%, Included 42%, no consensus 71%, consensus
23 75%, Included 39%, no consensus 64%, no consensus 84%, consensus

required a fourth round to achieve consensus. Final Del-
phi statements for all included PICOs are presented in
Table 4, with corresponding agreement levels and inter-
mediate formulations provided in the Supplementary
Material (Supp Table 2).

Puberty and Adolescence (PICO 1): Before puberty,
migraine prevalence is similar in boys and girls [71, 72].
During early adolescence, prevalence rises in females,
who may also experience higher attack frequency or
duration [73-75]. Childhood-onset migraine is more
likely to persist in females [76], with peak incidence
for migraine with and without aura occurring 5-6 and
4—6years later, respectively, in females than in males [77].
Hormonal changes, particularly estrogen fluctuations [4,
78], as well as psychosocial and environmental factors
[79], likely contribute to these differences.

Reproductive Years (PICO 2): Females show higher
prevalence and greater clinical burden than males [3],
with menstrual-related attacks being longer, more
disabling, and less responsive to treatment [80, 81].
Hormonal fluctuations appear to modulate migraine
susceptibility, as estrogen withdrawal is associated with
increased risk of attacks, particularly migraine without
aura, whereas high-estrogen states and exogenous estro-
gen exposure have been linked to migraine with aura
[82-84]. Experimental data support biological plausibil-
ity for sex-specific mechanisms, while evidence for hor-
monally driven modulation of migraine in males remains
limited; observations in transgender individuals receiving

hormone therapy further support a role of sex hormones
in migraine expression [11, 22, 85-87]

End of Reproductive Years (PICO 3): The transition
out of the reproductive phase can be associated with sex-
specific differences [77, 88, 89] as migraine may worsen
during perimenopause due to hormonal fluctuations [90,
91], and some women show increased frequency, sever-
ity, duration, and reduced predictability, particularly in
women with menstrual-related migraine [92-95]. Obser-
vational data further suggest that migraine expression
may become more variable, with new-onset or pheno-
typic changes [89, 92-95]. After menopause, at persis-
tently low oestrogen concentrations, many women report
improvement, though attacks may persist, especially with
aura [92, 93, 96]. Male migraine tends to remain stable
with gradual age-related decrease [78].

Hormonal treatments (PICO 4): In females, estrogen
fluctuations modulate migraine. Combined hormonal
contraceptives can worsen migraine with aura, while
continuous or progestin-only regimens may reduce
perimenstrual attacks [97, 98]. Hormone replacement
therapy effects are variable, with low-dose transdermal
estrogen preferred [92, 99, 100]. Data in males are lim-
ited; testosterone therapy may improve migraine in some
cases, including gender-affirming treatment [22, 87, 101].

Safety in fertility and pregnancy (PICO 19 and 20):
Safety of migraine treatment depends on pregnancy plan-
ning and contraceptive reliability. In addition to triptans,
acetaminophen is the safest acute option, while NSAIDs



Braca et al. The Journal of Headache and Pain (2026) 27:120 Page 16 of 24

Table 4 Retained PICO questions and final consensus answers

PICO Question

Final Delphi statement

PICO 1:In children and
adolescents with mi-
graine, how does enter-
ing puberty influence
the clinical expression
of migraine in females
compared to males?
PICO 2: In individuals of
reproductive age with
migraine, does being in
the reproductive period
lead to different clinical
expressions of migraine
in females compared to
males?

PICO 3: In individuals
with migraine reaching
the end of the repro-
ductive phase, how
does this transition
affect clinical migraine
expression in females
compared to males?
PICO 4. In people with
migraine, how do
hormonal treatments
influence migraine
expression in females
compared to males?

PICO 19: In women of
childbearing potential
with migraine, which
treatments are safe for
managing migraine?

PICO 20A: In pregnant
women with migraine,
which acute treatments
(excluding triptans)

are safe for managing
migraine attacks?

The influence of puberty on the clinical expression of migraine differs between females and males, likely attributed to sex-
specific hormonal changes. With the onset of puberty, migraine becomes more prevalent in females, who often experience
greater migraine-related burden, including higher attack frequency, pain intensity and longer attack duration, compared to
males, contributing to a clear female predominance during and after puberty.

During the reproductive years, clinically meaningful sex-based differences in migraine expression are evident. Females
exhibit higher migraine prevalence and tend to have more frequent, prolonged, and severe attacks, with greater associated
disability. Menstrual migraine represents a female-specific subtype in which perimenstrual attacks are often more disabling
and less responsive to acute treatment than non-perimenstrual attacks.

Estrogen fluctuations seem to modulate migraine susceptibility in some individuals. Estrogen decline is often associated
with increased risk of attacks, particularly of migraine without aura. High-estrogen states (e.g., pregnancy, exogenous
estrogen exposure) have been linked to increased occurrence of migraine with aura attacks, although causal relationships in
both situations have not been definitively established.

In males, migraine patterns remain comparatively stable, with no clear evidence of hormone-driven variability.

At the end of the reproductive phase, migraine expression diverges significantly between females and males. In females, the
perimenopausal transition, characterized by high and fluctuating estrogen levels, frequently leads to worsening migraine,
with increased frequency, severity, and reduced predictability.

After menopause, when hormone levels stabilize at consistently low estrogen concentrations, most women experience
improvement in migraine, although attacks may persist, including in those with migraine with aura.

Males do not undergo comparable hormonal transitions; migraine in males tends to show a gradual decline or remain
stable with advancing age, without the marked variability observed in females.

Combined hormonal contraceptives (CHCs) may worsen or precipitate migraine with aura and can trigger attacks during
the hormone-free interval. In contrast, continuous CHC regimens and progestin-only formulations may help prevent men-
strually related migraine.

Hormone replacement therapy (HRT) has variable effects on migraine, with low-dose continuous transdermal estrogen
being preferable to other formulations.

In males, evidence regarding the effects of hormonal treatments on migraine is very limited, and current data are insuf-
ficient to draw conclusions about testosterone therapy or other hormonal interventions.

In women of childbearing potential (WOCBP), the safety of migraine pharmacological treatment depends on pregnancy
planning and the use of effective contraception. With reliable contraception, all standard acute and preventive migraine
therapies may be considered.

In WOCBP without contraception or those planning pregnancy acetaminophen/paracetamol is the safest option for attack
treatment, while triptans, particularly sumatriptan, are acceptable for severe attacks. NSAIDs may be used cautiously.

In WOCBP without contraception or those planning pregnancy preferred options for migraine prevention include proprano-
lol, low-dose amitriptyline, and onabotulinumtoxinA (for chronic migraine). Supplements such as magnesium and riboflavin
may be offered, acknowledging limited evidence.

Preventive treatment with valproate, topiramate, ACE inhibitors and ARBs, ergot derivatives and venlafaxine should be
avoided because of teratogenic or fetal risk; CGRP mAbs and gepants should be discontinued in sufficient time to com-
pletely eliminate the drug before conception, which is likely months in mAbs due to their long half-life and days in gepants.
Shared decision-making with neurologists and obstetrics is recommended when planning pregnancy.

In pregnant women with migraine, acetaminophen/paracetamol is the safest and preferred first-line acute treatment across
all trimesters. Safe adjuncts include antiemetics such as metoclopramide and prochlorperazine, as well as the antihistamine
diphenhydramine for associated symptoms or sleep support.

Non-steroidal anti-inflammatory drugs (e.g. ibuprofen, naproxen) may be used in the second trimester, for short courses and
with caution, and should be avoided in the first and third trimesters.

Greater occipital nerve blocks, short courses of oral corticosteroids preferably after the first trimester, and intravenous mag-
nesium are considered safe for severe or refractory attacks.

Drugs to avoid include gepants, butalbital, opioids due to the risk of dependence and neonatal withdrawal and ergot
derivatives.

Multidisciplinary management with neurology and obstetrics is recommended for refractory or severe attacks, and non-
pharmacological management should be prioritized whenever feasible.
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PICO Question

Final Delphi statement

PICO 208: In pregnant
women with migraine,
which prophylactic
treatments (excluding
onabotulinium toxin
and mAbs targeting the
CGRP pathway) are safe
for managing uncon-
trolled migraine?

PICO 21A. In breast-
feeding women with
migraine, which acute
treatments (excluding
triptans) are safe for
managing migraine
attacks?

PICO 21B. In breast-
feeding women with
migraine, which
preventive treatments
are safe for managing
migraine?

PICO 22. In pregnant
women with migraine,
which treatments (ex-
cluding occipital nerve
blocks with lidocaine)
are efficient for manag-
ing migraine attacks?
PICO 23. In pregnant
women with migraine,
which prophylactic
treatments (excluding
occipital nerve blocks
with lidocaine) are
efficient for managing
migraine attacks?

In pregnant women with uncontrolled migraine, no prophylactic drug is entirely risk-free, but select options may be used
when non-pharmacological measures are insufficient always considering the risk-benefit.

Beta-blockers and low-dose amitriptyline may be used with caution, avoiding beta-blockers late in pregnancy due to risks of
fetal growth restriction and bradycardia. Calcium channel blockers are considered safe, although effectiveness is uncertain.
Greater occipital nerve blocks with lidocaine can be considered in selected cases. Supplements such as magnesium may be
used, acknowledging limited safety data.

Drugs with known teratogenicity or insufficient safety data, including valproate,

topiramate, ACE inhibitors, ARBs, venlafaxine and gepants should be avoided.

Any pharmacologic prophylaxis should involve neurology and obstetrics management with close maternal and fetal
monitoring.

In breastfeeding women with migraine, acetaminophen/paracetamol and NSAIDs, particularly ibuprofen, naproxen, and
diclofenac, are considered first-line and generally safe options for acute treatment. Anti-emetics such as domperidone and
prochlorperazine may be used for associated nausea, although safety data for metoclopramide are limited. Magnesium and
small amounts of caffeine can be considered as adjuncts.

Emerging data suggest that gepants have minimal transfer into breast milk, but evidence remains limited; their use is gener-
ally not recommended pending further safety data.

Aspirin (acetylsalicylic acid), butalbital-containing drugs, ergot derivatives, and opioids should be avoided due to potential
risks to the infant.

Clinical management should prioritize minimizing infant exposure and involve multidisciplinary input when needed

In breastfeeding women with migraine, beta-blockers, particularly propranolol and metoprolol, and tricyclic antidepres-
sants, such as amitriptyline or nortriptyline, are generally considered first-line preventive options due to their established
safety and low infant exposure. OnabotulinumtoxinA may also be used for chronic migraine, although data are limited.
Peripheral nerve blocks are low-risk and compatible with breastfeeding.

Topiramate, valproate, and candesartan require careful consideration in difficult-to-treat cases due to potential risks to the
infant and limited human safety data. Evidence on the use of CGRP mAbs or gepants during lactation is emerging and
although data does not suggest increased risk if used after the newbord period, their use is still not recommended until
further safety data become available.

Preventive therapy should be prescribed at the lowest effective dose and infant monitoring is advised.

Evidence on efficacy comes largely from studies in non-pregnant populations, but available data supports acetaminophen/
paracetamol being preferred for mild attacks, while sumatriptan is most effective for moderate to severe attacks. NSAIDs
can be used in the second trimester. Metoclopramide, prochlorperazine, and ondansetron are effective options for treating
nausea and may contribute to overall attack relief.

Intravenous magnesium may be considered in refractory cases, although evidence is limited.

Treatment should be individualized with input from neurology and obstetrics.

In pregnant women with migraine, evidence on preventive efficacy is limited, and treatment decisions rely mainly on
extrapolation from non-pregnant populations together with pregnancy-specific safety considerations. Prophylaxis is gener-
ally reserved for those with frequent, severe, or disabling attacks that do not respond to non-pharmacological measures, as
migraine often improves during pregnancy.

Beta-blockers, particularly propranolol, are an established preventive option and should be used at the lowest effective dose
due to potential fetal growth risks. Low-dose amitriptyline may also be considered as an alternative.

OnabotulinumtoxinA is effective for chronic migraine, pregnancy data suggest minimal systemic absorption and low fetal
risk, making its use reasonable after careful risk-benefit assessment.

Fetal monitoring and multidisciplinary collaboration with neurology and obstetrics are recommended when pharmacologic
prophylaxis is required.

may be used avoiding the late stages of pregnancy due
to fetal risks, having most data derived from established
obstetric pharmacology [102]. Antiemetics such as meto-
clopramide, prochlorperazine, and diphenhydramine are
acceptable adjuncts for symptom control, supported by
extensive clinical experience and routine obstetric use
[102, 103]. Magnesium, GON blocks and short courses
of corticosteroids are safe rescue options [65, 102, 104].
Gepants, ergot derivatives, butalbital-containing com-
pounds, and opioids are not recommended due to insuf-
ficient data or potential fetal harm [102, 103]. Overall,

treatment should prioritize minimal pharmacological
exposure while preserving maternal function, with esca-
lation guided by trimester-specific safety considerations
and shared decision-making.

For preventive treatment, none is completely risk-free.
In addition to onabotulinumtoxinA for CM, beta-block-
ers, low-dose amitriptyline have the best safety profiles,
but caution of beta-blockers use late in pregnancy is due
to possible fetal growth restriction and neonatal bra-
dycardia [63, 64, 102]. Calcium channel blockers and
GON blocks are also considered low-risk alternatives;
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magnesium and riboflavin are frequently used in clinical
practice, but safety evidence is limited [65, 102]. Tera-
togenic drugs (valproate, topiramate) and drugs with
potential fetal risks (ACE inhibitors, ARBs, ergot deriva-
tives, venlafaxine) should be avoided, and CGRP mAbs
or gepants require discontinuation prior to conception
[105]

Efficacy in Pregnancy (PICO 22 and 23): The evidence
on efficacy of acute and preventive migraine treatments
in pregnancy mainly extrapolates findings from non-
pregnant adults. For attack management acetaminophen
remains the preferred first-line option for mild attacks,
with modest efficacy [102, 106]; NSAIDs can be effective,
but may be used in the second trimester only [107] while
sumatriptan has a strong support [108]. Metoclopramide,
prochlorperazine and ondansetron improve nausea and
can contribute to overall symptom relief [102, 109]; the
evidence for magnesium efficacy remains limited [104].
For prevention, the use of onabotulinumtoxinA for CM
[63], and beta-blockers or low-dose amitriptyline [102,
106] are preferred due to safety and show acceptable effi-
cacy during pregnancy.

Overall, treatment decisions require balancing efficacy,
teratogenic risk, and pregnancy intention, with shared
decision-making recommended. With effective contra-
ception, standard treatments may be considered, while in
those planning pregnancy or without contraception, safer
options such as acetaminophen, selected triptans, and
selected preventives are preferred [102].

Lactation (PICO 21): Paracetamol and ibuprofen are
first-line acute treatments; naproxen and diclofenac may
be used cautiously due to longer half-lives [102]. Meto-
clopramide or domperidone may be used for nausea
monitoring possible effects on maternal sedation and
milk production [102]. Evidence supporting safety and
efficacy of magnesium and caffeine in breastfeeding is
limited [102]. Preliminary data suggest low milk transfer
of gepants, yet evidence remains insufficient to recom-
mend its use during lactation [68]. Drugs to be avoided
include aspirin, opioids, ergot derivatives and butalbital-
containing combinations, due to recognised risks such
as Reye’s syndrome, neonatal respiratory depression or
sedation [102].

Preventive options with established safety include beta-
blockers and tricyclic antidepressants [102]; onabotu-
linumtoxinA has limited direct lactation data, yet transfer
into breast milk is thought to be minimal [110]. Magne-
sium, and riboflavin have limited breastfeeding-specific
safety data are limited [102]. Topiramate may be accept-
able and valproate shows low milk transfer, but both are
generally avoided because of broader safety concerns and
risk of future pregnancy exposure [102]. Data in lactation
for anti-CGRP mAbs and gepants remain insufficient for
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recommendation, despite low theoretical infant exposure
[92, 101].

Discussion and further directions

This review was structured into three sections. Part I
examined biological sex differences in the clinical expres-
sion and comorbidities of migraine across different life
stages. Specifically, it explored how the onset of puberty
influences migraine characteristics in females compared
to males during childhood and adolescence; whether
being in the reproductive phase leads to sex-related dif-
ferences in migraine presentation among adults; and
how the transition out of the reproductive period affects
migraine expression in women relative to men. Addition-
ally, this section considered how hormonal treatments
may modulate migraine differently across sexes, and
whether females and males differ in their risk of develop-
ing migraine-related complications, CM, or medication-
overuse headache.

Except for data on the risk of developing CM [35], evi-
dence addressing these questions was inexistent. We
found a suggestion of a higher transition rate from epi-
sodic to CM occurring in males, yet evidence remains
insufficient to support sex-specific preventive or man-
agement strategies. Notably, a previous population-based
longitudinal study assessing transition to “transformed
migraine” suggested that the relationship between sex
and migraine chronification may be medication-depen-
dent, with sex potentially modifying the association
between certain acute drug classes and the risk of tran-
sition [111]. Therefore, further studies using contem-
porary diagnostic criteria and evaluating sex impact
as the primary outcome are needed before drawing
firm conclusions on sex-specific risks and preventive
recommendations.

The evidence to answer the remaining questions is
scarce and limited to descriptive studies, so our conclu-
sions relied on expert consensus due to the scarcity of
robust, sex-stratified data.

Consensus was achieved that hormonal transitions
across the lifespan play a central role in shaping sex dif-
ferences in migraine expression. With puberty onset,
migraine becomes more prevalent and severe in females,
leading to the clear female predominance that per-
sists through adulthood. During the reproductive years,
women experience higher attack frequency, greater
intensity, and increased disability, particularly in asso-
ciation with menstrual migraine, where perimenstrual
attacks are often more disabling and less responsive
to treatment [3, 75]. These differences appear closely
linked to estrogen fluctuations, though causal relation-
ships remain uncertain [4, 78]. Toward the end of the
reproductive phase, perimenopause often exacerbates
migraine, while stabilization after menopause usually
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Table 5 Summary of therapeutic recommendations
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Evidence Synthesis

Experts’ Opinion

SAFETY:

Acetaminophen/paracetamol, metoclopramide, prochlorper-
azine, diphenhydramine, NSAIDS (only 2nd trimester), GON
blocks, short courses of steroids (2nd and 3rd trimesters), Mg
EFFICACY

Acetaminophen for mild attacks, sumatriptan for moderate
to severe attacks, antiemetics and Magnesium

SAFETY

Acetaminophen, NSAIDs, domperidone, prochlorperazine,
Magnesium, caffeine

ACUTE Differences accord- No difference:
TREATMENT ing to sex rimegepant and zavegepnat; ubrogepant
Menstrual Migraine  EFFICACY
Sumatriptan most effective, all triptans and
lasmiditan
WOCP without SAFETY:
contraception and  triptans
pregnant
Breastfeeding SAFETY
women Sumatriptan and short-acting triptans
PREVENTIVE Differences accord- No difference:
TREATMENT ing to sex Anti-CGRP mAbs and atogepant

Menstrual Migraine  EFFICACY

Short time prevention: Frovatriptan
Long term prevention: Topiramate, Ere-

numab, galcanezumab

WOCP without SAFETY
contraception and  GON Blocks, onabotulinumtoxinA
pregnant
EFFICACY
GON BLOCKs
Breastfeeding
women
Postmenopausal anti-CGRP mAbs
women

SAFETY

Betablockers (1st and 2nd trimesters), amitriptyline, Mg,
calcium channel blockers,

EFFICACY

Propranolol, amitriptyline, onabotulinumtoxinA
SAFETY

beta-blockers, tricyclic antidepressants, Onabotulinum-
toxinA, GON blocks

brings improvement. In contrast, males show more sta-
ble migraine patterns throughout life, lacking compa-
rable hormonal variability. Hormonal treatments further
reflect this sex-specific influence as combined hormonal
contraceptives may worsen migraine with aura, while
continuous or progestin-only regimens can reduce men-
strual-related attacks; among hormone replacement ther-
apies, low-dose continuous transdermal estrogen appears
to have less impact on migraine expression. Evidence on
hormonal treatments in males, however, remains sparse
and inconclusive [112]. Given the increasing popularity
of testosterone supplements, investigating the impact of
testosterone containing medication on migraine expres-
sion should be investigated.

The second major topic addressed in this review con-
cerned sex differences in treatment outcomes. This
section aimed to examine whether biological sex or gen-
der-related hormonal influences modify the effective-
ness or safety of migraine therapies across the lifespan,
including puberty, adulthood, and older age, as well as in
individuals undergoing long-term gender-affirming hor-
monal therapy. The intent was to determine whether the
efficacy and safety of both acute and preventive migraine

treatments differ between females and males, or between
transgender and cisgender individuals.

Systematic data were available only for adults, spe-
cifically addressing if the effectiveness of anti-CGRP in
the acute and preventive treatment of migraine differs
between sexes. While evidence supports, with low to
moderate quality, that the preventive efficacy of CGRP
mAbs and oral CGRP receptor antagonists is comparable
between male and female adults, for acute migraine treat-
ment evidence remains low for rimegepant and zavege-
pant in men, while ubrogepant seems to have comparable
efficacy between sexes [19, 36, 37, 39, 40]. Nevertheless,
these findings do not support sex-based modifications in
treatment choice, dosage, or expected outcomes (Table
5). However, given the differences between men and
women on the CGRP receptor level, it is important that
sex differences in drug responsiveness is given attention
in future research.

The persistent underrepresentation of men in migraine
clinical trials, constituting only 10-18% of participants
in most trials, limits the certainty of these conclusions.
Whether this imbalance reflects the higher disease bur-
den in women or differences in diagnostic accuracy or
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healthcare-seeking behaviour remains unclear [113];
however, it evidently introduces potential bias in efficacy
data. Encouragingly, recent clinical trials have begun to
report sex-stratified outcomes, which are important
steps toward closing this gap. Yet, there remains a clear
need for deliberate inclusion strategies for men in future
research.

All other questions within this topic, addressing poten-
tial sex and gender differences in treatment outcomes for
other drug classes, as well as during puberty, aging, and
in transgender individuals, lacked sufficient or relevant
evidence. The scarcity of data was such that none of these
questions was voted for inclusion in the Delphi process,
as given the current state of knowledge, it was considered
that no meaningful conclusions or consensus statements
could be established. This highlights an urgent need for
research in this area, in particular to confirm potential
therapeutic equivalence between sexes and to elucidate
biological or pharmacokinetic factors that may influence
treatment response over the lifespan.

The third topic addressed fertility and reproduction-
specific management issues, including menstrual-related
migraine and treatment safety during pregnancy, lacta-
tion, and menopause (Table 5). In WOCP, the expert
panel concluded that the safety of pharmacological
migraine therapy depends on the use of effective contra-
ception, so that all acute and preventive migraine treat-
ments may be considered when reliable contraception is
in place. However, use of valproate and topiramate should
be in line with European pregnancy prevention programs
for these drugs [114, 115]. In the absence of contracep-
tion, management should include the same precautions
applied to women planning or with known or suspected
pregnancy.

The topic that had the most available data, allowing
for low to moderate quality, evidence-based recommen-
dations was regarding the efficacy of acute, short-term
preventive, and long-term preventive strategies for men-
strual-related migraine. Evidence supports the use of
triptans, lasmiditan, erenumab, and galcanezumab for
these indications [41, 43, 45], as well as the use of ere-
numab, galcanezumab, and fremanezumab for preventive
treatment in postmenopausal women [69, 70].

Ample evidence also exists regarding the safety of trip-
tans, particularly in terms of risk of congenital malfor-
mations. There are also some reproductive safety data
regarding GON blocks, onabotulinumtoxinA in manag-
ing migraine in WOCP without effective contraception
and planning/during pregnancy, as well as a suggestion of
efficacy for GON blocks [57, 63—65]. However, these data
are primarily derived from small case series or pharma-
covigilance safety databases, thus the confidence in these
findings remains low. However, due to the local admin-
istration of GON blocks and onabotulinumtoxinA with
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limited systematic effects expected, reproductive safety is
presumed and these treatments can be recommended if
treatment is needed close to or during pregnancy.

For lactating women, safety evidence is primarily based
on studies assessing drug transfer into breast milk and,
in some cases, registry data on infant outcomes, and it
supports the use of triptans as an acute treatment during
breastfeeding [66, 67].

All other recommendations on this topic are based
on expert consensus, reflecting real-world experience,
observational data, or the extrapolation of findings from
non-migraine populations treated with the same agents.
For example, reproductive safety data for antihyperten-
sive treatments are derived from use of these drugs for
cardiovascular disorders [116], supporting the exis-
tence of a substantial knowledge gap in this area. Safety
in WOCP remains particularly critical, as this popula-
tion represents the largest therapeutic gap. Preventive
treatments are often discontinued when pregnancy is
planned due to uncertainty regarding safety, leading to
prolonged periods (sometimes months or years) without
adequate migraine control in women. Consequently, cli-
nicians face the dilemma of either maintaining subopti-
mal management or exposing patients to potential risks.
These aspects support the need for further investigation
in migraine-specific cohorts, including studies address-
ing the effects of treatments on fertility and reproductive
outcomes in both women, but also men of childbearing
potential.

For WOCP and pregnant patients, acetaminophen
triptans and NSAIDs (in the 2nd trimester) may be used
while metoclopramide, prochlorperazine, diphenhydr-
amine are considered relatively safe adjuncts. Proprano-
lol, amitriptyline, and onabotulinumtoxinA are preferred
for preventive therapy while lidocaine GON blocks can
be used either as acute or preventive treatment [102].

This review has inherent methodological limitations
due to the nature of the available studies. While PRISMA
ensured comprehensive, reproducible searches and mini-
mized selection bias, it highlighted the scarcity of high-
quality RCTs, particularly in vulnerable populations such
as pregnant or lactating women, leading to reliance on
registries, pharmacovigilance data, and small pharma-
cokinetic cohorts. Applying the GRADE framework pro-
vided a structured assessment of evidence quality but
revealed that most data are observational, post-hoc, or
indirect, resulting in predominantly low or very low cer-
tainty ratings. Although consistent real-world patterns
are reassuring, the lack of primary outcomes explicitly
designed to assess sex, menopausal, or pregnancy-spe-
cific differences limits causal inference and calls for cau-
tious interpretation in clinical practice.

In conclusion, this review highlights major gaps in sex-
and gender-specific migraine research. While hormonal
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transitions clearly shape migraine patterns in women,
robust evidence on sex-related differences in CM risk
or treatment response is lacking. Men remain markedly
underrepresented in trials, limiting confidence in effi-
cacy data. Moderate evidence supports triptans, lasmidi-
tan, and CGRP-targeted agents for menstrual-related
migraine, and suggests acceptable safety of triptans, ona-
botulinumtoxinA, and occipital nerve blocks in WOCP
without effective contraception, pregnancy and lactation.
Most recommendations, however, rely on observational
data or expert consensus. Future research should priori-
tize sex- and gender-stratified analyses, include diverse
populations, and incorporate life-stage and reproductive-
specific endpoints as primary outcomes in RCTs where
feasible, to strengthen evidence quality and advance per-
sonalized migraine care.
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