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Abkiirzungen

CGRP = Calcitonin Gene-Related Peptid

DMKG = Deutsche Migrine- und Kopfschmerzgesellschaft
EHF = European Headache Federation

ELISA = Enzyme-Linked ImmunoSorbent Assay

ICHD = International Classification of Headache Disorders
MRT = Magnetresonanztomographie

PRES = Posteriores Reversibles Enzephalopathiesyndrom

YLD = Years Lived with Disability






1. Einleitung

1.1 Migrine: Epidemiologie, Diagnostik und Pathophysiologie

Migrine ist eine primédre Kopfschmerzerkrankung, die etwa 15% der Weltbevolkerung betrifft
(Ashina et al., 2021). Wihrend Jungen und Médchen in @hnlichem Maf3e von Migrine betroffen
sind, entwickeln sich ab der Pubertidt geschlechtsabhingige Unterschiede (Vetvik &
MacGregor, 2017). Bei erwachsenen Frauen tritt Migridne zwei- bis dreimal hdufiger auf als bei
Minnern (Vetvik & MacGregor, 2017). Zudem ist Migrdne mit einer hohen Krankheitslast
assoziiert und verursacht eine deutliche Beeintrichtigung der Lebensqualitit (GBD 2016
Disease and Injury Incidence and Prevalence Collaborators, 2017). Tatsédchlich steht Migrine
weltweit an zweiter Stelle bei den Erkrankungen, die zu "Years lived with disability” (YLD -
Jahre, die mit Behinderung gelebt werden) fithren (GBD 2016 Disease and Injury Incidence
and Prevalence Collaborators, 2017). Bei Frauen im Alter von 15 bis 49 Jahren belegt Migrine

sogar den ersten Platz in dieser Rangliste (Steiner et al., 2020).

Migrine zeichnet sich durch wiederkehrende Kopfschmerzattacken aus und wird anhand der
Kriterien der International Classification of Headache Disorders (ICHD-3) diagnostiziert
(Headache Classification Committee of the International Headache Society, 2018). Die
Kopfschmerzattacken dauern unbehandelt in der Regel zwischen 4 und 72 Stunden. Der
Kopfschmerz ist typischerweise einseitig, pulsierend, von mittelstarker bis starker Intensitét
und verstirkt sich durch korperliche Aktivitit. Zusitzlich treten Begleitsymptome wie Ubelkeit,
Erbrechen oder Phono- und Photophobie auf (Headache Classification Committee of the
International Headache Society, 2018).

Bei bis zu einem Dirrittel der Patienten liegt zusétzlich eine Aura vor, definiert als neurologische
Symptome wie visuelle Phdnomene und Sensibilititsstorungen, die in der Regel vor den
Kopfschmerzen auftreten, sich langsam entwickeln und innerhalb einer Stunde remittieren
(Headache Classification Committee of the International Headache Society, 2018).

Je nach Hiufigkeit der Kopfschmerzattacken wird zwischen episodischer und chronischer
Migrine unterschieden. Bei episodischer Migrine treten die Migraneattacken an hochstens 14
Tagen im Monat auf. Chronische Migrine hingegen ist definiert durch >15 Kopfschmerztage
im Monat, wobei an mindestens acht dieser Tage die Migrinekriterien erfiillt sein miissen

(Headache Classification Committee of the International Headache Society, 2018).

Die genaue Pathophysiologie der Migrine ist noch nicht vollstindig gekliart. Das
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trigeminovaskuldre System gilt als pathoanatomisches Substrat fiir den Migrianekopfschmerz
(Ashina, 2020). Aktuellen pathophysiologischen Modellen zufolge wird eine Migrédneattacke
durch die Aktivierung von trigeminalen Neuronen erster Ordnung ausgelost, was zur
Freisetzung von vasoaktiven und pro-nozizeptiven Neuropeptiden fiihrt (Ashina, 2020). Unter
den pro-nozizeptiven Neuropeptiden spielt Calcitonin Gene-Related Peptide (CGRP) eine
bedeutende Rolle. CGRP ist einer der potentesten Vasodilatatoren im menschlichen Korper und
wird wihrend der Migrédneattacken in hohen Konzentrationen freigesetzt (Goadsby et al., 1990).
Dies fiihrt wiederum zu einer Sensibilisierung und Aktivierung von trigeminalen Neuronen
zweiter Ordnung im Hirnstamm und dritter Ordnung im Thalamus, bis die nozizeptiven Impulse
den somatosensorischen Kortex erreichen (Ashina, 2020). Die Mechanismen, die der initialen
Aktivierung zugrunde liegen, sind Gegenstand aktueller Forschung, wobei sowohl zentrale als

auch periphere Mechanismen beteiligt sein kénnen (Do et al., 2023).

1.2 Migrine: Geschlechtsspezifische Unterschiede
Neben den oben genannten Geschlechtsunterschieden hinsichtlich der Migrianeprivalenz
dauern Migréaneattacken bei Frauen im Durchschnitt linger und gehen hdufiger mit einem
Wiederkehrkopfschmerz nach der Akutbehandlung einher (Verhagen et al., 2023A). Einige
Untersuchungen haben zudem eine erhohte Rate von Begleitsymptomen wie Phono- und
Photophobie sowie eine hohere Schmerzintensitit bei Frauen gezeigt (Chalmer et al., 2023).
Diese Unterschiede sind das Ergebnis einer komplexen Interaktion von biopsychosozialen

Faktoren, die bisher nur teilweise untersucht wurden und verstanden sind.

1.2.1 Biologische Unterschiede

Sexualhormone, insbesondere das Ostrogen, modulieren die Schmerzwahrnehmung auf
komplexe Weise und konnen den Migrianeverlauf beeinflussen (Martin, 2009; Nappi et al.,
2022). Unterschiedliche Hormonkonzentrationen bzw. deren Fluktuationen tragen zumindest
teilweise zur Erkldrung der geschlechtsspezifischen Unterschiede in der Pridvalenz und den

klinischen Erscheinungsformen von Migréne bei.

Die Ostrogenentzugshypothese und die menstruelle Migrine

Die gingigste Hypothese, um den Einfluss von Ostrogenschwankungen auf Migrine zu
erkliren, ist die sogenannte Ostrogenentzugshypothese, die im Jahr 1972 vom australischen
Neurologen Brian W. Somerville entwickelt wurde (Somerville, 1972). Diese Hypothese

besagt, dass ein rascher Abfall der Ostrogenkonzentrationen Migrineattacken auslosen kann
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(Somerville, 1972).

Ein prominentes Beispiel hierfiir ist der abrupte Ostrogenabfall in der primenstruellen Phase,
der zu vermehrten perimenstruellen Migrineattacken beitragen konnte (Vetvik & MacGregor,
2021). Die Menstruation ist der am hdufigsten selbstberichtete Triggerfaktor fiir Migrine bei
Frauen (van Casteren et al., 2021) und es ist bekannt, dass es bei Frauen zyklusabhingige
Schwankungen in der Héaufigkeit von Migrineattacken gibt, wobei eine Zunahme in der
perimenstruellen Phase beobachtet wird (Verhagen et al., 2023B).

Diese Erkenntnisse fiihrten zur Einfilhrung der Diagnose ,,menstruelle Migriane®, die im
Appendix der ICHD-3 aufgefiihrt ist (Headache Classification Committee of the International
Headache Society, 2018). Dabei unterscheidet die ICHD-3 zwischen einer rein menstruellen
Migrine und einer menstruationsassoziierten Migrine. Bei der rein menstruellen Migrine treten
Attacken ausschlieBlich in der perimenstruellen Phase auf, d.h. zwischen Tag -2 und Tag 3 des
Menstruationszyklus, wobei Tag 1 der erste Tag der Menstruation ist. Bei der
menstruationsassoziierten Migridne sind auch Attacken zu anderen Zykluszeitpunkten moglich
(Headache Classification Committee of the International Headache Society, 2018).
Populationsbasierte Studien haben gezeigt, dass die rein menstruelle Migrine sehr selten ist,
wohingegen die menstruationsassoziierte Migridne bis zu 6% aller Frauen betrifft (Couturier et
al., 2003; Vetvik et al., 2014).

Trotz des eindeutigen zeitlichen Zusammenhangs zwischen dem Ostrogenabfall und der
Zunahme der Attackenfrequenz bleibt es dennoch unklar, wie genau Ostrogen die
Schmerzwahrnehmung im trigeminovaskuldren System moduliert. Sowohl tierexperimentelle
als auch humane Studien lieferten widerspriichliche Ergebnisse, wobei Ostrogen in einigen
Untersuchungen pro-nozizeptiv und in anderen anti-nozizeptiv wirkte (Martin, 2009; Nappi et
al., 2022). Spezifisch bei Patientinnen mit Migrine deuten einige Studien auf eine
perimenstruelle Anderung der kortikalen Schmerzverarbeitung hin (De Icco et al., 2016;
Varlibas & Erdemoglu, 2009), die jedoch in groBeren und besser definierten Kohorten weiter

untersucht werden sollte.

Die Rolle von CGRP

Eine mogliche Erklidrung fiir hormonell bedingte Verdanderungen in der Haufigkeit und Schwere
von Migridneattacken liegt in der Modulation des CGRP-Signalwegs durch Sexualhormone.
Tatsdchlich konnen Sexualhormone die CGRP-Synthese und Freisetzung beeinflussen
(Labastida-Ramirez et al., 2019). Die bisherige Literatur fokussiert sich auch hier vorranging

auf Ostrogen. Es zeigt sich ein komplexes Wechselspiel zwischen CGRP und Ostrogen mit
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variablen Effekten, abhingig vom untersuchten Gehirnareal, der Spezies und dem genauen
hormonellen Zustand (Labastida-Ramirez et al., 2019).

Altere Untersuchungen wiesen auf hohere CGRP-Konzentrationen bei Personen mit erhdhten
Ostrogenspiegeln hin. Beispielsweise zeigte Valdemarsson et al., dass Frauen im Vergleich zu
Minnern hohere CGRP-Konzentrationen aufwiesen — bei Frauen, die hormonelle
Kontrazeptiva einnahmen, waren diese Konzentrationen am hochsten (Valdemarsson et al.,
1990). Es ist jedoch zu beachten, dass es sich in diesen Studien um Untersuchungen mit kleinen
Fallzahlen handelte, und die genaue hormonelle Phase nicht beriicksichtigt wurde.

Aktuellere Untersuchungen suggerieren dagegen eine vermehrte Freisetzung von CGRP in
Phasen mit niedrigen Ostrogenspiegeln. Zum Beispiel wurde nach der Anwendung von
Capsaicin auf der Stirn eine deutlichere Zunahme des CGRP-abhédngigen dermalen Blutflusses
wihrend der Menstruation im Vergleich zur Lutealphase beobachtet (Gazerani et al., 2005).
Die Zusammenhinge zwischen CGRP-Konzentrationen und verschiedenen hormonellen
Zustinden bei Patientinnen mit Migrdne wurden bis zu der hier vorgestellten Arbeit
(Originalarbeit 1, Raffaelli et al., 2023) nicht erforscht. Solche Erkenntnisse konnten dazu
beitragen, die Mechanismen hinter hormonell bedingten Migridneattacken besser zu verstehen

und personalisierte therapeutische Ansétze zu entwickeln.

Endometriose als wichtige Komorbiditéit

Geschlechtsspezifische Unterschiede manifestieren sich auch in einem unterschiedlichen
Spektrum an Komorbidititen (Burch et al., 2019; Vetvik & MacGregor, 2017). Eine besonders
bedeutsame Komorbiditit, die ausschlieBlich Frauen betrifft, stellt die Endometriose dar
(Bulun, 2009). Diese ist eine chronische entziindliche gynidkologische Erkrankung, die iiber
10% aller Frauen weltweit betrifft (Bulun, 2009). Die Endometriose ist gekennzeichnet durch
das Vorkommen von endometrium-dhnlichem Gewebe au3erhalb des Endometriums. Typische
Symptome  sind  Dysmenorrhoe, aber auch  Dyspareunie, = Miktions-  und
Defikationsbeschwerden sowie Infertilitit (Bulun, 2009).

Epidemiologische Studien ergaben, dass Frauen mit Migridne doppelt so hidufig an
Endometriose leiden wie Frauen ohne Migridne (Tietjen et al., 2006). Umgekehrt besteht bei
Frauen mit einer Endometriose haufiger gleichzeitig eine Migridne (Ferrero et al., 2004).

Diese Komorbiditét konnte auf pathophysiologische Gemeinsamkeiten zuriickzufiihren sein. Es
ist moglich, dass eine Fehlregulation von entziindlichen Signalwegen oder deren hormonelle
Modulation sowohl bei der Endometriose als auch bei Migrine pathophysiologisch bedeutsam

ist (Adewuyi et al., 2020). Unter anderem scheint bei der Endometriose, wie auch bei der
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Migrine, der CGRP-Signalweg involviert zu sein. Histologische Untersuchungen zeigten eine
erhohte Dichte an CGRP-positiven Nervenfasern in Endometrioseherden und CGRP ist an der
neurogenen Inflammation im Endometriosegewebe beteiligt (Gupta et al., 2016; Yan et al.,
2019).

Bis zu dieser Arbeit (Originalarbeit 2, Raffaelli et al., 2021A) wurden CGRP-Konzentrationen
bei Frauen mit komorbider Migrine und Endometriose nicht untersucht. Dies konnte die
Relevanz einer Verdnderung des CGRP-Signalweges bei komorbiden Frauen untermauern und

zur Aufklirung der zugrunde liegenden pathophysiologischen Gemeinsamkeiten beitragen.

Die Rolle exogener Sexualhormone

Nicht nur die natiirlichen hormonellen Fluktuationen kénnen den Migrineverlauf beeinflussen,
sondern auch die Zufuhr von exogenen Hormonen. Dazu gehoren beispielsweise hormonelle
Kontrazeptiva, die = Hormonersatztherapie = wéhrend der Perimenopause sowie
geschlechtsangleichende Therapien bei transgender Personen (Hranilovich & Millington, 2023;
MacGregor, 2018; Sacco et al., 2018).

Der Einfluss exogener Hormone auf Migrine ist dullerst variabel und hingt von der genauen
Formulierung, Dosierung, dem Applikationsweg und der Behandlungsdauer ab (Sacco et al.,
2018).

Beziiglich einer hormonellen Kontrazeption zeigen etwa ein Drittel der Frauen mit Migrine
eine Besserung der Migrinefrequenz, wihrend sich bei einem Drittel die Migrine
verschlechtert und bei einem Drittel unverdndert bleibt (Delaruelle et al., 2018). Wenn es zu
einer vermehrten Haufung von Migrineattacken kommt, tritt dies am hiufigsten bei einer
kombinierten Kontrazeption wihrend des sogenannten hormonfreien Intervalls auf (Delaruelle
et al., 2018). Sofern sich die Migrine innerhalb von fiinf Tagen nach der letzten Einnahme von
Ostrogen entwickelt und maximal drei Tage anhilt, wird diese von der Internationalen
Kopfschmerzklassifikation als "Ostrogenentzugskopfschmerz" klassifiziert —(Headache
Classification Committee of the International Headache Society, 2018).

Préaparate, die kontinuierlich ohne Pause eingenommen werden, wie beispielsweise eine
kombinierte Langzeit-Kontrazeption oder eine Gestagen-Monotherapie, sind hingegen haufiger
mit einer Verbesserung der Migridne  assoziiert. Insbesondere bei  einer
menstruationsassoziierten Migridne konnen hormonelle Therapien, die die natiirlichen
hormonellen Fluktuationen ausschalten, erfolgsversprechende Therapieoptionen darstellen
(Allais et al., 2017).

Bei Ostrogenhaltigen Priparaten ist zusidtzlich das erhohte Risiko fiir kardiovaskulire
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Erkrankungen zu beachten (Sacco et al., 2018). Migréine, vor allem mit Aura, stellt einen
eigenstiandigen Risikofaktor fiir kardiovaskulidre Erkrankungen dar, insbesondere ischdmische
Schlaganfille (@ie et al., 2020). Frauen mit Migrine mit Aura, die eine hormonelle
Kontrazeption einnechmen, haben ein signifikant erhdhtes Schlaganfallrisiko (@ie et al., 2020).
Das absolute Risiko steigt von 2,5/100.000 bei Frauen ohne Migrine und ohne hormonelle
Kontrazeption auf 36,9/100.000 bei Frauen mit Migrine mit Aura und einer hormonellen
Kontrazeption (Sacco et al., 2018). Dieses steigt weiter, wenn zusitzliche Risikofaktoren wie
Adipositas oder Rauchen vorhanden sind. Das Risiko ist am hochsten bei Priparaten mit hohen
Ostrogendosen, wihrend eine Gestagen-Monotherapie kein zusitzliches Risiko darstellt (Sacco
et al., 2018).

Die Empfehlungen zur Verwendung hormoneller Kontrazeption bei Patientinnen mit Migrine
sind weltweit nicht einheitlich. Die Européische Kopfschmerzgesellschaft (European Headache
Federation, EHF) empfiehlt die Verwendung einer Gestagen-Monotherapie oder nicht-
hormoneller Methoden bei Patientinnen mit Migrdne mit Aura. Bei Migrine ohne Aura werden
niedrig dosierte Ostrogenpriparate als mogliche Option betrachtet, sofern keine zusitzlichen
Risikofaktoren vorliegen (Sacco et al., 2018). Die Deutsche Migrine- und
Kopfschmerzgesellschaft (DMKG) ist in ihren Empfehlungen etwas permissiver und erlaubt
die Verwendung von Ostrogenhaltigen Kontrazeptiva auch bei Patientinnen mit Migrine mit
Aura, sofern keine weiteren Risikofaktoren vorhanden sind (Deutsche Migrine- und
Kopfschmezgesellschaft, 2012).

In Deutschland erfolgt die Verschreibung hormoneller Kontrazeptiva in der Regel durch
niedergelassene Gynikolog:innen. Bis vor dieser Arbeit (Originalarbeit 3, Fitzek et al., 2023)
war jedoch unbekannt, in welchem Maf3e bei der Verschreibung hormoneller Kontrazeption
nach dem Vorliegen einer Migrine gefragt wurde und wie die oben genannten Empfehlungen
tatsidchlich beriicksichtigt wurden. Die Erforschung dieses Aspekts ist von Bedeutung, da sie
Einblicke in die Umsetzung klinischer Leitlinien bietet und Mdéglichkeiten zur Verbesserung

der Aufkldrung und der Versorgung von Frauen mit Migrine aufzeigen kann.

Migrine in der Schwangerschaft

Die Schwangerschaft zeichnet sich durch ausgeprigte hormonelle Verdnderungen aus, die
erheblichen Einfluss auf den Migrineverlauf haben konnen (Negro et al., 2017).

In den meisten Fillen kommt es wihrend der Schwangerschaft zu einer Abnahme der
Migrianefrequenz bis hin zum vollstindigen Sistieren (Melhado et al., 2007). Diese

Verbesserung wird den in der Schwangerschaft hohen Ostrogenspiegeln zugeschrieben. Eine
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Verschlechterung einer bekannten Migridne oder ein Neuauftreten sind jedoch auch moglich.
Falls Migréne in der Schwangerschaft neu auftritt, ist das am hédufigsten eine Migridne mit Aura
(Burch, 2020).

Falls sich eine bekannte Migrine wihrend der Schwangerschaft bedeutsam verédndert, sollten
sekundire Kopfschmerzursachen ausgeschlossen werden. Sekundidre Kopfschmerzen sind
Kopfschmerzen, die als Symptom einer anderen zugrunde liegenden medizinischen Ursache
auftreten. Anders ausgedriickt sind sie keine eigenstdndige Erkrankung, sondern treten als
Begleiterscheinung einer anderen gesundheitlichen Stérung auf (Do et al., 2019). Die prizise
Identifikation und adidquate Behandlung der Ursachen von sekundiren Kopfschmerzen sind
wichtig, um potenziell schwerwiegende gesundheitliche Probleme rechtzeitig zu erkennen,
Komplikationen zu verhindern und eine angemessene Versorgung sicherzustellen (Do et al.,
2019). Die Schwangerschaft ist ein Risikofaktor fiir zahlreiche sekundire Kopfschmerzen,
insbesondere hypertensiver Ursache (Contag et al., 2009; Robbins et al., 2015). Die
Verinderung eines bereits bekannten Kopfschmerzes zihlt zu den sogenannten "Red Flags" fiir
sekundire Kopfschmerzen wihrend der Schwangerschaft. Weitere Charakteristika sind ein
plotzlicher Beginn, begleitende fokal-neurologische Defizite, Vigilanzminderung oder ein
begleitender epileptischer Anfall, aber auch Fieber oder eine Blutdruckentgleisung (Robbins et
al., 2015). Besonders im akuten Setting, beispielsweise in einer Notaufnahme, ist es von
entscheidender Bedeutung, auf diese "Red Flags" zu achten und bei Vorkommen eine
angemessene Diagnostik einzuleiten.

Eine bereits bestehende Migrine stellt einen Risikofaktor fiir einige sekundédre Kopfschmerzen
in der Schwangerschaft dar, darunter Priaeklampsie und ischimische Schlaganfille (Allais et
al., 2010; Facchinetti et al., 2009). Dies unterstreicht die Notwendigkeit, bei schwangeren
Frauen mit Migrine besonders auf Hinweise fiir sekundidre Kopfschmerzerkrankungen zu
achten, um Komplikationen wihrend der Schwangerschaft zu verhindern und die Gesundheit
von Mutter und Kind zu schiitzen.

Studien aus den USA legen nahe, dass iiber ein Drittel der schwangeren Frauen, die aufgrund
von Kopfschmerzen die Notaufnahme aufsuchen, letztendlich an sekundiren Kopfschmerzen
leiden (Robbins et al., 2015). Bis vor dieser Arbeit (Originalarbeit 4, Raffaelli et al., 2017)
wurden die Kopfschmerzursachen schwangerer Frauen in Deutschland jedoch nicht
systematisch untersucht. Die Erhebung solcher Daten in Deutschland ist von Bedeutung, da das
deutsche Gesundheitssystem und die klinische Praxis sich von denen in anderen Léndern
unterscheiden. Die Untersuchung der Ursachen von Kopfschmerzen bei schwangeren Frauen

in einer deutschen Rettungsstelle ermoglicht es, die spezifischen Herausforderungen und
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Bediirfnisse dieses Patientenkollektivs im nationalen Kontext zu verstehen und

malgeschneiderte Empfehlungen zu entwickeln.

1.2.2 Psychosoziale Unterschiede und die Rolle der Medien

Die bisherige Evidenz zeigt, dass Mddchen und Frauen mit Migréine eine hohere psychosoziale
Belastung erfahren als gleichaltrige Méanner (Chalmer et al., 2023). Dies &duflert sich
beispielsweise darin, dass Frauen hiufiger iiber Probleme in ihrem Liebesleben aufgrund der
Migriane berichten, groere Schwierigkeiten haben, Akzeptanz bei Freunden und
Familienmitgliedern zu finden, und Angste vor bevorstehenden Attacken hegen (Neumeier et
al., 2021). Zudem tendieren Frauen hidufiger dazu, ihre Erkrankung zu verbergen,
moglicherweise aus Angst, nicht ernstgenommen zu werden (Neumeier et al., 2021).

Obwohl sowohl Minner als auch Frauen unter erheblichen Belastungen aufgrund von Migrine
leiden, wird Migrine oft bagatellisiert und die Beschwerden der Patient:innen nicht ernst
genommen. Kommentare wie ,,Jeder hat mal Kopfschmerzen* oder ,,Es ist nur Stress* sind
allgegenwirtig im Leben von Patient:innen mit Migrine (Pearson et al., 2019). Die
Unsichtbarkeit der Erkrankung scheint das Stigma noch weiter zu erhohen, insbesondere bei
Frauen, bei denen Schmerz (oder Schmerzerkrankungen) im Allgemeinen weniger ernst
genommen werden (Hoffmann & Tarzian, 2001; Samulowitz et al., 2018). Der sogenannte
Geschlechterbias in der Wahrnehmung und Behandlung von Schmerzerkrankungen wurde
bereits  ausgiebig  dokumentiert. = Frauen = bekommen  beispielsweise  seltener
Schmerzmedikamente verschrieben, stattdessen werden psychologische Behandlungen
hdufiger empfohlen (Hirsh et al., 2014).

Die derzeitige mediale Darstellung von Migrineattacken scheint dieses Stigma weiter zu
verstdarken. In den Medien wird Migréine hiufig als Leiden einer jungen, gutaussehenden Frau
dargestellt, die sich mit schmerzverzerrtem Gesicht die Schlifen hilt (Gvantseladze et al.,
2020). Diese einseitige Darstellung entspricht jedoch nicht der vielfdltigen Realitit von
Patient:innen mit Migrine (Gvantseladze et al., 2020). Gerade in der heutigen Zeit, in der die
digitalen Medien einen groBen Einfluss auf unsere Wahrnehmung der Welt ausiiben, kann eine
solche pauschale Darstellung das Stigma weiter verstirken. Bis zu dieser Arbeit
(Originalarbeit 5, Raffaelli et al., 2021B) wurde allerdings nicht untersucht, wie Patient:innen
mit Migridne diese Darstellung wahrnehmen und/oder ob sie sich damit identifizieren konnen.
Dies kann dazu beitragen, die Sensibilitidt und das Bewusstsein fiir die Belange von Menschen

mit Migrine zu schirfen und die mediale Darstellung dieser Erkrankung zu verbessern.
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1.3 Fragestellung

Die vorliegende Arbeit beleuchtet verschiedene geschlechtsspezifische Aspekte der Migréne.

Dabei umfasst die Arbeit sowohl frauenspezifische pathophysiologische Faktoren,

diagnostische und therapeutische Strategien als auch soziale Aspekte wie die Wahrnehmung

von typischen Migrinebildern in den Medien.

Im Einzelnen werden durch diese Arbeit folgende wissenschaftliche Fragen beantwortet:

Welchen Einfluss haben weibliche Sexualhormone auf die CGRP-Konzentrationen bei

Frauen mit Migrdne im Vergleich zu gesunden Kontrollprobandinnen? (Originalarbeit 1)

Wie sind die systemischen CGRP-Konzentrationen bei Frauen mit Migréne, die an einer

komorbiden Endometriose leiden? (Originalarbeit 2)

Wie ist das Verschreibungsverhalten deutscher Gynédkolog:innen in Bezug auf hormonelle

Kontrazeption, wenn Patientinnen eine Migrine haben? (Originalarbeit 3)

Welche sind die hdufigsten Kopfschmerzursachen fiir eine Vorstellung in der Rettungsstelle

eines deutschen Maximalversorgers wihrend der Schwangerschaft? (Originalarbeit 4)

Wie nehmen Patient:innen mit Migrine die Darstellung von Migréneattacken in den Medien

wahr? (Originalarbeit 5)
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2. Eigene Arbeiten

2.1 Einfluss von Sexualhormonen auf die CGRP-Konzentrationen im
Blutplasma und in der Trinenfliissigkeit (Originalarbeit 1)

CGREP ist ein relevantes Neuropeptid in der Initiierung von Migréaneattacken (Edvinsson et al.,
2018; Goadsby et al., 1990). Frithere Erkenntnisse aus in vitro-Studien und tierexperimenteller
Forschung deuten darauf hin, dass Sexualhormone die Synthese und Freisetzung von CGRP
beeinflussen konnen (Labastida-Ramirez et al., 2019). Diese Erkenntnisse werfen die Frage auf,
ob der Zusammenhang zwischen hormonellen Schwankungen und Migrineattacken durch die
Modulation von CGRP vermittelt wird (Labastida-Ramirez et al., 2019). Die Daten aus der
humanen Forschung sind jedoch uneinheitlich und konzentrieren sich weitgehend auf
Probandengruppen ohne Migrine (Stevenson et al., 1986; Valdemarsson et al., 1990).

Ein weiteres limitierendes Element besteht darin, dass CGRP-Konzentrationen in diesen
Studien ausschlielich im Blutplasma gemessen wurden, was zwar wichtige Informationen iiber
systemische Konzentrationen liefert, jedoch nicht spezifisch fiir die Freisetzung von CGRP im
trigeminovaskuldren System ist (Kamm, 2022). Weitere Biomaterialien, wie die
Trianenfliissigkeit, konnen wertvolle Einblicke liefern, da sie wahrscheinlich stirker von der
trigeminalen Freisetzung von CGRP beeinflusst werden (Kamm et al., 2019).

Im Rahmen meiner Arbeit habe ich die CGRP-Konzentrationen sowohl im Blutplasma als auch
in der Trinenfliissigkeit bei Frauen mit Migrdne und gesunden Kontrollprobandinnen in
unterschiedlichen hormonellen Zustinden untersucht. Das Hauptziel meiner Forschung war es,
zu klédren, ob unterschiedliche Sexualhormonprofile die CGRP-Konzentrationen beeinflussen

konnen.

Der nachfolgende Text entspricht dem Abstract der Arbeit:

Raffaelli B, Storch E, Overeem LH, Terhart M, Fitzek MP, Lange KS, Reuter U. Sex Hormones
and Calcitonin Gene-Related Peptide in Women With Migraine: A Cross-sectional, Matched
Cohort Study. Neurology 2023 Apr 25;100(17):e1825-e1835. doi:
10.1212/WNL.0000000000207114.

“Background and objectives: Sex hormones may modulate calcitonin gene-related peptide
(CGRP) release in the trigeminovascular system. We studied CGRP concentrations in plasma
and tear fluid in female participants with episodic migraine (EM) and a regular menstrual cycle

(RMC), female participants with EM and combined oral contraception (COC), and female
19



participants with EM in the postmenopause. For control, we analyzed 3 corresponding groups

of age-matched female participants without EM.

Methods: Participants with an RMC had 2 visits: during menstruation on menstrual cycle day
2 £ 2 and in the periovulatory period on day 13 * 2. Participants with COC were examined at
day 4 % 2 of the hormone-free interval (HFI) and between days 7 and 14 of hormone intake
(HI). Postmenopausal participants were assessed once at a random time point. Plasma and tear

Sfluid samples were collected at each visit for determination of CGRP levels with an ELISA.

Results: A total of 180 female participants (n = 30 per group) completed the study. Participants
with migraine and an RMC showed statistically significantly higher CGRP concentrations in
plasma and tear fluid during menstruation compared with female participants without migraine
(plasma: 5.95 pg/mL [IQR 4.37-10.44] vs 4.61 pg/mL [IQR 2.83-6.92], p = 0.020 [Mann-
Whitney U test]; tear fluid: 1.20 ng/mL [IQR 0.36-2.52] vs 0.4 ng/mL [IQR 0.14-1.22], p =
0.005 [Mann-Whitney U test]). In contrast, female participants with COC and in the
postmenopause had similar CGRP levels in the migraine and the control groups. In migraine
participants with an RMC, tear fluid but not plasma CGRP concentrations during menstruation
were statistically significantly higher compared with migraine participants under COC (p =

0.015 vs HFI and p = 0.029 vs HI, Mann-Whitney U test).

Discussion: Different sex hormone profiles may influence CGRP concentrations in people, with
current or past capacity to menstruate, with migraine. Measurement of CGRP in tear fluid was

feasible and warrants further investigation.”
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Background and Objectives Migraine and Hormones:

Sex hormones may modulate calcitonin gene-related peptide (CGRP) release in the trigemi-
novascular system. We studied CGRP concentrations in plasma and tear fluid in female partic-
ipants with episodic migraine (EM) and a regular menstrual cycle (RMC), female participants
with EM and combined oral contraception (COC), and female participants with EM in the
postmenopause. For control, we analyzed 3 corresponding groups of age-matched female par-
ticipants without EM.
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Methods

Participants with an RMC had 2 visits: during menstruation on menstrual cycle day 2 £ 2 and in
the periovulatory period on day 13 * 2. Participants with COC were examined at day 4 + 2 of
the hormone-free interval (HFI) and between days 7 and 14 of hormone intake (HI). Post-
menopausal participants were assessed once at a random time point. Plasma and tear fluid
samples were collected at each visit for determination of CGRP levels with an ELISA.

Results

A total of 180 female participants (n = 30 per group) completed the study. Participants with
migraine and an RMC showed statistically significantly higher CGRP concentrations in plasma and
tear fluid during menstruation compared with female participants without migraine (plasma: 5.95
pg/mL [IQR 4.37-10.44] vs 4.61 pg/mL [IQR 2.83-6.92], p = 0.020 [Mann-Whitney U test];
tear fluid: 1.20 ng/mL [IQR 0.36-2.52] vs 0.4 ng/mL [IQR 0.14-122], p = 0.005 [Mann-
Whitney U test]). In contrast, female participants with COC and in the postmenopause had similar
CGRP levels in the migraine and the control groups. In migraine participants with an RMC, tear
fluid but not plasma CGRP concentrations during menstruation were statistically significantly
higher compared with migraine participants under COC (p = 0.015 vs HFI and p = 0.029 vs HI,
Mann-Whitney U test).

Discussion

Different sex hormone profiles may influence CGRP concentrations in people, with current or
past capacity to menstruate, with migraine. Measurement of CGRP in tear fluid was feasible and
warrants further investigation.
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Glossary

C-COC = without EM~treatment with a COC; CGRP = calcitonin gene-related peptide; COC = combined oral contraceptive;
C-PM = without EM-postmenopause; C-RMC = without EM-regular menstrual cycle; EM = episodic migraine; FSH = follicle-
stimulating hormone; HFI = hormone-free interval; HI = hormone intake; IQR = interquartile range; LH = luteinizing
hormone; M-COC = with EM-treatment with a COC; M-PM = with EM-postmenopause; M-RMC = with EM-regular

menstrual cycle.

The prevalence of migraine is 3 times higher in women than in
men." Fluctuations of sex hormones play a crucial role in the
pathophysiology of the disease.” The estrogen withdrawal
hypothesis suggests that a drop in estrogen plasma concen-
trations can trigger migraine attacks.” In line with this hy-
pothesis, migraine frequency and pain severity are higher
during the perimenstrual phase of the menstrual cycle but also
in the perimenopausal period before hormonal stabilization at
an older age.>* Migraine prevalence gradually declines after
natural menopause.’

Hormonal contraception leads to the suppression of physio-
logic hormonal fluctuations with variable effects on migraine.6
The most common hormonal contraception in Europe and
North America are combined estrogen-progesterone oral
compounds (combined oral contraceptives [COCs]).” Al-
though some patients experience an improvement of migraine
with COC, others experience worsening, with migraine at-
tacks occurring most frequently during the 7-day hormone-
free interval (HFI).6

The pathophysiologic mechanisms leading from hormonal
changes to the development of migraine attacks are complex.
The neuropeptide calcitonin gene-related peptide (CGRP)
has a key role in migraine initiation® and is likely to have a
relevant function in the processes initiated by sex hormone
changes. During a migraine attack, CGRP is released from
trigeminal afferents and triggers an inflammatory response.9
Preclinical research suggests that sex hormone fluctuations
can lead to activation of the trigeminovascular system and
subsequent release of CGRP, which may contribute to the
high prevalence of migraine in female persons of childbearing
age.10 However, the clinical evidence in humans is in-
conclusive. Although older investigations suggest a direct re-
lationship between estrogen and CGRP concentrations,"""
newer studies imply a higher CGRP release in low estrogen
phases.'>'*

The accurate measurement of CGRP in peripheral blood is
challenging due to its very short half-life time, degradation,
and dilution effects after release.'> A recent pilot study
detected increased CGRP concentrations in tear fluid in
participants with migraine compared with control partici-
pants without migraine.'® This exploratory method is non-
invasive and could provide a more direct measurement of the
trigeminal CGRP release due to its spatial proximity to the
trigeminal nerve.
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Here, we studied CGRP concentrations in both plasma and
tear fluid of female participants with migraine and female
participants without migraine under different hormonal
conditions. We aimed to assess the relationship between sex
hormones and CGRP levels and whether the presence of
migraine affects this relationship. It was our hypothesis that
(1) female persons with migraine display higher CGRP
concentrations than female persons without migraine dur-
ing the physiologic menstrual cycle and (2) that the sup-
pression of naturally occurring sex hormones through COC
or after menopause is associated with changes in the CGRP
concentrations.

Methods

Study Design and Participants

This is a cross-sectional, matched-cohort study at the Headache
Center, Department of Neurology, Charité Universititsmedizin
Berlin, Berlin, Germany. The study cohort consisted of 3 groups
of female participants with episodic migraine (EM): (1) with a
regular menstrual cycle (M-RMC); (2) under contraceptive
treatment with a COC (M-COC); and (3) during the post-
menopause (M-PM). For control, we studied 3 respective
groups of age-matched control female participants without EM
(C-RMC, C-COC, and C-PM).

Participants with migraine were recruited from our outpatient
headache clinic. For the recruitment of participants without
migraine, we contacted hospital and university staft via an-
nouncements in mailing lists or direct approach.

Inclusion and Exclusion Criteria

EM was defined according to the International Classification
of Headache Disorders 3."” All female participants with mi-
graine should have had at least 3 days with migraine in the 4
weeks before screening, as documented in a headache diary.

An RMC was defined as the cycle duration of 28 + 2 days in the
3 months before screening. In this group, the diagnosis of
menstrually related migraine'” was required for study partici-
pation. For inclusion in the COC groups, female participants
should confirm the regular use of the same contraceptive drug
in a 21/7 regimen (ie., 21 days of hormone intake [HI] fol-
lowed by a 7-day HFI), beginning at least 3 months before
screening. For the postmenopausal groups, the last menstrua-
tion should have occurred at least 5 years before inclusion in
the study.
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Exclusion criteria were any other diagnosed primary headache
disorder except tension-type headache on less than 2 days in
the month before screening; concurrent migraine preventive
drug treatment; any gynecologic or other neurologic diseases;
ophthalmologic conditions interfering with lacrimation; any
other relevant diseases requiring regular medication; hor-
monal treatment with indications other than contraception;
pregnancy; lactation; and poststerilization. For participants
with migraine and an RMC, the diagnosis of pure menstrual
migraine'” led to exclusion from the study.

Study Procedures

Before the beginning of experimental procedures, potential
participants were screened for eligibility. Eligible individuals
had an initial interview to record their medical history and a
physical examination. In participants with migraine, we
reviewed their headache calendars of the month before
screening.

The study protocol for female participants with an RMC
consisted of 2 study visits. The first visit was scheduled at day
2 £ 2 of the menstrual cycle (during menstruation), whereas
the second visit took place at day 13 + 2 of the menstrual cycle
(periovulatory period). These time intervals were selected
because estrogen levels are at their lowest during menstrua-
tion and at their highest during ovulation.

Female participants with COC were assessed twice: at day 4 +
2 of the HFI and between days 7-14 of HL. Postmenopausal
female participants had only 1 visit at a variable time point.

All visits in participants with migraine were performed in the
interictal period, defined as a state free of any migraine
symptoms and free of acute pain medication for 12 hours
before and after each visit. Participants were instructed to call
and reschedule the appointment in case of migraine or acute
medication intake within 12 hours before the scheduled visit.
We also contacted all participants by phone the day after each
visit and asked about any migraine symptoms or medication
intake in the 12 hours after the study visit. If this was the case,
the visit was repeated at the next possible time point.

Sample Preparation and Analytical Procedures
Each visit took place between 9 aM and 5 PM in a nonfasting
condition. Blood and tear fluid samples were collected fol-
lowing standardized protocols.'®'®

For CGRP measurement, blood was collected in precooled 4
mL EDTA tubes (BD Vacutainer), which were previously
prepared with 150 pL aprotinin (3-7 trypsin inhibitor unit
(TIU)/mL) (Sigma Aldrich, Munich, Germany). The tubes
were immediately centrifuged for 15 minutes at —6°C and
2,000 rpm. Plasma was then transferred in 1.5 mL poly-
propylene tubes (Eppendorf, Hamburg, Germany). We col-
lected tear fluid from the lateral canthus of 1 eye with a 10-uL
glass capillary (Brand, Wertheim, Germany). In participants
with migraine, we selected the eye on the side on which
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migraine occurred most frequently. If there was no side
preference and in participants without migraine, the right side
was chosen by default. The capillary was removed after
reaching the maximal volume of 10 pL or after 60 seconds at
the latest. If the eye showed signs of irritation, such as redness
or pruritus, the procedure was stopped immediately. A lack of
tear production after 1 minute led to exclusion from the study.
The volume of tear fluid collected was determined (range:
1.4-10.0 pL), and tear fluid was then transferred in a 1.5-mL
tube containing 500 pL of tissue protein extractor solution
(Pierce, Rockford, IL). Both plasma and tear fluid samples
were stored at —80°C. We measured CGRP concentrations in
plasma and tear fluid with a commercial sandwich ELISA kit
(CUSABIO, Wuhan, China), following the manufacturer’s
instructions. The detection range of this kit is 1.56-100 pg/
mL, and the minimal detectable dose was 0.39 pg/mL.
However, the company does not disclose the specific recog-
nition site of the ELISA antibodies. The kit has high intra-
assay and interassay precision (coefficients of variation < 8%
and <10%, respectively). Using this kit, mean CGRP con-
centrations in previous cohorts without migraine range from
4.2 to 6.6 pg/mL in plasma'®'*?' and between 0.7 and 0.8
ng/mL in the tear fluid. '

In addition, blood was collected in S-mL serum tubes (BD
Vacutainer) at room temperature and sent to our partner
laboratory (Labor Berlin, Charité Vivantes GmbH) for the
analysis of sex hormones. The following hormones were
assessed via electrochemiluminescence immunoassay: estra-
diol, progesterone, testosterone, luteinizing hormone (LH),
and follicle-stimulating hormone (FSH).

End Points

The primary end point of the study was the difference in
CGRP concentrations in plasma (pg/mL) between M-RMC
and C-RMC. Secondary end points were the differences in
CGRP plasma concentrations between M-COC and C-COC
and between M-PM and C-PM.

The differences in tear fluid CGRP concentrations (ng/mL)
between the migraine and the control groups were considered
exploratory endpoints. As further exploratory end points, we
analyzed correlations between CGRP levels at both study
visits in participants who were measured twice and assessed
the differences in CGRP plasma and tear fluid concentrations
among the 3 migraine and the 3 control groups. We also
analyzed correlations between the estrogen and progesterone
levels and the CGRP concentrations in tear fluid and plasma.
In addition, the total cohort of participants with migraine was
compared with the cohort of participants without migraine.

Statistical Analysis

Sample size calculation was performed using the software
G*Power.”> Based on a previous study on interictal CGRP
plasma levels in patients with migraine compared with con-
trols without migraine,23 we assumed a large effect size of d =
0.8 for the primary end point. A sample size of 30 participants
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per group was therefore sufficient to detect an effect of similar
magnitude with a statistical power of 0.80 at a significance
level of a = 0.05 (2 tailed) using the Mann-Whitney U test.
Similar statistical considerations apply for differences in tear
fluid concentrations.'® We therefore aimed at 30 participants
per group with complete data sets.

We summarized demographic, anamnestic, and laboratory data
using descriptive statistics with median and interquartile ranges
(IQRs) for numerical variables and frequencies and percentages
for categorical variables. Given the non-normal data distribu-
tion, we compared outcomes between groups using the Mann-
Whitney U test or the Kruskal-Wallis analysis of variance, as
appropriate. Correlations were tested using Spearman rank
correlations.

Statistical analysis was performed with SPSS Statistics
27 (IBM Corp., Armonk, NY). No adjustment for multiple
comparisons was made for the exploratory outcome
measures.

Standard Protocol Approvals, Registrations,
and Patient Consents

The study protocol was approved by the Charité Ethical
Committee (EA1/004/20). All participants provided written
informed consent following study information.

Data Availability

Data not provided in the article because of space limitations
may be shared (anonymized) at the request of any qualified
investigator for purposes of replicating procedures and results.

Results

Between August 2020 and May 2022, n = 196 persons who self-
identified as women participated in the study. The study pro-
tocol was completed by n = 180 female participants, n = 30 per
group. Reasons for dropout were no sufficient lacrimation (n =
11), occurrence of migraine in the 12 hours after study visits with
no possible rescheduling (n = 4), and lost to follow-up (n = 1).

Demographic characteristics were similar between the mi-
graine groups and the respective control groups. Table 1
shows the demographics across all groups and key migraine
features in the 3 migraine groups. All female participants with
migraine and an RMC reported migraine attacks within the
perimenstrual period during most months.'”

Female Participants With a Regular

Menstrual Cycle

M-RMC and C-RMC presented physiologic hormonal levels
at the 2 study visits with low estrogen concentrations during

Table 1 Description of the Study Population

M-RMC

C-RMC

M-COC

Cc-coc

M-PM

C-PM

Age (y)

26.50 (24.00-30.00)

26.00 (24.00-31.00)

25.00 (22.75-30.00)

27.00 (22.75-31.00)

57.50 (55.75-60.00)

58.50 (55.75-61.25)

Height (m)

1.69 (1.63-1.74)

1.70 (1.63-1.72)

1.68 (1.65-1.71)

1.69 (1.63-1.74)

1.70 (1.63-1.72)

1.63 (1.60-1.67)

Weight (kg)

63.00 (53.75-73.43)

59.00 (55.00-70.75)

62.00 (56.75-70.25)

59.00 (55.00-70.75)

70.00 (60.75-77.25)

73.50 (62.00-80.50)

Cycle length (d)

28 (27-30)

28 (26-30)

Estradiol dose
in COC (mg)

0.03 (0.03-0.03)

0.03 (0.03-0.03)

Progesterone
dose in COC (mg)

2.00 (0.15-2.00)

2.00 (0.15-2.00)

Age at menopause (y)

50.00 (48.87-51.00)

50.00 (48.75-52.00)

Age at migraine
onset (y)

16.75 (12.37-22.50)

Aura (n, %)

11, 36.7%

Monthly migraine d

4.00 (3.87-6.25)

Pain intensity
(0-10 NAS)

7.5(7.0-8.0)

Attack
duration (h)

24.00 (12.00-36.00)

Positive family
history (n, %)

22,73.3%

20.00 (17.75-22.13)

17, 43.3%
5.80 (4.0-7.0)

8.0 (6.0-9.0)

27.00 (9.25-48.00)

18, 60.0%

20.50 (15.62-31.25)

9,30.0%
5.25 (4.00-9.00)

7.0 (6.0-10.0)

36.25 (15.75-63.00)

22,73.3%

Abbreviations: C = control female participants without migraine; COC = combined oral contraception; IQR = interquartile range; M = female participants with
migraine; NAS = numeric analog scale; PM = postmenopause; RMC = regular menstrual cycle.
Values are median (IQR) or n, %.
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Table 2 Concentrations of Sex Hormones in Participants With Migraine and Control Participants With a Regular

Menstrual Cycle

Menstrual Periovulatory
M-RMC C-RMC M-RMC C-RMC
Day of the menstrual cycle 3(2-4) 2.5(2-3) 14 (13-15) 14 (12.75-15)

Estradiol (pmol/L) 136.50 (118.75-175.75)

135.00 (99.92-169.25)

576.50 (303.00-961.25) 607.50 (320.75-1019.75)

Progesterone (nmol/L) 0.80(0.40-1.12)

0.85(0.50-1.32)

0.85 (0.40-2.42) 0.95(0.47-2.72)

Testosterone (pg/L) 0.27 (0.18-0.36)

0.24 (0.14-0.34)

0.34 (0.24-0.44) 0.35(0.21-0.47)

LH (U/L) 5.60 (4.20-6.45)

5.55(4.00-7.30)

12.35 (7.45-31.95) 15.40 (10.67-30.72)

FSH (U/L) 5.80 (4.72-6.92)

5.80 (4.47-7.22)

6.15 (4.27-9.00) 6.45 (4.57-9.60)

Abbreviations: C = control female participants without migraine; FSH = follicle-stimulating hormone; IQR = interquartile range; LH = luteinizing hormone;

M = female participants with migraine; RMC = regular menstrual cycle.
Values are median (IQR).

menstruation and high estrogen concentrations in the peri-
ovulatory period (Table 2). Progesterone levels were low at
both time points because both visits occurred before the luteal
progesterone increase (Table 2).

During menstruation, CGRP concentrations in both plasma
and tear fluid were statistically significantly higher in interictal
participants with migraine compared with female participants
without migraine (plasma: 5.95 pg/mL [IQR 4.37-10.44 pg/
mL] vs 4.61 pg/mL [IQR 2.83-6.92 pg/mL], p = 0.020; tear
fluid: 1.20 ng/mL [IQR 0.36-2.52 ng/mL] vs 0.4 ng/mL
[IQR 0.14-1.22 ng/mL], p = 0.005) (Figure 1).

CGRP levels in the periovulatory period were numerically
higher in female participants with migraine compared with
participants without migraine but failed to reach statistical
significance (plasma: 6.28 pg/mL [IQR 3.56-9.48 pg/mL] vs
4.87 pg/mL [IQR 2.95-6.41 pg/mL], p = 0.089; tear fluid:
0.70 ng/mL [IQR 0.18-2.29 ng/mL] vs 0.63 ng/mL [IQR
0.14-1.22 ng/mL], p = 0.225). There was a strong intra-
individual correlation between the CGRP concentrations in
the menstrual and the periovulatory visits, both in plasma (rho
=0.809, p < 0.001) and tear fluid (rho = 0.635, p < 0.001).

Female Participants With Combined

Oral Contraception

Both M-COC and C-COC showed suppressed concentra-
tions of naturally occurring sex hormones. CGRP concen-
trations in plasma and tear fluid were similar between
participants with migraine and controls without migraine
during the HFI and during HI (Table 3). There was a strong
intraindividual correlation between the CGRP concentrations
at both visits (plasma: rho = 0.797, p < 0.001; tear fluid: rho =
0.615, p < 0.001).

Postmenopausal Female Participants
Both postmenopausal groups showed physiologic hormonal
profiles with high concentrations of LH and FSH and low
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concentrations of estrogen, progesterone, and testosterone.
There was no statistically significant difference in CGRP
concentrations in plasma and tear fluid between M-PM and

C-PM (Table 4).

Comparison of CGRP Levels in Female
Participants With Migraine in Different
Hormonal States

Among all participants with migraine, CGRP plasma concen-
trations were similar among all groups and visits (p = 0.195
among all groups). In the tear fluid, female participants with an
RMC had statistically significantly higher CGRP concentra-
tions during menstruation compared with female participants
under COC (p =0.015 vs HFI and p = 0.029 vs HI) (Figure 2).
There was no correlation between the absolute estrogen and
progesterone concentrations and the CGRP concentrations in
plasma and tear fluid (p > 0.17 for all analyses).

Comparison of CGRP Levels in Female
Participants Without Migraine in Different
Hormonal States

In plasma, CGRP concentrations of control female partici-
pants with an RMC were lower than those of female partici-
pants under COC treatment and postmenopausal female
participants (menstruation vs HI: p = 0.03S; ovulation vs HI:
p = 0.030; menstruation vs postmenopause: p = 0.015; ovu-
lation vs postmenopause: p = 0.013) (Figure 3). No statisti-
cally significant correlation between absolute sex hormone
concentrations and CGRP concentrations could be detected
(p > 0.17 for all analyses). CGRP levels in the tear fluid were
similar across all groups and all visits of control female par-
ticipants (p = 0.622 among all groups).

CGRP Plasma vs Tear Fluid Measurements

Across all participants (n = 180) and study visits (n = 300),
CGRP concentrations were 5.48 pg/mL (3.98-7.82) in plasma
and 0.51 ng/mL (0.16-1.22) in tear fluid. Tear fluid concen-
trations were 80.5% higher than in plasma (IQR 27.8-260.7).
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Figure 1 CGRP Concentrations in Tear Fluid (A) and Plasma (B) in Participants With Migraine and Control Participants With a

Regular Menstrual Cycle (RMC)
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Day 13 + 2 periovulatory C = control female participants.

Opverall, participants with migraine had statistically signifi-
cantly higher CGRP levels in tear fluid compared with par-
ticipants without migraine (migraine groups: 0.67 ng/ mL
[IQR 0.17-1.59 ng/mL] vs control groups: 0.41 ng/mL [IQR
0.15-0.80 ng/mL], p = 0.013). Plasma concentrations were
similar with 5.22 pg/mL (IQR 4.03-7.97 pg/mL) in the mi-
graine groups vs 5.95 pg/mL (IQR 3.73-7.79 pg/mL) in the
control groups (p = 0.965).
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Discussion

CGRP levels in plasma and tear fluid in this large cohort of
female participants varied depending on the presence of mi-
graine and the hormonal status. Female participants with EM
had higher interictal CGRP concentrations in plasma and the
tear fluid during menstruation than female participants
without migraine. This finding did not apply to female
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Table 3 Concentrations of Sex Hormones and CGRP in Participants With Migraine and Control Participants With COC

Treatment
HFI HI
M-COC c-coc M-COC c-coc
Day of the HFI/HI 3(2-4.25) 3(3-4) 10 (8-12) 10 (9.75-12)

Estradiol (pmol/L)

47.65 (20.27-99.70)

21.90 (18.40-58.00)

38.00 (18.40-65.15)

21.30 (18.40-46.03)

Progesterone (nmol/L)

0.30(0.20-0.50)

0.25 (0.20-0.62)

0.35(0.20-0.45)

0.40 (0.20-0.70)

Testosterone (pg/L)

0.15 (0.10-0.31)

0.20 (0.13-0.28)

0.14(0.10-0.23)

0.19 (0.12-0.28)

LH (U/L)

3.20 (0.40-5.32)

1.70 (0.30-4.20)

2.60 (1.20-4.52)

2.15(0.30-4.90)

FSH (U/L)

3.80(1.27-7.95)

2.80(0.30-6.07)

2.55(1.75-4.12)

1.75 (0.30-4.52)

CGRP in plasma (pg/mL) 4.87 (4.22-6.15)

6.67 (3.76-8.56)

4.92 (3.89-6.24) 6.03 (4.40-9.42)

p=0.165

p=0.099

CGRP in tear fluid (ng/mL) 0.46 (0.10-1.01)

0.36 (0.14-0.59)

0.32(0.09-1.44) 0.40 (0.13-0.82)

p=0574

p=0.690

Abbreviations: C = control female participants without migraine; COC = combined oral contraception; FSH = follicle-stimulating hormone; HFl = hormone-free
interval; HI = hormone intake; IQR = interquartile range; LH = luteinizing hormone; M = female participants with migraine.

Values are median (IQR).

participants with COC and during the postmenopause. In
female participants with migraine, the suppression of the
hormonal fluctuations through COC treatment was associ-
ated with lower CGRP tear fluid levels than during physio-
logic menstruation.

Our findings suggest a link between sex hormones and CGRP
in migraine pathophysiology in humans. The influence of sex
hormones—in particular estrogen—on intracranial CGRP

Table 4 Concentrations of Sex Hormones and CGRP in
Participants With Migraine and Control
Participants Without Migraine During the
Postmenopause

M-PM C-PM

Estradiol (pmol/L) 22.80(18.40-52.30)  28.30(18.40-47.32)

Progesterone (nmol/L) 0.20 (0.20-0.32) 0.20 (0.20-0.20)

Testosterone (ug/L) 0.11 (0.10-0.19) 0.10 (0.03-0.13)

LH (U/L) 36.10 (28.65-49.77)  37.40 (30.40-44.73)

FSH (U/L) 69.05 (58.70-97.25)  75.70 (61.42-104.25)

CGRP in plasma (pg/mL) 5.24 (3.89-7.14) 6.70 (5.48-8.02)

p = 0.060

CGRP in tear fluid (ng/mL)  0.70 (0.34-1.50) 0.43 (0.21-1.01)

p=0.280

Abbreviations: C = control female participants without migraine; FSH = fol-
licle-stimulating hormone; IQR = interquartile range; LH = luteinizing hor-
mone; M = female participants with migraine; PM = postmenopause.
Values are median (IQR).
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release has been studied mainly in vitro or animal research.
Estrogen receptors are highly expressed in CGRP-positive
neurons in the trigeminovascular system,”* and hormonal
fluctuations can modulate their excitability.'®*® In animal
models, deficiency of female sex hormones increases CGRP
expression in various brain regions.%’28 Also in the tri-
geminal ganglion, the fall of endogenous estrogen levels in
ovariectomized rats led to a significant increase in CGRP
expression, which decreased following estrogen replacement
treatment.”” These observations are in line with our results
in female patients with migraine: the physiologic estrogen
drop in the perimenstrual period was associated with higher
CGRP concentrations than under hormonal contraceptive
treatment.

A higher CGRP release during menstruation could help to
explain the biological predisposition for more frequent,
severe, and long-lasting migraine attacks in this period.** In
line with this hypothesis, menstrual migraine attacks were
more frequent and severe than nonmenstrual attacks even in
female persons treated with the CGRP receptor antibody
erenumab.” A recent review hypothesized that a decline in
estrogen levels may lead to an increased CGRP signaling and
generate a promigraine state with an increased susceptibility
for migraine attacks.”> Of note, this seems to apply only for a
decrease in naturally occurring estrogen concentrations
coming from a previously higher level but not for stable low
concentrations during the postmenopause. In addition, the
absolute hormone concentrations do not seem to play a rel-
evant role, but rather the changes in hormonal levels. Ac-
cordingly, all correlation analyses between estrogen or
progesterone levels and CGRP concentrations did not reveal
any statistically significant result.
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Figure 2 CGRP Tear Fluid Concentrations in Female Participants With Migraine in Different Hormonal States

p=0.029
16.0 4 o
p=0.015
[ele’e}
8.0 — o o o
o o 8
4.0 o
0
OU'
=5 2.04 o©
E o0 oo
) o0 o o
£ 1.0+ o o o
° OOO OO v;oé@c}
5 C
&= 0.5 o
b la) o
© O
Q o
+— (0]
£ © °
c [e] o ¥ o
o
S o Qo po© (
§ lo o |
8 : ® e
[0}
o
c o
]
S al
g o o, -
o O
o
o
a
ol
0.0
M-RCM/menstruation M-RCM/ovulation M-COC/HFI M-COC/HI M-PM

COC = combined oral contraception; HFl = hormone-free interval; HI = hormone intake; PM = postmenopause; RMC = regular menstrual cycle.

A few older studies showed that sex hormones might affect
CGRP concentrations also in individuals without migraine.
A study from 1986 detected increased concentrations of im-
munoreactive CGRP in plasma during pregnancy, which de-
creased after delivery."" In another older investigation, CGRP
plasma levels were CGRP plasma levels were significantly
higher in 11 female participants taking an oral contraception
than in 12 female participants without hormonal treatment."
The study did not provide data on the day of the menstrual
cycle or the regimen of hormonal intake.'” In accordance with
these results, in our study, oral contraception in female par-
ticipants without migraine was associated with higher levels of
CGRP in plasma but not in the tear fluid compared to fertile
female participants without contraception. The intake of ex-
ogenous hormones seems to induce systemic changes in
CGRP concentrations,'® whereas intracranial CGRP levels as
indirectly measured in the tear fluid seem to be not affected.
Indeed, high estrogen states like pregnancy have been dem-
onstrated to increase CGRP concentrations in other ana-
tomical regions such as the spinal cord.>” Estrogen substitution
in rats led to a CGRP increase in the mesenteric arterioles,
dorsal root geirlglia,33'34 and in the gastric tract.>® Progesterone
treatment induced an increased expression of CGRP receptors
in the murine uterus and mesenteric arteries.*®*” The post-
menopause is also associated with an increase in systemic
CGRP levels,*® a finding which we could reproduce in our
cohort of control female participants. The cardiovascular
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system has been proposed as the source of the elevated CGRP
concentrations, as postmenopausal female persons with va-
somotor symptoms appear particularly affected.***® Taken
together, hormone-dependent CGRP changes in plasma of
female persons without migraine seem to originate from
sources other than the trigeminovascular system.

CGRP concentrations in plasma are influenced by a multitude
of factors and allow limited conclusions about the release from
the trigeminal nerve system." It is estimated that only one-
fifth of CGRP in peripheral blood derives from trigeminal
sources." Although the crucial role of CGRP in migraine
pathophysiology is indisputable, the feasibility of plasma
CGRP as a biomarker of migraine remains a matter of de-
bate.'> Previous research reported controversial results re-
garding interictal plasma CGRP levels in patients with EM:
although some studies detected higher CGRP levels in cubital
vein blood outside of acute migraine attacks, others observed
no difference to controls without migraine.”>*"** Our results
provide a differentiated view depending on the hormonal
status of the patients. Female participants with EM during
menstruation had higher interictal plasma CGRP concentra-
tions than female participants without EM, whereas this was
not the case in the other hormonal conditions examined.

Biomaterials closer to the trigeminal CGRP source such as
tear fluid may represent a more direct and suitable approach.16
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Figure 3 CGRP Plasma Concentrations in Female Participants Without Migraine in Different Hormonal States
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Arecent study reported, in n = 30 interictal mix-sexed patients
with EM, higher CGRP concentrations than in n = 48 controls
without EM.'® In the current analysis, we could confirm and
expand these findings to a significantly larger cohort. Similar
to this previous study, CGRP levels in the tear fluid were
much higher than in plasma possibly due to lower proteolytic
activity in this liquid than in plasma. In fact, in individuals
without ophthalmologic conditions, the levels of peptidases
are generally low in the tear fluid.***® On the contrary, CGRP
in plasma is quickly sheared into shorter fragments by en-
dopeptidases,*” which may in part explain the lower CGRP
concentrations detected with a commercial ELISA. More
complex methods such as high-performance liquid chroma-
tography are able to detect and differentiate between different
peptide fragments.*”

CGRP in the tear fluid originates mainly from trigeminal
nerve fibers in the cornea and conjunctiva, whereas ocular
autonomic nerve fibers and the lacrimal and meibomian
glands express only little or no CGRP.*** Averaged over the
whole cohort, the median CGRP concentrations in the tear
fluid of interictal patients with migraine were higher than in
controls without migraine. This corroborates the hypothesis
of an increased activation of the trigeminovascular system
even outside the acute attacks. However, in the analysis by
subgroups, statistical significance was confirmed only in
menstruating persons. Future studies should therefore take
the hormonal status of the participants into account when
examining CGRP in migraine. Despite these promising

Neurology.org/N

findings, CGRP determination in the tear fluid lacks valida-
tion and should be considered an exploratory procedure. For
further use, a thorough validation study needs to be per-
formed to compare the performance characteristics of CGPR
levels in the tear fluid with the current standard measurement
in plasma.

This is a comprehensive analysis of sex hormones and CGRP
concentrations in female persons with migraine. The 3 groups
of female participants with migraine were similar regarding
migraine frequency and intensity. The selection of age-
matched female participants without migraine and without
other significant diseases or regular medication represents a
key strength of this investigation. The measurement of sex
hormone concentrations at each visit ensured that partici-
pants were in the predefined hormonal phase. Without a
continuous hormonal measurement, however, we cannot
determine whether the periovulatory visits took place exactly
on the day of ovulation or rather in the few days before or
after. Of note, we excluded female persons with a pure
menstrual migraine, who might possibly have an even stron-
ger influence of hormonal fluctuations on migraine-inducing
mechanisms. Moreover, we included only cisgender women.
Therefore, the findings do not generalize to all women (e.g,,
transgender women). One further limitation is the definition
of the interictal state, that is, at least 12 hours free of migraine
and acute medication before and after each visit. This is
shorter than in other similar investigations.16 We rationalized
that the shortening of this period reduces organizational visit
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changes and thereby dropouts. Twelve hours is more than 2
elimination half-lives of most triptans and NSAIDs, and we
did not expect any relevant residual efficacy after this time.>
CGRP measurement requires strict preanalytical sample
handling, and CGRP concentrations may vary between
studies depending on the exact methodology. In this study, we
followed the protocol by Kamm et al. (2019) with the most
sensitive commercial ELISA kit that is available. Indeed, we
found similar concentrations of CGRP in both plasma and
tear fluid as described in this previous study and other studies
with the same commercial kit."®'®?' The detection of a
strong correlation of CGRP levels between study visits in
participants that were assessed twice proves a high in-
terindividual consistency. Importantly, multiple physiologic
and pathologic processes can influence both CGRP and sex
hormone concentrations. Despite careful selection of subjects
and standardized visits, we could not control for all possible
confounding factors. This study is intended as a pilot study. It
provides evidence of an association between CGRP and dif-
ferent sex hormone profiles in humans and sets the context for
further studies with larger sample sizes and adequate power to
correct for multiple testing and confounders.

In conclusion, our data suggest hormone-dependent changes
in CGRP concentrations in female patients with EM. The
elevated CGRP release from the trigeminovascular system
following hormonal fluctuations could help to explain a
higher susceptibility for migraine in female people who
menstruate. The lower CGRP tear fluid concentrations un-
der hormonal contraception in patients with migraine could
be associated with an altered migraine susceptibility under
hormonal therapy and should be further investigated in a
longitudinal design.

Editors’ Note

Neurology recognizes that sex and gender are not interchange-
able. Neurology editors aim to ensure that papers accurately
describe and report which of these variables was evaluated in a
study. In this case, the authors included only female partici-
pants, and this is the terminology used throughout the paper.
We were unable to find an equivalent term to use in the title,
as style guidelines suggest against using “females” as a noun.
Since all the participants also identified as women, we made
an editorial decision to use women in the title. Neurology
strives to affirm persons of all genders and recognizes that
the findings of this article may not pertain to all persons who
identify as women.
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2.2 CGRP-Konzentrationen bei Patientinnen mit Migrine und
Endometriose (Originalarbeit 2)

Endometriose ist eine hdufige Komorbiditdt bei Frauen mit Migrine (Ferrero et al., 2004;
Neumeier et al., 2023; Pasquini et al., 2023; Tietjen et al., 2006; Wu et al., 2021). Trotz des
vielféltigen Forschungsinteresses in beiden Bereichen gibt es immer noch viele ungeklirte
Fragen iiber die zugrunde liegenden Mechanismen, die die Verbindung zwischen Endometriose
und Migrine erkldren konnten. Die Identifikation gemeinsamer pathophysiologischer
Mechanismen kann einen wichtigen Schritt zur besseren Behandlung und Préavention dieser
beiden Erkrankungen darstellen.

In der Literatur wurden bereits einige gemeinsame pathophysiologische Mechanismen
diskutiert, die moglicherweise Migrine und Endometriose verkniipfen, darunter eine
Fehlregulation inflammatorischer Signalwege (Adewuyi et al., 2020). In diesem
Zusammenhang konnte CGRP eine wichtige Rolle spielen. Die Bedeutung von CGRP bei der
Entstehung von Migréne ist unbestritten und auch bei der Endometriose zeigten histologische
Studien erhohte Konzentrationen in Erkrankungsherden (Yan et al., 2019).

In meiner Arbeit habe ich die systemischen CGRP-Konzentrationen bei Patientinnen mit
Migrine und Endometriose gemessen und sie mit denen von gesunden Frauen und Frauen
verglichen, die nur eine der beiden Erkrankungen haben. Dies soll dazu beitragen, die

Zusammenhinge zwischen CGRP, Migrine und Endometriose besser zu charakterisieren.

Der nachfolgende Text entspricht dem Abstract der Arbeit:

Raffaelli B, Overeem LH, Mecklenburg J, Hofacker MD, Knoth H, Nowak CP, Neeb L, Ebert
AD, Sehouli J, Mechsner S, Reuter U. Plasma calcitonin gene-related peptide (CGRP) in

migraine and endometriosis during the menstrual cycle. Ann Clin Transl Neurol 2021

Jun;8(6):1251-1259. doi: 10.1002/acn3.51360.

“Objective: Migraine, endometriosis, and the comorbidity of both are frequent pain disorders
of special relevance for women. The neuropeptide calcitonin gene-related peptide (CGRP) is
critically involved in migraine, and circumstantial evidence suggests a role in endometriosis.
We assessed CGRP levels at different times of menstrual cycle in four groups: healthy women,

women with migraine or endometriosis and with the comorbidity of both.

Methods: Women with episodic migraine and women with a histologically confirmed
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endometriosis were recruited from specialized centers. For CGRP determination with a
commercial enzyme immunoassay kit, cubital vein blood samples were collected on menstrual
cycle day 2 * 2 (during menstruation) and on day 15 * 2 (periovulatory period). The primary
endpoint of the study was the absolute difference of CGRP plasma levels between the menstrual
and the periovulatory phase of all study groups. Groups were compared using nonparametric

test procedures.

Results: A total of 124 women were included in the study. The change of CGRP plasma levels
between menstruation and the periovulatory period was different between groups (p = 0.007).
Women with comorbid migraine and endometriosis showed an increase of CGRP in the
menstrual phase of +6.32 (interquartile range, IQR -3.64-13.60) compared to the periovulatory
time, while healthy controls had a decrease of -10.14 (-22.54-0.91, p = 0.004). CGRP levels
were different in the periovulatory phase among groups (p = 0.008), with highest values in

healthy controls.

Interpretation: CGRP levels change significantly during the menstrual cycle. Different patterns

in women with the comorbidity point to a deviant regulation of CGRP release.*
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Objective: Migraine, endometriosis, and the comorbidity of both are frequent
pain disorders of special relevance for women. The neuropeptide calcitonin
gene-related peptide (CGRP) is critically involved in migraine, and circumstan-
tial evidence suggests a role in endometriosis. We assessed CGRP levels at dif-
ferent times of menstrual cycle in four groups: healthy women, women with
migraine or endometriosis and with the comorbidity of both. Methods: Women
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sis were recruited from specialized centers. For CGRP determination with a

commercial enzyme immunoassay kit, cubital vein blood samples were collected
on menstrual cycle day 2 + 2 (during menstruation) and on day 15 £ 2 (peri-
ovulatory period). The primary endpoint of the study was the absolute differ-
ence of CGRP plasma levels between the menstrual and the periovulatory phase
of all study groups. Groups were compared using nonparametric test proce-
dures. Results: A total of 124 women were included in the study. The change
of CGRP plasma levels between menstruation and the periovulatory period was
different between groups (p = 0.007). Women with comorbid migraine and
endometriosis showed an increase of CGRP in the menstrual phase of +6.32
(interquartile range, IQR —3.64-13.60) compared to the periovulatory time,
while healthy controls had a decrease of —10.14 (—22.54-0.91, p = 0.004).
CGRP levels were different in the periovulatory phase among groups
(p = 0.008), with highest values in healthy controls. Interpretation: CGRP
levels change significantly during the menstrual cycle. Different patterns in
women with the comorbidity point to a deviant regulation of CGRP release.

Annals of Clinical and Translational
Neurology 2021; 8(6): 1251-1259

doi: 10.1002/acn3.51360

Introduction Ep%derfliological studies fepf)rt a significant comorbidity
of migraine and endometriosis, and the presence of one

Women’s health remains a significant challenge across the
globe. Endometriosis and migraine are both listed among
the most prevalent diseases in women and share pain as
their most predominant clinical feature. Endometriosis is a
chronic inflammatory gynecological disorder affecting over
10% of women worldwide with a significant therapeutic
need and so is migraine." Each of them leads to an impair-
ment of quality of life and exhibits detrimental effects on
the physical and mental health in affected women.*?

of the two disorders also increases the chance to suffer
from the other.*® In migraine and in endometriosis, sev-
ere pain attacks occur often during the menstrual per-
iod."” Impaired regulation of inflammatory signaling
pathways and neurotransmitter release, such as calcitonin
gene-related peptide (CGRP), may contribute to the
development of acute pain episodes.®’

Acute migraine is clearly linked to CGRP release from
trigeminal afferent neurons.® Hormonal fluctuations
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contribute to the generation of attacks,® but CGRP levels
in women have yet to be determined during the men-
strual cycle.

The increased density of CGRP-positive sensory nerve
fibers in affected tissues indicates a role of this neuropep-
tide in endometriosis.” Along with the proliferation and
growth of endometriosis cells, CGRP seems to promote
neurogenic inflammation in this tissue.” Despite these
findings, CGRP- and CGRP-related mechanisms have not
been studied to date in vivo in women with endometrio-
sis.

We therefore studied CGRP levels in women during
the menstrual cycle at two predefined timepoints, that is,
during menstruation and in the periovulatory period
(PO). It was our hypothesis that CGRP levels increase
during menstruation in parallel to the perimenstrual
(PM) estrogen drop with a difference between women
with the comorbidity of migraine and endometriosis,
women with migraine and women with endometriosis.
We assumed that women with the comorbidity of
migraine and endometriosis have most pronounced
CGRP level changes based on the assumption that both
conditions are CGRP-related.

Methods

Study design and participants

This was a single-center, longitudinal, observational
cohort trial conducted at the Headache Center, Depart-
ment of Neurology, Charité—Universititsmedizin Berlin,
Germany. The approved Endometriosis Center, Depart-
ment of Gynecology, Charité and an outpatient
Endometriosis Center (ADE) recruited patients with
endometriosis. Healthy female controls were recruited
from hospital staff not related to the study team and
medical students through direct approach or announce-
ments in mailing lists.

The study consisted of four study groups: women with
episodic migraine, women with endometriosis, women
with endometriosis and migraine, and female healthy
controls.

For inclusion, all females had to have a regular men-
strual cycle, defined as menstrual cycle duration between
25 and 35 days in the 3 months prior to screening.

Patients with migraine had to fulfill the criteria of epi-
sodic migraine according to the International Classifica-
tion of Headache Disorders 3™ Edition (ICHD-3)'° and
to have had at least one migraine attack in the 4 weeks
prior to screening. The use of migraine prophylactic med-
ications was not allowed.

For enrollment into one of the endometriosis study

groups, a histologically confirmed diagnosis of
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endometriosis was required, in addition to existing pelvic
pain (self-classified as endometriosis-related) at least once
in the four weeks prior to screening.

The exclusion criteria have been: use of hormonal con-
traception, treatment with sex hormones or sex hormone
modulators, any other suspected or present gynecological
or neurological disease, and diagnosis of chronic migraine
or any other diagnosed primary headache disorder except
tension-type headache on less than 2 days in the month
prior to screening.

For healthy controls, further exclusion criteria applied:
Females were excluded if they had a history of primary
headache apart from tension-type headache on less than
2 days per month and/or if they reported strong pelvic
pain or cramps during menstruation.

The Charité Ethical Committee (EA1/165/18) approved
the study. All participants gave written informed consent
following study information. The study was registered in
the German Clinical Trial Register (DRKS00020744).

Study procedures

The study consisted of three on-site visits, lasting approx-
imately 1 hour each: a screening visit, a visit during men-
struation at day 2 £ 2 (perimenstrual visit = PM), and a
visit in the intermenstrual period at day 15 &+ 2 of the
menstrual cycle (periovulatory visits = PO). The first day
of menstrual bleeding is defined as day 1 of the menstrual
cycle.

The patient’s medical history with a focus on migraine
and/or endometriosis-related symptoms and treatment was
taken at screening, followed by a physical examination. A
headache-experienced neurologist confirmed the diagnosis
of migraine in both migraine groups and classified all
reported headache attacks in the month prior to screening
as migraine or tension-type headache, in order to assess the
inclusion and exclusion criteria. For the grading of
endometriosis severity we used the revised classifications of
the American Society for Reproductive Medicine
(rASRM),!! as documented in the patient’s gynecologic
record: stage I corresponds to a minimal severity, stage II
mild, stage IIT moderate, and stage IV severe.

At screening, patients with migraine completed the
Headache Impact Test-6 (HIT-6)'> and patients with
endometriosis the Endometriosis Health Profile-30 (EHP-
30)."> The HIT-6 is a standardized, validated question-
naire to assess negative effects of headache on daily life'?
and comprises of six questions. Each question is answered
on a 5-point scale. The total global score ranges from 36
to 78, and a score >60 indicates a severe impact of head-
ache on quality of life.

The EHP-30 is a validated, 30-item questionnaire
assessing the health-related quality of life in patients with

1252 © 2021 The Authors. Annals of Clinical and Translational Neurology published by Wiley Periodicals LLC on behalf of American Neurological Association
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endometriosis."> The items are divided in five dimensions:
pain (11 items), control and powerlessness (6), social sup-
port (4), emotional well-being (6), and self-image (3).
For each dimension, a percentage score (0-100) is built.
Lower scores indicate a better health status.

At study visits PM and PO, participants reported the
first day of their current menstrual cycle, the date of their
last migraine attack and/or endometriosis-related pain
episode, and the last intake of acute pain medication.
Blood samples for the analysis of CGRP were drawn
between 8-12 AM on each visit from the antecubital vein
but only when patients were free of any migraine symp-
toms since more than 12 hours and at least 12 hours after
the last intake of any acute pain medication.

We collected the blood samples in precooled 10 ml
EDTA tubes (BD Vacutainer®), prepared with 500 pl
aprotinin (5-10 trypsin inhibitor unit (TIU)/ml) (Sigma
Aldrich, Munich, Germany). Immediately afterwards, the
tubes were centrifuged at —6°C and 2000 rpm, for
15 minutes. Plasma was transferred into 1.5 ml
polypropylene tubes (Eppendorf, Hamburg, Germany)
and stored at —80°C. CGRP concentrations were mea-
sured via a commercial enzyme immunoassay-KIT (EIA)
(Bertin Bioreagent, Montigny le Bretonneux, France), fol-
lowing manufacturer’s instructions. This two-site
immunometric assay combines an anti-N terminus anti-
body with an anti-C terminus antibody and is equally
sensitive for all human CGRP isoforms.'* The limit of
detection is 2 pg/ml."* All samples of one patient were
analyzed in the same kit, and each kit contained samples
of all four study groups in similar proportions. Two sam-
ples from the first kit were measured in each of the fol-
lowing kits and served as additional quality control and
reference standard.

We aimed to schedule PM and PO within the same
menstrual cycle, but if not possible, the missing visit was
scheduled up to 2 months later.

Outcomes

The primary endpoint of the study was the absolute dif-
ference of CGRP concentrations in pg/ml from the men-
strual to the PO period (i.e., PM — PO) between all study
groups. Secondary endpoints were the relative difference
in CGRP concentrations [100 — (PO*100/PM)] as well as
the absolute CGRP concentrations at each of the two time
points.

Statistical analysis

Based on a previous study of CGRP levels in patients with
chronic migraine,’> we assumed a large effect size of
d = 0.9 for the primary endpoint. A sample size of 25

CGRP in Migraine and Endometriosis

patients per group was therefore sufficient to detect an
effect of similar magnitude with a statistical power of
0.85 at a significance level of o = 0.05 (two-tailed) using
the Kruskal-Wallis analysis of variance (ANOVA).
Assuming a dropout rate of 15%, we planned to enroll at
least 30 patients per group. The power analysis was con-
ducted with G*Power.'®

Data at screening were summarized with descriptive
statistics, using means + standard error for numerical
variables and frequencies and percentages for categorical
variables. Only participants who completed study proto-
col were included in the analysis of primary and sec-
ondary endpoints. We tested the primary and secondary
outcome measures for normal distribution using the
Shapiro—Wilks test. Because data were not normally dis-
tributed, we compared outcomes between groups using
the Kruskal-Wallis (ANOVA) with post hoc Mann—Whit-
ney U tests. Within-group analyses were performed using
the Wilcoxon test. Due to the influence of older age and
obesity on CGRP release,”'® we examined the effects of
age and BMI on the primary outcome usingsemi-para-
metric probabilistic index models.'® Correlations between
CGRP concentrations and migraine and endometriosis
features were explored using Kendall’s nonparametric cor-
relation coefficient 7. Kendall’s 7 can assume values
between —1 and 1: The closer the value comes to 0, the
weaker the correlation.”

All statistical analyses were performed using R (version
3.6.2; The R Foundation for Statistical Computing,
Vienna, Austria. Primary and secondary outcomes are
reported as median and interquartile range (IQR). In line
with common recommendations, p values are reported
only for the primary and secondary endpoints. The signif-
icance level was corrected for multiple comparisons in
post hoc tests using Bonferroni’s correction.

Results

Between 8 January 2019 and 18 November 2019, we
screened 134 individuals and enrolled 122 females in the
study (n = 31 in group MM, n = 30 in group EE, n = 30
in group ME, and n = 31 in group HC). The study was
completed by 110 participants (90.2%); reasons for non-
completion are shown in Figure 1. All study visits were
performed during the same menstrual cycle in 89 patients
(80.9%).

All groups were similar in age and BMI (Table 1).
Migraine characteristics were similar between the two
migraine groups. Patients with migraine only treated their
attacks more frequently with triptans than comorbid
patients, who had higher use of nonsteroidal anti-inflam-
matory drugs (NSAIDs). Patients with migraine and
endometriosis patients reported a higher number of days
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Figure 1. Flowchart of participant selection.

with endometriosis-related pain, pain intensity, and attack
duration than patients with endometriosis only. However,
rASRM disease scores were similar between the two
groups.

Patients in both migraine groups reported a severe
impact of headache on their quality of life with HIT-6
scores of 63.45 + 0.90 (migraine only) and 60.73 £+ 1.19
(migraine and endometriosis). The EHP-30 scores were
higher in almost every domain in comorbid patients than
in patients with endometriosis only, indicating a stronger
impact of endometriosis symptoms in patients with
migraine and endometriosis on their perceived health
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status (Figure 2). The difference was particularly evident
in the domain “Pain” with an average score of
35.99 + 4.42 (endometriosis only) and 53.28 + 3.76 (mi-
graine and endometriosis). This shows a greater influence
of endometriosis-related pain on quality of life in comor-
bid women.

Changes in plasma CGRP levels during the
menstrual cycle

The absolute difference in CGRP levels from the PM to
the PO was different between all groups (p = 0.007).
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Table 1. Demographic, anamnestic, and clinical features of study participants.

CGRP in Migraine and Endometriosis

Patient characteristics

Healthy controls Migraine Endometriosis Migraine and endometriosis
Age 31.55 + 1.71 32.74 £ 1.31 31.90 £+ 1.02 35.70 £ 1.32
BMI 22.76 £ 3.09 2411 £ 3.73 2429 £ 4.13 2376 £ 4.22

Migraine characteristics

Endometriosis characteristics

Migraine and Migraine and

Migraine endometriosis Endometriosis endometriosis

Years since migraine 16.16 + 1.63 17.13 + 2.06 Years since endometriosis 3.03 £ 0.66 490 + 1.09

diagnosis diagnosis
Monthly migraine days 5.48 + 0.57 453 £0.75 Monthly days with 4.27 £ 0.77 5.48 + 0.87
endometriosis pain

Pain intensity 7.19 £ 0.22 7.00 £ 0.29 Pain intensity 5.77 £ 0.46 6.43 + 0.44

Attack duration (h) 2892 + 3.94 29.13 £ 494 Attack duration (h) 17.50 + 3.27 26.77 £ 436

Aura 5(17.9%) 2 (8.0%) rASRM score 2.13 £ 0.22 2.08 + 0.29
Positive family history 20 (71.4%) 16 (64.0%) Positive family history 9 (33.3%) 4 (16.0%)

Note: All values are reported as means (+standard error) or n (%).

Abbreviations: BMI, body mass index; NSAID, nonsteroidal anti-inflammatory drugs; rASRM, revised classifications of the American Society for

Reproductive Medicine.
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Figure 2. Endometriosis Health Profile-30 (EHP-30) scores (mean + standard error) in five domains in women with endometriosis (dark gray bars)
and women with migraine and endometriosis (light gray bars). Higher scores indicate a worse perceived endometriosis-related health status in the

respective domain.

Statistical analyses revealed that comorbid patients had an p = 0.022). Adjusting for the covariates age and BMI did
increase of +6.32 pg/ml (IQR —3.64 to 13.60) during not affect the results (p = 0.001 in the adjusted model).

menstruation compared to the PO, while healthy female
controls showed a decrease of —10.14 (IQR —22.54 to
0.91, p = 0.004), as shown in Table 2. The relative change

. o menstrual 1
of CGRP concentrations from PM to PO was also signifi- enstrual cycle

Absolute plasma CGRP levels during the

cantly different between comorbid patients and healthy  All groups showed similar plasma CGRP concentrations
controls (12.5%, IQR —8.6 to 31.0 in comorbid women during menstruation (PM) with 47.70 pg/ml (IQR 33.67—
vs. —11.3%, IQR —29.9 to 1.6 in healthy controls, 73.31) in patients with migraine, 46.35 pg/ml (IQR
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Table 2. Absolute and relative changes in CGRP plasma concentra-
tions from PM to PO in the four analyzed study groups (median and
IQR).

Absolute difference Relative difference

(pg/ml) (%)
PM - PO PM - PO
Migraine —2.44 —-33
IQR —18.37 to —2.45 IQR —31.4t0 17.5
Endometriosis -1.24 -3.4
IQR —12.46 t0 9.22 IQR —29.2 10 17.8
Migraine and 6.32 12.5
endometriosis IQR —3.64 to 13.60 IQR —8.6 t0 31.0
Healthy controls -10.14 -11.3
IQR —22.54 to 0.91 IQR —29.9 to 1.6
P value (all groups) 0.007* 0.037*
P value (pairwise) M — E: >0.999 M — E: >0.999
M — ME: 0.245 M — ME: 0.549
E - ME: >0.999 E - ME: 0.676
M — HC: >0.999 M — HC: >0.999
E—-HC: 0.198 E — HC: >0.999

ME — HC: 0.004* ME — HC: 0.022*

Abbreviations: CGRP, calcitonin gene-related peptide; E, endometrio-
sis; HC; healthy controls; IQR, interquartile range; M, migraine; ME,
migraine and endometriosis; PM, perimenstrual; PO, periovulatory.
*Statistically significant.

32.48-64.11) in patients with endometriosis, 52.59 pg/ml
(IQR 35.08-72.41) in comorbid patients and 55.01 pg/ml
(IQR 42.78-130.08) in healthy controls (p = 0.324 across
all groups).

In the PO, CGRP concentrations were significantly dif-
ferent between all groups (p = 0.011). Post hoc analyses
revealed that healthy female controls had higher CGRP
levels (67.34 pg/ml, IQR 49.60-134.06) when compared
to women with migraine and endometriosis (46.21 pg/ml,
IQR 34.10-59.56, p =0.016). Women with migraine
(47.39 pg/ml, IQR 34.45-104.33) and women with
endometriosis (47.85 pg/ml, IQR 33.96-69.99) did not
differ significantly from the other groups.

The analyses within groups showed that women with
migraine (p = 0.210) or endometriosis (p = 0.962) had
similar CGRP concentrations in PM and PO measure-
ments. Comorbid women showed numerically higher
CGRP concentrations at PM, but without statistical sig-
nificance (p = 0.078). Healthy controls had higher con-
centrations at PO (p = 0.003).

Figure 3 illustrates CGRP concentrations at PM and
PO for each group.

Data analysis did not reveal any correlation between
CGRP levels and migraine headache or endometriosis
pain frequency. The time interval since the last migraine
or endometriosis-related pain attack or the last intake of
pain medication also showed no correlation to CGRP
levels (Table 3).

B. Raffaelli et al.

Discussion

This study shows that CGRP levels change during the
menstrual cycle. In women with the comorbidity of
migraine and endometriosis CGRP levels rise during men-
struation. In contrast, healthy females display a decrease
of CGRP during the menstrual period, while changes in
women with only migraine and women with only
endometriosis do not reach statistical significance. PO
CGRP concentrations are lower in comorbid women than
in healthy controls. The fluctuation of CGRP levels dur-
ing the female cycle in healthy women is consistent with
a possible influence of female sex hormones on CGRP
release. The diversion of this pattern in women with
migraine and endometriosis points to disease-specific
pathophysiological events, which may be explained by a
different regulation of CGRP release in females with this
comorbidity.

The multitude of factors that influence CGRP home-
ostasis include ovarian sex hormones.”' In 1986, Steven-
son et al. observed increased CGRP plasma levels during
pregnancy, which returned to normal after delivery.”
Women of reproductive age displayed higher CGRP
plasma levels than men.”> These studies suggest a direct
relationship between estrogen levels and CGRP concentra-
tions in blood, which is in line with our observations in
healthy females.

In contrast, patients with the comorbidity of migraine
and endometriosis display an increase of CGRP in parallel
to the perimenstrual estrogen drop. The cause might be
found in genetically determined differences underlying
this comorbidity, as shared molecular genetic mechanism
has been recently proposed by Adewuyi et al.** In fact,
with TRIM32 and SLC35G6, two loci have been identified
in a genome wide association study to be associated with
this comorbidity. These loci are enriched for mitogen-ac-
tivated protein kinase (MAPK) and TNF-a signaling,
which may lead to a different hormone-dependent CGRP
release than in healthy women.**

It is unlikely that high menstrual CGRP concentrations
in comorbid females are merely a consequence of acute
migraine or endometriosis pain. The study visits occurred
after a similar time interval from the last acute pain
attack in all patient groups, and analyses did not find a
correlation between CGRP concentrations and the num-
ber of days from the last pain attack.

This study shows that CGRP plasma levels do not differ
in the menstrual period and at a later time point in the
menstrual cycle between women with migraine and
healthy female controls. Previous research showed mixed
results on plasma CGRP levels in patients with episodic
migraine.">*>*” Our results may also differ from these
studies included mixed-sex

observations as previous
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Figure 3. Boxplot and jitter plot for calcitonin gene-related peptide (CGRP) plasma concentrations at the perimenstrual (PM) and periovulatory
(PO) visit for each study group. The boxes are drawn from the 25% to 75% quartiles, the horizontal line represents the median. The whiskers are
drawn out to 1.5*interquartile range. The dots represent single data points. °p = 0.078 between PM and PO. *p = 0.003 between PM and PO.

**p = 0.004 for the changes from PM and PO between groups.

Table 3. Kendall's t correlation coefficient between CGRP levels and
time since the last migraine or endometriosis-related pain attacks or
the last intake of acute pain medication.

Perimenstrual Periovulatory

CGRP CGRP
concentrations concentrations
(PM) (PO)
Migraine frequency -0.07 -0.10
Endometriosis frequency 0.00 —0.06
Days since last migraine 0.03 0.06
attack
Days since intake of acute 0.00 0.08
migraine medication
Days since last 0.04 —0.05
endometriosis-related pain
Days since last intake of —0.17 0.05

acute pain medication
(endometriosis)

Note: A value < 0.2 or > —0.2 indicates a weak correlation.
Abbreviations: CGRP, calcitonin gene-related peptide; PM, perimen-
strual; PO, periovulatory.
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cohorts and did not consider the influence of the men-
strual cycle and hormonal therapies.

We expected higher CGRP plasma levels in women with
endometriosis based on intense CGRP staining
endometriotic lesions,” which may translate into enhanced
CGRP release into the blood. While similar CGRP concen-
trations in women with endometriosis and healthy controls
are unexpected, they do not exclude a role of CGRP in the
pathophysiology of endometriosis. Numerous inflammatory
signaling pathways are involved in the pathogenesis of
endometriosis.” The interactions between the individual
pathways and regulatory mechanisms are highly complex
and were not within the scope of this study. Moreover,
CGRP may only accumulate near endometriosis lesions and
dilution in cubital vein blood does not allow the detection of
local activity changes and fluctuations.

Absolute CGRP plasma concentrations in the literature
vary based on EIA or radioimmunoassay (RIA) laboratory
methodology. Mean CGRP values range from ~10-
140 pg/ml for healthy controls to ~20-250 pg/ml for

in
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migraine patients with large deviations in each case.

Our median values of ~50 pg/ml fit well into this range.
Some outliers were detected in the control group, in
which four women had values >200 pg/ml at both time
points, leading to higher median values. The reason for
these observations remains to be determined. All women
in the control group had been carefully selected and had
no pre-existing conditions and normal vitals, minimizing
the risk of systematic errors.

Migraine and endometriosis are relevant women’s
health issues.>” The disease burden increases when both
condition occur together, and comorbid patients suffer
more often from depression and anxiety.”® In line with
this observation, the EHP-30 scores in our study revealed
a stronger impact of endometriosis on the perceived
health status in comorbid patients. In particular,
endometriosis-related pain had a more negative effect on
patients’ life.

The careful selection of women with the confirmed his-
tological diagnosis of endometriosis and the migraine
diagnosis according to ICHD-3 criteria by experienced
headache specialists represent a strength of this study.
CGRP determination in cubital vein blood can be affected
by dilution.”® Nevertheless, this is a standard method to
determine neuropeptide levels in headache disorders.
Based on the evidence in the literature, we focused this
research on CGRP as the most obvious common underly-
ing molecule of migraine and endometriosis. Other possi-
ble targets of interest (e.g., Substance P or Prostaglandin
E2) are lacking of strong evidence in one or the other dis-
ease and were therefore not within the scope of this
investigation. For example, Substance P antagonists are
not effective in the therapy of migraine.”

All samples were collected under standardized condi-
tions across all groups. The pre-analytical processing with
the addition of a protease inhibitor in the vials, immedi-
ate centrifugation, and consistent maintenance of the
cooling chain minimized CGRP degradation.

In conclusion, our data provide first evidence for a
cycle-dependent CGRP release in healthy women and in
women with the comorbidity of migraine and
endometriosis albeit in a different pattern. Women with
only migraine or endometriosis showed similar CGRP
concentrations across the menstrual cycle. The findings
support the hypothesis of a distinct pathophysiological
background in comorbid patients probably due to a
specific underlying genetic profile.
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