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Abstract 

Migraine is a highly prevalent disorder, leading to a diminished quality of life in both 

migraineurs and their relatives. The two most common subtypes are migraine with (MA) and 

without aura (MO). Currently, the diagnosis of migraine relies only on clinical criteria, since 

there are few biomarkers available and the genes involved in these common forms have not 

yet been identified. An improvement in the diagnosis has been achieved with the 

classification and the diagnostic criteria of the International Headache Society (IHS) for the 

different subtypes of headache.  

Several studies showed that migraine has a genetic component, with multiple genetic 

factors involved, in addition to environmental factors, determining the liability for migraine. 

One of our aims was to assess if, in a large sample of Portuguese families, a genetic 

component of migraine was also present, in order to continue with subsequent studies. 

We evaluated familial aggregation of migraine by estimating relative risk (RR), using the 

prevalence in a previous sample from the general population as reference. We found that 

first-degree relatives of migraineurs had a 3 to 4-fold increased risk, further suggesting a 

genetic component. Evidence is provided for both common and specific etiologic 

mechanisms in either migraine subtype. The report of a family history of migraine by the 

proband was found to be reliable and, despite a low sensitivity, was highly specific enough 

and had sufficient high predictive positive value (PPV) to be a valuable ascertainment 

method, and can be used to maximize the number of informative families for e.g. linkage 

studies.  

Additionally, we evaluated which familial risk factors could contribute to the increased risk 

observed. Gender of the relatives was a risk factor for MO only, with females having a 

higher risk. This showed that MA might have a higher genetic load than MO. Mother-to-

daughter transmission was more frequent than expected by chance only, what may be 

explained by mtDNA, X-linked genes or hormonal effects.  

Although the new ICHD-II criteria have relevant clinical implications, they did not change 

significantly our epidemiological results. More importantly, ICHD-II did not present 

significant changes for MO and MA forms in the clinical sample; therefore, we were able 

to standardize the diagnosis of the patients ascertained before and after 2004. 

Then, we focused on identifying genetic variants that might be associated with 

susceptibility to migraine in our population. For this we used a case-control approach, 

analysing 188 cases (111 with MO and 77 with MA) and 287 migraine-free, age-matched 
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controls. A case-control ratio of 1:1.5 was obtained. Candidate genes were selected 

based on their possible role in the pathophysiology of migraine. For STX1A, we confirmed 

the involvement of rs941298, and found rs6951030 to be associated also with migraine. 

These results strengthen the role of neurotransmitter release in migraine pathophysiology.  

The variant rs702757 of EDNRA was found to be a susceptibility factor for MO, as 

previously reported; furthermore, we could not exclude the involvement of this gene in MA 

in our population, since we found a trend towards an increased risk conferred by rs5333. 

On its turn, this reinforces the role of the vascular component in migraine. We also 

explored BDNF, a modulator of the trigeminal nociceptive plasticity and, for the first time, 

CGRP, a mediator of neurogenic inflammation, and a possible interaction between them, 

due to their connection in pathophysiology of migraine. No significant results were found, 

except for an interaction between BDNF and CGRP.  

In conclusion, using different approaches, we were able to characterize a group of 

Portuguese families, regarding familial aggregation of migraine and risk factors involved, 

including gene variants associated with susceptibility to migraine, thus expanding our 

knowledge of the multiple migraine pathways. 
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Sumário 

A enxaqueca é uma doença que apresenta uma elevada prevalência, afectando a 

qualidade de vida dos doentes e dos seus familiares. Os dois subtipos mais comuns são 

a enxaqueca com (MA) e sem aura (MO). Até agora, o diagnóstico da enxaqueca tem-se 

baseado unicamente no diagnóstico clínico dado serem raros os biomarcadores 

disponíveis e os genes envolvidos nas formas comuns ainda não foram identificados. O 

diagnóstico sofreu um grande avanço com a classificação e os critérios de diagnóstico da 

“International Headache Society” (IHS) para os diferentes tipos de cefaleias.  

Diversos estudos demonstraram que a enxaqueca tem uma componente genética, com 

múltiplos factores genéticos envolvidos que, em conjunto com factores ambientais, 

determinam a susceptibilidade à enxaqueca. Um dos objectivos deste trabalho foi verificar, 

numa amostra alargada de famílias portuguesas, a presença de uma componente genética 

na nossa população, de modo a prosseguir com os estudos genéticos. A agregação 

familiar da enxaqueca foi avaliada, tendo-se estimado o risco relativo (RR), usando a 

prevalência da enxaqueca de uma amostra da população em geral como referência. Os 

familiares em 1º grau dos doentes apresentam um risco acrescido 3 a 4 vezes superior, o 

que é sugestivo de uma componente genética. Para os dois subtipos, parecem existir 

mecanismos etiológicos comuns e específicos.  

A descrição da história familiar da enxaqueca pelo probando foi também avaliada e apesar 

da baixa sensibilidade, apresentou uma elevada especificidade e um elevado valor 

preditivo positivo (PPV), sendo assim um método de recolha de informação importante de 

modo a poder ser usado para maximizar o número de famílias informativas por exemplo 

para estudos de análise de ligação.  

Adicionalmente, foram avaliados os factores de risco que podiam contribuir para o risco 

aumentado que foi observado nos familiares. O sexo do familiar foi o único factor de risco 

significativo encontrado e apenas para a MO, apresentando as mulheres um risco 

superior. Este resultado mostra que a MA tem uma componente genética mais forte que a 

MO. Verificou-se que a transmissão mãe-filha era mais frequente que o esperado devido 

apenas ao acaso, o que pode ser explicado por factores ligados ao DNA mitocondrial, 

pela influência de genes ligados aos cromossomas sexuais ou por efeitos hormonais.  

Apesar dos novos critérios da ICHD-II terem importantes implicações clínicas, não 

modificam significativamente os nossos resultados epidemiológicos. Verificou-se ainda 

que mesmo para amostras clínicas, a ICHD-II não apresenta diferenças significativas 
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relativamente à MO e MA. Assim, é possível uniformizar o diagnóstico dos doentes 

incluídos no estudo antes e depois de 2004.  

Em seguida, o nosso objectivo centrou-se na identificação de variantes genéticas 

associadas com a susceptibilidade para a enxaqueca na nossa população. Para isto, foi 

utilizada uma estratégia caso-controlo, tendo sido analisados 188 casos (111 com MO e 

77 com MA) e 287 controlos, para os quais foi excluída a presença de enxaqueca e 

emparelhados em termos de idade com os casos. Obteve-se uma razão caso-controlo de 

1:1.5. Os genes candidatos foram seleccionados tendo em conta a sua possível função 

em termos da patofisiologia da enxaqueca. Para o gene STX1A, foi confirmado o 

envolvimento do rs941298 e descobriu-se que o SNP rs6951030 também se encontra 

associado com a enxaqueca. Estes resultados reforçam o papel  dos neurotransmissores 

na patofisiologia da enxaqueca. Verificou-se que a variante rs702757 do gene EDNRA é 

um factor de susceptibilidade para a MO, tal como anteriormente descrito. Contudo, não é 

possível excluir o envolvimento  deste gene na MA na nossa população, dado ter-se 

encontrado uma tendência em termos de risco aumentado conferido pelo rs5333 na 

amostra de doentes com MA. Por seu lado, estes resultados reforçam o papel da 

componente vascular na enxaqueca. Foi também analisado o BDNF,  como modulador 

da plasticidade nociceptiva trigeminal e, pela primeira vez, o CGRP, um mediador da 

inflamação neurogénica, assim como uma possível interacção entre eles, devido à sua 

ligação na patofisiologia da enxaqueca. Não foram encontrados resultados significativos, 

exceptuando uma interacção significativa entre o BDNF e o CGRP.  

Em conclusão, usando diversas estratégias, caracterizou-se um grupo de famílias 

portuguesas, em termos da agregação familiar da enxaqueca e factores de risco 

envolvidos, incluindo polimorfismos em genes relacionados com a susceptibilidade da 

enxaqueca, o que permitiu expandir o nosso conhecimento sobre os diversos 

mecanismos da enxaqueca. 
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Résumé 

La migraine est une maladie qui présente une prévalence élevée, affectant la qualité de 

vie des malades et de leurs familles. Les deux sous-types plus communs sont la migraine 

avec  (MA) et sans aura (MO). Jusqu’à présent, le diagnostic de la migraine s’appuyait 

uniquement sur le diagnostic clinique car les biomarqueurs disponibles sont rares et les 

gènes impliqués dans les formes communes n’ont pas encore été identifiés. Le diagnostic 

a bien avancé avec la classification e les critères de diagnostic de la “International 

Headache Society” (IHS) pour les différents types de céphalées.  

Plusieurs études ont démontré que la migraine a une composante génétique avec de 

multiples facteurs génétiques impliqués qui, associés à des facteurs environnementaux, 

déterminent la susceptibilité à la migraine. Un des objectifs de ce travail était de vérifier, 

dans un échantillon bien large de familles portugaises, la présence d’une composante 

génétique de façon à poursuivre des études génétiques. L’agrégation familiale de la 

migraine à été évaluée, ayant été estimé le risque relatif (RR) utilisant la prévalence de la 

population en général comme référence. Les membres de la famille en premier degré des 

malades présentent un risque augmenté 3 à 4 fois supérieur, ce qui suggère une 

composante génétique. Pour les deux sous-types, il parait y avoir des mécanismes 

étiologiques communs et spécifiques.  

La description de l’histoire de famille par le probant a été évaluée et malgré la faible 

sensibilité, elle a présenté une spécificité élevée et une grande valeur prédictive positive 

(PPV) étant ainsi une méthode de collection d’information importante qui peut être utilisée 

pour maximiser le nombre de familles informatives par exemple pour des études 

d’analyse de connexions.  

On a aussi évalué les facteurs de risque qui pouvaient contribuer pour le risque augmenté 

observé chez les membres de la même famille. Le sexe du parent a été le seul facteur 

significatif et seulement pour la MO, ayant les femmes un risque supérieur. Ce résultat 

montre que la MA a une composante génétique plus forte que la MO. On a vérifié que la 

transmission mère-fille était plus fréquente qu’attendu, ce qui peut être expliqué par des 

facteurs associés au DNA mitochondrial,  à des gènes associés aux chromosomes 

sexuels où à des effets hormonaux.   

Malgré les importantes implications cliniques des nouveaux critères de la ICHD-II, ils n’ont 

pas a introduit des différences significatives dans nos résultats épidémiologiques. On a 

aussi vérifié que, même pour un échantillon clinique, la ICHD-II ne présente pas de 
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différences significatives par rapport à la MO et à la MA. Il est ainsi possible uniformiser le 

diagnostic des malades inclus dans l’étude avant et après 2004.  

Notre objectif s’est ensuite centré dans l’identification de variantes associées à la 

susceptibilité à la migraine dans notre population. Pour cela, on a utilisé une stratégie 

cas-contrôle, ayant analysé 188 cas (111 avec MO et 77 avec MA) et 287 contrôles, pour 

lesquels a été exclue la présence de migraine, appariés par âge avec les cas. On a 

obtenu une raison cas-contrôle de 1:1.5. Les gènes candidats ont été sélectionnés en 

tenant en compte leur possible fonction liée à la pathophysiologie de la migraine. Pour le 

gène STX1A on a confirmé l’implication du SNP rs941298 ayant aussi trouvé une 

association entre le SNP rs6951030 et la migraine.  Ces résultats renforcent le rôle des 

neurotransmisseurs dans la pathophysiologie de la migraine.  

On a vérifié que la variante rs702757 du gène EDNRA est un facteur de susceptibilité à la 

MO, comme avant décrit. Il n’est, cependant, pas possible exclure l’implication de ce gène 

dans la susceptibilité à la MA dans notre population, étant donné que l’on a trouvé une 

tendance se rapportant à un risque augmenté par rapport au SNP rs5333 dans 

l’échantillon de malades avec MA. Ses résultats renforcent le rôle de la composante 

vasculaire dans la pathophysiologie de la migraine. O a aussi étudié le BNDF, autant que 

modulateur de la plasticité nociceptive trigéminée et, pour la première fois, le CGRP, un 

médiateur de l’inflammation neurogénique, bien comme une possible interaction entre les 

deux due à leur connexion avec la pathophysiologie de la migraine. On n’a pas trouvé de 

résultats significatifs excepté pour l’interaction entre le BDNF et le CGRP. 

 En conclusion, en utilisant différentes méthodes, on a caractérisé un groupe de familles 

portugaises, en ce qui concerne l’occurrence de la migraine, facteurs de risque impliqués, 

incluant des polymorphismes dans des gènes associés à la pathophysiologie de la 

migraine, ce qui a permit élargir nos connaissances sur les mécanismes de la migraine.
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1. Introduction 

1.1. Primary Headaches 

There are several different headache subtypes, that differ in pain localization, associated 

symptoms, prevalence, incidence, duration and severity (1). Headaches are described as 

of one the major reasons to attend a neurologist consultation (2) and have a high impact 

in patients and their families’ life (3, 4). 

The “International Headache Society” (IHS) published in 1988 the classification and 

diagnostic criteria of the different headache subtypes (ICDH-I)(5) and in 2004 this 

classification was revised (ICHD-II) (6).   

Headaches are divided in two major groups: primary and secondary headaches (6). There 

is also a third minor group constituted by cranial neuralgias, facial pain and other 

headaches.  

Primary headaches are idiopathic and are not caused by other underlying disorder. In 

contrast, secondary headaches can be caused by an infection, head trauma, stroke, a 

brain tumor or other diseases (7).  

In the 2004 classification (ICHD-II), primary headaches comprise four categories: 

1) Migraine 

2) Tension-type headache (TTH) 

3) Cluster headache and other trigeminal autonomic cephalalgias 

4) Other primary headaches (e.g. primary thunderclap headache, hemicrania 

continua, etc) 
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1.2. Migraine 

Migraine is a common disabling primary headache, leading to a diminished quality of life in 

both migraineurs and their relatives (8). Migraine has also a social and economic impact (1), 

representing a public health problem (it is the 19th cause of disability on WHO ranking) (9). 

Migraine is often underestimated or misdiagnosed and many migraineurs are not effectively 

treated, which makes migraine one of the most untreated neurological diseases (10). 

Therefore, understanding migraine epidemiology and the mechanisms underlying this 

disease could lead in the future to the development of new therapeutic approaches. 

 

1.2.1. Classification 

Migraine diagnosis has suffered a great improvement when IHS published the 

classification and diagnostic criteria of the different headache subtypes, since migraine 

diagnosis is still in general based on clinical diagnosis because there are only few genetic 

biomarkers available for migraine (5, 6, 11, 12). This classification has contributed to 

improve migraine diagnosis, by introducing more clear definitions which allowed that 

clinical heterogeneity could be reduced in subsequent epidemiological and genetic studies 

(11).  

 

1.2.1.1. Migraine with and without aura 

Migraine is divided in two major subtypes:  

1.1. Migraine without aura (MO)  

1.2. Migraine with aura (MA) 

MO occurs in about 70% of the migraineurs and MA in 30% (13). Both subtypes can co-

occur in 15%-33% of the patients (10, 14). In this case, both diagnostic codes are filled (6, 

7).  

The other migraine subtypes are (6): 

1.3. Childhood periodic syndromes that are commonly precursors of migraine 

1.4. Retinal migraine  
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1.5. Complications of migraine  

1.6. Probable migraine 

According to ICHD-II (6), MO is characterized by recurrent headache episodes, lasting 4-

72 hours. Typically, pain has a unilateral location, throbbing, with a mild intensity in an 

early phase, increasing to severe in a later phase. Also, pain can be  aggravated by 

routine physical activity, in association with nausea and/or photophobia and phonophobia 

(6, 15). However, clinical diagnosis is made according a combination of criteria and 

migraine can also be characterized, for instance, by a bilateral, not throbbing pain if the 

other criteria are fulfilled (7). 

MA, in addition to these characteristics, is also characterized by transient focal 

neurological symptoms (the aura), which can be visual (flickering lights, spots, lines or 

loss of vision), sensory (pins, needles, numbness), aphasic or motor, preceding or 

accompanying the headache (6). Typically, aura symptoms develop over 5 minutes and 

last no more than 60 minutes. Additionally, the aura can occur even in the absence of the 

headache (6, 7).  

 

According to ICHD-II, MA can be divided in:  

1.2.1. Typical aura with migraine headache  

1.2.2. Typical aura with non-migraine headache 

1.2.3. Typical aura without headache  

1.2.4. Familial hemiplegic migraine (FHM)  

1.2.5. Sporadic hemiplegic migraine 

1.2.6. Basilar-type migraine  

 

1.2.1.2. Familial Hemiplegic Migraine 

Familial hemiplegic migraine (FHM) is a rare form of migraine with aura characterized by 

reversible motor weakness (hemiparesis). With the exception of motor weakness, FHM 

episodes are similar to MA. Typically, at least three or four aura symptoms occur during 

an FHM attack (frequently in the temporal order: visual, sensory, motor, aphasic) (16, 17).  
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To be considered as familial, at least one first or second degree-relative must have also 

hemiplegic migraine. If the cases are sporadic, with no relatives affected, the diagnosis is 

sporadic hemiplegic migraine (SHM) (6). 

 

1.2.1.3. Migraine and Tension-type headache 

Tension-type headache (TTH) is more prevalent than migraine although with less 

individual impact in the patients (3, 7). Regarding clinical diagnosis, TTH differs from 

migraine since the pain is typically bilateral, non-throbbing, mild to moderate in intensity 

and is not aggravated by routine physical activity. Also, nausea is not an associated 

symptom but the patients can have photophobia or phonophobia (6, 7).  

However, migraine is often misdiagnosed as TTH, since some patients have mixed 

features. The triggers are often the same for migraine and TTH and both are more 

prevalent in women than men, despite the female:male ratio being higher in migraine (18).  

Migraine and TTH frequently co-occur, which also complicates diagnosis (18). There is 

some controversy if migraine and TTH are distinct entities, however, the coexistence of 

the two conditions must be due to chance, a consequence of an association between 

highly prevalent types of headaches and not due to a causal relationship (19-21). It has 

been described that TTH in migraineurs is not significantly more prevalent than in 

nonmigraineurs and that more than 80% of migraineurs experience also TTH  (19). 

Migraine and TTH are therefore considered as separate entities with different 

pathophysiology, risk factors and age and sex distribution (19).  

 

1.2.2. Clinical Episodes 

Migraine is in general characterised by attacks of severe headache pain and autonomic 

and neurological symptoms (10). 

Migraine episodes can be divided into five phases (Blau 1984; Silberstein 2004; Blau 

2005): 

1) Premonitory symptoms (prodromes): may occur hours to days before the attack in 

20-60% of migraineurs that experience some psychological, neurological, 

constitutional or autonomic symptoms such as depression, mood changes, food 

cravings, fluid retention, etc (22-24). 

2) Aura: occurs in about 30% of the patients (10, 13).  
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3) Headache phase: migraine headache can be divided into a early phase (with a 

mild intensity) and a late established phase (increasing to severe) (15). 

4) Resolution phase: often the headache disappears after sleeping, which is called 

sleep resolution (23, 24). 

5) Postdromes: after the headache disappears, some symptoms remain; for instance, 

fatigue, irritability, mood changes. This phase may last until 48 hours (15, 24). 

These different phases may not be all present and the phases’ characteristics can be 

different between patients (25). 

 

1.2.3. Pathophysiology 

Migraine episodes seem to be initiated by specific triggers, when a certain internal 

threshold is reached, exceeding the adaptive capabilities of the nervous system.  Internal 

and environmental factors (such as hormonal, emotional, nutritional, physiological or 

weather changes) may act as modulators of this threshold, leading to the activation of 

several pathophysiological mechanisms (10, 15, 26). However, pathophysiology of 

migraine is still being widely discussed, since it is still not well understood (10).  

Pathophysiology studies have been focused on the mechanisms and structures 

underlying pain development (27). During some years, a vascular hypothesis has been 

accepted, proposing that pain was caused by the dilatation of cranial vessels (27). 

However, this theory has been abandoned and more recently, theories have been focused 

on neuronal pathophysiology and neurogenic inflammation (26-29). These theories have 

been supported by evidences of changes in the brainstem and in the trigeminovascular 

system (TGVS) and by the involvement of central modulation (26, 29).  

A neuronal hyperexcitability seems to be the basis of migraine pathophysiology due to an 

abnormal activity of the brainstem (with changes in the brainstem cerebral blood flow 

during migraine episodes) and abnormal activation of the TGVS (28, 30). The abnormal 

activity of the brainstem would activate structures involved in nociception control and 

regulation (30).  After the activation of brainstem, a neurogenic inflammatory reaction 

would occur with the release of neuropetides (such as substance P, neurokinin A or 

CGRP) at the trigeminovascular nerve endings near the meningeal vessels, leading to 

vasodilatation, plasma extravasation and release of pro-inflammatory substances (28, 30, 

31). The neuropeptides released would activate and sensitize the trigeminal firing, 
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sustaining the headache and in some cases leading to allodynia (28, 30). The pain 

impulses would be transmitted to the trigeminal nucleus caudalis (TNC) that subsequently 

would transmit the pain signals to the higher centres of the brain, including thalamus and 

cortex (28, 29) (Figure 1).  

 

 

Figure 1.  Schematic representation of migraine pathophysiology (Adapted from http://www.humgen.nl/lab-

frants/migraine/Introduction.htm). 

 

The pain mechanism would then arise from a combination of activation of the nociceptors 

and abnormal functioning of the pain control mechanisms, leading to altered perception of 

normal stimulus such as, for instance, normal light (29).  

The mechanisms leading to an abnormal activity of brainstem and TGVS are still in 

discussion (28). In some studies, a hyperexcitability of the cerebral cortex was found in 

MA and MO patients. Cortical spreading depression (CSD) is a slowly propagating wave 

of neuronal and glial depolarization spreading across the cortex (at a rate of 3-5 mm/min) 

followed by long-lasting neural suppression, with cerebral blood flow changes (28, 32, 33). 

During CSD, it is observed a decrease in brain ion homeostasis and an efflux of excitatory 

aminoacids that will activate TGVS, leading to neurogenic inflammation and central 

sensitization (28, 33, 34). Several studies demonstrated that CSD is the underlying 

mechanism implicated in the neurological changes (visual, sensory or motor aura) 

observed in MA (34, 35). In MO, some imaging studies suggest that CSD may occur in 

silent brain areas, leading to pain but not to the other focal symptoms (35, 36). 
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1.2.4. Epidemiology 

1.2.4.1. Incidence Studies 

The incidence rate of migraine is estimated by determining the number of new cases 

developing migraine per unit of time, divided by the total number of individuals studied (37, 

38). Migraine incidence studies are not so common as prevalence studies and the different 

results found are due to different populations studied and different methodologies used (39). 

Incidence rate is usually estimated from cross-sectional or prevalence data, whereas 

longitudinal studies are more scarce (38, 40). A longitudinal study found a migraine 

incidence of 8.1 per 1000 person-years, with the incidence rate decreasing with age (40).  

The peak of migraine incidence is earlier in boys than in girls and is also earlier for MA than 

MO. Among females, migraine onset may occur after their late twenties while in males it is 

uncommon (41). Migraine incidence rate is in general higher for females than males (41). A 

Danish study found an incidence rate of 5.8 per 1000 person-year for females and an 

incidence rate of 1.6 per 1000 person-year for males (42). In a sample of young adults, 

migraine incidence rate was 5.0 per 1000 person-years in males and 22.0 per 1000 person-

years in females (43). Another study that was based on medical records estimated an 

average migraine incidence of 3.4 per 1000 person-years, lower than the previous 

estimates which can reflect some methodological bias since many migraineurs do not seek 

for medical care (44).  

 

1.2.4.2. Prevalence Studies 

The lifetime prevalence of migraine reflects the proportions of individuals who ever had 

migraine during their lifetime while one-year prevalence represents the proportion of 

individuals that had migraine in the last year (38). Migraine is a highly prevalent disorder 

(1), with prevalence values ranging between 11-27.5% (3, 4, 45). 

Migraine prevalence has been studied in several countries, however results differ between 

studies, due to different methodological approaches, ascertainment bias and different 

diagnostic criteria (46). With the introduction of the IHS classification, clinical diagnosis is 

now more homogeneous between studies (47). Regarding ascertainment bias, many 

studies are based in clinical data, which underestimates prevalence values because many 

migraineurs do not seek medical care. Gender and age distribution of the study samples, 
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as well as case definition, represents approximately 70% of the variation in the results 

found (13, 48, 49).  

Prevalence increases with age, with the highest values between 25 to 55 years, 

decreasing after middle age (4, 46). Regarding gender, before puberty, prevalence is 

higher in boys than in girls, increasing after puberty more rapidly in girls (46). Gender ratio 

ranges between 4-2 females: 1 male (50-53). 

Migraine prevalence values are also different across the continents (3, 46). Migraine is 

most prevalent in Europe (15%) and lowest in Asia (<10%) and Africa (5%) (3).  

In Portugal, there are only two studies of prevalence published: one, in a group of 

University students, which obtained a migraine prevalence of 6.1% (54); the other, a 

headache survey, was conducted in a small urban district of northern Portugal – 

prevalence for migraine was then estimated at 16.7% (including migraine associated with 

other types of headache) (21, 48, 55). 

 

1.2.5. Comorbidity 

Comorbidity refers to an additional coexistent condition in a patient with an index disease 

or an association not due to chance between two disorders (56, 57). The occurrence of 

comorbidity is relevant because the clinical course of the index disease can be altered by 

the co-ocurrence of other condition (56). Furthermore, comorbidity can have a impact on 

quality of life, health care and mortality (58). 

Several studies showed that migraine often co-occurs with other somatic, psychiatric and 

neurological disorders (57, 59). Epilepsy, stroke, hypertension, depression, anxiety 

disorders, gastrointestinal disorders and allergic conditions are some of the most frequent 

disorders associated with migraine (25, 57, 59, 60). White matter abnormalities such as 

CADASIL (Cerebral Autosomal Dominant Arteriopathy with Subcortical Infarcts and 

Leucoencephalopathy) and MELAS (Mitochondrial Encephalopathy with Lactic Acidosis 

and Stroke-like episodes) can also co-occur with migraine. CADASIL can be associated 

with MA in 33% of patients (25). In addition, hereditary vascular retinopathy (HVR) can 

also be associated with migraine (61, 62). 

These comorbidities can be useful to study the mechanisms underlying migraine, to 

ascertain the risk factors involved the aetiology of both disorders and to interfere more 

efficiently regarding therapeutics and prophylaxis (25, 60).  
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1.2.6. Migraine: assessment of genetic effects 

In the study of a common disorder, like migraine, is important to assess if there is a 

genetic contribution in the etiology of the disease and which is the disease’s mode of 

inheritance. 

1.2.6.1. Familial aggregation studies 

Family studies have an important role in assessing the genetic component of a disease. 

This assessment will depend on the magnitude of the genes’ contribution to the disease 

(63). 

In familial aggregation studies, the frequency of the disease in relatives of affected 

individuals (probands or index cases) is compared with the frequency of the disease in 

relatives of non-affected individuals or with the disease prevalence in the general 

population (64, 65). One common measure of familial aggregation is Relative Risk (RR) 

that is given by the ratio between the frequency of the disease in relatives and the 

prevalence in the population, providing some insights on the magnitude of the genetic 

effects underlying the disease. If there is a genetic component underlying the disease, RR 

should be higher than 1 (65).  

The familial aggregation can also be due to environmental factors therefore it is important 

to assess RR in spouses to exclude possible shared environmental factors and evaluate 

RR in relatives with different degrees of kinship (65). It is noteworthy that RR may be 

underestimated if there is incomplete disease penetrance or, on the contrary, 

overestimated if affected relatives are more ascertained (65).  

For migraine, several familial aggregation studies have been performed in different 

populations. Different approaches were used to estimate familial aggregation; some 

studies are clinically based (66, 67), while others are population-based (68-70). A twin 

population-based survey also evaluated RR for first-degree relatives of concordant and 

discordant monozygotic twin pairs (71).  

In all these studies, an increased risk for relatives of migraineurs has been described, with 

values ranging between 1.4 and 11.8 (66-71). Regarding migraine subtypes, it was found 

that MA and MO have a different pattern of RR. In a Danish study, first-degree-relatives of 

probands with MO had a 1.9-fold increased risk of having also MO, while 1.4-fold risk of 

MA, when compared with the general population (69). However, first-degree relatives of 

probands with MA had almost a 4-fold increased risk of MA but do not have an increased 

risk for MO. The results of this study suggested that MA is determined essentially by 
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genetic factors, whereas MO is a combination of genetic ad environmental factors (69). 

Another study found that relatives of probands with an early migraine age at onset as well 

as relatives of probands with more severe migraine had higher RR and therefore higher 

levels of familial aggregation (68).  

  

1.2.6.2. Heritability and twin studies 

Heritability (h2) is the proportion of the total variance that can be attributable to genetic 

effects (65, 72).  Heritability ranges between 0 and 1 and this estimate can be useful to 

quantify the genetic component of a disease (65, 72).  

Although heritability estimates are usually performed for quantitative traits, these 

estimations can also be applied for discrete traits (72), such as migraine. Twin pairs have 

been extensively used in migraine heritability studies to disentangle the influence of 

genetic and environmental factors, using different approaches, although other relatives 

can be used (65, 73). 

Several studies analysed migraine heritability, with values ranging between 0.28 and 0.65 

(74-80).  

The values obtained for heritability showed that migraine phenotypic variation is mainly 

due to multiple genetic factors, although these factors are not responsible for all the 

variance found in migraine, but in addition, there must be specific environmental factors 

contributing to migraine liability (76, 80). A higher concordance for MA or MO was found 

between monozygotic (MZ) twins than in dizygotic (DZ) twins, showing that additive 

genetic factors contribute to migraine susceptibility (73, 81). When comparing twins raised 

together and apart, it was also found that the environmental effects that may have a role 

in migraine liability are non-shared (76). Other twin studies also found that essentially both 

additive genetic factors and an unshared environmental component are involved in 

migraine etiology although non-additive effects can also influence migraine susceptibility 

(75, 78, 79). Furthermore, it was found that h2 do not differ between genders in six 

countries studied and also in other study no remarkable gender differences were found in 

the proportion of migraine liability attributable to genetic factors (75, 78). 
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1.2.6.3. Segregation Analysis 

Segregation analysis is a powerful method to establish a model of inheritance for the trait 

(82). For complex diseases, segregation analysis can also be useful for the establishment 

of several parameters that can be used in subsequent analyses like linkage analysis (72). 

According to some segregation studies performed, there is some genetic heterogeneity in 

the liability of migraine and most likely this is a complex disease with a multifactorial mode 

of inheritance. Autosomal dominant or recessive inheritance are more unlikely, also as 

mitochondrial or X-linked inheritance, although the presence of a major gene can not be 

ruled out (67, 83, 84).  

 

1.2.6.4. The multifactorial threshold model  

All these studies suggest that multiple genetic factors are involved in migraine, in addition 

to environmental factors, determining liability for this disorder (25). Therefore, as for other 

common diseases, migraine is a complex trait and individuals are affected when liability to 

migraine exceeds a certain threshold (Figure 2). Migraine liability seems to be modified 

according to the multiple genetic and environmental factors involved, being normally 

distributed. Affected individuals may have different liability thresholds as for instance 

males have a higher migraine liability threshold than females (71, 72, 85). 

 

 

Figure 2.  The multifactorial threshold model, with a liability threshold dividing non-affected and 

affected individuals. 
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1.2.7. MA and MO: distinct entities or the same? 

One question that is still on discussion is whether MA and MO are distinct entities or the 

same. MA and MO often co-occur in the same individual and within the same families 

(77). Also, it was found that FHM patients may experience different migraine episodes 

changing from hemiplegic migraine to severe MO or MA in different times in life as well 

MO patients can also develop MA episodes later in life (86, 87). The high frequency of the 

co-ocurrence of MA and MO show that this co-ocurrence can not be explained only by 

chance and patients with this mixed phenotype would be liable to both types of attacks, 

depending on the action of environmental factors (86). 

Some authors state that MA and MO do not have the same etiology and that MA can have 

a particular genetic component regarding aura and a higher genetic load, also evidenced 

by the different patterns on RR (69, 88, 89). Additionally, some studies identify some 

differences between MA and MO regarding some epidemiological features, age at onset, 

age at resolution, patient behaviour during attacks, trigger factors, different correlation 

with female reproductive events, commorbidity and different therapeutics (90). 

Conversely, some studies point out that the co-occurrence of MA and MO in the same 

individual and within the same families show that these two subtypes are not distinct 

entities and that there is a continuum of severity, with MA being a more severe subtype 

but not etiologically different from MO and in the same dimension of liability (77, 78). Also, 

other study found an overlap of neurological symptoms and nonmutual exclusivity of aura 

symptoms, not supporting the hypothesis that MA and MO are distinct entities (79). 

Therefore, when searching for migraine susceptibility genes, it is expected that some 

genes are involved in both migraine subtypes susceptibility whereas some genetic 

modifiers and environmental factors may contribute specifically to MA or MO liability (77).   

 

1.2.8. Genetic mechanisms  

1.2.8.1. FHM genes 

FHM is a Mendelian form of migraine and is the only subtype genetically characterized, 

presenting an autosomal dominant mode of inheritance. This rare subtype is genetically 

heterogeneous and mutations in three genes have been found to be involved in FHM: 

CACNA1A on chromosome 19p13 (which is a voltage-dependent calcium channel subunit), 
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ATP1A2 (a Na+/K+ pump) on chromosome 1q21–31 and SCN1A (a voltage-dependent 

sodium channel subunit) on chromosome 2q24 (25).  

CACNA1A was identified in 1996 and encodes a pore-forming α1 subunit of the neuronal 

voltage-gated calcium channel CaV2.1 (or P/Q type Ca2+ channel) (16, 91). Several 

different missense mutations in this gene have been described as associated with FHM1, in 

important functional regions such as the pore inside layer and the voltage sensors (16). 

Mutations in CACNA1A are responsible for about 50% of all cases of FHM (25). Mutations 

in this gene are also involved in episodic ataxia type 2 (EA-2) and Spinocerebellar Ataxia 

Type 6 (SCA6). Some patients with FHM1 also present epilepsy or cerebellar symptoms 

(16, 25). 

Mutations in ATP1A2 were found in 2003 in FHM2 families (92). This gene encodes a 

transmembrane transporter, Na+/K+-ATPase α2 subunit (25, 92). Mutations in ATP1A2 can 

also cause permanent mental retardation (in children belonging to families with FHM), 

epilepsy, including benign childhood epilepsy (benign familial infantile convulsions) or 

alternating hemiplegia of childhood (AHC) (25, 93, 94). Rare transient and permanent 

cerebellar signs can also be found in patients with FHM2 (95).  

SCN1A was the third gene to be found to be involved with FHM. This gene was identified in 

2005 in a set of FHM families (96).  This gene encodes a α1 subunit of the voltage-gated 

Na+ channel NaV1.1 and mutations in this gene have been associated with epilepsy with 

febrile convulsions, severe myoclonus epilepsy of infancy and some other rare epilepsy 

syndromes (16, 25, 96). 

In some Portuguese families with this rare migraine subtype, mutations in these three genes 

were also found. In two families with hemiplegic migraine and progressive cerebellar ataxia, 

mutations in the CACNA1A gene were identified (97, 98), four families showed mutations in 

the ATP1A2 (99, 100) and one mutation was also found in the SCN1A gene in a family with 

hemiplegic migraine and epilepsy (101). 

More recently, a genome-wide scan was performed in a Spanish family with FHM and a 

locus on 14q32 was found. The family had also had family members with MA and others 

with MO. Mutation screening in some candidate genes located within this region were 

negative (102). 
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1.2.8.2. Searching for migraine susceptibility fact ors 

The identification of the genetic factors involved in migraine susceptibility has been a 

challenging task, since this is a complex disease with many interacting genetic factors 

involved, influenced by environmental factors (103).  

Linkage and association studies in a complex disorder 

The search for susceptibility factors in complex disorders have been improved with the 

advances in genotyping technologies and the Human Genome Project, unravelling a large 

number of polymorphisms throughout the genome, such as single-nucleotide 

polymorphisms (SNPs), short-tandem repeats (STRs) and copy-number variants (CNVs) 

(104, 105).  

Linkage analysis can be useful to identify genome regions where the disease locus is 

located and can be the first step to search for the causative genes responsible for a 

disease (106). Linkage analysis has been frequently used to unravel loci responsible for 

Mendelian disorders (e.g. Huntington), however it has also been used to map loci involved 

in complex disorders (e.g. bipolar disorder) (104, 107).  

Two loci are linked if they lie physically connected in the same chromosome and do not 

segregate independently to the offspring. One approach (parametric linkage), used 

commonly for Mendelian disorders, is based on the co-segregation between a marker and 

the disease within families, which makes possible to infer the relative position of the 

disease locus (106, 107). This method is based on LOD score estimation and in the 

recombination fraction (θ) and requires that several parameters are known such as the 

mode of inheritance, the gene penetrance and the allele frequency (107). A LOD score is 

the log10 of the likelihood of the odds ratio for linkage. A LOD score of 3.0 or more show 

evidence of linkage while with a LOD score of -2.0 or less we can exclude linkage in that 

region (108). 

According to some authors, for complex traits the classical threshold of LOD 3.0 used in 

Mendelian diseases need to be corrected for 3.3 in order to achieve the genome-wide 

significance level of 0.05. For suggestive linkage, the authors propose a LOD score of 1.9 

as a threshold for mapping loci involved in complex diseases (109). 

For complex diseases, there is no clear mode of inheritance and the parameters such as 

disease allele frequencies or gene penetrance can not be accurately estimated (106, 

107). Although is possible to use this approach for complex diseases, simulating those 
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parameters, non-parametric or model-free linkage analysis has been used for mapping 

the gene loci involved in complex disorders. This approach is based on the search for an 

increased sharing of marker alleles identical by descent (IBD) (inherited from a common 

ancestor) between affected relatives (affected siblings or other relatives) (106, 110).   

While linkage deals with a relation between loci in a family level, association refers to a 

relation between alleles across the population (107, 111). Genetic association studies 

evaluate the correlation between genetic polymorphisms and a trait or a disease (112).  

The association found between a trait and a given polymorphism can have different 

explanations: 1) the polymorphism studied has a causal role on the disease, with a direct 

biological action; 2) the polymorphism analysed is in linkage disequilibrium (LD) with the 

real susceptibility allele located nearby, being transmitted together for many generations, 

with no recombination occurring over time between them and consequently affected 

unrelated individuals will have the same allele of the polymorphism genotyped; and 3) the 

association can be due to population admixture or stratification, due to different 

background allele frequencies, which will bias the results (112, 113). 

Association studies can be performed using two different types of strategies: a case-

control or a family-based approach. In a case-control study, allele frequencies of the 

markers are compared between cases and controls (107). Case-control samples have 

been extensively used in association studies, with the main advantage of cases being 

easily ascertained, providing risk estimates of association (104, 112, 114). However, it is 

difficult to obtain matched control groups and this method is prone to population 

stratification (112).  

In the family-based approach, the typical method employed is called transmission 

disequilibrium test (TDT), which compares the transmission and non-transmission of 

marker alleles from parents to affected offspring (115). This method is robust to population 

stratification, however requires the parental genotypes and heterozygous parents, which 

reduces the statistical power of this test (107, 114). Others methods have been developed 

to overcome the need of parental genotypes, such as sib-TDT that assess differences in 

allele frequencies between affected and non-affected siblings (116). Although a case-

control approach is usually preferred, a family-based approach can be an useful 

complementary strategy (112). 

With the identification of a large number of SNPs in the genome and the decrease in the 

genotyping costs, attention has been turned to association studies, mainly due to fact that 

many interacting susceptibility genes with small effects are involved in complex diseases 
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(112, 117). Two methodologies have been employed in the search for susceptibility 

genes, a candidate gene and a genome-wide approach.  

In a candidate gene approach, candidate genes are chosen based upon the biological 

pathway were they are involved or due to the their biological function, therefore, the 

correct choice of a candidate gene is crucial for the identification of an association 

between a gene and the disease and by using this approach it is required that the 

mechanisms underlying the disease are known (117). The alternative approach is to use 

markers along the entire genome (genome-wide association (GWA)), which is a more 

expensive approach and due to the high density of markers can lead to some false 

positives. However, some genome-wide association studies have been capable to identify 

almost 100 loci for nearly 40 common diseases and traits, unravelling new biological 

pathways (118). 

For complex diseases, association studies seem to be a more promising approach since 

association can be more powerful to detect common susceptibility alleles with small 

effects (with RR <2), whereas linkage can be more successful in identifying variants with 

strong effects for Mendelian diseases (111, 117, 119-121). However, these assumptions 

are still in debate, in particular because if the “Common Disease-Common Variant” 

(CDCV) hypothesis has been in general accepted, there are some evidences that rare 

alleles are also involved in common diseases susceptibility and could explain a larger 

proportion of the familial risk (122). 

 

FHM genes and common migraine 

Several studies focused on FHM to study the genes involved in the common forms, since 

FHM, MA and MO may share some pathophysiological mechanisms, FHM patients can 

also have some non-hemiplegic episodes of migraine, in particular MA and mutations in 

FHM genes have been also found in relatives with non-hemiplegic migraine of FHM 

probands (25, 87, 89, 103, 123, 124).  

However, the results are contradictory. Some studies found that the region around 

CACNA1A is implicated in MA and MO (possibly, with variants in a adjacent gene 

conferring a higher susceptibility to migraine), other studies showed the involvement of the 

19p13 locus in these subtypes, although other authors could not demonstrate these 

hypothesis (125-135).  



Introduction 

 

 

17 

The involvement of the FHM2 locus in MA or MO is also not clear. Mutations in ATP1A2 

have been found in families with basilar-type of migraine and in families with MA or MO; 

however, other studies found no evidence of a major involvement of ATP1A2 in common 

forms of migraine (135-140).  

Although the connection between the FHM genes and the common forms of migraine is 

not clarified, the pathways were these genes are involved can be important to understand 

migraine pathophysiology and susceptibility (25). 

 

Linkage studies  

Some loci have already been identified for the common subtypes of migraine by using a 

genome-wide screen or a candidate region approach as shown in Table 1 (25, 64). Also, a 

genome-wide scan was performed in a family with occipitotemporal lobe epilepsy 

associated with MA and found linkage with a region located at 9q21-22, which favours 

molecular mechanisms shared by epilepsy and migraine (141).  

 

Table 1.  Loci identified for common migraine subtypes  

Approach Migraine subtype Population Loci Reference 

Genome-wide screen MA Finnish 4q24 (142) 

Genome-wide screen MA Canadian 11q24 (143) 

Genome-wide screen MO Icelandic 4q21 (144) 

Genome-wide screen MO Italian 14q21.2-22.3 (145) 

Genome-wide screen MA and MO Swedish 6p12.2-21.1 (146) 

Genome-wide screen MA and epilepsy Belgian 9q21-22 (141) 

Candidate region MA Italian 15q11-13 (147) 

Candidate region Migraine Australian 1q31 (148) 

Candidate region Migraine Australian Xq24-28 (149) 

 

These studies are based on IHS classification, but despite the standardization of 

diagnosis criteria there are still some limitations due to the absence of well-defined 

migraine biomarkers, to the changes observed in headache characteristics overtime and  
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to some artificial distinctions created by the classification since a clinical continuum of 

headache subtypes can be found (11, 150).  

To avoid some heterogeneity between patients groups, two alternative approaches have 

been used in order to diagnosis migraine based on single traits or symptom components:  

 

1) Latent Class Analysis (LCA): an empirical clustering approach, based on the 

formation of mutually exclusive (latent) classes of patients with a certain pattern of 

symptom combinations, according to heritability estimates. This approach is free of 

clinical or biological hypotheses (25, 77).  

2) Trait Component Analysis (TCA): analyzes individual clinical symptoms, as for 

instance photophobia, rather than the combination of IHS criteria. Each individual 

trait is heritable and represents a measurable endophenotype (25, 151). 

As shown in Table 2, these approaches have been successful in identifying new migraine 

loci. 
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Table 2. New migraine loci identified by LCA or TCA 

Approach Main phenotype Loci Evidence Reference 

LCA Migrainous headache Chr 1 
Suggestive linkage 

(Replication) 
(152) 

LCA Phonophobia and photophobia Chr5 
Suggestive linkage 

(Replication) 
(152) 

LCA Moderate/severe pain intensity Chr10 
Suggestive linkage 

(Replication) (152) 

LCA Pulsating headache Chr13 
Suggestive linkage 

(Replication) 
(152) 

LCA Migrainous headache Chr20 Suggestive linkage (152) 

LCA Severe migraine 18p11 Linkage (153) 

LCA Severe migraine 3q Linkage (153) 

LCA Pulsating headache 5q21 Linkage (154) 

LCA 
Nausea/vomiting and 

Moderate/severe headache 
Chr 8 Suggestive linkage (154) 

LCA Phonophobia and photophobia Chr 10 Suggestive linkage (154) 

LCA Photophobia Chr 13 Suggestive linkage (154) 

LCA 
Activity-prohibiting headache 

and photophobia 6p12.2-21.1 Replication (154) 

LCA Photophobia 1q21-23 Replication (154) 

TCA Several traits 4q24 Replication (151) 

TCA Pulsation trait 17p13 Linkage (151) 

TCA Trait combination (IHS) 18q12 Linkage (151) 

TCA Age at onset trait 4q28 Linkage (151) 

TCA Phonophobia trait 10q22 Suggestive linkage (151) 

TCA Aggravation by physical exercise 

12q21 

15q14 

Xp21 

Suggestive linkage 
(previously reported) 

(151) 

LCA-Latent Class analysis; TCA-Trait Component Analysis 
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In a recent study, the locus 10q22-23 was consistently replicated in Australian and Finnish 

cohorts, using three phenotyping methods (IHS criteria, LCA and TCA). Also in that study, 

loci 8q21, 14q21, 18q12 and Xp21 were also replicated (155).  

Using another alternative approach, a Bayesian latent trait modeling of migraine symptom 

data, a study found significant linkage to chromosome 7q31-q33 and suggestive linkage to 

chromosomes 1 and 2 (156). 

These studies show evidences that several interacting susceptibility factors with low 

effects are involved in migraine subtypes and traditional single-locus linkage analyses do 

not have enough power to detect those genes and therefore, alternative approaches such 

as the ones described are needed and proven to be very useful (153, 154). 

 

Association studies 

In order to identify susceptibility genes for MA and MO several association studies in 

candidate genes have been performed, using a case-control or a family-based approach. 

Until now no genome-wide association study has been reported for migraine (157).  

Diverse mechanisms have been proposed as contributing for migraine and variants in 

genes involved in neurotransmitter pathways, vascular and hormonal functions, among 

other pathways, have been found to be associated with this disorder. However, some 

results are contradictory and replication is needed to confirm the observed association in 

other populations (25, 103).  

 

1) Neurotransmitter system 

Several neurotransmitters are involved in migraine pathophysiology such as acetylcholine, 

carecholamines (dopamine and norepinephrine) or serotonin, among others (103). 

 

Serotonergic System 

The serotonergic system has been extensively studied in migraine pathophysiology and 

several association studies have been performed with the different components of this 

system such as the 5-HT transporter gene and the several 5-HT receptors genes (103, 

158). 

Changes in 5-HT serum levels during migraine episodes have been observed and 5-HT 

seems to exert a role in nociception modulation (159-161). More importantly, triptans are 
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selective serotonin receptor agonists, restoring the effects of 5-HT and have been prove 

to very useful in migraine therapeutics (162). 

A summary of association studies performed in the serotonergic system can be found in 

Table 3, with contradictory results. Additionally, enzymes involved in the metabolic 

pathways or in the degradation of 5-HT were also studied, such as monoamine oxidase A 

(MAO-A), monoamine oxidase B (MAO-B), tryptophan hydroxilase (TPH) or amino acid 

decarboxylase (AADC) (163-166). 

 

Table 3. Migraine association studies performed in the serotonergic system 

Association Result References 

Serotonin receptors   

5-HT1A , 5-HT1B Specific clinical symptoms (167) 

5HT2C (Meta-analysis) n.s (168) 

5-HT1A n.s (169) 

5HT1B-1D, 5HT2C n.s (170) 

5-HT2C MA (171) 

5-HT2C n.s (172) 

5-HT2A n.s (173) 

5-HT2A MA (174) 

5-HT2C n.s (175) 

5-HT2A n.s (176) 

Serotonin transporter   

hSERT n.s (177) 

hSERT MA (178) 

hSERT MA (170) 

hSERT Migraine (179) 

hSERT MA and MO (180) 

Enzymes involved in serotonergic pathways   

TPH Migraine (163) 

MAO-A, MAO-B MAO-A and MO (166) 

MAO-A n.s (165) 

TPH, AADC and MAO-A n.s (164) 
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Dopaminergic System 

 Dopaminergic hypersensitivity has been found in migraine patients, which could be the 

basis for the occurrence of nausea and vomiting during the attacks, with a lower threshold 

for dopamine receptor activation (103, 158).  Also, some antidopaminergic drugs are 

effective in migraine treatment (158). 

Several association studies have been performed regarding the dopaminergic system also 

with contradictory results, as shown in Table 4, including the enzymes dopamine β-

hydroxilase (DBH) which regulates dopamine levels and catechol-O-methyltransferase 

(COMT) which degrades catecholamines including dopamine (181). 

 

Table 4. Migraine association performed in the dopaminergic system 

Association  Result  References  

Dopamine receptors   

DRD2 MA (182) 

DRD4 MO (183) 

DRD1, DRD3, DRD5 n.s (184) 

DRD2 n.s (185) 

DRD2 n.s (186) 

DRD2, DRD3, DRD4 DRD2 and MO (187) 

DRD2 MA (188) 

Dopamine transporter   

DAT MA (182) 

DAT n.s (183) 

Enzymes involved in 
dopaminergic pathways   

DBH MA (182) 

DBH MA (189) 

DBH n.s (183) 

DBH MA, MO (190) 

COMT n.s (191) 

COMT n.s (192) 
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2) Vascular function  

In migraine, some abnormalities in vascular function have been described, with 

vasodilatation of cerebral blood vessels and release of vasoactive neurotransmitters (28, 

103, 193). Some candidate genes involved in vascular function have been studied, as 

shown in Table 5. 

One of the genes studied is the methylenetetrahydrofolate reductase gene (MTHFR) 

which encodes the enzyme 5,10-methylenetetrahydrofolate reductase that is involved in 

the folate metabolism, catalyzing the reduction of 5–10 methyltetrahydrofolate to 5-

methyltetrahydrofolate, which in its turn will participate in the re-methylation of 

homocysteine to methionine (181). Homocysteine is an excitatory amino acid and 

increased homocysteine levels may produce vascular endothelial injury, modifying 

migraine threshold (157, 194, 195).   

The angiotensin-converting enzyme (ACE) is involved in the synthesis of angiotensin-I, 

which has a role on vascular tone modulation and blood pressure regulation (103, 196). 

Besides other association studies based solely on ACE, a study found a positive interaction 

between ACE and MTHFR in migraine susceptibility (197). Also, the association of 

angiotensin (AGT) and angiotensin receptor 1 (AGRT1) with migraine has been assessed 

(198). 

Other candidate genes are endothelin-1 (ET-1) which is a potent vasoconstrictor and a 

inducer of CSD (199). It has been shown that plasma ET-1 levels were increased during 

and between migraine attacks (200-202). Endothelin type A receptor (EDNRA) mediates the 

biological effects of ET-1, being expressed on vascular smooth muscle cells, and its 

activation by ET-1 leads to vasoconstriction (203, 204). 

Nitric oxide (NO) has an important role in migraine pathophysiology acting on 

neurotransmission, smooth muscle motility and nociception modulation (205). In blood 

vessels, nitric oxide synthase (eNOS), generates NO and has also been studied as a 

candidate gene.  
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Table 5. Migraine association studies performed in genes related with vascular function 

Association  Result  References  

eNOS n.s (206) 

eNOS MA (207) 

eNOS n.s (208) 

EDNRA MA (209) 

EDNRA (pediatric sample) n.s (210) 

ET-1, EDNRA, EDNRB EDNRA (204) 

ACE and MTHFR (interaction) MA (197) 

AGTR1, AGT n.s (198) 

ACE n.s (211) 

ACE n.s (212) 

ACE MA (213) 

ACE MO (214, 215) 

MTHFR protective effect on MA (216) 

MTHFR n.s (217) 

MTHFR (meta-analysis) MA (218) 

MTHFR n.s (219) 

MTHFR MA (220) 

MTHFR n.s (221) 

MTHFR MA (222) 

MTHFR ↑ frequency MA (223) 

MTHFR Migraine (224) 

MTHFR Migraine (194) 

 

3) Hormonal function  

Several studies describe the influence of sex hormones in migraine susceptibility and also 

it has been described an interaction of ovarian hormones with the neurotransmitter and 

vascular system (41, 225-227). Candidate genes in this pathway such as estrogen 

receptor 1 (ESR1) and 2 (ESR2), follicle stimulating hormone receptor (FSHR), androgen 

receptor (AR) or progesterone receptor (PGR) have also been studied (Table 6). 
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Table 6. Migraine association studies peformed in genes related with hormonal function 

Association  Result  References  

ESR1, PGR n.s (228) 

Female Hormones ESR1, ESR2, FSHR (229) 

ESR1 n.s (219) 

AR, PGR PGR and migraine (230) 

ESR1 Migraine (231) 

 

4) Other pathways  

Several other pathways have been studied regarding their involvement in migraine 

susceptibility, but the results are frequently inconclusive.  A summary of some of the 

genes studied in those pathways can be found in Table 7. Genes involved in inflammatory 

responses have been studied due to the involvement of inflammatory mediators in 

migraine pathophysiology (31).  

Gamma-aminobutyric acid type A (GABA-A) is the main inhibitory neurotransmitter in the 

brain being involved in migraine pathophysiology and some GABA-A receptors agonists 

are used in migraine prophylaxis (232). A locus in chromosome X has been linked to 

migraine and several GABA-A receptor genes which are located within this region, have 

been studied as candidate genes (232-234).   

Regarding the possible involvement of 19p13 locus in migraine common types, some 

authors also assessed the possible involvement of genes located in that region in 

migraine susceptibility such as NOTCH3 gene (which is the gene responsible for 

CADASIL and has a function in smooth muscle cell survival (235-237) the tumor necrosis 

factor ligand superfamily member 7 gene (TNFSF7) (237), the low-density lipoprotein 

receptor gene (LDLR) and the insulin receptor gene (INSR) (196). TNFSF7 is homologous 

to the ligands of TNF-alpha and TNF-beta (237) while LDLR is involved in cholesterol 

homeostasis and it has been shown that cholesterol levels seem to be altered in MA 

patients (238). INSR is altered in migraineurs and fasting has been described as a 

migraine trigger (239).  

Recently, an association study was performed in 155 ion transport genes, but no 

significant results have been found for the common variants analyzed (240). 
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Table 7. Migraine association studies performed in genes of different pathways 

Association  Result  References  

Inflammation related genes   

TNF-α, TNF-β TNF-β and MO (241) 

TNF-α, LT- α LT- α and migraine (242) 

TNF-α MO (243) 

TNF-β MO (244) 

IL-6 n.s (245) 

IL-1α MA, MO (246) 

GABA-A receptor system   

GABRA5 n.s (232, 247) 

GABRB3 n.s (232, 247) 

GABRG3 n.s (232, 247) 

GABRE n.s (233) 

GABRQ n.s (233) 

Chrosomome 19p13    

TNFSF7 MO (237) 

Notch3 n.s (237) 

Notch3 n.s (248) 

Notch3 MO (249) 

INSR MA (239) 

INSR Migraine (250) 

LDLR n.s (251) 

LDLR MO (252) 

Ion transporter genes n.s (240) 

 

The inconclusive results and the differences found between studies can be explained by 

several effects namely sample size, different clinical criteria or ascertainment, population 

stratification, differences in allelic frequencies and inappropriate correction for multiple 

testing  (25, 157).   
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1.2.8.3. Biomarkers  

Migraine biomarkers, by linking a certain biological process to a clinical outcome, can be 

very important in order to improve diagnosis, therapeutics and to better understand 

migraine pathophysiology (12, 253). In these last years, there has been an extensive 

search in finding genetic markers such as mutations or polymorphisms that can be used 

as biomarkers to identify individuals at risk, define more precise therapeutics or to 

understand migraine susceptibility (12, 254). However, until now only few biomarkers can 

be used. In FHM, the three genes found to be linked with this rare monogenic form of 

migraine can be used in molecular diagnosis. For MA, only the MTHFR C677T 

polymorphism has been replicated in several studies (although not in all) and can be a 

potential biomarker (12).  

A recent study found a differential expression of α-fodrin in lymphoblasts of MA patients 

and an increased expression after CSD in an animal model, although it is not clear the 

reason for the increased expression in MA patients. Despite this fact, the authors suggest 

that this gene can be a probable biomarker (255).  

Other biomarkers have been suggested such as CGRP, ACE and metalloproteinase-9 

(MMP-9) due to the different levels found in the sera of migraine patients when compared 

to controls (256-258). Some polymorphisms in the serotonergic system have also been 

proposed as possible biomarkers (256).  These evidences need to be validated to in order 

to confirm or not the usefulness of these potential biomarkers.  

It is crucial to find more susceptibility variants that can be used as biomarkers and it is 

important that well-designed linkage and association studies are performed in order to 

obtain accurate results (12). Also, it would be important to study gene-gene and gene-

environment interactions in order to identify risk gene profiles (103). 

 

1.2.8.4. Pharmacogenomics  

Migraine therapeutics is not effective for all migraineurs due to the multiple genetic factors 

and interaction with environmental factors involved. The individual genetic variability can 

alter the efficacy of a certain drug by influencing the drug target or the drug metabolism 

(259, 260).  

Triptans, as agonists of serotonin receptors are used in acute migraine episodes, although 

not totally effective. Also, the dopaminergic system has been studied as a target for 
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migraine therapeutics.  There are several migraine preventive drugs such as serotonin 

antagonists, beta-blockers, calcium blockers, antiepileptics or antidepressants. However, 

these preventive drugs are also not effective for all patients (260). 

Understanding migraine pathophysiology and identifying polymorphisms associated with 

migraine susceptibility, by creating an individual genetic profiling, could lead to the 

development of more specific preventive therapeutics (259, 260). 
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2. Major Goals 

The aim of this study was the genetic and epidemiological study of migraine. By studying 

a sample of migraine Portuguese families and using data from a population sample, our 

goals were to assess familial occurrence of migraine, risk factors, genotype-phenotype 

interactions and genetic factors involved in migraine susceptibility. 

 

2.1. Specific Objectives 

1. Assessment of the genetic component of migraine 

a) To estimate Relative Risk as a measure of familial aggregation in first-

degree relatives of migraineurs and their spouses to try to disentangle the 

influence of genetic and environmental factors 

 
b) To assess if familial aggregation differs between MA and MO 

 

2. Validation of probands’ report in a group of migraine families regarding the putative 

use of that information in subsequent genetic studies 

 

3. To assess which specific factors inside migraine families contributed to migraine risk 

 

4. To compare the ICHD-I criteria with the ICHD-II criteria in order to evaluate whether 

the new ICHD criteria introduced remarkable differences in epidemiological studies  (in 

particular in what concerns  primary headaches) 

 

5. To unravel genetic factors involved in migraine susceptibility by performing association 

studies in candidate genes 

a) To confirm the role of Syntaxin 1A and endothelin receptor-A as migraine 

risk factors 

b) To assess a possible interaction of brain-derived neurotrophic factor and 

calcitonin-gene related peptide in migraine susceptibility 
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3. Subjects and Methods 

 

3.1. Subjects 

Probands and relatives 

At the beginning of this study, 187 probands and some of their relatives had been already 

ascertained from the Neurology out-patient clinic, at Hospital de Santo António (HSA) in 

Porto, in order to participate in clinical and genetic studies of migraine, comprising a total 

of 687 individuals.  

In the course of this study, further 29 probands and 257 relatives were also included in our 

DNA bank, involving a total of 973 individuals (probands and their relatives). Additionally, we 

collected, by telephonic interview, clinical and familial information from more 81 relatives 

that were unable to come personally to the out-patient clinic. 

The probands ascertained had different headaches subtypes (FHM, MA, MO, MAMO or 

cluster headache). 

 However, for this study we were only interested in probands with MA, MO or MAMO. 

Table 8 summarises the type of families enrolled in this study.  

 

Table 8.  Number of families according to probands’ diagnosis 

 

Probands’ Diagnosis Number of families Family histo ry of migraine (%) 

MO 113 101 (89) 

MA 56 49 (88) 

MAMO 21 14 (67) 

 

 

Probands were clinically observed mainly for two neurologists of HSA (Professor Pereira-

Monteiro and Dr. José Barros), specialized in headaches. During the probands’ interview, 

demographic and clinical information about relatives and spouses was obtained. 

Interviews to relatives and spouses were made by the same neurologist (Professor 

Pereira-Monteiro).  
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Controls 

A group of 287 control subjects, with no personal history of migraine, were ascertained 

among healthy blood donors and from the Obstetrics and Gynecology department of HSA; 

they were from the same ethnic and geographical origin as the cases, and were age-

matched to these. A diagnostic interview was performed in cases and controls, based on 

the IHS criteria, using the same structured questionnaire.  

All the individuals enrolled in the study gave their written informed consent. 

 

3.2. Methods 

3.2.1. DNA extraction and quantitation 

Genomic DNA for the subsequent genetic studies was isolated from peripheral blood 

leukocytes using a standard salting out method (261).   

In brief, red blood cells were removed after centrifugation and lymphocytes were lysed 

with a nuclei lysis buffer and digested at 37 ºC, overnight, in a proteinase  

K and a detergent (20% SDS) solution.  

Proteins were precipitated with saturated NaCl and afterwards DNA was precipitated by 

the addition of ethanol 100%, retrieved with the tip of a glass pipette and washed with 

ethanol 70%. DNA was resuspended in an elution buffer and stored at 4 ºC. 

When necessary, DNA was isolated from saliva, using ORAGENE kits according to the 

manufacturer’s instructions (DNA Genotek Inc.), resuspended in an elution buffer and 

stored at 4 ºC. 

 

DNA quantitation was performed in a spectrophotometer (GeneQuant pro RNA/DNA 

Calculator). Optical density (OD) was determined at 260 nm, from a DNA dilution of 1:100. 

DNA concentration was estimated according to the following formula: an OD of 1 

corresponds approximately to 50 µg/ml of DNA. For the subsequent studies, all the DNA 

samples were at a final concentration of 10 ng/µl. 

 

3.2.2. SNP selection 

SNPs on candidate genes were selected based on a data dump from The International 

HapMap Project. Tagging SNP selection methods are based on the presence of high levels 

of LD between SNPs, allowing to discard redundant information and to improve the 
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coverage of the region of interest (262). Tagging SNPs can be grouped into three classes 

according with the following aims: 1) correlate each SNP of interest with a genotyped SNP 

(pairwise methods), 2) correlate each SNP of interest with a genotyped SNP or a 

combination of genotyped SNPs (multimarker methods), or 3) explain each haplotype of 

interest using a set of genotyped SNPs (haplotype-based methods) (262).  

Tagging SNPs were selected with Haploview 4.1 (263), using r2 as a measure of LD,  at a 

threshold of 0.80, with a minor allele frequency (MAF) > 0.10, by an aggressive tagging 

approach (a multimarker method). 

 

3.2.3. Genotyping 

Real-Time Polymerase Chain Reaction and Molecular Beacons 

Allelic discrimination was performed using Real-Time Polymerase Chain Reaction (iQ5 

Real-Time PCR Detection System, Bio-Rad Laboratories). This technique applies the PCR 

basis to a real-time detection of the amplified products due to the use of fluorescent probes. 

In this work we used molecular beacons, which are probes that fluoresce on hybridization to 

their perfectly complementary targets and are indicated for SNP genotyping by Real-Time 

PCR (264). Molecular beacons are a single-stranded oligonucleotides with a stem and loop 

structure. The loop portion is complementary to the target sequence whereas the stem is 

formed by five to seven basepairs, complementary to each other, located on either side of 

the sequence (264, 265). A fluorophore and a quencher are linked to the two sides of the 

stem, and in the close state, the quencher is so close to the fluorophore that prevents that 

fluorescence is released. However, when annealing with the target sequence occurs, a 

conformational change takes place, which causes that the fluorophore and the quencher are 

apart, being fluorescence released. Therefore, for allelic discrimination, molecular beacons 

can be synthesized with different fluorophores, according to the SNP alleles, allowing 

multiplex reactions in a single tube (264, 265).  

Primers and molecular beacons were designed using Beacon Designer 6.0 (Table 9 and 

10).  
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Table 9.  Primers used for association studies 

 

SNP Forward Primer Reverse Primer 

STX1A   

rs941298 CCTGTCTCAATCAATCAATCAG GGGCCTTAACCCCTCTGG 

rs6951030 AAAATAGATCCAAGTCGCAAGG TGTGGCTCCCATCACCTG 

rs3793243 ACTGGCTTAGTTGGTGTG GTCAGATTTTCTTCTCACCTC 

EDNRA   

rs702757 TCTTCAGCCATCAGAGTGTG AGTCTACATAGTGTGCTTCAGG 

rs5335 CGGAGCAGCCATAAGGACAG TGGGTGTGGGACTGAATTAAGG 

rs5333 TTTTCTCACTTTCCTTTAGCG AGTAATTCACATCGGTTCTTG 

BDNF   

rs6265 CCCAAGGCAGGTTCAAGAGG ACTACTGAGCATCACCCTGGAC 

rs2049046 CTAAATCACAATTTCAGGAGGAG TCAACCAATTTGTGCAGACC 

rs7124442 GGGTTGTTTGTTTTAAATTTGTCC GAAGACTTTACGTAGTGTAGATTTG 

rs11030107 GTCCCTGCATCCAAGAATAAGC TTCTGGCATGTTCCCAATCCC 

CGRP   

rs1553005 CTGGGAGCAAGAACTTTG GATCCCTGCCTATCTGAGG 
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Table 10.  Molecular Beacons 

SNP Probe 1 Probe 2 

STX1A   

rs941298 CGCGATCTCAGCCCTCCCTCCATGCAGCGATCGCG CGCGATCTCAGCCCTCCTTCCATGCAGCGATCGCG 

rs6951030 CGCGATCAACGCCAGCCAGTGCTGCCCGAAAGGATCGCG CGCGATCAACGCCAGCCAGGGCTGCCCGAAAGGATCGCG 

rs3793243 CGCGATCACTTTGGGGCTGTGAAAAGATTTACTCGATCGCG CGCGATCACTTTGGGGCTGTGGAAAGATTTACTCGATCGCG 

EDNRA   

rs702757 CGCGATCCTCAAGAAAATAATTAACCATCTCTGCATTTAGATCGCG CGCGATCCTCAAGAAAATAATTATCATCTCTGCATTTAGATCGCG 

rs5335 CGCGATCAGGCAACTGTGACTCCGGGAATCTCGATCTCGATCGCG CGCGATCAGGCAACTGTGAGCCGGGAATCTCGATCTCGATCGCG 

rs5333 CGCGATCGGTTCCCTCTTCACTTAAGCCGTATAGATCGCG CGCGATCGGTTCCCTCTTCATTTAAGCCGTATAGATCGCG 

rs10305895 CGCGATCCAATCTTTATAATCATCTCAGTCTGTGCTGATCGCG CGCGATCCAATCTTTATAATCGTCTCAGTCTGTGCTGATCGCG 

BDNF   

rs6265 CGCGATCACACTTTCGAACACATGATAGAAGAGCTGGATCGCG CGCGATCACACTTTCGAACACGTGATAGAAGAGCTGGATCGCG 

rs2049046 CGCGATCGGAGGTCCAGGGACTCCAAGTTAAGATCGCG CGCGATCGGAGGTCCAGGGTCTCCAAGTTAAGATCGCG 

rs7124442 CGCGATAAGTTGACATACAGCAGATATTCCAATCGCG CGCGATAAGTTGACATATAGCAGATATTCCAATCGCG 

rs11030107 CGCGATCGCAACTGCATTCATTGTCCCTAAAGGATCGCG CGCGATCGCAACTGCATTCGTTGTCCCTAAAGGATCGCG 

CGRP   

rs1553005 CGCGATCTAACTTCACAGAGCCTCAGTGTACTCGATCGCG CGCGATCTAACTTCACAGAGGCTCAGTGTACTCGATCGCG 

 

In bold: the stem region; in bold and underlined: the localization of the variant 1 and 2 of the SNP 
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Real-Time reactions were performed using 20 ng/µL of DNA, in 20 µL of final reaction 

volume. In Table 11, the specific conditions used in Real-Time reactions for each gene 

are described. 

 

Table 11.  Specific Real-Time conditions used for each gene 

Gene/SNP Enzyme (10 µL) MgCl 2     

[mM] 
Primer Forward 

and Reverse [µM] 
Probe 1 [µM] 
(Fluorophore) 

Probe 2 [µM] 
(Fluorophore) 

STX1A      

rs3793243 iQTM Multiplex Powermix 1.5 0.5 0.08 (Texas Red) 0.02 (HEX) 

rs941298 iQTM Multiplex Powermix 1.2 0.5 0.15 (Texas Red) 0.03 (HEX) 

rs6951030 iQTM Multiplex Powermix 1.5 0.5 0.03 (FAM) 0.25 (Cy3) 

EDNRA      

rs702757 iQTM Supermix 8.0 0.5 0.05 (FAM) 0.15 (Cy3) 

rs5335 iQTM Supermix 8.0 0.5 0.05 (FAM) 0.05 (Cy3) 

rs5333 iQTM Multiplex Powermix 1.5 0.5 0.03 (FAM) 0.30 (Cy3) 

BDNF      

rs6265 iQTM Supermix 7.0 0.5 0.06 (FAM) 0.25 (Cy3) 

rs2049046 iQTM Supermix 8.0 0.5 0.04 (FAM) 0.16 (Cy3) 

rs7124442 iQTM Supermix 8.0 0.5 0.03 (FAM) 0.15 (Cy3) 

rs11030107 iQTM Multiplex Powermix 1.2 0.5 0.03 (FAM) 0.30 (Cy3) 

CGRP      

rs1553005 iQTM Supermix 8.0 0.5 0.03 (FAM) 0.15 (Texas Red) 

 

Cycling conditions used were: an initial denaturing at 95ºC for 3 min and 30 sec, followed 

by 35 cycles of 30 sec at 95ºC, 60 sec at 60ºC (for annealing, and at this point 

fluorescence was measured), and 30 sec at 72ºC. 

Genotypes were determined automatically by the signal processing algorithms of the iQ5 

Optical System Software, version 2.0 (Bio-Rad Laboratories), and the results compared 

with the genotypes visually scored based on the fluorescent emission data depicted 

(RFUs). To validate the Real-Time PCR reaction, we included three individuals previously 
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genotyped by sequencing (one heterozygous, one homozygous for variant 1 and one 

homozygous for variant 2).  

Sequencing  

To confirm the genotypes of the individuals used as internal controls of the Real-Time 

PCR reaction or whenever genotypes determined by Real-Time PCR were uncertain, 

those individuals were genotyped by sequencing.  

For sequencing, a conventional PCR amplification was performed, using 25 ng/µL DNA, 

10 µL iQTM Supermix or 3.13 µL HotStar Taq Master Mix Kit (Qiagen) and 0.5 µM of each 

primer. Cycling conditions used were: an initial denaturing at 95ºC for 4 min, followed by 

40 cycles of 15 s at 95ºC, 50 s at 60ºC  and 35 s at 72ºC, followed by a final extension 

step of 7 min at 72ºC. For PCR product purification, incubation with ExoSAP-IT was 

performed, according to the manufacturer’s instructions. This enzymatic purification was 

performed in two steps: first, at 37ºC, to remove remaining primers and nucleotides and, 

second, at 80ºC to inactivate ExoSAP-IT. 

Automated sequencing was performed using the Big Dye Terminator Cycle Sequencing 

v2.0 Ready Reaction (Applied Biosystems), according to the manufacturer’s instructions 

and samples were loaded on an ABI-PRISM 3130 XL genetic analyzer (Applied 

Biosystems). 

Restriction Enzyme analysis 

For confirmation of rs6951030 (STX1A) genotypes, a restriction enzyme analysis was 

performed with BsrI, after PCR amplification, and digestion products were 

electrophoresed in a 2% agarose gel, stained with ethidium bromide. Bands were 

visualized and image acquired in a Typhoon imager (Amersham). 

 

3.2.3. In silico analysis of SNPs functional effects 

In order to assess a putative functional role of the SNPs studied, a PupaSuite database 

(266) search was performed. It was assessed if each SNP had regulatory properties 

(influencing transcription factor binding sites, microRNA targets, promoter flexibility and 

conserved regions) or structural properties (influencing splice sites, exonic splicing 

enhancers or silencers). 
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3.2.4. Statistical Analysis 

Throughout this work, several statistical approaches have been used, specific for each of 

our objectives.  The statistical analyses used for each of our aims are described below in 

order to have a broader view of the methods employed in the analysis of our results. 

 

A Student’s t-test was used when comparing quantitative demographic data. For 

comparisons between probands and the population sample, since the data do not 

followed a normal distribution, a log transformation was used [article 1] .  

Categorical variables comparisons were assessed using a chi-square test, as the case of 

comparisons between the subgroups of probands and between probands and the 

population sample [article 1] . A chi-square test was also used to assess parents-offspring 

transmission of migraine [article 3] . 

Unless specific software was required, all the analyses were performed in SPSS (version 

16.0 for Windows). 

 

3.2.4.1. Familial aggregation  

Relative risk represents the ratio between the frequency of the disease in relatives and the 

prevalence in the population (65). RR was used as a measure of familial aggregation 

given that migraine is a common disorder and the odds-ratio (OR) method may lead to an 

overestimation of familial aggregation (267).  

RR was adjusted for age at observation and sex using the Mantel-Haenszel RR, and its 

significance analyzed by a Mantel-Haenszel chi-square test (268). The Breslow-Day test 

for homogeneity between strata was used (269). Comparisons between the estimates of 

RR were made using the ratio of relative risks (RRR) (270). Values of RR are given with 

95% confidence intervals. A 5% significance level was used in all analyses [article 1] . 

 

3.2.4.2. Validation of familial history 

In addition to the relatives observed and included in the familial aggregation study, 

probands also described the affection status of relatives which were never clinically 

observed. In order to assess if proband’s description of migraine family history was 

reliable, sensitivity (which measures the ability of probands to identify affected relatives) 

and specificity (which evaluates the capacity of probands to report non-migraineur 

relatives) were calculated (271, 272) as well as positive predictive value (PPV, proband’s 
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identification of a migraineur relative) and negative predictive value (NPV, proband’s 

identification of a healthy relative). Cohen’s Kappa statistic was used to assess the extent 

of agreement between family history reported by probands and their relatives’ clinical 

interview; values of Kappa were given with 95% confidence intervals and P values are 

one-sided. Statistical analyses used STATA 9.2 software (StataCorp LP, College Station, 

Texas) [article 2] . 

 

3.2.4.3. Risk factors 

Our aim was to assess which specific risk factors contributed to the increased risk 

observed in the familial aggregation study. For that, a multilevel approach was used to 

account for the dependency among members from the same family. We included in the 

model relative’s gender, the proband’s gender and age-at-onset, to evaluate if any of 

these variables were associated with relative’s affection status in our families. We also 

included in the model proband’s migraine subtype. The model was adjusted for relative’s 

age-at-observation. 

A 5% significance level was used in all analyses. The models were fit using MLwiN 1.10 

software [article 3] . 

 

3.2.4.4. IHS classification 

Since our probands were enrolled in the study since 1999, we aimed to standardize the 

diagnosis criteria used. Therefore, in order to compare the ICHD-I and ICHD-II criteria, the 

chance-corrected agreement rate (Cohen’s Kappa) was estimated. We estimated Cohen’s 

Kappa to evaluate the agreement between the two classifications regarding 1) primary 

and combined headaches, and 2) frequency of migraine and tension-type headache in the 

population. Since our aim was to focus on the possible changes in the two classifications 

regarding primary and combined headaches, we estimated the Cohen’s Kappa, excluding 

secondary headaches from the analyses. A 5% significance level was used in all analyses 

[article 4] . 

 

3.2.4.5. Association studies 

Power sample estimations were performed using the Genetic Power Calculator 

(http://pngu.mgh.harvard.edu/~purcell/gpc/). Analysis of Hardy-Weinberg equilibrium was 

performed using HWE software (http://linkage.rockefeller.edu/ott/linkutil.htm).  
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To compare SNP allele frequencies between cases and controls, the chi-square test was 

used and odds ratios (OR) were estimated, with 95% confidence intervals (CI).  

A multivariable-logistic regression was performed (with the most frequent homozygote as 

the reference category), in order to evaluate the association between the SNPs’ 

genotypes and the occurrence of migraine, by including the SNPs analysed in the model 

and adjusting for gender. To evaluate the involvement of the SNPs studied in the migraine 

subtypes, all the analyses were performed in the total sample, as well as in the MA and 

MO subsets. The P-values obtained in the logistic regression were corrected for multiple 

comparisons using a Bonferroni correction; considering the number of logistic regressions 

performed. Haplotype frequencies were compared between cases and controls, using 

Haploview 4.1 (263) with all parameters set at the default values. Haplotypes were 

estimated by the software using an accelerated EM algorithm similar to the partition-

ligation–expectation-maximization algorithm described by Qin et al. and case-control 

counts were obtained by summing the fractional likelihoods of each individual for each 

haplotype (263, 273). Frequencies of haplotypes analysed were above >1%, according to 

the Haploview threshold; to correct for multiple comparisons, regarding the estimation of 

allelic and haplotype frequencies, permutations tests were performed using 10,000 

permutations [articles 5, 6, 7] . 
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4. Results 

 

4.1. Genetic component in migraine 

 

We studied familial aggregation of migraine in a group of 1st-degree relatives of probands 

with MA and probands with MO, by estimating RR, in order to assess a possible genetic 

component for migraine. We also estimated RR in probands’ spouses in order to 

disentangle genetic and environmental factors. We found that, in our group of Portuguese 

families, family members of migraineurs have a 3 to 4-fold increased risk, when compared 

with the prevalence of migraine in general population. We also found that spouses did not 

show a significantly increased risk, which is another finding in favour of a genetic 

component of migraine [article 1] . Importantly, we found that while MA and MO may not 

be distinct entities, sharing common mechanisms, evidenced by the similar risk of 

migraine in first-degree relatives of MA and MO probands, MA may have a stronger 

familial aggregation and, thus, a greater genetic predisposition, as supported by the data 

found in this study [article 1] . 

In this first study we only studied the first-degree relatives that were clinically observed. 

However, probands had also reported affection status of other first-degree relatives that 

were not observed. Therefore, we wanted to assess if the proband’s report was reliable in 

order to include that information in subsequent studies. We found that MO probands 

showed a higher sensitivity when identifying their affected relatives; MA probands may 

undervalue less well-defined migraine episodes in their relatives, when they have just MO. 

But, despite the low sensitivity, we found that reports were highly specific and had a high 

PPV so this could be a valuable ascertainment method to maximize the number of 

informative families for e.g. linkage studies [article 2] . 

After estimating familial aggregation, our aim was to assess specific factors contributing to 

the increased risk for this disorder. We found that relative’s gender is a migraine risk 

factor, with females at a higher risk. We also found that mother-to-daughter transmissions 

were more frequent than expected by chance alone which could be explained by 

hormone, mtDNA or sex chromosome effects [article 3] . 
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Abstract 

 

Objective: Our aim was to evaluate familial aggregation of migraine in a large group of 

Portuguese families, and to assess if familial aggregation differs between MA and MO. 

Methods: Familial aggregation was evaluated by estimating relative risk (RR) of migraine 

in 143 1st-degree relatives of 50 probands with MA, in 196 1st-degree relatives of 94 

probands with MO and also in proband’s spouses. Probands were enrolled in the study 

from a clinical sample and a population sample was used as reference.  

Results: A significantly increased risk of migraine was found in both 1st-degree relatives of 

MO-probands (RR=3.7; 95% CI: 3.2-4.3) and of MA-probands (RR=3.6; 95% CI: 3.1-4.3), 

comparatively to the general population. Risk for spouses was not increased. First degree 

relatives of MA-probands and MO-probands had a significantly increased risk of both MA 

and MO compared to the general population. In the group of MA-probands, RR of MA in 

1st-degree relatives reached a significant 4-fold increase when compared with RR of MO 

(RRMA|MA=12.2, 95%CI: 7.7-19.5; RRMO|MA=3.1, 95%CI: 2.5-3.8), while, in the group of MO-

probands, RR of MA was not significantly increased when compared with RR of MO 

(RRMA|MO=5.3, 95%CI: 3.1-9.2; RRMO|MO=4.0, 95%CI: 3.5- 4.7).  

Conclusions: The present study focus on familial aggregation of migraine in a Portuguese 

population. Our results demonstrate a substantial familial risk of migraine with evidence of 

both common and specific etiologic mechanisms for either migraine subtypes.   

 

 

 

Keywords: Migraine, Familial Aggregation, Relative Risk, Family History 

Abbreviations: MA-migraine with aura, MO-migraine without aura, RR-relative risk, CI- 

confidence interval, IHS-International Headache Society, RRR-ratio of relative risk 
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Introduction 

 

Migraine is a chronic neurological disorder with episodic manifestations, with complex 

inheritance (25, 274). It is a disabling disease, leading to a diminished quality of life in 

both migraineurs and their relatives (8). Migraine has a high prevalence, affecting about 

15% of the general population (4, 45). In Portugal, to our knowledge, there are only two 

studies of prevalence of migraine published: one, in a group of University students (54); 

the other, a headache survey, was conducted in a small urban district of northern Portugal 

- prevalence for migraine was then estimated at 16,7% (including migraine associated 

with other types of headache) (21, 275).  

An increased risk for relatives of migraineurs has been described, with values ranging 

between 1.4-11.8 (66-71). Heritability estimates ranged between 0.28-0.65 (67, 74-80, 

276). Estimates of familial aggregation differ among studies since some use a control 

group as reference, while others use migraine prevalence in the general population (66-

71). The different studies also used different methodologies and sample sizes which can 

make difficult to compare results obtained (66, 277).  Differences in family risk can also be 

due to variation in allele frequencies among different populations (75). 

Different approaches were used to estimate familial aggregation; some studies are 

clinically-based (66, 67) while others are population-based (68-70) and another is a twin 

population based survey (71). Clinically-based studies are described as more influenced 

by selection bias than population-based studies but, on the other hand, may have more 

power when large samples are studied (14, 278). Both clinical and population studies, 

combined, can be useful when assessing familial aggregation (14). All these studies 

suggest that multiple genetic factors are involved in this disorder, in addition to 

environmental factors, determining liability for migraine (25).  

Migraine with (MA) and without aura (MO) are the most common forms of this disease 

(279).  Several susceptibility loci have been described for MA and MO, but the genes and 

mutations involved have not yet been identified (25).  

Some studies point out that co-occurrence of MO and MA in the same individual and 

within the same families show that these two subtypes are not distinct entities and that 

there is a continuum of severity. However, some authors state that MA and MO do not 

have the same etiology and that MA can have a particular genetic component regarding 

aura and a high genetic load (77, 88, 89, 280).  

Our aim was to evaluate familial aggregation of migraine in a large group of Portuguese 

families, and to assess whether familial aggregation differs between MA and MO.  
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Methods 

 

Data collection 

A sample of probands with MA and MO was sequentially enrolled in the study, from 1999 

to 2004, from the out-patient Neurology clinic, at HGSA, Porto. Probands were 

interviewed (by JPM or JB), regardless of their family history. Demographic and clinical 

information about relatives and spouses was obtained. Interviews to 1st-degree relatives 

(parents, sibs and offspring) and spouses were made by the same neurologist (JPM). 

Family members were then inquired about the occurrence of migraine, either personally 

or, if not feasible, by telephone. In both cases, a diagnostic interview was performed using 

the same structured questionnaire based on the operational diagnostic criteria of the 

“International Headache Society” (IHS), avoiding recall bias. Inaccuracy in the diagnosis 

of MA can introduce some bias both in clinical and population-based studies (14). 

However, the assessment of MA in the population-sample was carefully performed 

following the same IHS criteria, with questions regarding all types of aura, including the 

duration of aura episodes, with no differences to the MA-assessment in the clinical 

sample. 

To avoid a selection bias towards affected relatives, family members were contacted 

regardless of the information provided by the proband about their affection status 

(affected/non-affected).  

Participants were diagnosed according to the first edition of the IHS criteria (279) to 

standardize the diagnostic, given that selection of probands started before 2004. 

Probands and family members presenting other forms of headaches in addition to 

migraine were also included. 

Similarly to other studies (281, 282), relatives were included independently of their age. 

Only living family members were eligible to be included in the study. Participants gave 

their informed consent; the Ethics Committee of HGSA approved the project.  

 

Data analysis 

First stage 

Probands were classified according to their migraine subtype. Familial aggregation of 

migraine was studied in 50 families of MA-probands and 94 families of MO-probands. 

Relative risk (RR) represents the ratio between the frequency of the disease in relatives 

and the prevalence in the population (65) and was estimated for first-degree relatives 

(with MA, MO or MA+MO), using the total prevalence rate of 16,7% in the population 

sample (21, 275). In addition, we estimated RR for the probands’ spouses, to try to 
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disentangle the influence of genetic and environmental factors. The sample size of 

spouses, however, was not robust enough to form subgroups, neither according to 

migraine subtype nor according age and sex: thus, probands’s spouses (with any form of 

migraine) were classified only as “affected”.  

 

 

Second stage 

Both probands and their first-degree relatives were then classified according to their 

migraine subtype to assess if familial aggregation differs between MA and MO, evaluating 

the hypothesis of a specific etiology either for MA or MO. 

The risk for MA and MO was evaluated separately, in 50 families of MA-probands and 94 

families of MO-probands using the sub-prevalence rates in the population sample for MO 

(15%) and for MA (1.7%) (21, 275). This methodology required that, relatives only with MA 

were considered as non-affected when analysing the risk for MO, and vice-versa (69). 

Additionally, relatives with MA+MO were considered as affected both when analysing the 

risk for MA and for MO. 

 

Statistical analysis 

Student’s t-tests were used when comparing quantitative demographic data. For 

comparisons between probands and the population sample, a log transformation of age-

at-observation and age-at-onset was used, since original data did not follow a normal 

distribution. For categorical variables, comparisons were assessed using chi-square tests. 

RR was adjusted for age-at-observation and sex, using the Mantel-Haenszel RR, and its 

significance analyzed by a Mantel-Haenszel chi-square test (268). The Breslow-Day test 

for homogeneity between strata was used (283). Comparisons between the estimates of 

RR were made using the ratio of relative risks (RRR) (270). Values of RR are given with 

95% confidence intervals. A 5% significance level was used in all analyses. All statistical 

analyses were performed using STATA (version 9.2) and SPSS (version 14.0 for 

Windows). 
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Results 

 

Demographic data  

Probands 

A total of 144 probands (116 women and 28 men, mean age ± SD, 34.6 ± 12.5 years; 

mean age at onset ± SD, 17.4 ± 7.7) were selected for this study. Gender differences in 

age-at-observation (p=.01) and age-at-onset (p<.001) were found in probands with MA but 

not MO; no overall differences were found in these variables between both groups of 

probands (Table 1).  

 

Comparison between probands and population sample 

Among 2008 individuals of the population sample, 334 were migraine-sufferers (21, 275) 

(245 women and 89 men, mean age ± SD, 38.6 ± 19.9 years; mean age at onset ± SD, 

20.0 ± 12.1). Probands were not different from the migraineurs in the population sample, 

with regard to gender, age-at-observation and age-at-onset.  

 

Relatives 

Interviews were conducted with 143 1st-degree relatives of MA-probands (83 women, 60 

men; mean age ± SD, 41.5±17.5 years), and with 196 1st-degree relatives of MO-

probands (121 women, 75 men; mean age ± SD, 40.6±19.2 years). Only 9% of the first-

degree relatives included were below proband’s median age at onset. In the group of 

probands with MA, 36% of the first-relatives observed were parents, 49% were siblings 

and 15% were offspring, representing 58% of the total first-degree relatives. In case of 

probands with MO, 35% of the first-relatives interviewed were parents, 41% were siblings 

and 24% were offspring, representing 43% of the total first-degree relatives. The 

composition of first-degree relatives by relationship did not differ in both sets of family 

members (p>.05). Co-occurrence of MA and MO was found in 11 first-degree relatives of 

MA-probands and 14 of MO-probands. A similar proportion of affected relatives were 

found in both groups (Table 2). The remaining relatives that could not be observed (some 

were abroad and, in other cases, contact was impossible to obtain) did not differ of those 

observed, regarding age and gender (data not shown). Of the total 339 first-degree 

relatives interviewed, 32 were inquired by telephone (9%).  

 

Spouses 

Interviews were made to 63% probands’ spouses, a total of 48 individuals (24 by direct 

observation, 24 by telephone): 13 (27%) were migraine-sufferers. 
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Familial aggregation 

Family history 

In the group of MA-probands, 37 (74%) have at least one affected first-degree relative 

while 13 (26%) do not have affected relatives observed, whereas in the group of MO-

probands, 67 (71%) have at least one affected first-degree relative while 27 (29%) do not 

have affected relatives observed. Regarding multiplex families, there are 24 (48%) in the 

group of MA-probands and 37 (39%) in the group of MO-probands. 

 

First stage 

First-degree relatives of both probands with MO and MA had an increased risk for 

migraine (RR=3.7; 95% CI, 3.2-4.3; and RR=3.6; 95% CI, 3.0-4.2) (Table 2), though not 

significantly different from each other. RR of migraine for spouses was not significantly 

higher, when compared to the general population (RR=1.6; 95% CI, 1.0-2.3). 

 

Second stage 

First degree relatives of probands with MA had a significantly increased risk of both MA 

and MO compared to the general population. Similar finding was found in 1st-degree 

relatives of MO-probands (Table 2). In the group of MA-probands, RR of MA in 1st-degree 

relatives reached a 4-fold increase when compared with RR of MO (RRMA|MA=12.2, 

95%CI: 7.7-19.5; RRMO|MA=3.1, 95%CI: 2.5-3.8), while, in the group of MO-probands, RR 

of MA was not significantly increased when compared with RR of MO (RRMA|MO=5.3, 

95%CI: 3.1-9.2; RRMO|MO=4.0, 95%CI: 3.5- 4.7).  

In a further analysis, we excluded relatives with co-occurrence of MA and MO; RR 

estimated with and without these relatives did not differ significantly and follow the same 

pattern (data not shown). Thus, RR estimates were not inflated by the inclusion of first-

degree relatives with MA+MO.  

 

 

Comments 

Our study reports a strong evidence for clustering of migraine in 1st-degree relatives of MA 

and MO probands. Our results clearly show that relatives of migraineurs have a 3 to 4-fold 

increased risk, when compared to the general population, while spouses do not present a 

significantly higher risk.  

Several studies in other populations have also shown an increased risk for relatives of 

migraineurs and our results are, in general, coherent with those findings (66-71, 282).  
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In our population sample, prevalence of MA was very similar to the frequency of MA in the 

control group in the study performed in Greece by Kalfakis et al. and also to the study of 

Cologno et al in a general population of Italy but lower than the one found by Russell et al 

in Denmark (67, 69, 70). These findings made us hypothesize that prevalence of MA in 

South of Europe is lower than in the North, supported by studies showing population 

substructure with a possible distinction between northern and southern populations (284). 

Individuals with Portuguese, Italian and Greek ancestry are included in the southern group 

(284), which could explain the similar MA prevalence in that group. 

 

In our study we had special concern with potential biases, which were considered and 

reduced. A valid assessment of MA was performed in both clinical and population sample. 

In what concerns indicators of disease severity such as age at onset, our proband’s 

sample did not differ from the sample of migraineurs ascertained from an earlier 

population-based study (275). On the other hand, clinical based samples may introduce 

some selection bias, since individuals with more severe migraine and more complex 

symptoms (such as MA sufferers) are more likely to look for medical care (68, 285). This 

fact could lead to higher RR in first-degree relatives, in particular for MA.  

Most studies, whether clinical or population-based, point out to MA|MA as the highest risk 

group (278). RR estimates are in general higher in clinical based-samples, as shown in 

Kalfakis et al., which reported a high RR for MA in 1st-degree relatives of MA-probands 

(11.8), which is similar to ours (67).  

An interesting feature, however, is that the frequency of MA in first-degree relatives of MA-

probands was lower in our study than the one found by Russell et al. in a population–

based study (69). Thus, it seems that the high magnitude of our RR for this subgroup is 

more due to the lower prevalence of MA in our population rather than to the inclusion of 

the more severe cases. 

 

An attempt was made to contact all first-degree relatives and spouses but we were not 

able to contact all of them. Although this fact may introduce a bias in our results (68) it is 

noteworthy that the non-interviewed first-degree relatives did not differ regarding age and 

gender from the observed ones.  

A source of bias could be introduced if relatives, who came to the interview, were mainly 

the affected ones. To circumvent the possible bias, relatives and spouses who were not 

able to be inquired in-person, were contacted by telephone (see Methods), a method 

which has been described as a valid instrument in familial aggregation studies and 

prevalence studies (13, 53) 
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Individuals presenting other forms of headaches in addition to migraine were also 

included, since migraine and tension-type headache are considered as separate entities 

with different pathophysiology, risk factors and age and sex distribution (19). It has been 

described that tension-type headache in migraineurs was not significantly more prevalent 

than in nonmigraineurs and that more than 80% of migraineurs experience also tension-

type headache (19). The coexistence of the two conditions must be due to chance and not 

to a causal relationship (19, 20) 

 

This study has also several strengths. Interviews to 1st-degree relatives and spouses were 

made by a single neurologist, reducing diagnostic variability (286) and proband’s 1st-

degree relatives were directly interviewed blinded to their affection-status and to the 

proband’s migraine subtype-status. Also, RR was used as an estimate of familial 

aggregation, given that migraine is a common disorder and the odds-ratio (OR) method 

may lead to an overestimation of familial aggregation (267). Estimates of RR were 

adjusted for age and sex, as migraine is an age and sex-dependent trait (69). To adjust 

simultaneously to these variables, we used the Mantel-Haenszel RR, which has been 

shown to be a valuable method for this type of studies (267).  

In this study, migraine prevalence rates from the general population were used, estimated 

from a previous population-based study (275) performed in the same geographical area 

where our clinically-based study took place and were similar to other studies (13, 45, 47, 

53). We chose not to use a control group since probands are more likely to identify their 

affected relatives than controls, leading to an overestimation of RR (271) and to also avoid 

some problems in the RR estimations due to sporadic cases or incomplete penetrance in 

controls (277).  

 

Several familial aggregation and twin studies demonstrate that migraine is essentially due 

to genetic factors (25, 74-76, 78, 80, 276, 278), as it can be also assumed from the 

increased risk found in our study. Although environmental factors may have an effect, 

these need to be very high to account entirely for familial clustering of a given disease 

(287, 288).  

 

We also found that, in our sample, 1st-degree relatives of MA-probands had a higher risk 

of MA than MO, similar to the findings of Nyholt et al., in which they concluded that MO 

and MA show different levels of severity, but in the same dimension of liability (77). 

Furthermore, MA and MO can co-occur in the same family and in the same individual (10, 

86) as seen in our families. While these may not be distinct entities, sharing common 
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mechanisms, evidenced by the similar risk of migraine in first-degree relatives of MA and 

MO probands, MA seems to have a stronger familial aggregation and, thus, a greater 

genetic predisposition (41), as supported by the data presented here. MA can have a 

specific genetic component regarding aura and a higher genetic load (88, 89). 

 

Our study is the first on familial aggregation of migraine in a population with this 

geographical origin. Therefore, the identification of this group of relatives at a higher-risk 

can bring important insights for the understanding of the aetiology of migraine, namely for 

developing strategies to search for susceptibility genes in our population.  
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Table 1.  Demographic and clinical characteristics of migraine with (MA) and without aura (MO) 
probands 

N Age at observation, mean 
(SD) Age at onset, mean (SD) 

Probands 

MA MO MA MO MA MO 

Overall 50 94 32.1 (12.5) 36.0 (12.3) 17.4 (7.1) 17.4 ( 8.1) 

F 35 81 34.9 (10.8) * 36.6 (10.8) 19.2 (7.3) * 17.7 ( 7.4) 

M 15 13 25.6 (14.2) * 31.9 (19.4) 12.9 (3.7) * 15.6 (11.4) 
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MA and MO co-occur in 11 first-degree relatives of MA-probands and in 14 of MO-probands 

 (+) One first-degree relative missing (migraine could not be classified as MA or MO) 

* CI, confidence interval. 

 

 

Table 2.  Relative risk (RR) of  migraine with (MA) and without aura (MO) in 1st-degree relatives of 
migraine with (MA) and without aura (MO) probands 

Probands 1 st-degree relatives 1st-degree relatives affected 
(%) 

RR age- and sex-
adjusted 

(95% CI)* 

MA 86 (60) 3.6 (3.0-4.2) 

MO 
Migraine 

125 (64) 3.7 (3.2-4.3) 

MA 32 (22) 12.2 (7.7-19.5) 
MA 

MO 65 (45) 3.1 (2.5-3.8) 

MA 19 (9.7) 5.3 (3.1-9.2) 
MO (+) 

MO 119 (61) 4.0 (3.5-4.7) 
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Abstract 

Family history of migraine, as described by the probands, is frequently underreported. 

Validity of the probands’ report was assessed in a group of Portuguese migraine families. 

From 101 relatives interviewed, 72 were 1st-degree. Sensitivity and specifity of the 

proband’s report were 64% and 96%; Kappa was 0.52 (CI: 0.35-0.69), PPV was 97%, 

while NPV was only 58%. The Kappa value, sensitivity and NPV were lower for MA (0.33, 

CI: 0.10-0.55) than MO (0.71, CI: 0.49-0.92) probands. While a clinical interview of 

relatives is always more reliable than the probands’ description, emphasis should be put 

in interviewing relatives of MA rather than MO probands, since the latest is more reliable. 

Our results also show that family history method may be appropriate to use in genetic 

studies (like linkage analysis) where a low rate of false positives is required and is more 

important than sensitivity. 

 

Keywords: Migraine, clinical interview, Cohen’s Kappa, positive predictive value 

 

 

Introduction 

Migraine is a neurological disorder that aggregates in families.(278, 289) Family history of 

migraine, as described by the probands, is frequently underreported. (271, 272) 

We assessed validity of the probands’ report in a group of migraine families from the 

dataset of a previous study (289), by evaluating its agreement with relatives’ clinical 

interview, regarding the use of that information in subsequent genetic studies. 

 

Methods 

Relatives (n=101) of 33 migraineurs were contacted, regardless of the information 

provided by the proband about their affection status, to avoid interviewer bias.(272) 

Relatives were either personally observed, or interviewed by telephone, a method that has 

been validated in previous studies.(272) An interview was conducted by the same 

neurologist (JPM) using a structured questionnaire, based on the 1988’s operational 

diagnostic criteria of the International Headache Society. All participants gave their written 

informed consent, and the Ethics Committee of HGSA previously approved the project.  

Sensitivity (measuring the ability of probands to identify affected relatives) and specificity 

(evaluating the capacity of probands to report non-migraineur relatives) were calculated 
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(271, 272), as well as positive predictive value (PPV, proband’s identification of a 

migraineur relative) and negative predictive value (NPV, proband’s identification of a 

healthy relative). Cohen’s Kappa statistic was used to assess the extent of agreement 

between family history reported by probands and their relatives’ clinical interview (Table); 

values of Kappa are given with 95% confidence intervals and P values are one-sided. 

Statistical analyses used STATA 9.2 software (StataCorp LP, College Station, Texas). 

 

Results 

72 relatives interviewed were 1st-degree: in agreement with probands’ descriptions, 30 

were migraineurs and 24 were healthy; nevertheless, 17 affected relatives had been 

reported as healthy, while only one non-migraineur was reported as affected. Sensitivity 

and specifity of the proband’s report were 64% and 96%; Kappa was 0.52 (CI: 0.35-0.69), 

PPV was 97%, while NPV was only 58% (Table).  

When classifying data according to migraine with (MA) or without aura (MO) in the 

proband, the Kappa value was lower for MA (0.33, CI: 0.10-0.55) than MO (0.71, CI: 0.49-

0.92); the same happened with sensitivity and NPV (Table). Of the MO relatives, 65% 

were correctly identified by MO probands while only 27% by MA probands.  

When including also 2nd and 3rd-degree relatives (n=29), agreement rate and sensitivity 

decreased slightly (data not shown). 

 

Discussion 

Probands’ reports underestimate the occurrence of migraine in 1st-degree relatives, and 

are more uncertain when 2nd and 3rd-degree relatives are included, probably due to a 

more indirect knowledge.(272) Despite its low sensitivity, reports were highly specific and 

had a high PPV. 

The overall Kappa’s value was moderate (being good for the MO probands group and 

only fair for MA), according to Landis and Koch criteria.(290) 

Unlike Russell et al.(272), we found that MO probands showed a higher sensitivity when 

identifying their affected relatives; MA probands may undervalue less well-defined 

migraine episodes in their relatives, when they have just MO. 

Clinical interviews should ensure accurate diagnosis of migraine, especially in familial 

aggregation studies, to overcome the low sensitivity of proband’s report.(271) In case of 

scarce resources, these should be put in examining relatives of MA probands, since MO 

probands reports seem to be more reliable. 

In any case, the proband’s report will still be useful for deceased or absent relatives.(291) 

Moreover, when high specificity and PPV are more important than sensitivity, as for 
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genetic linkage studies (291), it can be a valuable ascertainment method to maximize the 

number of informative families.  
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Table 1 . Validity of the affected-by-history method in 72 first-degree relatives 

Group/Parameters Kappa (95% CI) Sensitivity (%) Spe cificity (%) PPV (%) NPV (%) 

Migraine Proband 0.52 (0.35-0.69) 64 (30/47) 96 (24/25) 97 (30/31) 58 (24/41) 

MA Proband 0.33 (0.10-0.55) 45 (10/22) 100 (9/9) 100 (10/10) 43 (9/21) 

MO Proband 0.71 (0.49-0.92) 80 (20/25) 94 (15/16) 95 (20/21) 75 (15/20) 
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Abstract 

 

Objective: To assess which specific factors are contributing to an increased risk of 

migraine in a group of Portuguese families. 

Background: The consistent finding of migraine familial aggregation, including in our 

familial sample, suggests that genetic factors may be implicated in the most common 

forms of this disorder.  

Methods: A multilevel approach was used to account for the dependency among 

members from the same family. We included in the model relative’s gender, the proband’s 

gender and age-at-onset, to evaluate if any of these variables were associated with 

relative’s affection status. We also included in the model proband’s migraine subtype. The 

model was adjusted for relative’s age-at-observation. We also assessed maternal and 

paternal transmissions within the proband nuclear family. 

Results: After adjusting for the remaining variables, relatives’ gender was found to be a 

risk factor for migraine (OR= 2.86; 95% CI= 1.75-4.67), with females at a higher risk. 

When splitting probands according to their migraine subtype, we found that none of the 

variables studied contributed to relatives of MA-probands affection-status. Our results also 

show a significant difference between proband’s maternal transmission and the gender of 

the offspring. 

Conclusions: Our findings regarding risk factors for migraine subtypes lead us to 

hypothesize that MA have a higher genetic load than MO. Hormonal events, mtDNA or X-

chromosome effects could influence a gender-related risk for migraine, showing a 

conjunction of environmental and genetic factors. It would be important to identify genes 

associated with migraine, which could be modulated by genes located in sex 

chromosomes. 
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Introduction 

 

Complex diseases have a high impact on human health and a high population incidence 

(292). Migraine, a highly prevalent disease, is one example among many others (25). 

Migraine with (MA) and without aura (MO) are the most common forms of this disease. It 

is a disabling disease leading to a diminished quality of life in both migraineurs and their 

relatives (8). 

The consistent finding of an increased risk for relatives of migraineurs suggests that 

genetic factors may be implicated in the most common forms of the disease (25). We also 

found a substantial familial risk of migraine for first-degree relatives in a sample of 

Portuguese migraineurs, which has led us to conclude that migraine could be essentially 

due to genetic factors (293).  

In a previous study, a lower age at onset in probands was found to be a predictor of 

migraine familial aggregation (68). Lifetime prevalence of migraine is increased in females 

compared to males, with a female: male ratio ranging from 2:1 to 4:1 in several 

populations (50-53). Diverse hypotheses have been raised for this female preponderance 

such as neurobiological factors, increased sensitivity to environmental stressors or a 

greater genetic loading for migraine (294, 295).  

Our aim was to assess specific factors present in our migraine families are contributing to 

the increased risk for this disorder, taking into account intrafamilial correlations. 

 

 

Methods 

 

Data collection 

A sample of probands with MA and MO was sequentially enrolled in the study, from 1999 

to 2004, from the out-patient Neurology clinic, at HSA, Porto. Probands were interviewed 

(by JPM or JB), regardless their family history of migraine. First-degree relatives (parents, 

sibs and offspring) were then inquired about the occurrence of migraine, either personally 

or, if not feasible, by telephone, by the same neurologist (JPM). In both cases, a 

diagnostic interview was performed using the same structured questionnaire based on the 

diagnostic criteria of the “International Headache Society” (IHS). To avoid a selection bias 

towards affected relatives, family members were contacted regardless of the information 

provided by the proband about their affection status. The first edition of the IHS criteria 

(ICHD-I) (279) was used before 2004; when revising the diagnosis using the second 
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edition (ICHD-II) (6) no differences were found in patients’ diagnosis (data not shown). 

Participants gave their informed consent and the Ethics Committee of HSA approved the 

project.  

 

Data analysis 

Probands were classified according to their migraine subtype. Proband’s age at onset was 

dichotomized (<16, 16+ years). Relatives were divided in to three groups according to 

their age-at-observation (<30, 30-59, 60+ years) and were also separated by gender, 

since migraine is an age and gender-dependent trait. 

We also assessed maternal and paternal transmissions within the proband nuclear family. 

We excluded from this analysis bilateral transmissions, i.e. we excluded transmissions 

where both the mother and the father were affected. 

 

Statistical analysis 

A multilevel approach was used to account for the dependency among members from the 

same family. We included in the model relative’s gender, the proband’s gender and age-

at-onset, to evaluate if any of these variables were associated with relative’s affection 

status in our families. We also included in the model proband’s migraine subtype. The 

model was adjusted for relative’s age-at-observation. 

Categorical data were compared using a chi-square test, using SPSS version 16.0 for 

Windows. A 5% significance level was used in all analyses. The models were fit using 

MLwiN 1.10 software. 

 

Results 

 

Demographic data  

Probands 

A total of 131 probands were enrolled in this study (104 women and 27 men, mean age ± 

SD, 34.4 ± 12.7 years).  Regarding age-at-onset, 60 probands had an age-at-onset below 

16 years old, while 71 showed migraine after that age. When classifying probands 

according to their migraine subtype, 85 probands had MO while 46 had MA. 
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Relatives 

Interviews were conducted with 182 first-degree relatives of MO-probands (114 women 

and 68 men) and 137 first-degree relatives of MA-probands (79 women and 58 men).  

In MO-probands group, 81 family members were affected while 56 were not. In MA-

probands-group, 116 were affected while 66 were non-migraineurs. Age of relatives was 

included in the model to adjust for this variable, since migraine is an age-dependent trait. 

From the total of first-degree relatives, 112 were parents, 139 were siblings whereas 68 

were offspring.  

 

 

Risk Factors 

After adjusting for the remaining variables, relatives’ gender was found to be a risk factor 

for migraine (OR= 2.86; 95% CI= 1.75-4.67) (Table 1), with females at higher risk than 

males. Variables related with proband’s, gender and age-at-onset, are not risk factors for 

migraine (p>0.05). When introducing in the model proband’s migraine subtype this 

variable also did not influence relative’s affection status (p>0.05).  

When splitting probands according to their migraine subtype, we found that none of the 

variables studied contributed to relatives of MA-probands affection-status. Conversely, 

gender of relatives of MO-probands was associated with their affection status (OR=4.15; 

95% CI=2.06-8.34) (Table 1).  

We also assessed if risk factors were different according to the first-degree relative group. 

We found that for parents and offspring, relatives’ gender is also a risk factor for migraine 

(OR=6.47; 95% CI=2.53-16.54, for parents and OR=5.58; 95% CI=1.63-19.12) (Table 2), 

whereas for siblings no significant differences were found (p>0.05) 

 

Maternal and paternal transmissions 

Relatives’ gender was found to be a risk factor for migraine, with females being at a higher 

risk than males. Therefore we hypothesized that gender ratio in migraine families could be 

due to a biased transmission. In order to explore this hypothesis we analysed maternal 

and paternal transmissions within the proband nuclear family. Our result showed a 

significant difference between proband’s maternal transmission and the gender of the 

offspring. While for male probands, their sons and daughters are not significantly different 

regarding their affection status (p>0.05), for females probands, we found that daughters 

are more affected than expected (X2
(1) =4.11, p=0.04). We also found that mothers of 

probands are more affected than expected when compared to proband’s fathers (X2
(1) 

=22.41, p<0.001). When stratifying for proband’s gender, no differences were found for 
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parents of male probands (p>0.05), whereas mothers of female probands are more 

affected than expected (X2
(1) =19.61, p<0.001) (Table 3). 

We also compared the ratio of affected fathers, mothers and siblings. We found a higher 

ratio of affected mothers (78%) and siblings (61%) than affected fathers (30%), with 

mothers being affected twice to three times more than fathers. 

 

 

Discussion 

Familial aggregation is well established for common migraine, nevertheless, several 

familial factors may be contributing for these increased risk. Our aim was to search for 

migraine predictors in a sample of Portuguese migraine families. We have assessed 

proband’s age-at-onset and gender as well as relatives age-at-observation and gender as 

risk factors for migraine in a sample of first-degree relatives.  

In a previous study, a lower age at onset in probands was associated with relative’s 

affection status (68) but in contrast, in our study, the proportion of affected relatives was 

independent of proband’s age at onset.  After adjusting for the remaining variables, 

gender was found to be a risk factor for migraine, while proband’s age at onset and 

relative’s age at observation were not.  

Our findings showed that, as expected, females had a higher risk of migraine than men. 

Our next aim was then to assess if there was a maternal or paternal effect that could 

explain this gender ratio. We found that mother-to-daughter transmissions were more 

frequent than expected by chance alone, although mother-to-son, father-to-daughter and 

father-to-son transmissions were also observed. 

This biased transmission could be explained by a maternally inherited factor such as 

mitochondrial DNA (mtDNA) (158, 296). Although both sons and daughters inherit mtDNA 

from their mothers, a gender bias is observed in some mitochondrial disorders, which 

could be explained by the effect of steroids that influence mitochondrial function (296). As 

suggested by Boles et al, we assessed if offspring of female and male probands would be 

differentially affected and in fact we found that daughters of female probands are more 

affected than expected. Therefore, the offspring of a male proband is at a lower risk for 

migraine, which favours the mtDNA hypothesis. We also found that the ratio of affected 

probands’ fathers is lower than the ratio of affected mothers and siblings which is another 

evidence in favour of a maternally inherited factor, according to Boles et al (296). Although 

mtDNA may not explain by itself the gender differences found, since migraine is a 

complex disease with several genetic factors involved, variants in mtDNA or in nuclear 

genes affecting mitochondrial mechanisms could influence migraine susceptibility. Some 
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authors found that some mtDNA mutations could contribute to the pathogenesis of 

migraine (158). Also it has been suggested that an impairment of mitochondrial 

metabolism could lower the threshold for migraine attacks (297). Besides mtDNA, other 

authors found evidence of a migraine susceptibility locus on chromosome X, although until 

now no genes in this region have been found (149, 151, 155, 298). Another hypothesis is 

a sex-conditioned genetic model with sex chromosomes influencing the expression of 

genes in autosomes, which would lead to an autosomal dominant transmission in female 

family members and to an autosomal recessive transmission or incomplete penetrance in 

male relatives (299). This fact could explain our results regarding a preferential 

transmission mother-to-daughter.  

Migraine presents different gender thresholds, with males having a higher threshold (295, 

300). The influence of mtDNA and chromosome X could be involved in this process; 

however, females also differ from males in pain behavior, influenced by differential 

exposure to gender hormonal effects which can also modulate the expression of migraine 

in women. Gender hormones are involved in the expression and sustaining of pain states 

(294). Estrogens exert effects on the pain pathways and other brain strucutures involved 

in pain mechanisms and progesterone seems to reduce the occurrence of migraine, by 

the activation of gamma-aminobutyric acid (GABA) receptor (301). It has been shown that 

estrogen modifies gene expression in trigeminal neurons which some of these are deeply 

involved in migraine pathophysiology (302). Additionally, female steroids are involved in 

other mechanisms related in migraine pathophysiology, such as in neuronal excitability, in 

the synthesis and release of nitric oxide (NO) and neuropeptides such as calcitonin-gene 

related peptide (CGRP). Also, the serotenergic, adrenergic and GABA-ergic systems are 

also modulated by female steroids. Furthermore, some variants have been found in 

female hormones receptors, such as estrogen and progesterone receptors (229-231). All 

these evidence show that, in fact, female steroids play an important role in migraine 

pathophysiology and can also explain the differential gender ratio found for this disorder. 

Another interesting aspect is that in men, testerone seem to have a protective role in pain 

development (301), which could explain the fact  that sons of female probands have a 

lower risk than daughters.  

Additionally, a study found for female mice a reduced threshold for cortical spreading 

depression (CSD), the mechanism that underlies migraine with aura (MA), although it may 

also be implicated in migraine without aura (MO), suggesting that for females there is a 

intrinsic difference in cortical excitability, independent of cycling hormonal variation (35, 

303). 

Our findings regarding risk factors for migraine subtypes lead us to hypothesize that MA 

have a higher genetic loading while in MO, hormonal events could influence the risk of 
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having migraine, showing a conjunction of environmental and genetic factors, as 

suggested previously by Russell et al (69).  

It would be important to identify genes associated with migraine that were modulated by 

genes located in sex chromosomes. Further studies would be important to disentangle the 

possible effect of mtDNA or X-chromosome and hormonal-related effects. 
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Table 1 . Risk factors of migraine: results from the logistic regression analysis, adjusted for 

relative’s age at observation (Odds ratio, 95% CI) 

 

 

 

 

 

 

 

 

 

 

  

 

Variables Migraine MO MA 

Proband’s gender 0.79 (0.39-1.62) 0.61 (0.22-1.74) 1.16 (0.41-3.31) 

Proband’s age at onset 0.75 (0.42-1.33) 0.50 (0.23-1.10) 1.21 (0.48-3.09) 

Relative’s gender 2.86 (1.75-4.67) 4.15 (2.06-8.34) 1.86 (0.90-3.83) 

Proband’s migraine subtype 0.78 (0.45-1.36) - - 
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Table 2.  Risk factors of migraine, according to first-degree relative group: results from the logistic 

regression analysis, adjusted for relative’s age at observation (Odds ratio, 95% CI) 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Variables Parents Siblings Offspring 

Proband’s gender 1.20 (0.39-3.65) 0.64 (0.19-2.22) 0.27 (0.05-1.52) 

Proband’s age at onset 0.76 (0.27-2.15) 0.57 (0.24-1.36) 1.74 (0.49-6.17) 

Relative’s gender 6.47 (2.53-16.54) 1.30 (0.60-2.77) 5.58 (1.63-19.12) 
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Table 3.  Distribution of parents and offspring affected and non-affected according to proband’s gender 

 

 

 

 

 

Mothers Fathers Daughters Sons 
Proband 

Affected Non-affected Affected Non-affected Affected Non-affected Affected Non-affected 

Females 43 11 7 18 20 8 12 15 

Males 17 6 4 6 7 1 2 3 
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4.2. Comparison between ICHD-I and ICHD-II 

 

In 1988, the IHS has published the classification and diagnostic criteria of the different 

subtypes of migraine (ICHD-I). In order to improve the clinical diagnosis, this classification 

has been revised in 2004 (ICHD-II). 

With this work we aimed at comparing the two classifications of the IHS and assessed if 

the ICHD-II criteria changed the results of the epidemiological studies previously 

performed. The database which resulted from that study was reviewed and the ICHD-II 

criteria were applied in order to evaluate the diagnostic distribution. In a second stage, 

after analysing the results from the epidemiological study, we also compared the 

diagnosis of our patient’s sample, using the two IHS classifications.  

We found that this new criteria do not have a major impact in headache epidemiological 

studies. The high agreement rate found shows that ICHD-II does not change remarkably 

the epidemiological results in what concerns migraine and tension-type headache, 

although it presented important clinical implications such as the redefinition of migraine in 

children. This new classification has some improvements when compared with the first 

one, although we found that it is still not perfect particularly when there are combinations 

of headaches subtypes [article 4] . 

Importantly, we found that in 98% of the patients of our clinical sample, the diagnosis 

remained the same, showing that, even in clinical samples, ICHD-II does not present 

significant changes for MO and MA forms [article 4] . This is an important finding given 

that our patients were enrolled in the clinical and genetic study of migraine since 1999 and 

we can now standardize the diagnosis criteria used in the clinical sample in future studies. 

 

 

 



Results – Article 4 

 

 

 71 

Article 4. Headache epidemiological study: do diffe rent criteria make a 

difference? 

 

Carolina Lemos1,2, Alda Sousa1,2 , Jorge Sequeiros1,2, José Pereira Monteiro2,3 

 

1UnIGENe, IBMC – Instituto Biologia Molecular Celular, Universidade do Porto, Rua 

do Campo Alegre, 4150-180 Porto, Portugal;  
2ICBAS, Instituto Ciências Biomédicas Abel Salazar, Universidade do Porto, Largo 

Prof. Abel Salazar, 4099-003 Porto, Portugal;  
3Serviço de Neurologia, HGSA-Hospital Geral de Santo António, Largo Prof. Abel 

Salazar, 4099-003 Porto, Portugal. 

 

 

 

 

 

 

 

Corresponding Author : 

Carolina Lemos  

UnIGENe – IBMC, University of Porto 

4150-180 Porto, Portugal. 

Tel: +351-226074941 

e-mail: clclemos@ibmc.up.pt 

 

 

In Preparation 

 

 

 



Results – Article 4 

 

72 

 

Abstract 

The “International Headache Society” classification published in 1988 led to a major 

improvement in the diagnosis of headaches. Its revision in 2004 aimed to improve 

clinical diagnosis; however, its consequence on epidemiological data is so far 

unknown. 

Our aim was to apply the new criteria to data obtained from a previous headache 

epidemiological study performed in 1995 and to evaluate diagnostic distribution.  

Lifetime prevalence of headaches was 88.6% (1780/2008 individuals). Applying 

ICHD-II (2004) criteria, 84.7% had primary headaches (80.4%- according to ICHD-I 

(1988) whereas 6.0% had secondary headaches (6.0%) and 9.3% combined 

headaches (13.6%). Regarding the two classifications, we found a high significant 

chance-corrected agreement rate of 78% for primary and combined headaches, of 

91% for the frequency of migraine and of 95% for the frequency of tension-type 

headache.  

The ICHD-II criteria have relevant clinical implications, although still needs some 

improvements but do not change remarkably epidemiological results. 

 

 

 

 

Keywords:  Headaches, Clinical Epidemiology, International Headache Society, 
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Introduction 

Headache is a common clinical condition and constitutes a major public health 

problem (4, 304). However, there are several different types of headaches that can 

vary in incidence, prevalence, duration or severity (1). 

The different types of headaches can be classified into primary or secondary 

headaches. While primary headaches are not associated with an apparent underlying 

pathology, secondary headaches have an underlying cause, such as an infection, 

brain tumor or stroke (1). 

In headaches’ diagnosis, the first task of a neurologist is to discriminate between a 

primary or secondary headache. However, discrimination between the different types 

of primary headaches like migraine or tension-type headache is frequently more 

difficult (30). 

Several studies have shown that primary headaches may have a genetic 

predisposition that can be triggered by physiological and other life events, such as 

puberty (11). Although the genetics of headaches, especially in migraine’s field, has 

suffered some improvements in the last years (25), it is still difficult to establish 

genotype–phenotype correlations (11). Consequently, headaches’ diagnosis still 

relies on the clinical diagnosis. In 1988, the International Headache Society has 

published the classification and diagnostic criteria of the different subtypes of 

migraine (ICHD-I) (279). This classification has contributed to improve the diagnosis 

of headaches, introducing more clear definitions which allowed clinical heterogeneity 

to be reduced in subsequent epidemiological and genetic studies.  

However, some specialists’ state that this classification has created artificial 

distinctions since a clinical continuum of headache subtypes can be found, which 

may introduce some difficulties in clinical diagnosis (11). Some authors showed that 

this classification has high specificity but low sensitivity (305).  

In order to improve the clinical diagnosis, the classification was revised in 2004 

(ICHD-II) (306). Some important headache types were included, migraine 

classification has been adjusted and it has also been modified for pediatric 

populations with the acceptance of shorter attacks and less associated features (11). 

Some studies already showed that this new classification has a higher sensitivity and 

specificity than ICHD-I, regarding migraine diagnosis in children and adolescents 



Results – Article 4 

 

74 

(305). One study showed that for migraine with aura this new classification has high 

sensitivity and specificity, allowing the sample of patients classified with migraine with 

aura to be more homogeneous (307). 

Nevertheless, the consequences of the ICHD-II on epidemiological data regarding 

the different headache subtypes are so far unknown. Our aim was to evaluate the 

impact of different criteria on (1) our previous population-based sample, obtained 

from a previous epidemiological study and (2) our clinical sample, on which our 

association and familial aggregation studies were based. 

 

 

Methods 

Subjects 

In 1995 a headache epidemiological study was conducted in the general population 

of a small-district of Porto. Interviews were made door-to-door to 2008 individuals, 

using a validated structured headache questionnaire according to the ICHD-I criteria. 

The validation of the questionnaire was made by a clinical interview and neurological 

examination by the same neurologist (JPM) of a random sample of 205 individuals 

(55). The questionnaire had questions regarding demographic data, headache’s age 

at onset, headache’s frequency and duration, location, quality and intensity of pain, 

influence of physical activity, the occurrence of nausea, vomiting, photo and 

phonophobia, the occurrence of neurological symptoms, head trauma or associated 

disorders. Children were also included in the study and the questionnaire was fulfilled 

based on the children’s report or on the parent’s report to confirm the children’s 

answers (308).  

That database was now reviewed and the new criteria (ICHD-II) were applied in order 

to evaluate the diagnostic distribution and possible changes in diagnosis.  

In a second stage, after analysing the results from the epidemiological study, we also 

compared the diagnosis of our patient’s sample, ascertained from the Neurology out-

patient clinic, at HSA, Porto, using the two IHS classifications. Comparisons were 

performed in 150 probands, in which clinical data was available. 
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Statistical Analysis 

Data were summarised using descriptive statistics. The chance-corrected agreement 

rate (Cohen’s Kappa) was estimated in order to compare the ICHD-I and ICHD-II 

criteria. We estimated Cohen’s Kappa to evaluate the agreement between the two 

classifications regarding 1) primary and combined headaches, and 2) frequency of 

migraine and tension-type headache in the population. Since our aim was to focus on 

the possible changes in the two classifications regarding primary and combined 

headaches, Cohen’s Kappa was estimated after excluding secondary headaches 

from the analyses. A P<0.05 was considered statistically significant. All statistical 

analyses were performed using SPSS (version 16.0 for Windows). 

 

 

Results 

Demographic data 

From the 2008 individuals interviewed, 1780 presented lifetime headaches (88.6%). 

Mean age (SD) was 39.9 (21.8) with a range between 2-97 years. From the 1780 

individuals, 653 were male (36.7%) and 1127 were female (63.3%). Mean age at 

onset (SD) of headaches was 20.3 (13.4).  

 

Diagnostic distribution according to ICHD-I and ICHD-II criteria 

Regarding the ICHD-I classification, 1431 (80.4%) individuals presented primary 

headaches, 242 (13.6%) presented combined headaches while 107 presented 

secondary headaches (6.0%) (Table 1).  

When comparing the distribution of headaches’ type between ICHD-I and ICHD-II 

(Tables 1 and 2), an increased number of primary headaches was observed, while 

the number of combined headaches, i.e. individuals that presented more than one 

headache type, decreased. No changes were found in the diagnostic of individuals 

with secondary headaches; therefore the frequency of secondary headaches 

remained the same.  

In primary headaches’ group, the following distribution was found according to ICHD-

I: migraine (including migrainous disorder not fulfilling all criteria) 9.8%, episodic 

tension-type headache (including headache of the tension-type not fulfilling all 

criteria) 66.2%, chronic tension-type headache 4.4% and combined headaches 

13.6%. According to the ICHD-II diagnostic distribution (Table 2) we found a small 
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increase in the migraine and episodic tension-type headache groups and a decrease 

in the combined headache’s group. Comparing the two classifications (Table 3), we 

observed that a small number of individuals previously coded as migraine without 

aura (ICHD-I) are now classified as having probable migraine without aura (6 

individuals), while one case with migrainous disorder not fulfilling all criteria was 

reclassified as having migraine without aura. Concerning migraine with aura, only 

one individual was now reclassified as having probable migraine with aura.  

With the ICHD-II, it is also clear the subdivision of episodic tension-type headache in 

frequent and infrequent episodic tension-type headache, being more common cases 

with frequent episodic tension-type-headache. It is also noteworthy that some cases 

classified as chronic tension-type headache by the ICHD-I are now classified as 

having frequent episodic tension-type headache. Also, some cases previously 

classified as headache of the tension-type not fulfilling all criteria were now 

categorized as having infrequent episodic tension-type headache. The most striking 

finding was the decrease of cases with combined headaches, which were now 

reclassified with only one type of headache (Table3).  

 

Comparing ICHD-I and ICHD-II, we found a Kappa value of 78% (P<0.001), between 

primary and combined headaches (Table 4).  We also evaluated the agreement 

between ICHD-I and ICHD-II regarding the frequency of migraine and tension-type 

headache in the population. We found a Kappa value of 91% (P<0.001) for the 

frequency of migraine (including migrainous disorder not fulfilling all criteria and 

migraine associated with other types of headache) and a Kappa value of 95% 

(P<0.001) for the frequency of tension-type headache (including headache of the 

tension-type not fulfilling all criteria and tension-type associated with other types of 

headache) (Table 5). 

 

Missing criteria 

We also evaluated the missing criteria that lead to a diagnosis of probable headache 

instead of headache (using ICHD-II). In what concerns probable migraine and 

probable tension-type headache, the criterion B (attack duration) was the one that 

was more often missing, followed by criterion D (associated symptoms). Also 

contributing to a probable tension-type headache diagnosis, a high frequency of 

missing criterion A (number of attacks) was also observed (Table 6). 
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Second stage: clinical sample 

In a group of 150 unrelated probands of different families, clinical diagnosis was 

revised using ICHD-II. No differences were found between the two classifications 

regarding the 42 MA patients and the 19 MAMO patients.  In the group of MO 

patients, 91 individuals were classified with the same diagnosis while only 2 patients 

were reclassified as having probable MO.  

 

 

Discussion 

Our main aim in this study was to evaluate if the new ICHD criteria introduced 

remarkable differences in epidemiological studies concerning in particular primary 

headaches. Our results show that this new criteria do not have a major impact in 

headache epidemiological studies.  

When estimating Cohen’s Kappa, we found a an almost perfect agreement 

(according to Landis and Koch, 1977) (290) regarding the frequency of migraine and 

tension-type headache in the population (Table 5). This high agreement rate shows 

that ICHD-II does not change remarkably the epidemiological results in what 

concerns migraine and tension-type headache. 

 

Furthermore, frequencies of headache types analyzed with both criteria are similar 

and we found a substantial agreement (according to Landis and Koch, 1977) (290) 

concerning primary and combined headaches (Table 4). Several individuals 

presented combined headaches, composed by more than one type of headache as 

headache types are not mutually exclusive. However, when classified with ICHD-II, 

the frequency of the combined forms decreased, in particular when there was a 

combination of headaches not fulfilling all ICHD-I criteria or ICHD-II probable 

headache types, which may indicate that the new criteria are more adequate to 

separate the headache’s subtypes. Nevertheless, the frequency of combined 

headaches is still high, which indicates that to establish a final diagnosis, further 

information is required (309). However, in epidemiological studies, it is difficult to 

obtain additional information, since data is often obtained by the fulfillment of 

questionnaires or by telephonic interview (309).  Migraine and tension-type headache 

symptoms frequently overlap and regarding our data, these two primary headaches 

types are frequently found combined and this symptoms overlap is more pronounced 
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when individuals have probable forms of headaches. One study suggested that to 

overcome this question, one solution could be not to combine symptoms like 

intensity, duration, aggravation by physical activity in one common criterion but to 

treat each symptom as a separate criterion (310). Probable headache types can not 

be ignored since some epidemiologic studies showed that, for instance, probable 

migraine is a common feature and it has been associated with temporary disability 

and reduction in health-related quality of life (311). 

We also found that the basic structure of the classification remains unaltered and the 

most common subtypes, migraine without aura and episodic tension type headache 

have essentially the same criteria, also as suggested by Peatfield, 2004 (312).  

Additionally, we found that in 98% of the patients of our clinical sample, the diagnosis 

remained the same, showing that even in clinical samples ICHD-II does not present 

significant changes for MO and MA forms. This is an important finding given that our 

patients are being enrolled in the clinical and genetic study of migraine since 1999 

and we can now standardize the diagnosis criteria used in the clinical sample in 

future studies. 

 

Noteworthy, one important difference in the second edition was the classification of 

tension-type headache into subgroups (7). This subdivision showed to be important 

also in our data since some cases previously coded as tension-type headache not 

fulfilling all ICHD-I criteria could now be classified as infrequent episodic tension-type 

headache by ICHD-II, decreasing the uncertainty of probable headache diagnosis. 

Another important aspect was the redefinition of migraine in children in ICHD-II, 

which allowed also that some cases in our study that were coded as probable 

migraine in the previous classification were now classified as migraine.  

Regarding the methodological approaches used in this study, it has been shown that 

questionnaire-based approaches are not a satisfactory tool (313). However, a 

validation study was performed in order to circumvent possible bias (4, 55), although 

we cannot exclude a recall bias that could explain the missing criteria, which may 

lead to a probable headache diagnosis, as the case of missing criterion B (attack 

duration). 

 

This new classification has some improvements when compared with the first one, 

although it is still not perfect particularly when there are combinations of headaches 

(312) and still excludes some diagnostic aspects that could be relevant such as 

family history, age at onset, recurrence patterns of attacks, lifestyle and comorbidity 
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(314). It will be necessary to revise the classification when new pathophysiological, 

genetic or therapeutic evidence arise (312). Some prospective studies may be 

required to determine the evolution of headache disorders, which can result in some 

improvements in a future classification (315). This may help in further epidemiological 

studies that are important to observe the evolution of headaches’ prevalence and to 

acquire more detailed information, crucial to obtain better therapeutic strategies. 

Nevertheless, ICHD-II classification seems to have relevant clinical implications but 

did not change remarkably the epidemiological results. 
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Table 1. Diagnostic distribution of headaches according to the ICHD-I criteria 

 

Group (IHS Code) Frequency, n (%) 

Primary headaches 1431 (80.4) 

Migraine without aura (1.1) 120 (6.7) 

Migraine with aura (1.2) 29 (1.6) 

Migrainous disorder not fulfilling all criteria (1.7) 27 (1.5) 

Episodic tension-type headache (2.1) 955 (53.7) 

Chronic tension-type headache (2.2) 78 (4.4) 

Headache of the tension-type not fulfilling all criteria (2.3) 222 (12.5) 

Combined headaches 242 (13.6) 

Migraine associated with other headaches 158 (8.9) 

Tension-type headache associated with other headaches 81 (4.5) 

Secondary headaches associated with primary headaches 3 (0.2) 

Secondary headaches 107 (6.0) 
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Table 2. Diagnostic distribution of headaches according to the ICHD-II criteria 

 

Group (IHS code) Frequency. n (%) 

Primary Headaches 1508 (84.7) 

Migraine without aura (1.1) 118 (6.6) 

Migraine with aura (1.2) 30 (1.7) 

Probable migraine without aura (1.6.1) 44 (2.5) 

Probable migraine with aura (1.6.2) 3 (0.1) 

Infrequent episodic tension-type headache (2.1) 265 (14.9) 

Frequent episodic tension-type headache (2.2) 677 (38.0) 

Chronic tension-type headache (2.3) 78 (4.4) 

Probable infrequent episodic tension-type headache (2.4.1) 92 (5.2) 

Probable frequent episodic tension-type headache (2.4.2) 197 (11.1) 

Probable chronic tension-type headache (2.4.3) 4 (0.2) 

Combined headaches 165 (9.3) 

Migraine associated with other headaches 101 (5.7) 

Tension-type headache associated with other headaches 62 (3.5) 

Secondary headaches associated with primary headaches 2 (0.1) 

Secondary headaches 107 (6.0) 
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Table 3.  Distribution of headaches according to the ICHD-I and ICHD-II classification  

  ICHD-II (+) 

  MO MA PMO PMA FETTH IETTH CTTH PFETTH PIETTH PCTTH Combined Secondary Total 

MO 114 - 6 - - - - - - - - - 120 

MA - 28 - 1 - - - - - - - - 29 

PM 1 - 21 2 - - - 2 1 - - - 27 

ETTH - - - - 663 261 3 20 7 - 1 - 955 

CTTH - - - - 2 - 75 - - 1 - - 78 

PTTH - - 4 - 6 3 - 130 76 3 - - 222 

Combined 3 2 13 - 6 1 - 45 8 - 164 - 242 

Secondary - - - - - - - - - - - 107 107 

ICHD-I (*) 

Total 118 30 44 3 677 265 78 197 92 4 165 107 1780 

(*) MO-migraine without aura; MA-migraine with aura; PM-migrainous disorder not fulfilling all criteria; ETTH-episodic tension-type headache; CTTH-chronic 

tension-type headache; PTTH-headache of the tension type not fulfilling all criteria 

(+) MO-migraine without aura; MA-migraine with aura; PMO-probable migraine without aura; PMA-probable migraine with aura; FETTH-frequent episodic 

tension-type headache; IETTH-infrequent episodic tension-type headache; CTTH-chronic tension-type headache; PFETTH-probable frequent episodic 

tension-type headache; PIETTH-probable infrequent episodic tension-type headache; PCTTH-Probable chronic tension-type headache 
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Table 4. Frequency of primary and combined headaches according to the the ICHD-I and ICHD-II 

 

 

 

 

 

Table 5.  Frequency of migraine and tension-type headache in the population according to the 

ICHD-I and ICHD-II 

 

 

 

 

 

 

 

 

 

 

 

 

 

 ICHD-II 

  Primary headaches Combined headaches Total 

Primary headaches 1430 1 1431 

Combined headaches 78 164 242 ICHD-I 

Total 1508 165 1712 

 ICHD-II   ICHD-II 

  Migraine  Without 
migraine Total    TTH Without 

TTH Total 

Migraine 292 42 334  TTH 1335 1 1336 

Without 
migraine 4 1670 1674  

Without 
TTH 40 632 672 

ICHD-
I 

Total 296 1712 2008  

ICHD-
II 

Total 1375 633 2008 
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Table 6. Missing criteria in cases with probable headache types 

Missing Criteria  Migraine  Tension-type headache  

A 0 (0%) 38 (13%) 

B 30 (61%) 158 (53%) 

C 4 (8%) 6 (2%) 

D 15 (30%) 96 (32%) 
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4.3. Unravelling susceptibility factors for migrain e 

 

Several association studies have been performed for migraine, mostly with contradictory 

results and replication is therefore needed to confirm the observed association in other 

populations. One of our aims was to replicate previous positive findings in other 

populations, in order to assess if those genes were also implicated in migraine 

susceptibility in our Portuguese sample. We also wanted to study new candidate genes 

and assess possible interactions between genes. 

The first association studied was with STX1A, a gene which encodes Syn1A, a protein 

involved in the SNARE complex, which is crucial for the regulation of presynaptic release 

of neurotransmitters. We found a significant result regarding two SNPs, rs941298 (which 

has been previously associated with migraine in a Catalonian sample (316)) and 

rs6951030 (which has never been associated with migraine before) [article 5] . These 

results strengthen the role of neurotransmitter release in migraine pathophysiology 

[article 5] .  

We also studied EDNRA, a gene that has been associated with migraine (MO and MA) in 

other populations (204, 209). We found that rs702757 is a susceptibility factor for MO, as 

previously reported. Furthermore, we cannot exclude the involvement of this gene in MA 

susceptibility in our population since we found a trend towards an incresead risk of rs5333 

[article 6] . 

We also wanted to further explore a possible role of BDNF and assess for the first time 

the involvement of CGRP in migraine susceptibility. Due to their connection in migraine 

pathophysiology, we also assessed a possible interaction between the two genes. No 

significant results were found for the genes, when analysed independently. However, we 

found an interaction between BDNF and CGRP, regarding the SNPs rs2049046 and 

rs1553005. This interaction should be further explored in larger samples in order to have a 

broader knowledge of the role of these genes in migraine susceptibility [article 7] . 
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Article 5. Syntaxin 1A in migraine susceptibility- evidence for its involvement 

in a Portuguese study 
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Abstract  

 

Migraine is a common disorder for which several candidate genes have been studied, with 

contradictory results. Recently, syntaxin 1A was proposed as a risk factor for migraine. 

The aim of this study was to confirm this, given that syntaxin 1A interacts with several 

players in migraine pathophysiology.  

In a sample of 188 migraineurs (111 without aura (MO) and 77 with aura (MA)) and 287 

migraine-free controls, three tagging SNPs (rs3793243, rs941298 and rs6951030) of 

STX1A gene were analyzed. A backward-stepwise multiple-logistic regression was 

performed. Allelic and haplotypic frequencies were compared between cases and 

controls.  

We found that rs941298 and rs6951030 are risk factors for migraine patients. In particular, 

the TT-genotype of rs941298 is associated with an increased risk for both migraine in 

general and MO; the GG and GT-genotypes for rs6951030 are also associated with 

migraine, while the GT genotype of rs6951030 was found to be significant in the MO 

group. The SNP rs3793243 did not show any significant association. In the haplotype-

based analysis, we found an under-representation of the T-C-T haplotype (rs3793243-

rs941298-rs6951030) in the global sample and in MO. We found an enrichment of the G-

allele of rs6951030 for female migraineurs only.  

We thus confirm the involvement of syntaxin 1A in migraine susceptibility regarding SNP 

rs941298. In addition, we found rs6951030 to be also associated in Portuguese migraine 

patients. Gender differences should be further explored to disentangle a possible gender-

susceptibility in syntaxin 1A. 
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Introduction 

 

Migraine is a common neurological disorder, affecting about 15% of the general 

population (4, 45). Familial aggregation studies have shown that migraine is essentially 

due to genetic factors, with multiple genes contributing to its liability, in addition to 

environmental factors (25). We have also confirmed the presence of a genetic component 

in migraine with aura (MA) and without aura (MO), in a Portuguese population (293).  

 

Although some loci for MA and MO have been proposed, the genes involved have not yet 

been identified. Several candidate genes have been studied, with contradictory results 

(25).  Some evidence supports that the neurotransmitter system is also involved in 

migraine pathophysiology (103). Serotonin (5-HT) plays a role in pain modulation and 

serotonin agonists are an effective therapeuthical approach to migraine (317). The 

serotonin transporter (5-HTT) is involved in 5-HT reuptake and is a target for 5-HT 

reuptake inhibitors (318).  

 

Syntaxin 1A (Syn1A) is a presynaptic plasma membrane protein of the syntaxin family 

that, in conjunction with other proteins, compose the SNARE complex, crucial for the 

regulation of presynaptic release of neurotransmitters. Syn1A, encoded by the STX1A 

gene, is one of the regulatory proteins of the expression and subcellular localization of 5-

HTT (318). Furthermore, Syn1A binds to the neuronal Gamma-aminobutyric acid (GABA) 

transporter (GAT-1) inhibiting its reuptake. GABA is the main inhibitory neurotransmitter in 

the brain and some GABA receptors agonists are used in migraine prophylaxis (319).  

 

Nitric oxide (NO) is also involved in the formation of the SNARE complex and in the 

interaction of Syn1A and GAT-1 (320). Also NO has been associated with the nociception 

mechanism and, consequently, with migraine pathophysiology (321).   

The gene encoding the α1A subunit of a voltage-dependent calcium-channel (VDCC) 

(CACNA1A) is involved in a rare form of MA, familial hemiplegic migraine type 1 (FHM1). 

It has been shown that the association of the SNARE proteins with presynaptic Ca2+ 

channels, including CACNA1A, is essential for neurotransmitter release (322).  

Recently, Syn1A was proposed as a risk factor for migraine (316). The aim of this study 

was to confirm the involvement of Syn1A in migraine’s susceptibility, using a case-control 

approach, given that Syn1A interacts with several players in migraine pathophysiology. 
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Materials and methods 

 

Subjects 

A sample of 188 unrelated migraine patients (111 with MO, 77 with MA), from the 

Neurology out-patient clinic, at HSA, Porto, were sequentially enrolled in this study. 

Patients with FHM were excluded; migraineurs with co-ocurrence of MA and MO were 

included in the MA group. Control subjects (287), with no history of migraine, were 

ascertained among healthy blood donors and from the Obstetrics and Gynecology 

department of HSA. Females with menstrual-related headache were excluded from the 

control group. Controls were from the same ethnic and geographical origin as the cases 

(Northern region of the country), and were age-matched to these. A diagnostic interview 

was performed in cases and controls, based on the operational criteria of the 

“International Headache Society” (IHS), using the same structured questionnaire. The first 

edition of the IHS criteria (ICHD-I) (279) was used before 2004; when revising the 

diagnosis using the second edition (ICHD-II) (6) no differences were found in patients’ 

diagnosis (data not shown). Participants gave their written informed consent and the 

project was approved by the Ethics Committee of HSA. 

 

Selection of SNPs and genotyping 

Genomic DNA was isolated from peripheral blood, using a standard salting out 

method(261) or from saliva, using ORAGENE kits according to the manufacturer’s 

instructions (DNA Genotek Inc.). SNPs were selected based on a data dump from The 

International HapMap Project (www.hapmap.org); tagging SNPs were selected using 

Haploview 4.1(263), at an r2 threshold of 0.80, with a minor allele frequency (MAF) >0.10, 

by an aggressive tagging approach. Tagging SNPs included rs3793243 (located in 

chromosome 7: 72,759,283), rs941298 (72,763,199) and rs6951030 (72,771,177, 

according to the Ensembl database).  

In a first stage, allelic discrimination was performed using molecular beacons and Real-

Time PCR reactions (iQ5 Real-Time PCR Detection System, Bio-Rad Laboratories). A few 

discrepancies were found, however, after sequencing (to confirm uncertain genotypes): 

Real-Time PCR did not show to be a reliable method for allelic discrimination with these 

SNPs. Therefore, we chose to sequence all samples for rs3793243 and rs941298, while 

for rs6951030 we used a restriction-enzyme analysis. 

All  SNPs were PCR-amplified using HotStar Taq Master Mix Kit (Qiagen) according to 

manufacturer’s instructions (primer sequences are available upon request). Sequencing 
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was performed using the Big Dye Terminator Cycle Sequencing v1.1 Ready Reaction 

(Applied Biosystems), according to the manufacturer’s instructions and samples were 

loaded in an ABI-PRISM 3130 XL genetic analyzer (Applied Biosystems). Restriction 

enzyme analysis was performed with BsrI, after PCR amplification, and digestion products 

were electrophoresed in a 2% agarose gel, stained with ethidium bromide.    

 

Statistical Analysis 

Power estimations were performed using the Genetic Power Calculator 

(http://pngu.mgh.harvard.edu/~purcell/gpc/). Analysis of Hardy-Weinberg equilibrium was 

performed using HWE software (http://linkage.rockefeller.edu/ott/linkutil.htm). 

Demographic data of patients and controls were compared using a chi-square test for 

categorical variables. To compare SNP allele frequencies between cases and controls, 

the chi-square test was used and odds ratios (OR) were estimated, with 95% confidence 

intervals (CI), and the significance level was set to α=0.05.  

A backward-stepwise multiple-logistic regression was performed (with the most frequent 

homozygote as the reference category), in order to evaluate the association between the 

SNPs’ genotypes and the occurrence of migraine, by including the three SNPs and 

gender in the initial model. We also evaluated the role of STX1A in the migraine subtypes. 

All analyses were performed in the total sample, as well as in the MA and MO subsets. 

Significance was set to α= 0.016 (considering three logistic regressions), using a 

Bonferroni correction, to correct for multiple comparisons.  

These analyses were performed using SPSS (version 16.0 for Windows). Haplotype 

frequencies were compared between cases and controls, using Haploview 4.1(263) with 

all parameters set at the default values. Haplotypes were estimated, using an accelerated 

EM algorithm similar to the partition-ligation expectation-maximization algorithm described 

by Qin et al., and case-control counts were obtained by summing the fractional likelihoods 

of each individual for each haplotype (263, 273). Frequencies of haplotypes analysed 

were above >1%, according to the Haploview threshold; to correct for multiple 

comparisons, regarding estimation of allelic and haplotype frequencies, we used 10,000 

permutations.  

In the pooled sample, a chi-square and OR were estimated, assuming α=0.05, to 

compare allelic and genotypic frequencies between cases and controls.  
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Results 

We analyzed a sample of 188 unrelated migraineurs and 287 controls age-matched (a 

case:control ratio of 1:1.5). With this sample, we had a power of 64% to detect association 

(for a nominal α=0.05), assuming a high risk allele frequency of 0.1, a relative risk for AA 

genotype of 2.25 and 1.5 for Aa genotype. A migraine prevalence of 16% had been 

previously estimated in a Portuguese population (21, 275). 

Demographic and clinical data can be found in Table 1. A family history of migraine was 

present in 87% of the cases. No significant differences were found regarding gender, 

between patients and controls (p>0.05) (Table1).  

 

Both case and control groups were in Hardy-Weinberg equilibrium for the three SNPs 

studied. The correlation between the three SNPs was small, denoting the weak LD 

between them according to the LD plot (Figure 1). In our sample, the three SNPs were 

also in weak LD (data not shown).  

 

Regarding allele frequencies (Table 2), we found an enrichment of the G-allele of 

rs6951030 among migraineurs (OR=1.52, 95% CI: 1.12-2.06), as well as in the MO and 

MA groups (OR=1.48, 95% CI: 1.04-2.12, for MO; OR=1.58, 95% CI: 1.06-2.36, for MA); 

however, after permutation-based correction, the result for MO and MA did not reach 

significance. We found an enrichment of the T-allele for rs941298 in MO patients 

(OR=1.44, 95% CI: 1.04-1.99); however, this was not kept after permutation-based 

correction. No significant differences were found for this SNP in the other groups. There 

were no significant differences in the allele frequencies between cases and controls, 

regarding rs3793243, for any of the groups. 

Additionally, we stratified these data by gender and found an enrichment of the G-allele of 

rs6951030 only for female migraineurs (OR=1.56, 95% CI: 1.11-2.20, but this was not 

significant after permutation-based correction). In males, no significant results were found 

(not shown). 

Genotypic frequencies of the SNPs are shown in Table 3. Results from the backward-

stepwise multiple-logistic regression, with the three SNPs and gender included in the 

initial model, are shown in Table 4.  Values for each SNP were adjusted for the remaining 

significant variables in the model. For the migraine sample, the TT genotype of rs941298 

showed an increased risk for migraine patients (OR=2.22, 95% CI: 1.19-4.12), significant 
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after Bonferroni correction; the GT and GG genotypes of rs6951030 were also associated 

with an increased risk for migraine (OR=1.68, 95% CI: 1.13-2.51 for GT, OR=3.27, 95% 

CI: 1.35-7.88 for GG), also significant after Bonferroni correction. Interestingly, the TT 

genotype of rs941298 showed an increased risk also for MO patients (OR=3.11, 95% CI: 

1.52-6.33); and heterozygosity for rs6951030 was associated with an increased risk for 

MO (OR=1.85, 95% CI: 1.14-2.99), withstanding Bonferroni correction. An OR higher than 

2 (OR=3.01, 95% CI: 1.05-8.64) was found for the GG-genotype, which may indicate that 

this genotype is also a risk factor for MO (although not statistically significant, after 

Bonferroni correction) similar to what was found in the MA sample (OR=3.20, 95% CI: 

1.14-8.92). The SNP rs3793243 did not show any significant association. 

In a haplotype-based analysis (Table 5), C-C-G was more frequent in migraineurs than in 

controls (OR=1.40, but did not withstand after permutation-based correction). Also, T-C-T 

was less frequent in migraineurs and in MO patients than in controls, suggesting a 

possible protective role of the T-allele of rs6951030 (OR=0.54, p=0.03, for migraine 

sample, OR=0.43, p=0.02 for the MO subgroup, after a permutation-based correction). 

Interestingly, we found an increased risk for the T-T-T haplotype in the MO sample, 

showing that the T-allele of rs941298 might confer an increased risk for MO (OR=1.44), 

but this was not significant after permutation-based correction. 

 

We also stratified the haplotype-based analysis regarding gender and found a protective 

role for T-C-T in females (non-significant after multiple-testing correction). In males, we 

did not find any differences in haplotype frequencies between cases and controls (data 

not shown). 

Patients with co-occurrence of MA and MO were first included in the MA sample. In a 

further analysis, we decided to exclude these patients from the analysis and the results 

found were similar regarding the involvement of the three SNPs in MA (data not shown). 

Additionally, we performed a pooled analysis of our data and those published by 

Corominas et al. (316), excluding the Catalonian hemiplegic migraine patients. We found 

a significant association between rs941298 and the total and MO samples (not shown). 

With allele frequencies of rs941298 pooled together, risk was significantly increased for 

migraine sample and MO in patients with the T-allele (not shown). For rs6951030, we did 

not find any significant results after pooling. 

 

We performed a PupaSuite database search (266), to assess a putative functional role of 

these SNPs: (1) rs6951030 is located in a conserved region, what may indicate it is 

important for gene regulation; (2) rs941298 is located in a triplex sequence, and may 

affect its structure formation, altering regulation. Additionally, we assessed if there were 



Results – Article 5  

 

 

 93 

any regulatory SNPs in LD with rs6951030 and rs941298. The SNP rs6951030 is not in 

LD with any other SNP genotyped in the HapMap project. We found that rs867500 (in LD 

with rs941298) is located in an exonic-splicing enhancer-motif.  

 

Comments 

We analyzed the role of STX1A in migraine susceptibility and, more specifically, in 

migraine subtypes MO and MA. Our findings confirm the involvement of STX1A as a risk 

factor for migraine. The intronic variants rs941298 and rs6951030 may play a role on 

migraine and, particularly, in MO. Additionally, we cannot exclude the effect of rs6951030 

in MA, since homozygous state GG results in an OR above 2, however the result was not 

significant after Bonferroni correction.  

 

The haplotype analysis also supports the involvement of the rs6951030 G-allele in 

migraine susceptibility and a protective role for the T-allele both for migraine and MO. 

With this we also confirmed the increased risk conferred by rs941298 T-allele. Comparing 

allele frequencies, we found an association of rs6951030 with migraine and migraine 

subtypes, while for rs941298 only an association with MO was found; results for 

rs3793243 were not significant.  

 

We found a gender-related effect in rs6951030, since only the female group showed 

enrichment of the G-allele. This may be due to hormonal effects mediated by epigenetic 

modifications (323). We cannot exclude, however, that the non-increased risk in males is 

due to its small size in our sample. It would be important to explore this in larger samples, 

to disentangle a possible gender-susceptibility regarding Syn1A.  

 

In the recent study from Catalonia (316) significant differences were found between cases 

and controls, both in allele and genotype frequencies of rs941298. The T-allele was 

overrepresented in cases, either with MO or MA. In our study, we also found an effect of 

the TT-genotype in the global sample and in the MO subset. In contrast to our results, no 

association with rs6951030 was found in the Catalonian study. 

 Although our study replicates the involvement of STX1A gene in migraine susceptibility, 

different variants were associated. Our data suggests a stronger effect of this gene in MO, 

regarding rs6951030 and rs941298. 

The difference between our results and those from Catalonia (316) regarding rs6951030 

may be due to allele-frequency variation across populations; it may be more marked due 
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to gene-gene and gene-environment interactions (324). This emphasizes the importance 

of replicating association studies in several populations.  

Additionally, when pooling both samples, we found a significant effect of the T-allele of 

rs941298 in migraineurs; this was expected, as the Catalonian study found significant 

results for this SNP and we saw an increased risk for the TT-genotype in our sample. 

These results show that this SNP may be involved in susceptibility to migraine in both 

populations. More importantly, we found an increased risk of the G-allele of rs6951030 for 

Portuguese migraineurs, not present in the pooled sample: we can postulate that the 

association with rs6951030 is specific of our population. 

 

In FHM, glutamate release, facilitated by the mutated VDCC α1A subunit, results in cortical 

spreading depression (CSD), a slowly propagating wave of neuronal and glial 

depolarization, spreading across the cortex (28). CSD is the underlying mechanism 

implicated in the visual, sensory or motor aura observed in MA, during which several 

neurotransmitters are released (28). In MO, imaging studies suggest that CSD may occur 

in silent brain areas, leading to pain but not other symptoms (35, 36). The association of 

the SNARE proteins (including Syn1A) with presynaptic Ca2+ channels, namely the VDCC 

α1A subunit, is essential for neurotransmitter release (322). Therefore, polymorphisms in 

STX1A gene may alter the interaction between Syn1A and calcium channels, modifying 

the functional state of the VDCC α1A, altering neurotransmitter release and, ultimately, 

contributing to CSD and the migraine phenotype (316, 325). 

 

Although no functional role has been described yet for any of these intronic SNPs, it would 

be important to evaluate further that possibility. We found that both rs941298 and 

rs6951030, but also rs867500 (which is LD with rs941298), are located in regions 

potentially important for regulation. Further analyses are needed to evaluate a potential 

functional role of these SNPs and understand their effect on Syn1A. 

 

Although our sample is not very large, we had special concern in obtaining a high 

case:control ratio, to increase power. Also, cases and controls were matched for age at 

observation and gender, and were from the same geographic region (several studies, 

using markers sensitive to population stratification, as lineage markers, have showed 

there is no population substructure among the Portuguese population (326-328)). Also, we 

used corrections for multiple testing to prevent type-I errors (Bonferroni and permutation-

based corrections) and finally, we used logistic regression analyses in order to analyze 

the SNPs effects altogether. 
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In conclusion, our study favours and brings new insight into the involvement of syntaxin 

1A in susceptibility to migraine, and strengthens the role of neurotransmitter release in its 

pathophysiology. We can thus confirm the association between Syn1A and migraine 

found in Catalonian patients. Further studies with larger samples in other populations will 

be important to disentangle the role of this gene in migraine subtypes. 
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Table 1.  Demographic and clinical data of migraine patients and controls 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Migraine patients (n) 188 

MA 77 

MO 111 

Females 153 

Males 35 

mean age at observation (SD) 36.14 yrs (12.84) 

mean age at onset (SD) 17.67 yrs (8.15) 

family history of migraine 87% 

Migraine-free controls (n) 287 

females 217 

males 70 

mean age at observation (SD) 36.42 yrs (12.35) 
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Abbreviations:OR: odds ratio; CI: confidence interval. Nominal and corrected- significant values are 

shown in bold 

 

 

Table 2.   Allele frequencies of SNPs studied in migraine patients and controls 

SNP Alleles (%) X 2 OR (95% CI) P 
P 

(after permutation) 

rs3793243 T C     

all patients 159 (42.3) 217 (57.7) 0.00 1.00 (0.77-1.30) 0.99 1.00 

MO 100 (45.0) 122 (55.0) 0.48 1.12 (0.82-1.52) 0.48 0.97 

MA 59 (38.3) 95 (61.7) 0.81 0.85 (0.59-1.22) 0.37 0.89 

controls 243 (42.3) 331 (57.7) - - -  

rs941298 T C     

all patients 130 (34.6) 246 (65.4) 2.05 1.22 (0.93-1.62) 0.15 0.56 

MO 85 (38.3) 137 (61.7) 4.85 1.44 (1.04-1.99) 0.03 0.13 

MA 45 (29.2) 109 (70.8) 0.05 0.96 (0.65-1.41) 0.82 1.00 

controls 173 (30.1) 401 (69.9) - - -  

rs6951030 G T     

all patients 107 (28.5) 269 (71.5) 7.48 1.52 (1.12-2.06) 0.006 0.03 

MO 62 (27.9) 160 (72.1) 4.72 1.48 (1.04-2.12) 0.03 0.14 

MA 45 (29.2) 109 (70.8) 5.01 1.58 (1.06-2.36) 0.02 0.12 

controls 119 (20.7) 455 (79.3) - - -  
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Table 3.  Genotype frequencies in patients and controls 

SNPs 
Genotypes n (%) 

 

rs3793243 CC TC TT Total 

all patients 67 (35.6) 83 (44.2) 38 (20.2) 188 

MO 37 (33.3) 48 (43.2) 26 (23.4) 111 

MA 30 (39.0) 35 (45.5) 12 (15.6) 77 

controls 89 (31.0) 153 (53.3) 45 (15.7) 287 

rs941298 CC CT TT Total 

all patients 28 (14.9) 74 (39.4) 86 (45.7) 188 

MO 46 (41.4) 45 (40.5) 20 (18.0) 111 

MA 40 (51.9) 29 (37.7) 8 (10.4) 77 

controls 28 (9.8) 117 (40.8) 142 (49.5) 287 

rs6951030 TT TG GG Total 

all patients 95 (50.5) 79 (42.0) 14 (7.5) 188 

MO 56 (50.5) 48 (43.2) 7 (6.3) 111 

MA 39 (50.6) 31 (40.3) 7 (9.1) 77 

controls 178 (62.0) 99 (34.5) 10 (3.5) 287 
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 Abbreviations: OR: odds ratio; CI: confidence interval, aindicates the reference category; after Bonferroni correction, significance level was set to 

α=0.016. Significant values are shown in bold. 

Table 4.  Results from the backward-stepwise multiple-logistic regression 

Migraine MO MA 
Genotypes 

OR 95% CI P OR 95% CI P OR 95% CI P 

rs3793243   0.25   0.30   0.67 

CC (refa) 1.00 - - 1.00 - - 1.00 - - 

CT 0.66 0.39-1.11 0.12 0.62 0.32-1.19 0.15 0.80 0.44-1.42 0.44 

TT 0.86 0.38-1.94 0.71 0.88 0.33-2.34 0.80 1.02 0.46-2.29 0.96 

rs941298   0.04   0.008   0.85 

CC (refa) 1.00 - - 1.00 - - 1.00 - - 

CT 1.16 0.77-1.75 0.48 1.32 0.80-2.18 0.27 1.16 0.59-2.26 0.67 

TT 2.22 1.19-4.12 0.012 3.11 1.52-6.33 0.002 1.36 0.42-4.45 0.61 

rs6951030   0.004   0.015   0.06 

TT (refa) 1.00 - - 1.00 - - 1.00 - - 

GT 1.68 1.13-2.51 0.011 1.85 1.14-2.99 0.013 1.43 0.84-2.43 0.19 

GG 3.27 1.35-7.88 0.008 3.01 1.05-8.64 0.04 3.20 1.14-8.92 0.03 
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aOnly haplotypes with any significant result are shown. Nominal and corrected- significant values are shown in bold. 

Table 5.  Results from the haplotype analysis 

 

Cases Controls Haplotypes 

(rs3793243-rs941298-
rs6951030) carriers non-carriers carriers non-carriers 

OR 95% CI X2 Pa 
P 

(after permutation) 

All patients          

C-C-G 89.9 286.1 105.4 468.6 1.40 1.02-1.92 4.28 0.04 0.17 

T-C-T 30.8 345.2 81.7 492.3 0.54 0.35-0.83 7.94 0.005 0.03 

MO          

T-C-T 14.9 207.1 81.7 492.3 0.43 0.24-0.77 8.49 0.004 0.02 

T-T-T 74.1 147.9 147.9 426.1 1.44 1.03-2.02 4.61 0.03 0.15 
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Article 6. A variant in endothelin receptor type A is associated with migraine 

without aura 
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Abstract 

 

Objective: We aim to assess the possible involvement of EDNRA in migraine in a large 

sample of Portuguese migraineurs (with and without aura). 

Background: Migraine is a common disabling disorder. Anomalies of vascular function 

have been implied in its pathophysiology. Several findings point to a possible role of 

endothelin receptor type A (EDNRA) in migraine.  

Methods: Using a case-control approach, three tagging SNPs (rs702757, rs5333 and 

rs5335) of EDNRA were analyzed in 188 cases – 111 without (MO) and 77 with aura (MA) 

– and 287 controls. A multivariable logistic regression included the three SNPs in a model 

adjusted for gender. Allelic and haplotypic frequencies were compared between cases 

and controls. 

Results: We found an increased risk for the rs702757 A-allele (OR=1.44, 95% CI: 1.05-

1.99), in MO patients. The logistic regression showed a borderline significant increased 

risk of AA genotype (OR=2.34, 95% CI: 1.12-4.90) for MO after correction for multiple 

testing. A trend towards an increased risk for MA patients regarding the C-allele of rs5333 

was also found. The A-C-G haplotype was overrepresented in the general migraine 

sample (OR=1.75, 95% CI: 1.06-2.90) and the MO subgroup (OR=2.06, 95% CI: 1.18-

3.59); after permutation-based correction, this was significant only for MO patients. 

Conclusions: Our results reinforce the role of EDNRA (rs702757) as a susceptibility factor 

for MO, and, thus, of the vascular component in migraine pathophysiology. We cannot 

exclude the involvement of this gene in MA susceptibility in our population. Our study also 

emphasizes the need for replication of association findings in different populations. 
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Introduction 

 

Migraine is a common disabling primary headache, leading to a diminished quality of life in 

migraineurs and their relatives. (8) Anomalies of vascular function, with dilatation of 

cerebral blood vessels and release of vasoactive neuropeptides have been implied its 

pathophysiology. (28, 193) 

Endothelin-1 (ET-1) is one of the most potent vasoconstrictors, synthesized by endothelial 

and vascular smooth muscle cells. (329) Plasma ET-1 levels may increase during migraine 

attacks and remain so hours after. (200, 201) Also, ET-1 is an inducer of cortical spreading 

depression (CSD) that underlies migraine with aura (MA), although it may also be 

implicated in migraine without aura (MO). This may be one of the links between the 

vascular theory of Woolf and the neuronal theory of Leão and Morrison. (34, 35, 199) 

Endothelin type A receptor (EDNRA) mediates the biological effects of ET-1. It is expressed 

in vascular smooth muscle cells, and its activation by ET-1 leads to vasoconstriction. (203) 

EDNRA also mediates the inhibitory effect of ET-1 on nitric oxide (NO) synthesis, which, on 

its turn, has been associated with nociception and, consequently, with migraine 

pathophysiology. (201, 321) One study in rats showed that the effect of ET-1 on CSD may 

be mediated by EDNRA and lead to the formation of a microarea of selective neuronal 

necrosis. (199) Some described an association between a polymorphism of the ENDRA 

gene and migraine, although this was not replicated in another study in a paediatric 

sample. (204, 210) A recent study found an association between an EDNRA 

polymorphism and MA and with age at onset below 20 years. (209) All these findings point 

to a possible role of EDNRA in migraine. Our aim was to assess its possible involvement 

in a Portuguese population. 
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Materials and methods 

 

Subjects 

 

A total of 188 unrelated migraine patients (111 with MO, 77 with MA) from the Neurology 

out-patient clinic, at HSA, Porto, were sequentially enrolled. Patients with familial 

hemiplegic migraine were excluded; those with co-occurrence of MA and MO were 

included in the MA group. Controls (287), with no history of migraine, were ascertained 

among healthy blood donors and from the Obstetrics and Gynecology department of HSA. 

Controls were from the same ethnic and geographical origin as cases, and were age-

matched to these. A diagnostic interview was performed in all, based on the operational 

criteria of the International Headache Society (IHS), using a structured questionnaire. 

ICHD-I, the first edition of the IHS criteria (279), was used before 2004; when reviewing 

the diagnoses with ICHD-II (6) no differences were found (not shown). Participants gave 

written informed consent; the project was approved by the Ethics Committee of HSA. 

 

Selection of SNPs and genotyping 

Genomic DNA was isolated from peripheral blood, using a standard salting-out method 

(261); or from saliva, using ORAGENE kits according to the manufacturer’s instructions 

(DNA Genotek Inc.). SNPs were selected based on a data dump from the HapMap Project 

(www.hapmap.org), with a minor allele frequency (MAF) of 0.10. Using Haploview 4.1 

(263), one tagging SNP was selected from three haplotype blocks of the EDNRA gene. 

These tagging SNPs included rs702757 (located in chromosome 4: 148,409,772; on 

intron 2), rs5333 (148,461,537; on exon 6, p.H323H) and rs5335 (148,464,340 according 

to the Ensembl database; on 3’UTR). Allelic discrimination was performed using Real-

Time PCR (iQ5 RT PCR Detection System, Bio-Rad). Primers and molecular beacons 

were designed using Beacon Designer 6.0. Reactions were performed using 20 ng/µL 

DNA, 10 µL iQTM Supermix or iQTM Multiplex Powermix, 1.5-8.0 mM MgCl2 and 0.5 µM of 

each primer, in 20 µL final reaction volume. The concentration of the probes used was: for 

rs702757, 0.05 µM of probe 1 (labelled with FAM) and 0.15 µM of probe 2 (labelled with 

Cy3) and for rs5335, 0.05 µM of probe 1 (labelled with FAM) and 0.05 µM of probe 2 

(labelled with Cy3). Primer and probe sequences are available upon request. 

Cycling conditions used were: an initial denaturing at 95ºC for 3m and 30s, followed by 35 

cycles of 30s at 95ºC, 60s at 60ºC (for the annealing; at this point fluorescence was 

measured) and 30s at 72ºC. Genotypes were determined automatically by the signal 

processing algorithms of the iQ5 Optical System Software, version 2.0 (Bio-Rad) and 
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results compared with the genotypes visually scored with the fluorescent emission data 

depicted (RFUs).  

To validate RT PCR, we included three controls genotyped by sequencing (one 

heterozygote and homozygotes for variants 1 and 2). Uncertain genotypes were 

sequenced. A few discrepancies were found, however, after sequencing only for rs5333: 

Real-Time PCR did not show to be a reliable method for allelic discrimination of this SNP. 

Therefore, for this SNP, all cases and controls were sequenced. 

The Big Dye Terminator Cycle Sequencing v1.1 Ready Reaction and an ABI-PRISM 3130 

XL (Applied Biosystems) were used according to manufacturer’s instructions. 

 

Statistical Analysis 

Power to detect association was estimated with the Genetic Power Calculator 

(http://pngu.mgh.harvard.edu/~purcell/gpc/). Hardy-Weinberg equilibrium was tested, 

using HWE software (http://linkage.rockefeller.edu/ott/linkutil.htm). Demographic data of 

patients and controls were compared using a chi-square test for categorical variables. 

SNP allele frequencies were compared between cases and controls, a chi-square test 

was used and odds ratios (OR) were estimated with 95% confidence intervals (CI) and the 

level of significance was set at α=0.05. A multivariable logistic regression was performed 

(with the most frequent homozygote as the reference), including the three SNPs and 

adjusting for gender in the model. All analyses were done in the total sample, as well as in 

MA and MO subsets. Significance was set to α=0.016 (considering three logistic 

regressions), using a Bonferroni correction for multiple comparisons.  

These analyses were performed with SPSS (version 16.0 for Windows). Haplotype 

frequencies were compared between cases and controls, using Haploview 4.1 (263), with 

all parameters set at the default. Haplotypes were estimated using an accelerated EM 

algorithm similar to the partition-ligation expectation-maximization one; cases-controls 

were counted by summing the fractional likelihoods of each individual for each haplotype. 

(263, 273) Haplotypes analysed were above 1%, according to the Haploview threshold; to 

correct for multiple comparisons, when estimating allelic and haplotype frequencies, 

10,000 permutations were used.  

 

Results 

Demographic data from patients and controls are shown in Table 1. There were no 

differences between patients and controls regarding gender. Case-control ratio was 1:1.5; 

power to detect association (significance level of 0.05) was 64%, assuming a high risk 

allele frequency of 0.1, a relative risk for homozygotes of 2.25 and 1.5 for heterozygotes. 

A prevalence of 16% had been estimated before for migraine in this population. (275)  
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All SNPs analyzed were in Hardy-Weinberg equilibrium, in case and control groups. The 

three SNPs were in weak LD (r2<0.80) (Fig. 1). Allele frequencies are shown in Table 2. 

We found an increased risk of the rs702757A-allele (OR=1.44, 95% CI: 1.05-1.99) in the 

group of MO patients; however, this did not reach significance after correction for multiple 

testing. No other differences were found.  

Genotype frequencies are shown in Table 3, and results from the multivariable logistic 

regression are in Table 4. When incorporating all SNPs and adjusting for gender in the 

model, there was an increased risk of the AA genotype of rs702757 (OR=2.34, 95% CI: 

1.12-4.90) for MO. Interestingly, we found a trend towards an increased risk for MA 

patients regarding the C-allele of rs5333 (OR=2.21, 95% CI: 0.96-5.09). No other 

significant results were found, either in the multivariable or in the univariable logistic 

analysis.  

The haplotype A-C-G (Table 5) was overrepresented in the migraine sample (OR=1.75, 

95% CI: 1.06-2.90) and in MO patients (OR=2.06, 95% CI: 1.18-3.59). After permutations, 

the result is only significant for MO patients. No other differences were found. 

Allele and haplotype frequencies did not differ significantly with gender (data not shown). 

 

Discussion  

Vascular events have been associated with pathophysiology of migraine, in particular the 

vasodilatation, followed by constriction, during CSD. (330) Functional arterial properties 

may also be altered in migraine. (331) 

EDNRA is involved in vasoconstriction and has been suggested as a susceptibility factor. 

(204, 209) It was associated with MA in Finnish patients and a pooled Finnish-German 

sample. (209) It was also associated with migraine in French patients, in particular with 

MO. (204) 

In our sample of Portuguese patients, we now found significant differences between cases 

and controls, for rs702757, in the MO subgroup. The frequency of the A-allele and the AA-

genotype were enriched in MO, both borderline significant after multiple testing 

corrections. Also, we found an enrichment of the A-C-G haplotype in MO patients, 

significant after permutation-based correction. 

Cases and controls were matched for age at observation and gender, and were from the 

same geographic region; lineage-markers have shown there was no stratification in the 

Portuguese population. (326, 328) Also, we corrected for multiple testing (to prevent type-I 

errors) and used logistic regression to analyze the effects of all SNPs together. We paid 

special attention in obtaining a high case:control ratio, to increase power.  

Though CSD is more often associated with MA, imaging studies suggested CSD may 

occur in silent brain areas, leading to pain but not other symptoms. (28, 35) 
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Our results suggest EDNRA is involved in susceptibility to migraine in our population, 

particularly in MO. Linkage to a region near the EDNRA locus was reported before. (151) 

Moreover, rs702757 is located in a conserved region and may be involved in gene 

regulation. (266) Even if its A-allele is not the effective risk allele, it may be in linkage 

disequilibrium (LD) with a true one; e.g., it was shown to be in strong LD (r2>0.92) with 

allele G of rs1801708. (204) Though a protective role for the G-allele has been postulated 

in French patients (204), risk alleles and their frequency vary across populations, and may 

be enhanced by other gene and environment interactions. (324) This emphasizes the 

need for replication of association findings in different populations. Importantly, Tikka-

Kleemola et al. did not find a significant result for rs702757 in their MA patients while our 

results show involvement of this SNP in MO. (209) We cannot exclude a role of this gene 

in MA for our population, since we found a trend towards an increased risk of CC-

genotype of rs5333 in MA group. The C-allele of this SNP is in LD with T-allele of 

rs2048894, which has been found to be associated with MA in the study of Tikka-

Kleemola et al. (209) These data show that this gene may be associated with MO and MA 

susceptibility. 

An antagonist of both EDNRA and EDNRB proved not to be effective in migraine 

treatment. (332, 333) These results could be explained by the population in study and/or 

opposite effects of EDNRA and EDNRB. Pharmacological studies with EDNRA only would 

clarify its importance as a potential target. (334)  

Our results thus reinforce the role of EDNRA as a susceptibility factor and of the vascular 

component in migraine pathophysiology. Dissecting these genetic susceptibilities will be 

crucial to develop better therapeutic strategies, as the risk variants implied and their 

effects may vary in different populations. 

 

Acknowledgments 

We would like to thank all patients and controls for participating in this study. We thank 

also Dr. Serafim Guimarães, nurses Teresa Gomes and Palmira Gouveia for their 

assistance with sample collection, Paula Magalhães for technical assistance and Zoltán 

Bochdanovits for his helpful suggestions. The authors report no conflicts of interest. 

 

 

Funding: This study was supported in part by grants of Fundação para a Ciência e 

Tecnologia, FCT (POCTI-034390/99/FCT), Sociedade Portuguesa de Cefaleias, SPC and 

National Headache Foundation, NHF (U.S.A). CL is the recipient of a FCT fellowship 

(SFRH/BD/17761/2004).  

 



Results – Article 6 

 

108 

Table 1.  Demographic and clinical data of migraine patients and controls 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Migraine patients (n) 188 

MA 77 

MO 111 

females 153 

males 35 

mean age at observation (±SD) 36.14 yrs (±12.84) 

mean age at onset (±SD) 17.67 yrs (±8.15) 

family history of migraine 87% 

  

Migraine-free controls (n) 287 

females 217 

males 70 

mean age at observation (±SD) 36.42 yrs (±12.35) 
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Table 2.   Allele frequencies of SNPs studied in migraine patients and controls. 

OR: odds ratio; CI: confidence interval; Nominal-significant values are shown in bold 

 

EDNRA SNPs Alleles (%) X 2 OR (95% CI) P 
P 

(after 
permutation) 

rs702757 A T     

all patients 139 (37.0) 237 (63.0) 2.81 1.26 (0.96-1.66) 0.09 0.37 

MO 89 (40.1) 133 (59.9) 5.01 1.44 (1.05-1.99) 0.02 0.10 

MA 50 (32.5) 104 (67.5) 0.03 1.04 (0.71-1.52) 0.86 1.00 

controls 182 (31.7) 392 (68.3) - - -  

rs5333 C T     

all patients 111 (29.5) 265 (70.5) 2.46 1.26 (0.94-1.69) 0.12 0.45 

MO 63 (28.4) 159 (71.6) 1.00 1.19 (0.84-1.69) 0.32 0.88 

MA 47 (30.5) 107 (69.5) 1.98 1.32 (0.90-1.96) 0.16 0.58 

controls 143 (24.9) 431 (75.1) - - -  

rs5335 C G     

all patients 155 (41.2) 221 (58.8) 0.25 0.94 (0.72-1.22) 0.62 1.00 

MO 90 (40.5) 132 (59.5) 0.35 0.91 (0.66-1.24) 0.55 0.99 

MA 65 (42.2) 89 (57.8) 0.02 0.97 (0.68-1.4) 0.88 1.00 

controls 246 (42.9) 328 (57.1) - - -  
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Table 3.  Genotype frequencies in patients and controls 

 

 

  
EDNRA SNPs 

Genotypes n (%) 

 

rs702757 TT TA AA Total 

all patients 71 (37.8) 95 (50.5) 22 (11.7) 188 

MO 39 (35.1) 55 (49.5) 17 (15.3) 111 

MA 32 (41.6) 40 (51.9) 5 (6.5) 77 

controls 128 (44.6) 136 (47.4) 23 (8.0) 287 

rs5333 TT TC CC Total 

all patients 98 (52.1) 70 (37.2) 20 (10.6) 188 

MO 57 (51.4) 45 (40.5) 9 (8.1) 111 

MA 41 (53.2) 25 (32.5) 11 (14.3) 77 

controls 164 (57.1) 103 (35.9) 20 (7.0) 287 

rs5335 GG GC CC Total 

all patients 67 (35.6) 87 (46.3) 34 (18.1) 188 

MO 40 (36.0) 52 (46.8) 19 (17.1) 111 

MA 27 (35.1) 35 (45.5) 15 (19.5) 77 

controls 87 (30.3) 154 (53.7) 46 (16.0) 287 
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Table 4.  Results from a multivariable logistic regression, gender-adjusted 

(ref) indicates the reference category; OR: odds ratio; CI: confidence interval; after Bonferroni 

correction, significance level was set to p<0.016.  

 

 

 

 

Migraine MO MA 
Genotypes 

OR CI 95% P OR CI 95% P OR CI 95% P 

rs702757   0.34   0.08   0.78 

TT (ref) 1.00 - - 1.00  - 1.00 - - 

TA 1.23 0.82-1.85 0.31 1.31 0.80-2.14 0.28 1.13 0.66-1.94 0.67 

AA 1.59 0.81-3.10 0.18 2.34 1.12-4.90 0.02 0.80 0.27-2.32 0.67 

rs5333   0.50   0.78   0.14 

TT (ref) 1.00 - - 1.00 - - 1.00 - - 

TC 1.09 0.73-1.63 0.67 1.18 0.73-1.90 0.49 0.97 0.55-1.70 0.92 

CC 1.50 0.76-2.99 0.24 1.14 0.48-2.71 0.77 2.21 0.96-5.09 0.06 

rs5335   0.24   0.38   0.36 

GG (ref) 1.00 - - 1.00 - - 1.00 - - 

GC 0.71 0.46-1.07 0.10 0.70 0.43-1.16 0.16 0.71 0.40-1.26 0.24 

CC 0.91 0.52-1.59 0.74 0.83 0.42-1.61 0.58 1.08 0.52-2.26 0.84 
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Table 5.  Haplotype analysis for the EDNRA gene (rs702757- -rs5333-rs5335) 

 

 

 

 

 

 

 

 

 

 

 

 

 

Only haplotypes with a significant result in any of the patients sample are shown. Nominal and corrected significant values are shown in bold 

 

Cases Controls 
P 

(after permutation) Haplotypes 

carriers non-carriers carriers non-carriers 

OR CI 95% X2 P 

 

All patients          

A-C-G 34.3 341.7 31.1 542.9 1.75 1.06-2.90 4.86 0.03 0.11 

MO          

A-C-G 23.7 198.3 31.5 542.5 2.06 1.18-3.59 6.72 0.009 0.03 

MA          

A-C-G 9.2 144.8 26.3 547.7 1.32 0.61-2.87 0.52 0.47 0.98 
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Figure 1.  LD plot of SNPs analysed within EDNRA gene; r2 values are given within each square. 
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Article 7. BDNF and CGRP interaction: implications in migraine susceptibility 
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Abstract 

Migraine pathophysiology involves several pathways. Our aims were to explore a possible 

role of BDNF in migraine susceptibility, to study, for the first time, CGRP and a possible 

interaction between the two genes. 

Using a case-control approach, four tagging SNPs (rs7124442, rs6265, rs11030107, and 

rs2049046) of BDNF and one tagging SNP – rs1553005 of CGRP were analyzed in 188 

cases – 111 without (MO) and 77 with aura (MA) – and 287 controls. A multivariable-logistic 

regression was performed, adjusting for gender. Allelic and haplotypic frequencies were 

estimated. Interaction was assessed by a stepwise multivariable-logistic regression. 

No significant main effects were found; however, a significant interaction was found between 

BDNF and CGRP, showing an increased risk for the AT-genotype of rs2049046 and the GC-

genotype of rs1553005 (OR= 1.88, 95% CI: 1.20-2.93) for migraineurs. 

Our data support the hypothesis of an interaction between BDNF and CGRP in migraine 

susceptibility that should be further explored. 

 

 

Keywords: Migraine, association, BDNF, CGRP, pathop hysiology 
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Introduction 

Migraine is a common multifactorial disease (67, 83). Several different processes are 

involved in its pathophysiology, such as alteration of pain and sensory input, increased 

sensitivity of the cortex leading to aura, central pain facilitation, neurogenic inflammation and 

brain stem nociceptor sensitization (335, 336). 

BDNF (brain-derived neurotrophic factor) is important for neuronal growth, development and 

survival in the central nervous system, and is the most abundant neurotrophin in the brain 

(337, 338). BDNF is expressed in the nociceptive sensory neurons, acting as central pain 

modulator at both the spinal and supra-spinal level, contributing to central sensitization and 

modulating the activation of glutamatergic, N-methyl-d-aspartate (NMDA) receptors (339-

341). A significant decrease in the levels of BDNF in platelets was found in migraineurs, 

showing that it may also have a role in migraine pathophysiology (340). One of the 

mechanisms involved in migraine is central sensitization, characterized by activity-

dependent plastic changes in second-order trigeminal neurons (33). BDNF has been pointed 

as a mediator of the trigeminal nociceptive plasticity (341, 342). A previous study evaluated 

several genes that can be expressed after cortical spreading depression (CSD), the 

mechanism hypothesized to underlie migraine pathophysiology, especially migraine with 

aura (MA) (33, 343). BDNF was one of the genes found to be differentially expressed after 

CSD (343). 

Several studies showed that neurogenic inflammation is associated with pathogenesis of 

migraine (344). When neuronal excitability occurs, leading to primary brain dysfunction, the 

perivascular trigeminal sensory nerve fibers are activated, resulting in the release of 

vasoactive peptides, such as substance P and calcitonin-gene related peptide (CGRP), from 

trigeminal fibers (344). CGRP is the most abundant neuropeptide in perivascular sensory 

trigeminal nerve fibres and one of the mediators of neurogenic inflammation; it is a potent 

vasodilator (345, 346), enhancing the activation of second-order neurons, thus contributing 

to pain transmission (28, 344). CGRP has an active role in the activation and sensitisation of 

nociceptors at the peripheral and central level (347), modulating nociceptive transmission in 

the trigeminovascular system (346).  

The involvement of CGRP in migraine pathophysiology has been supported by the finding 

that the serum levels of CGRP are increased during migraine attacks and there is a 

decrease after treatment with triptans, although this was not observed in a more recent study 

(348-351). 
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CGRP is coexpressed with BDNF in trigeminal ganglion neurons in rats. In addition, CGRP 

enhances BDNF release from trigeminal neurons in vitro; this is independent of extracellular 

calcium and is abolished by a CGRP-receptor antagonist (342). 

A case-control study found no evidence of a BDNF SNP (rs6265) being associated with 

migraine susceptibility (352). The aims of this study were (1) to further explore a possible 

role of BDNF in migraine susceptibility and (2) to study, for the first time, CGRP as a 

candidate gene. Furthermore, since both genes are coexpressed and involved in migraine 

pathophysiology, (3) we also assessed their possible interaction in migraine’s susceptibility. 

 

Subjects and methods 

Subjects 

A sample of 188 unrelated migraine patients (111 with MO, 77 with MA), from the Neurology 

clinic, at HSA, Porto, were sequentially enrolled in this study. Patients with familial 

hemiplegic migraine were excluded; migraineurs with co-ocurrence of MA and MO were 

included in the MA group. Control subjects (287), with no personal history of migraine, were 

ascertained among healthy blood donors and from the Obstetrics and Gynecology 

department of HSA. Controls were from the same ethnic and geographical origin (north of 

Portugal) as cases, and were age-matched to these. A diagnostic interview was performed 

both in cases and controls, based on the operational criteria of the “International Headache 

Society” (IHS), using the same structured questionnaire. The first edition of these criteria 

(ICHD-I) (279) was used before 2004; revising the diagnosis using the second edition 

(ICHD-II) (6) showed no differences in patients’ diagnosis (data not shown). Participants 

gave their written informed consent and the project was approved by the Ethics Committee 

of HSA. 

Genotyping 

Genomic DNA was extracted from peripheral blood leukocytes, using a standard salting-out 

method (261); or from saliva using ORAGENE kits and DNA extraction according to the 

manufacturer’s instructions (DNA Genotek Inc.). 

SNPs were selected based on a data dump from The International HapMap Project 

(www.hapmap.org) and tagging SNPs were selected using Haploview 4.1 (263), at an r2 

threshold of 0.80 and with a minor allele frequency (MAF) of 0.10, by an aggressive tagging 

approach. For BDNF, these included rs712442 (located on chromosome 11: 27,634,117; on 

3’ UTR), rs6265 (27,636,992; a functional SNP: p.V66M), rs11030107 (27,650,911; on intron 
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1) and rs2049046 (27,679,851, according to the Ensembl database; on 3’ gene region). Two 

of the SNPs were combined as a 2-marker haplotype, allowing coverage of a broader region 

of SNPs tagged. For CGRP, rs1553005 (located in chromosome 11: 14,950,566; on 3’ gene 

region) was selected. 

Allelic discrimination was performed using Real-Time PCR (iQ5 Real-Time PCR Detection 

System, Bio-Rad Laboratories). Primers and molecular beacons were designed using 

Beacon Designer 6.0. 

For BDNF, Real-Time PCR reactions were performed using 20 ng/µL DNA, 10 µL of iQTM 

Supermix or iQTM Multiplex Powermix, 1.2-8.0 mM MgCl2 and 0.5 µM of each primer, in 20 

µL final reaction volume. Concentration of the probes used was 0.06 µM of probe 1 (labelled 

with FAM) and 0.25 µM of probe 2 (labelled with Cy3), for rs6265; 0.04 µM of probe 1 

(labelled with FAM) and 0.16 µM of probe 2 (labelled with Cy3), for rs2049046; 0.03 µM of 

probe 1 (labelled with FAM) and 0.15 µM of probe 2 (labelled with Cy3), for rs7124442; 0.03 

µM of probe 1 (labelled with FAM) and 0.30 µM of probe 2 (labelled with Cy3), for 

rs11030107.  For the rs1553005 SNP of CGRP, Real-Time PCR reactions were performed 

using 20 ng/µL DNA, 10 µL of iQTM Supermix, 8 mM MgCl2, 0.5 µM of each primer, 0.03 µM 

of probe 1 (labelled with FAM) and 0.15 µM of probe 2 (labelled with Texas Red), in 20 µL 

final volume. 

Primer and probe sequences are available upon request. Cycling conditions used were: an 

initial denaturing at 95ºC, for  3 min and 30 sec, followed by 35 cycles of 30 sec, at 95ºC, 60 

sec at 60ºC (for annealing, and at this point fluorescence was measured), and 30 sec at 

72ºC. Genotypes were determined automatically by the signal processing algorithms of the 

iQ5 Optical System Software, version 2.0 (Bio-Rad Laboratories); results were compared 

with the genotypes visually scored, based on the fluorescent emission data depicted (RFUs). 

To validate the Real-Time PCR reaction, we included three individuals previously genotyped 

by sequencing (a heterozygote, a homozygote for variant 1 and a homozygote for variant 2). 

If genotypes were uncertain, they were additionally sequenced, using the Big Dye 

Terminator Cycle Sequencing v1.1 Ready Reaction (Applied Biosystems), according to the 

manufacturer’s instructions, and an ABI-PRISM 3130 XL genetic analyzer (Applied 

Biosystems). 

Statistical Analysis 

The Genetic Power Calculator (http://pngu.mgh.harvard.edu/~purcell/gpc/) was used, 

assuming a high-risk allele frequency of 0.1, a relative risk for a homozygous genotype of 

2.25 and 1.5 in heterozygosity. Hardy-Weinberg equilibrium was tested, using HWE software 

(http://linkage.rockefeller.edu/ott/linkutil.htm). Demographic data of patients and controls 
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were compared using a chi-square test for qualitative variables. To compare allele 

frequencies between cases and controls, a chi-square test was used and odds ratios (OR) 

were estimated, with 95% confidence intervals (CI). The significance level was set at 

α=0.05.  

A multivariable-logistic regression was performed (with the most frequent homozygote as the 

reference), to evaluate association between SNPs and migraine, including the four SNPs of 

BDNF and the CGRP SNP in the model, and adjusting for gender. All analyses were 

performed in the global sample, as well as in the MA and MO subsets. We assessed 

interaction between BDNF and CGRP by a stepwise multivariable-logistic regression. For 

the logistic regression analyses, significance was set to α=0.012, using a Bonferroni 

correction for multiple comparisons.  

These analyses were performed using SPSS (version 16.0 for Windows). Haplotype 

frequencies were compared between cases and controls, for the BDNF gene, using 

Haploview 4.1 (263) with all parameters set at the default values. Frequencies of haplotypes 

analysed were above 1%, according to the Haploview threshold; to correct for multiple 

comparisons, when estimating allelic and haplotype frequencies, 10,000 permutations were 

used.  
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Results 

Demographic and clinical data of 188 unrelated migraineurs and 287 age-matched controls 

can be found in Table 1. The cases-control ratio was 1:1.5 and no significant differences 

were found between cases and controls regarding gender. 

A migraine prevalence of 16% has been estimated in a Portuguese population (21, 275). We 

found that we had a power of 64% to detect an association with our sample (for a nominal 

significance level of 0.05). 

Both case and control groups were in Hardy-Weinberg (H-W) equilibrium for the four SNPs 

of the BDNF gene (rs712442, rs6265, rs11030107 and rs2049046). For rs1553005 only the 

control group was in H-W equilibrium. The correlation between the BDNF SNPs was small, 

denoting the weak LD between them according to the LD plot (Figure 1); in our sample, 

these SNPs were also in weak LD (data not shown).  

No significant differences were found between cases and controls regarding allele 

frequencies in all the sample sets analyzed (Table 2). Genotypic frequencies can be found in 

Table 3. Results from the multivariable logistic models showed that in the global sample, as 

in the MO and MA subgroups, no significant independent effects of BDNF or CGRP were 

found (Table 4). A significant interaction was found, however, between BDNF and CGRP, 

showing an increased risk for the AT-genotype of rs2049046 and the GC-genotype of 

rs1553005 (OR= 1.88, 95% CI: 1.20-2.93, p=0.005) in the global migraine sample. This 

result was still significant after multiple testing correction. Other possible two-way 

interactions were non-significant (data not shown).  

For BDNF, we also performed a haplotype-based analysis. No differences were found 

between cases and controls for any of the haplotypes evaluated (data not shown). 
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Discussion 

The aim of this study was to assess the possible involvement of BDNF and CGRP in 

migraine susceptibility and their possible interaction. A previous study found no evidences of 

BDNF as a risk factor for migraine, regarding the functional SNP rs6265 (352). We now used 

a haplotype-block tagging approach, selecting SNPs that cover common variation within this 

gene. No significant differences were found between cases and controls regarding the SNPs 

analysed.  

For CGRP, only one tagging SNP (rs1553005) was selected with the software used. Also, no 

differences were found between cases and controls. Several polymorphisms of CGRP are 

described as non-informative in dbSNP (http://www.ncbi.nlm.nih.gov/SNP) in European 

populations, although they may be informative for other ones. This may be a reason why 

these SNPs are not captured when searching for tagging SNPs. Although we were 

interested in studying the role of common variants (MAF>0.10), rare alleles may also be 

involved in the susceptibility of complex disorders (122).  

No differences were found regarding gender for BDNF and CGRP (data not shown). 

We have also assessed a possible interaction between BDNF and CGRP. The Hierarchically 

Well-Formulated Rule (HWFR) is commonly used when a logistic regression is performed 

and assumes that lower order terms of the highest order interaction term are included in the 

model (353). With limited number of SNPs (as in our study), a stepwise logistic regression 

without HWFR may be a better approach to test for SNP-SNP interactions (353). Therefore, 

we performed a stepwise logistic regression, allowing that the final model included only the 

interaction terms between the BDNF and the CGRP SNPs, in an exploratory analysis of a 

putative interaction between the two genes. Further studies are now needed to confirm these 

results.  

A significant interaction between rs2049046 and rs1553005 was found, showing an 

increased risk for the double heterozygotes AT and GC (OR=1.88, 95% CI: 1.20-2.93) when 

compared with the most frequent double homozygotes (AA of rs2049046 and GG of 

rs1553005). The less frequent double homozygotes (TT of rs2049046 and CC of rs1553005) 

showed a non-significant decreased risk (data not shown).  

Therefore, one protective allele may not be sufficient to decrease risk for migraine. It would 

be interesting to assess if this trend remains in larger samples, and if the decreased risk 

between the less frequent homozygotes reaches significance. That would indicate that an 
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interaction between these variants, or between variants in LD with them, may protect from 

migraine. 

The high case:control ratio increases the power to detect any effects in our sample. In 

addition, cases and controls were matched for age-at-observation and gender, and were 

from the same population and geographic region; several studies using lineage markers, 

sensitive to population stratification, have showed there is no substructure within the 

Portuguese population (326-328). Also, we corrected for multiple testing, to prevent type-I 

errors, and used logistic regression analyses to incorporate all SNPs in the model and 

analyze their effects together.  

Several findings support a role of CGRP in initiating and sustaining migraine episodes (354). 

CGRP has been extensively studied regarding its possible role in migraine treatment. 

Antagonists for CGRP receptors may act at the central level and modulate nociceptive 

trigeminovascular transmission in the cat, and are arising as a new generation of migraine 

drugs (334, 354, 355). Furthermore, studies in transgenic mice showed that modulation of 

one of the CGRP receptors (RAMP1) levels may contribute to migraine susceptibility and, in 

particular, to photophobia (356). More interestingly, a recent study showed that adenosine 

triphosphate (ATP)-gated P2X3 receptors may be involved in chronic pain (including 

migraine) and CGRP seems to enhance its transcription, involving also mediation by BDNF 

(357). BDNF is also a mediator of neuronal survival and plasticity of dopaminergic, 

cholinergic and serotonergic neurons, and its involvement in migraine seems clear as a 

mediator of the trigeminal nociceptive plasticity (341, 342, 358).  

Our data support the hypothesis of an interaction between BDNF and CGRP in migraine 

susceptibility. The results obtained also reinforce the importance of further association 

studies with these genes in larger samples and in other populations. Interaction between 

candidate genes for migraine pathophysiology should be further explored, in order to have a 

broader knowledge of genes interplay in susceptibility for this common disease. 
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Migraine patients (n) 188 

MA 77 

MO 111 

females 153 

males 35 

mean age at observation (±SD) 36.14 yrs (±12.84) 

mean age at onset (±SD) 17.67 yrs (±8.15) 

family history of migraine 87% 

Migraine-free controls (n) 287 

females 217 

males 70 

mean age at observation (±SD) 36.42 yrs (±12.35) 
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 Table 2.   Allele frequencies of SNPs studied in migraine patients and controls 

BDNF SNPs Alleles (%) X 2 OR (95% CI) P 

rs7124442 C T    

all patients 112 (29.8) 264 (70.2) 0.053 1.03 (0.78-1.38) 0.82 

MO 65 (29.3) 157 (70.7) 0.003 1.01 (0.72-1.42) 0.96 

MA 47 (30.5) 107 (69.5) 0.12 1.07 (0.73-1.58) 0.73 

controls 167 (29.1) 407 (70.9) - - - 

rs6265 A G    

all patients 76 (20.2) 300 (79.8) 0.04 1.03 (0.75-1.43) 0.84 

MO 44 (19.8) 178 (80.2) 0.002  1.01 (0.68-1.49) 0.97 

MA 32 (20.8) 122 (79.2) 0.09 1.07 (0.69-1.66) 0.76 

controls 113 (19.7) 461 (80.3) - - - 

rs11030107 G A    

all patients 85 (22.6) 291 (77.4) 0.13 1.06 (0.78-1.45) 0.72 

MO 53 (23.9) 169 (76.1) 0.48 1.14 (0.79-1.64) 0.49 

MA 32 (20.8) 122 (79.2) 0.05 0.95 (0.62-1.47) 0.82 

controls 124 (21.6) 450 (78.4) - - - 

rs2049046 T A    

all patients 175 (46.5) 201 (53.5) 0.095 0.96 (0.74-1.25) 0.76 

MO 105 (47.3) 117 (52.7) 0.004 0.99 (0.73-1.35) 0.95 

MA 70 (45.5) 84 (54.5) 0.22  0.92 (0.64-1.1) 0.64 

controls 273 (47.6) 301 (52.4) - - - 

rs7124442/ rs2049046 TA Others    

all patients 92 (24.5) 284 (75.5) 0.003 0.99 (0.73-1.34) 0.95 

MO 52.5 (23.6) 169.5 (76.4) 0.08  0.95 (0.66-1.36) 0.78 

MA 39.5 (25.6) 114.5 (74.4) 0.06 1.05 (0.70-1.58) 0.81 

controls 141.4 (24.6) 432.6 (75.4) - - - 

CGRP SNP Alleles (%)  X2 OR (95% CI) P 

rs1553005 C G    

all patients 124 (33.0) 252 (67.0) 0.75 1.13 (0.86-1.50) 0.39 

MO 77 (34.7) 145 (65.3) 1.42 1.22 (0.88-1.70) 0.23 

MA 47 (30.5) 107 (69.5) 0.002 1.01 (0.69-1.49) 0.96 

controls 174 (30.3) 400 (69.7) - - - 
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Table 3.  Genotype frequencies in patients and controls 

 

BDNF SNPs Genotypes, n (%) 

rs7124442 TT TC CC Total 

all patients 96 (51.1) 72 (38.3) 20 (10.6) 188 

MO 58 (52.3) 41 (36.9) 12 (10.8) 111 

MA 38 (49.4) 31 (40.3) 8 (10.4) 77 

controls 149 (51.9) 109 (38.0) 29 (10.1) 287 

rs6265 GG GA AA Total 

all patients 118 (62.8) 64 (34.0) 6 (3.2) 188 

MO 69 (62.2) 40 (36.0) 2 (1.8) 111 

MA 49 (63.6) 24 (31.2) 4 (5.2) 77 

controls 183 (63.8) 95 (33.1) 9 (3.1) 287 

rs11030107 AA AG GG Total 

all patients 114 (60.6) 63 (33.5) 11 (5.9) 188 

MO 66 (59.5) 37 (33.3) 8 (7.2) 111 

MA 48 (62.3) 26 (33.8) 3 (3.9) 77 

controls 174 (60.6) 102 (35.5) 11 (3.8) 287 

rs2049046 AA AT TT Total 

all patients 51 (27.1) 99 (52.7) 38 (20.2) 188 

MO 28 (25.2) 61 (55.0) 22 (19.8) 111 

MA 23 (29.9) 38 (49.4) 16 (20.8) 77 

controls 79 (27.5) 143 (49.8) 65 (22.6) 287 

CGRP SNPs Genotypes n (%) 

rs1553005 GG GC CC Total 

all patients 78 (41.5) 96 (51.1) 14 (7.4) 188 

MO 44 (39.6) 57 (51.4) 10 (9.0) 111 

MA 34 (44.2) 39 (50.6) 4 (5.2) 77 

controls 140 (48.8) 120 (41.8) 27 (9.4) 287 
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 Table 4.  Results from a multivariable logistic regression, gender-adjusted  

 

 (ref) indicates the reference category; OR: odds ratio; CI: confidence interval; 

Migraine MO MA 
Genotypes 

OR CI 95% P OR 95% CI P OR 95% CI P 

rs7124442   0.91   0.90   0.78 

TT (ref) 1.00 - - 1.00  - 1.00 - - 

TC 1.13 0.58-2.22 0.72 0.96 0.42-2.20 0.93 1.38 0.56-3.43 0.48 

CC 1.03 0.33-3.22 0.96 0.74 0.17-3.12 0.40 1.39 0.30-6.40 0.67 

rs6265   0.94   0.74   0.65 

GG (ref) 1.00 - - 1.00 - - 1.00 - - 

GA 1.09 0.60-2.00 0.51 1.25 0.59-2.66 0.56 0.90 0.40-2.05 0.81 

AA 1.26 0.30-5.35 0.55 0.86 0.12-6.35 0.88 1.70 0.29-10.10 0.56 

rs11030107   0.55   0.29   0.58 

AA (ref) 1.00 - - 1.00 - - 1.00 - - 

AG 0.87 0.49-1.54 0.63 1.07 0.53-2.15 0.84 0.68 0.32-1.43 0.31 

GG 1.55 0.46-5.24 0.48 3.15 0.70-14.29 0.14 0.59 0.10-3.40 0.56 

rs2049046   0.69   0.47   0.97 

AA (ref) 1.00 - - 1.00 - - 1.00 - - 

AT 1.20 0.63-2.28 0.58 1.44 0.65-3.20 0.37 0.94 0.40-2.22 0.90 

TT 1.01 0.35-2.89 0.99 1.14 0.30-4.28 0.85 0.85 0.20-3.47 0.82 

rs1553005   0.16   0.26   0.20 

GG (ref) 1.00 - - 1.00 - - 1.00 - - 

GC 1.40 0.94-2.08 0.09 1.48 0.92-2.40 0.11 1.37 0.80-2.34 0.25 

CC 0.86 0.42-1.77 0.69 1.11 0.49-2.52 0.80 0.55 0.18-1.71 0.30 
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Figures 

 

 

 

Figure 1. LD plot of SNPs within BDNF gene (HaploView 4.1.); r2 values are given within each 

square. 
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Figure 2. LD plot of SNPs within CGRP gene (HaploView 4.1.); r2 values are given within each 

square. 
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5. Discussion 

5.1. Genetic component in migraine 

 

Migraine is a chronic neurological disorder with recurrent headache episodes and 

associated symptoms (6, 39). This common disorder is, among primary headaches, the 

one with the highest burden to patients, their relatives and to public health (1, 4, 8, 46). It 

has been shown that migraineurs may have more physical, mental or social problems 

than non-migraineurs (8). 

By studying migraine epidemiology and genetic factors involved in this pathology, our aim 

was to study risk factors in migraine patients and their families that could contribute to a 

deeper understanding of migraine pathophysiology and, consequently, to the future 

development of better and more specific treatment strategies. 

 

5.1.1. Migraine prevalence  

Migraine prevalence has been widely studied, with high prevalence values reported (3, 4). 

Studies have been mainly performed in Western Europe and North America, but migraine 

prevalence has also been estimated in Asia and Africa (3). In Portugal, the major 

prevalence study performed until now was conducted in 1995, in a small urban district of 

northern Portugal (21, 48, 55). The results from this survey are similar to the ones found 

worldwide and have been used in our study as a reference of migraine prevalence in 

general population, since most of our patients and their families are from the northern 

region of the country. 

 

5.1.2. Familial aggregation studies  

Several studies in other populations have described an increased risk for migraine in 

relatives of migraineurs (66-71). With the vast collection of migraine patients ascertained 

in the Neurology out-patient clinic, at HGSA, it seemed crucial to study the occurrence of 

migraine in their relatives and to assess if a genetic component of migraine was also 

present in our families, since, due to the high prevalence of this disorder, migraine could 

occur in families simply by chance (359). 
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In a sample of 144 Portuguese families, we assessed familial aggregation of migraine by 

estimating the RR, in order to compare the frequency of the disease in relatives with the 

prevalence in the population. We found that first-degree relatives of migraineurs have a 3 

to 4-fold increased risk, when compared to the general population. One important finding 

was that probands’ spouses did not present a significantly higher risk of migraine, showing 

that the results of RR found are not due to shared environmental factors. Although 

environmental factors may have an effect, these would need to be very high to account 

entirely for familial clustering of a given disease (287, 288) [article 1] .  

 

Additionally, it would be interesting to have analysed if RR would change with the degrees 

of kinship. We would expect that RR increased with degree of kinship, which would be 

another indication of a genetic contribution to migraine etiology (65, 277). In a study of 

familial aggregation of Parkinson disease (PD), the authors found a significant, though 

lower RR for second-degree relatives, indicating that familial aggregation extends beyond 

the nuclear family and demonstrating evidence of a genetic component in PD (360). In our 

families, however, the group of second and third-degree relatives ascertained was small 

and did not achieve enough statistical power to be incorporated in the analyses. 

 

Our results are in line with the studies performed in other populations (66-71), showing 

that in Portuguese families, there is also a genetic contribution in migraine pathogenesis. 

Small sample sizes may lead to a decrease in the precision of estimates and do not allow 

subgroup analysis, which is important to understand how familial aggregation varies in the 

different subgroups (271). Our sample size was large enough to enable the analysis of 

MO and MA subgroups.  

 

In most studies, whether clinical or population-based, MA was found to be the migraine 

subtype with a higher risk for first-degree relatives of migraineurs (278). In our sample, we 

found that first-degree relatives of MA-probands had a higher risk of MA than MO 

(RRMA|MA=12.2; RRMO|MA=3.1). These results suggest that MA may have a stronger familial 

aggregation and, thus, a greater genetic predisposition [article 1] .  

 

Another interesting finding was that in our population sample, prevalence of MA was very 

similar to the frequency of MA in the control group of a study performed in Greece (67) 

and also the study in a control population from Italy (70), but lower than the one found in 

Denmark (67, 69, 70). These findings made us hypothesize that prevalence of MA in 

South of Europe is lower than in the North, supported by studies showing a population 
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substructure in northern and southern Europe (284). Individuals with Portuguese, Italian 

and Greek ancestry are included in the southern group (284), which could explain their 

similar MA prevalence. It would be interesting to have more data on familial aggregation 

for other northern and southern countries that could help us elucidating if, in fact, there is 

a different prevalence for MA, which could have some influence in the search for 

susceptibility genes in the different populations. 

These findings encouraged us to further explore genetic factors possibly involved in 

migraine susceptibility. 

 

5.1.3. Validation of familial history 

In addition to the relatives observed and included in the familial aggregation study, 

probands also described the affection status of relatives which were never clinically 

observed. From the 190 families enrolled in this study, 267 first-degree relatives and 149 

second- and third-degree relatives were directly observed by a neurologist; additionally, 

probands described the affection status of more 263 first-degree relatives and 80 second 

and third-degree relatives. Therefore, it seemed important to assess if the probands’ 

description about their relatives was reliable enough to be used in subsequent studies.  

Ottman et al. have found that the occurrence of migraine is underestimated by the family 

history method and suggested that direct interviews with relatives are required for an 

accurate perspective on migraine occurrence within families (271). Russell et al. also 

concluded that the probands report is not valid, given the misclassification of relatives and 

underestimation of migraine occurrence (272). 

By estimating the chance-corrected agreement, we found that the overall Kappa’s value 

was moderate (being good for the MO probands group and only fair for MA), according to 

Landis and Koch criteria (290).  

Unlike Russell et al. (272), we found that our MO probands showed a higher sensitivity 

when identifying their affected relatives; but MA probands might have undervalued less 

well-defined migraine episodes in their relatives, when they have just MO. We concluded 

that probands’ reports underestimate the occurrence of migraine in 1st-degree relatives, 

and are more uncertain when 2nd and 3rd-degree relatives are included, probably due to a 
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more indirect knowledge, as suggested by Russell et al. (272). Noteworthy, we found that 

reports were highly specific and had a high PPV, in spite of their low sensitivity. 

To overcome the low sensitivity of proband’s report, clinical interviews should be preferred 

to ensure an accurate diagnosis of migraine, especially in familial aggregation studies, as 

we did in our study (271). However, in case of scarce resources, these should be put in 

examining relatives of MA probands, since MO probands reports seem to be more 

reliable. 

 

In any case, the proband’s report will still be useful for deceased or absent relatives (291) 

and can be improved if information from multiple informants is used, increasing sensitivity 

of family history method without decreasing specificity (271, 361). Also, it can be useful in 

a pilot phase of a genetic investigation or to identify relatives that can be useful and later 

directly interviewed (291, 362). 

Moreover, when high specificity and PPV are more important than sensitivity, as for 

genetic linkage studies (291), this can be a valuable ascertainment method to maximize 

the number of informative families.  

 

5.1.4. Risk factors 

After assessing familial aggregation of migriane in our families, our aim was to assess 

specific factors contributing to the increased risk for migraine. We put special care to take 

into account intrafamilial correlations (363). Several studies showed that variation in age 

at onset is associated with the disease liability and genetic heterogeneity in some complex 

disorders, such as Alzheimer disease, bipolar disorder and major depression (363-366). 

Also for some forms of epilepsy, a study found that offspring had a higher risk when the 

probands had an earlier age at onset, while no differences were found in parents and 

siblings (367). On the contrary, a study in schizophrenia showed no differences between 

age at onset variation and risk for relatives (365). In a previous study, a lower age at onset 

in probands was also associated with relative’s affection status for migraine (68). 

In contrast, in our study, we found that the proportion of affected relatives was 

independent of the proband’s age at onset. After adjusting for the age at observation with 

relatives, gender was found to be the only risk factor for migraine, while the proband’s age 

at onset and gender were not. Our findings showed that, as expected, females had a 

higher risk of migraine than men.  
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Our next aim was to assess if there was a maternal or paternal effect that could explain 

this gender ratio. We found that mother-to-daughter transmissions were more frequent 

than expected by chance alone, although mother-to-son, father-to-daughter and father-to-

son transmissions have also been observed.  

 

This biased transmission could be explained by a maternally inherited factor, such as 

mitochondrial DNA (mtDNA) (158, 296). Besides mtDNA, other authors found evidence of 

a migraine susceptibility locus on chromosome X, although until now no genes have been 

found in this region (149, 151, 155, 298).  

 

Another hypothesis is a sex-conditioned genetic model, with sex chromosomes 

influencing the expression of genes in autosomes, which would lead to an autosomal 

dominant transmission in female family members and an autosomal recessive-like 

transmission or incomplete penetrance in male relatives (299). This could explain our 

results regarding a preferential mother-to-daughter transmission. Females also differ from 

males in pain behavior, influenced by differential exposure to sex hormones effects, which 

can also modulate the expression of migraine in women, since these are involved in the 

expression and sustaining of pain states (294).  

Other complex diseases, such as multiple sclerosis, rheumatoid arthiritis or autism, have 

also a differential gender ratio, with one of the genders being more susceptible to the 

disease (323). The gender-specific effects found in some association or linkage studies 

can be explained by the effect of sex hormones, which can control gene expression 

through epigenetic modifications (323). Furthermore, epigenetic factors may be also 

influencing the multifactorial threshold observed in complex diseases, determining 

different liabilities for males and females (368). 

In multiple sclerosis (MS), a maternal effect was suggested, by half-siblings and twin 

studies. For MS, it has been suggested that this parent-of-origin effect can be due to 

mithocondrial inheritance, epigenetic factors or gene-environment mechanisms (369). 

However, it was also found that, contrarily to what was expected, affected mother-child 

pairs are less frequent than affected father-child pairs (370). This may be due to the 

inclusion of small families or small sample size introducing some bias leading to the 

enrichment of maternal or paternal effects (368).  

It would also be important to study this parent-of-origin effect in larger samples in 

migraine. As already performed in MS (369), it would be also interesting to study 



Discussion 

 

136 

avuncular pairs, in order to confirm the maternal effect observed and the increased risk of 

migraine for females.  

 

5.2. Comparison between ICHD-I and ICHD-II 

 

We felt the need to evaluate if the new ICHD criteria introduced remarkable differences in 

epidemiological studies, in particular of primary headaches. Our results suggested that 

these new criteria do not have a major impact in headache epidemiological studies. The 

high agreement rate found showed that ICHD-II does not significantly alter the results of 

epidemiological, concerning migraine and tension-type headache. 

Furthermore, the frequency of headache types analyzed were similar with both criteria 

and we found a substantial agreement (according to Landis and Koch, 1977) (290) 

concerning primary and combined headaches. Several individuals presented combined 

headaches, composed by more than one type of headache, as these are not mutually 

exclusive. However, when classified with ICHD-II, the frequency of the combined forms 

decreased, in particular when there was a combination of headaches not fulfilling all 

ICHD-I criteria or ICHD-II probable headache type, which may indicate that the new 

criteria are more adequate to separate headache types.  

This is an important finding, since 10-45% of the patients are diagnosed as having 

probable migraine, due to missing diagnosis criteria (7). Probable headache type can not 

be ignored, since some epidemiologic studies showed that, for instance, probable 

migraine is common and has been associated with temporary disability and reduction in 

health-related quality of life (311). 

Nevertheless, the frequency of combined headaches is still high, which indicates that to 

establish a final diagnosis, further information is required (309). However, it is difficult to 

obtain additional information in epidemiological studies, since data is often obtained by the 

fulfillment of questionnaires or by telephonic interview (309). Importantly, in our study, we 

found that the diagnosis remained the same in 98% of the patients of our clinical sample, 

showing that ICHD-II does not present significant changes in MO and MA forms. This is 

an important finding given that our patients are being enrolled in the clinical and genetic 

study of migraine since 1999, and we can now standardize the diagnosis criteria used in 

the clinical sample in future studies. 
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 The basic structure of the classification remains unaltered and the most common 

subtypes, MO and episodic tension type headache have essentially the same criteria, also 

as suggested by Peatfield, 2004 (312). This is the first study comparing the two 

classifications regarding primary and combined headaches. Eriksen et al. found a high 

sensitivity and specificity of ICHD-II for MA only (307).  

 

Lima et al. performed a critical analysis of the two classifications regarding migraine in 

children and adolescents, and found a higher sensitivity and specificity, which enabled an 

improved migraine diagnosis in this group of patients (305).  

Bigal et al. compared ICHD-I and ICHD-II regarding chronic daily headache, which has 

been readjusted in ICHD-II in four categories. This study found that some features need to 

be revised in a third editon of the classification (371).  

We conclude that ICHD-II classification seems to have relevant clinical implications and 

suffered important improvements. However, our study showed that ICHD-II did not change 

remarkably previous epidemiological results, in what concerns primary and combined 

headaches. 

 

5.3. Unravelling susceptibility factors for migrain e 

The susceptibility factors involved in migraine pathophysiology are still not well 

understood (25). Several studies have described some variants in pathways involved in 

migraine pathophysiology but results are still scarce or lacking confirmation (25).  

 

5.3.1. FHM genes and common forms of migraine 

Special attention has been given to the genes involved in FHM, the Mendelian form of 

migraine. The possible involvement of CACNA1A and ATP1A2 in the common forms of 

migraine have been studied; however, the results were not conclusive (25, 157). As for 

the third gene, responsible for FHM3, SCN1A, no studies in the common forms of 

migraine have been performed until now. It would be interesting to examine if this gene is 

involved in the common forms of migraine, since epilepsy and migraine have high 

comorbidity and may be part of a clinical continuum, with some common and some 

different features underlying both conditions (274). Also, several mutations in this gene 
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have been implicated in epilepsy and recently some mutations have been described in 

patients with FHM (96, 101).   

With the contradictory results found in the several studies performed, the question 

remains if it is valuable to study, for common traits, genes involved in the monogenic 

forms (359). For other common diseases, as hypertension and epilepsy, this strategy has 

also not been very successful yet (25). 

 

5.3.2. Candidate gene approach 

In this study, we devoted special attention to genes involved in the pathophysiology of 

migraine. We chose not to use linkage analysis to search for susceptibility genes, since 

linkage is more powerful to find rare variants with major effects, than common variants 

with small effects, as is hypothesized in complex diseases (111, 117, 119-121). In the 

linkage studies performed so far, no genes responsible for migraine have been found, 

what could be due to the small power of this approach, to the families ascertainment 

methods, since migraine is a highly prevalent disorder and to the fact that spouses can 

introduce other susceptibility factors in the families, or to incorrect diagnosis (157).  

Therefore, we chose to perform association studies, in a case-control sample, in order to 

look for the possible involvement of susceptibility genes in migraine. Our aim was also to 

perform family-based studies, in order to confirm the results found in the case-control 

sample. This method has been described as a useful complementary strategy, avoiding 

population stratification since the genetic background of the alleles transmitted to the 

offspring is the same of the alleles untransmitted (112, 114). However, with the number of 

trios (parent-offspring) and sibpairs ascertained, the power of our sample was very small 

(only 4%). Consenquently, we decided not to analyze this, since results would be 

inconclusive.  

Population stratification can decrease the power of an association study and introduce 

some biases in the results due to the presence of several subgroups with different allele 

frequencies in a population (114). However, in our Portuguese case-control samples 

population stratification this is not expected, since: 1) cases and controls are matched by 

geographical origin; and 2) several studies, using markers sensitive to population 

stratification, as lineage markers, have shown there is no population substructure among 

the Portuguese population (326-328). 
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In the era of GWAS, performing a candidate-gene approach seems less attractive, since 

GWAS have been proven to be fruitful for some common disorders (118, 372, 373).  

However, GWAS requires larger samples, is a more expensive approach and can lead to 

some false positives due to the high density of markers (117, 157, 374).  

The candidate gene approach relies on the premise that the disease pathways are well 

characterized and the biological function of the genes selected is known. This can be an 

advantageous and cost-effective approach, in particular if GWAS in the disease of interest 

have not yet been performed (117). Also, with the increasing availability of information 

regarding gene function, the number of known SNPs and better technologies to study 

functional effects, this kind of approach is very useful (375).  

5.3.3. Selection of candidate genes 

Several candidate genes have been studied regarding their possible involvement in 

migraine susceptibility. Genes involved in neurotransmitter, vascular and hormonal 

functions have been searched, although several other genes, such as TNF-α, INSR, 

LDLR and others, have also been studied (103). 

Since, so far, no previous association studies have been performed on migraine in our 

population (except for MTHFR, with negative results (217)), one of our aims was to try to 

replicate previous findings in other populations, in order to assess if those genes were 

also implicated in migraine susceptibility in our Portuguese sample. We also wanted to 

study new candidate genes and assess possible gene-gene interactions. 

We thus chose to select genes involved in several pathways, rather than focus in one 

particular pathway, in order to gain a broader insight into migraine pathophysiology. We 

assessed a possible association between migraine and STX1A (involved in neurotrans-

mitter release) [article 5] , EDNRA (a potent vasoconstrictor, which may reflect the role of 

a vascular component) [article 6] , BDNF (involved in mediation of trigeminal nociceptive 

plasticity) and CGRP (neuropeptide involved in the modulation of nociceptive transmis-

sion) [article 7] . 
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5.3.4. Comparison of our findings with other popula tions 

5.3.4.1. Syntaxin 1A 

Syntaxin 1A (Syn1A) has also been studied as a candidate gene for other neurological 

complex diseases such as autism (with nominal association with two STX1A SNPs) and 

schizophrenia (with contradictory results) (318, 376, 377). 

STX1A seemed to be a good candidate gene to assess, since it interacts with some 

players in migraine pathophysiology, such as NO and GAT-1 and is involved in neuro-

transmitter release (318, 320). For STX1A, we confirmed the association of rs941298, 

previously found by Corominas et al. (316). In addition, we found rs6951030 to be also 

associated wiht migraine in Portuguese patients. These are important findings since some 

susceptibility variants may be shared among populations, while others will be more 

population specific.  

5.3.4.2. Endothelin receptor type-A (EDNRA) 

Previous studies found association of this gene and migraine in other populations (204, 

209). EDNRA has been associated with MA in a group of Finnish patients and in the pooled 

sample of Finnish and German patients (209). Also, it has been previously associated with a 

migraine sample of French patients and, in particular, with the MO subgroup (204).  

In our sample of Portuguese patients, we found significant differences between the case 

and control groups regarding the SNP rs702757 in the MO subgroup, with an enrichment of 

the A-allele in this subgroup. Although this SNP may not be the effective risk variant, it 

may be in LD with the true variant, since it is in strong LD (r2>0.92) with allele G of 

rs1801708 (204), which is another argument in favour of our findings. However, while 

Tzourio et al. (204) found a protective role for the variant associated with migraine, in our 

study, the A-allele of rs702757 showed an increased risk for MO [article 6] .  

Furthermore, we cannot exclude a role of this gene in MA for our population, since we 

found a trend towards an increased risk for rs5333. The C-allele of this SNP is in LD with 

T-allele of rs2048894, which has been found to be associated with MA in the study of 

Tikka-Kleemola et al. (209). The findings of this study show that, besides the importance 

of replicating the association studies in different populations, different variants in the same 

gene may be associated with MA or MO, which can add some light into the debate if MA 

and MO are the same or different entities.  
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5.3.4.3. BDNF and CGRP 

A previous study found no evidence of BDNF being a risk factor for migraine, regarding 

the functional rs6265 (352). This SNP has been widely used in association studies for 

several disorders, such as schizophrenia, bipolar disorder and depression, among other 

diseases, with conflicting results (378-383).  

In our study, we used a haplotype-block tagging approach, selecting SNPs that covered 

common variation within this gene, but no significant differences were found between 

cases and controls, regarding the SNPs analysed [article 7] .  

Also for CGRP, no significant results were found, although this gene has been extensively 

studied regarding its possible therapeutical role in migraine. Interestingly, a recent study 

showed that adenosine triphosphate (ATP)-gated P2X3 receptors may be involved in 

chronic pain (including migraine) and CGRP seems to enhance its transcription, involving 

also mediation by BDNF (357). These data supports a connection between the two genes 

in migraine susceptibility, which was also seen in our results, since we found a significant 

interaction between BDNF and CGRP, modifying migraine susceptibility, despite these 

being only preliminary findings, requiring confirmation.  

These results reinforce the importance of further association studies with these genes in 

larger samples and in other populations. Other gene interactions have been assessed for 

migraine, such as the interaction between a 5-HTTLPR variant and a polymorphism in the 

5-HT2a receptor gene; between AGTR1 gene and AGT gene; and between HTR2B and 

MAOA; all with negative results (173, 198, 384). However, a strong interaction was found 

between thymidylate synthase (TS) and MTHFR polymorphisms (385). 

Interaction between candidate genes involved in migraine should be further explored, in 

order to have a broader knowledge of genes interplaying in its susceptibility. 

5.3.4.4. General considerations 

Allele and haplotype diversity of BDNF were observed among global populations, with 

evidence for a positive selection at the BDNF locus. Therefore, the differences regarding 

association of BDNF and other genes in the several studies may be due to allele 

frequency variation across populations and be more marked due to gene-gene and gene-

environment interactions (324, 386).  
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Furthermore, environmental components and gene-environment interactions may play a 

role in the susceptibility to common diseases. Some examples of gene-environment inter-

actions have been described, such as different choleresterol levels in APOE4 carriers, 

due to cholesterol intake, or a different risk of colorectal cancer associated with the 

Ala222Val variant of MTHFR and folic acid intake (387). The negative results found for the 

ENDRA/EDNRB antagonist may also be due to the population in study and not only to the 

opposite effects of EDNRA and ENDRB (334). We can hypothesize that pharmacological 

studies should be performed in different populations and that gene-environment 

interactions should be explored in order to develop more efficient treatments (387).  

Finding susceptibility genes will depend on allelic heterogeneity, allele frequency and inter-

ethnic differences. Therefore, positive association findings are more easily replicated in 

similar populations with the same alleles. The number and frequency of susceptibility alleles 

will also depend on the effects of mutation, genetic drift and selection (388).  

Part of the selective pressures acting on susceptibility alleles for complex diseases might 

have changed in the course of time, as a result of cultural and environmental modifications, 

and, therefore, alleles that were deleterious in ancestral populations may now be protective 

or neutral. No single model can explain the evolution of susceptibility alleles for the same 

disease or the same susceptibility gene, and both common and rare variants in the same 

gene may contribute to disease susceptibility (388). 

For CGRP, this was the first study assessing a possible association of this gene with 

migraine, although no differences were found [article 7] . However, we cannot exclude that 

other variants are associated with migraine in other populations. Several polymorphisms of 

CGRP are described as non-informative in the SNP database for Europeans, although they 

may be more informative in African and Asian populations. Therefore, these SNPs are not 

captured when searching for tagging SNPs and their effect has not been evaluated.  

In our study, for the four candidate genes studied, we used both a multimarker and a 

haplotype-based approach, in order to evaluate a possible association between haplotypes 

and disease status and to prevent loss of information if only a tagging method was used 

[articles 5, 6 and 7] (262). Combination of SNPs can be helpful in the detection of epistatic 

effects and haplotypes may provide useful information about the several SNPs, which may 

be in LD with the causal variant (389).  

The International HapMap project has produced information on common variation in four 

population groups from Africa, Asia and Europe, making the selection of tagging SNPs more 
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accurate (390). It has proved to be a powerful resource for selecting tagging SNPs for 

GWAs and candidate gene studies (391). Neverthless, the HapMap does not have 

information on all SNPs in the genome, which may result in loss of information, since some 

genes may have few tagging SNPs genotyped in its database (391). One way to overcome 

this problem in the future is to supplement the information of HapMap with additional SNPs 

from gene resequencing data (391). Furthermore, the HapMap project has scarce 

information on less common variants, which are thought to be involved also in complex 

diseases, with a substantial contribution to the multifactorial inheritance underlying these 

disorders due to the higher genotypic RR of these rare variants, justifying their screening 

(392, 393). It is also hypothesized that common variants could act as modifiers of the rare 

variants effects and that these rare variants will be more population specific due to 

founder effects (392). Some authors state that the selection of tagging SNPs based on 

MAF will lead to loss of information and, therefore, unrestricted tagging SNPs selection 

should be preferred (394). If the sample sizes increases, in large case-control association 

studies, using SNPs with MAF <5% will allow the identification of causal SNPs underlying 

disease susceptibility (395). Also, sequencing the entire candidate genes will allow 

unraveling the rare variants present in those genes (393). 

 

5.3.5. Gender-related susceptibility 

Another fact to take into account is a differential gene susceptibility regarding gender. In this 

study, we used a regression logistic model adjusted for gender, since migraine is a gender-

dependent trait, and no significant results were found regarding gender in this analysis. 

However, for STX1A, we found that the increased risk for rs6951030 was only significant in 

the female group [article 5] , which can be due to hormonal effects mediated by epigenetic 

modifications and may explain the gender differences found in some association studies 

(323). Female steroids seem to modulate mechanisms involved in migraine 

pathophysiology, such as the serotonergic, adrenergic and gamma-aminobutyric acid 

(GABA)-ergic systems, the synthesis and release of NO and neuropetides, such as CGRP 

and other receptors involved in vasodilatation and vasoconstriction (226).  

Also, this gender-related susceptibility is Iine with our previous findings, regarding a 

preferential mother-daugther transmission, showing that females have an increased risk for 

migraine [article 3] . 
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We cannot exclude, however, that in our sample, the non-increased risk found in males is 

due to the small sample size of this subgroup. It would be interesting to explore this finding 

in larger samples, in order to disentangle a possible gender-susceptibility regarding STX1A 

and other genes. 

 

5.3.6. An integrated perspective of migraine pathop hysiology 

Migraineurs seem to have an enhanced neuronal excitability, which facilitates the 

occurrence of CSD, the mechanism that is hypothesized as underlying MA and possibly 

also MO (28). In the pathophysiology of migraine, both central and peripheral components 

of the trigeminal pain pathway are probably involved (35), as well as structures involved in 

nociception control and regulation (30).  

Alterations in the synthesis of neurotransmitters, receptors and ion channels may lead to 

an increased functional neuronal activity in nociceptive pathways or, on the contrary, to a 

decrease in pain inhibitory systems (396, 397). Additionally, a neurogenic inflammatory 

reaction occurs with the release of neuropetides at the trigeminovascular nerve endings 

near the meningeal vessels, leading to vasodilatation, plasma extravasation and release 

of pro-inflammatory substances (28, 30, 31). We studied candidate genes involved in 

some of these pathways, all possibly contributing to migraine pathophysiology.  

Regarding Syn1A, the association of the SNARE proteins (including Syn1A) with 

presynaptic Ca2+ channels, namely the VDCC α1A subunit, is essential for neurotransmitter 

release (322). Therefore, the polymorphisms found in our patients in STX1A [article 5] 

may alter the interaction between Syn1A and calcium (Ca2+) channels, modifying the 

functional state of the VDCC α1A, thus altering neurotransmitter release and, ultimately, 

contributing to CSD and the migraine phenotype (316, 325). 

Glutamate is the major excitatory neurotransmitter and its release is facilitated by the 

mutated VDCC α1A subunit, also leading to CSD (28, 398). Therefore, glutamate could be 

one of the neurotransmitters, the release of which is modified due to alterations in the 

interaction between Syn1A and VDCC α1A subunit, inducing neuronal hyperexcitability due 

to an increase of the extracellular glutamate levels (398).  

Interestingly, we found an association with EDNRA in the same group of patients [article 

6]. This gene mediates the biological effects of ET-1 and the inhibitory effect of ET-1 on NO 

synthesis, which, on its turn, has been associated with nociception and, consequently, with 
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migraine pathophysiology (201, 321). This gene also has a role in the development of 

CSD, since the effect described of ET-1 on CSD may be mediated by EDNRA (199). 

Interestingly, when ET-1 binds with EDNRA it activates phospholipase C to hydrolyse 

phosphatidylinositol- 4, 5-bisphosphate to form inositol-1, 4, 5-trisphosphate (IP3) and 

diacylglycerol; IP3 promotes the downstream release of Ca2+ from the endoplasmic 

reticulum (329). This can be another evidence favouring the role of Ca2+ in the 

pathophysiology of migraine, since an increase in intracellular Ca2+ will lead to 

neurotransmitter release, but can also activate a number of enzymes, including PLA2, CaM 

kinases and PKCs which phosphorylate ion channels and synaptic proteins, leading to an 

increase in neurotransmitter release (399).  

This cascade of events will lead to an increase of intracellular Ca2+ and neuropeptide 

release, such as CGRP. The influx of Ca2+ can activate protein kinase C (PKC), which will 

also participate in the release of neuropeptides (399). We were also interested in studying 

the involvement of CGRP in migraine susceptibility [article 7] , since CGRP release is 

crucial for the development of neurogenic inflammation, promoting the release of 

inflammatory factors, such as cytokines, which may also be involved in pain generation and 

affect glutamate release (397, 398). CGRP has an active role in the activation and 

sensitisation of nociceptors, both at peripheral and central level (347), by promoting the 

release of inflammatory mediators resulting in sensitization of the trigeminal fibers. 

Sensitisation is associated with a lower threshold of pain response to apparently 

innocuous stimuli, e.g., head movements (397).  

We focused also on the possible association of BDNF and migraine [article 7] , as BDNF 

is expressed in the nociceptive sensory neurons, acting as central pain modulator both at 

the spinal and supra-spinal level, contributing to central sensitization and modulating the 

activation of glutamatergic and N-methyl-d-aspartate (NMDA) receptors (339-341).  

Furthermore, BDNF is also a mediator of neuronal survival and plasticity of dopaminergic, 

cholinergic and serotonergic neurons, and its involvement in migraine seems clear as a 

mediator of the trigeminal nociceptive plasticity (341, 342, 358). This neuronal plasticity is 

also responsible for alterations in pain threshold, modulating the response to stimuli. 

Plasticity can result in short-term changes that last minutes to hours, or long-term 

changes that may be permanent (396, 397). Interestingly, CGRP is coexpressed with 

BDNF in trigeminal ganglion neurons in rats and, in addition, CGRP enhances BDNF 

release from trigeminal neurons in vitro (Buldyrev, Tanner et al. 2006), which reinforces 

the possible interaction we have found between CGRP and BDNF [article 7] . 
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All these data support a role of the candidate genes studied in this work in the 

pathophysiology of migraine. The different mechanisms may be interconnected, and 

variants in each gene may contribute to susceptibility to migraine, through the different 

pathways in which they act. 
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6. Conclusions 

 

1. We performed for the first time a familial aggregation study of migraine in a 

Portuguese population and we found that first-degree relatives of migraineurs had 

a 3 to 4-fold increased risk when compared to the general population, while spou-

ses did not present a significantly higher risk, showing that familial aggregation of 

migraine may be mainly due to genetic factors, as it can be assumed from the 

magnitude of the RR found in our study.  

 

2. We also found that, in our sample, 1st-degree relatives of MA-probands had a 

higher risk of MA than MO. In spite of these not being be distinct entities, MA 

seems to have a stronger familial aggregation and, thus, a greater genetic 

predisposition, as supported by our results. 

 

3. We found that MO probands showed a higher sensitivity when identifying their 

affected relatives, whereas MA probands may undervalue less well-defined 

migraine episodes in their relatives, when they have just MO. When high specificity 

and PPV are more important than sensitivity, probands reports can be a valuable 

ascertainment method to maximize the number of informative families.  

 

4. Regarding risk factors for relatives of migraineurs, our findings showed that, as 

expected, females had a higher risk of migraine than men. We also found that 

mother-to-daughter transmissions were more frequent than expected, what may 

be due to the possible effect of mtDNA or X-chromosome genes and hormonal-

related effects. Importantly, we also concluded that MA has a higher genetic load 

than MO. 

 

5. We found a high significant chance-corrected agreement rate for primary and 

combined headaches and also for the frequency of migraine and tension-type 

headache. The ICHD-II criteria have relevant clinical implications; although they 

still need some improvement, these criteria do not change remarkably results from 

epidemiological studies. Given that our patients had been enrolling in the clinical 

and genetic study of migraine since 1999, we concluded that we could use the 

new classification in our patients and standardize the diagnosis criteria used in the 

clinical sample in future studies. 
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6. We confirmed the involvement of STX1A as a risk factor for migraine; also, new 

insight was provided by this study, since we found, in our population, an 

association between migraine and variants that were different from those 

described in previous studies. Our results also strengthen the role of neurotrans-

mitter release in migraine pathophysiology. 

 

7. We also confirmed EDNRA as a susceptibility factor for MO, although with different 

risk patterns regarding others populations studied. We also concluded that we 

could not exclude a role of this gene in MA susceptibility, showing that variants of 

this gene may affect the two migraine subtypes. This study reinforces also the role 

of the vascular component in the pathophysiology of migraine, and stresses the 

need to replicate findings from association studies in several populations. 

 

8. We found an interaction between BDNF and CGRP in migraine susceptiblility, but, 

due to small sample size, this interaction needs to be further investigated with 

larger samples. Nevertheless, this shows that genes interaction might be important 

in susceptibility to migraine. 

 

9. Regarding the controversy if MA and MO are one or two different entities, our 

results show some evidence that MA seems to have a higher genetic 

predisposition than MO.  Although sharing some mechanisms and susceptibility 

genes, MA can have a specific genetic component regarding aura. 
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7. Future Perspectives 

 

1. To enlarge the number of probands and controls ascertained in order to increase 

the power for subsequent studies.  

 

2. To increase the number of trios (parents-child) and discordant sib-pairs 

ascertained, in order to perform family-based association studies that could be 

used to confirm the results found in the case-control sample. 

 

3. To ascertain avuncular pairs in order to study the observed maternal effect. 

 

4. To disentangle the possible role of mtDNA, X-linked genes and hormonal-related 

effects on female’s liability for migraine. 

 

5. To study the involvement of epigenetic modifications in susceptibility for migraine, 

in its possible parent-of-origin effects and in gender differences, as well as in 

differential response to treatment observed among patients. 

 

6. To study new candidate genes underlying migraine susceptibility, such as 

glutamate receptors or genes related with synaptic vesicles and consequently with 

neurotransmitter release. 

 

7. To assess possible regulatory functions of the polymorphisms found to be 

associated with migraine, by in silico or in vivo analysis, and try to determine the 

causative variant that might be in LD with them. 
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