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Context: Migraine is a kind of primary headache that affects 10% to 20% of people worldwide. Recent studies have shown that migraines 
can be involved in strokes incidences, especially ischemic strokes.Hence, the current study aimed to review evidence in relation to 
migraine and risk of stroke.
Evidence Acquisition: A literature search was done for related articles dated between 1993 and 2013 on PubMed, Science Direct, Embase, 
Web of Science and Scopus for both English and non-English language articles by entering “migraine”, “migraine with aura”, “headache” 
and “ischemic and hemorrhagic stroke” as keywords.
Results: In most evaluated studies, there was a positive association between migraine with aura (MA) and strokes incidences, especially 
ischemic strokes. Moreover, patients with high frequency of migraine attacks had greater odds of having a stroke compared with those 
who had low frequency of migraine attacks. Also, the association between migraine and stroke was more significant in subjects under 45 
years old. Some migraine symptoms such as vomiting and nausea had a protective role in the development of ischemic strokes.
Conclusions: Migraine, especially MA, is a risk factor for incidences of strokes, especially ischemic strokes. However, due to conflicting 
results on the association between different types of migraine and stroke, more studies are needed in this field.
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1. Context
Migraine is a common chronic, disabling, debilitating 

and progressive intermittent neurovascular headache 
disorder that affects 80% of people worldwide (1-3). Recent 
data indicate that one in every four American adults has 
frequent or severe headaches including migraines (4). 
Most patients experience their first migraine attack be-
fore the age of 40, and women are approximately three 
times more likely to get migraine disease as compared 
with men (3, 5). Specifically, migraine is characterized by 
severe, pulsating and one-sided headache attacks, which 
typically last 4-72 hours (1, 2, 6). In some patients, usually 
prior to headache onset, a migraine with aura (MA) occurs, 
characterized by transient neurological symptoms, most 
often affecting the visual field (1). Other related symptoms 
include nausea, sometimes vomiting (1, 6), muscle tension 
(1), excruciating pain (6), photophobia and phonophobia 
(1, 3, 7). In addition, migraine in adults are associated with 
seasonal allergies, asthma, epilepsy, continuous night-
mares, atopic disorders, cardiovascular disorders, sleep 
problems, motion sickness, epistaxis and among women 
of reproductive age are related to preeclampsia and uter-
ine bleeding (4). Furthermore, migraine is considered as 
an important risk factor for strokes. 

Several recent studies have shown that patients with 
migraines are at increased risk of stroke, however results 
in this regard are conflicting (1, 3, 8-20). Based on the 
literature, the increased risk of stroke associated with 
migraine isn’t uniform across all migraine or stroke sub-
groups. Some authors have claimed that only migraine 
with aura may be related to strokes (1, 8-20), however oth-
ers have shown no relationship between the two condi-
tions (10, 21, 22). Thus, the potential association between 
risk of stroke and migraine is an important public health 
concern, and due to conflicting results on relationship 
between these two conditions, we aimed to review the 
current evidence in this regard.

2. Evidence Acquisition
In this review article, we performed an electronic search 

on articles published during 1993-2013 on PubMed, Sci-
ence Direct, Embase, Web of Science and Scopus, for both 
English and non-English language articles, using the 
following key words: “migraine”, “migraine with aura”, 
“headache” and “ischemic and hemorrhagic stroke” as 
medical subject heading (MeSH). The references of re-
trieved items were also searched to identify additional 
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Table 1.  Synthesis of Cross-Sectional Studies Exploring the Association Between Migraine and Stroke
Study Subjects Migraine and 

Stroke Diagnosis
Objectives Stroke Risk in Migraine 

Cases
Outcomes

Tzourio et al. 
1993 (8)

212 patients with ischemic 
stroke aged 18-80 years; 

212 controls matched for 
sex, age, hypertension

Direct interview by 
neurologist; IHS 

criteria

To determine whether 
migraine is a risk factor 

for ischemic stroke

OR = 4.3 (1.2, 6.3) for 
women aged ≤ 45 years

Prevalence of migraine was not 
different between patients with 

stroke and matched controls 
except among women aged ≤ 

45 years
Tzourio et al. 
1995 (9)

72 women hospitalized 
for ischemic stroke aged 
18-44 years; 173 controls 

matched for age

Direct interview by 
neurologist; IHS 

criteria

To determine whether 
migraine is a risk factor 

for ischemic stroke in 
young women

OR = 3.0 (1.5, 5.8) for mi-
graine without aura, OR = 
6.2 (2.1, 18.0) for migraine 

with aura

Ischemic stroke was strongly 
associated with both migraine 

without aura and migraine 
with aura

Chang et al. 
1999 (10)

291 women with ischemic, 
hemorrhagic, or unclas-

sified arterial stroke aged 
20-44 years; 736 controls 

matched for age

Direct interview by 
neurologist; IHS 

criteria

To assess the association 
between migraine and 

ischemic, hemorrhagic, 
or unclassified arterial 

stroke in young women

OR 2.97 (0.66-13.5) for 
migraine without aura, OR 

3.81 (1.26-11.5) for MA

Migraine, especially with aura, 
significantly increased the risk 

of ischemic but not hemor-
rhagic stroke

Donaghy et 
al. 2002 (11)

86 cases of ischemic 
stroke aged 20-44 years; 

214 controls women 
matched for age

Direct interview by 
neurologist; IHS 

criteria

To investigate the effect 
of duration, frequency, 

time and type of 
migraine on the risk of 

ischemic stroke

OR = 8.37 (2.33-30.1) for mi-
graine with aura, OR = 2.21 

(0.49, 10.1) for migraine 
without aura

A relation was seen between 
ischemic stroke and migraine 

with aura

Mosek et al. 
2001 (23)

100 patients with 
ischemic stroke aged ≥ 

60 years; 100 patients 
with no vascular disease 
matched for age and sex

Direct interview by 
neurologist; IHS 

criteria

To assess migraine in 
elderly patients hospital-
ized with ischemic stroke 
compared with vascular 
and nonvascular control 

groups

prevalence of migraine 
was 8% in patients with 

ischemic stroke and 8% in 
the nonvascular control 

(x2 test, P > 1) with no dif-
ferences in sex and age

Elderly patients with migraines 
were not at increased risk of 

developing a ischemic stroke

Schwaag et al. 
2003 (12)

160 with first ischemic 
stroke or transient 

ischemic attack aged ≤ 
46 years; 160 controls 

matched for age and sex

Direct interview by 
neurologist; IHS 

criteria

To investigate the 
association between 

migraine and juvenile 
stroke

OR = 2.11 (95% CI = 1.16-3.82) 
for juvenile stroke; OR = 

2.68 (95%, CI = 1.25-5.75) in 
the female subgroup; OR 
= 3.26 (95%, CI = 1.33-7.98) 

in the subgroup under the 
age of 35

There was a significant 
association between migraine 
and juvenile stroke in women 

and patients under the age 
of 35

MacClellan et 
al. 2007 (13)

386 women ages 15 to 49 
years with first ischemic 

stroke; 614 controls 
matched for ethnicity

Direct interview by 
neurologist; IHS 

criteria

To investigate the 
association of probable 

migraine with and 
without visual aura with 

ischemic stroke

OR = 1.5 (95% CI = 1.11-2.0) Migraine with visual aura was 
associated with an increased 

risk of stroke, particularly 
stroke of undetermined origin

items about this topic. Only articles that had used stan-
dardized criteria for diagnosing migraine and stroke 
and had reported original data about the association 
between migraine and stroke were finally included in 
this review. In total, we found 89 items after elimina-
tion of duplicates among the three different biomedi-
cal platforms. Careful reading of title, abstract and full 
text (when available), allowed exclusion of 77 items due 
to lack of patient history (13 articles), lack of discrimina-
tion between chronic pains and pulsating headache (16 
articles), uncertain diagnosis of migraine and stroke (27 
articles), lack of matching for potential confounders in 
case and control groups (19 articles) and being a review 
article (2 articles). Therefore, 12 studies (7 cross sectional 
and 5 cohort) were finally included in this study.

3. Results
Whether migraine is a risk factor for stroke has been 

addressed in 7 case-control studies (Table 1) and 5 cohort 

studies (Table 2). In regards to the 7 case-control studies, 
5 studies showed a statistically significant relationship 
between migraine and stroke (9-13). The two other stud-
ies that were conducted by Tzourio et al. (8) and Mosek 
et al. (23) did not show a significant difference between 
patients with stroke and matched controls. However, all 
cohort studies showed increased risks of stroke in pa-
tients with migraine (1, 14-17). Regarding migraine sub-
types, most studies (1, 8, 11-17) found this relationship in 
migraine with aura, and only two cross-sectional studies 
(9, 10) reported an association between stroke and mi-
graine without aura. Pertaining to stroke subtypes, one 
case control study (10) and one cohort study (15) inves-
tigated the relationship between migraine and hemor-
rhagic stroke and others dealt with ischemic stroke. A 
study conducted by Chang et al. didn’t show increased 
risk of hemorrhagic stroke among both migraines with 
and without aura, whereas another study performed by 
Kurth et al. indicated an association between migraine 
with aura and hemorrhagic stroke. 
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Table 2.  Synthesis of Cohort Studies Exploring the Association Between Migraine and Stroke
Study Subjects Migraine and Stroke Diag-

nosis
Objectives Stroke Risk in Mi-

graine Cases
Outcome

Buring et 
al. 1995 (14)

22071 US male 
physicians aged 40 to 

84 years

Self-report of the subjects; IHS 
criteria

To evaluate, whether 
migraine is an 

independent risk factor 
for subsequent stroke

OR = 1.84 (95%, CI = 1.06-
3.20) for total stroke, OR 
= 2.01 (95% CI = 1.10-3.64) 

for ischemic stroke

There were significantly 
increased risks of 

subsequent total stroke and 
ischemic stroke in patients 

with migraines 

Kurth et al. 
2005 (15)

39754 US health 
professionals age ≥ 

45 years

Direct interview by neurologist; 
IHS criteria

To investigate the 
association between 

specific headache forms, 
migraine and stroke

OR = 1.53 (95%, CI = 1.02-
2.31) for total stroke, OR 
= 1.71 (95% CI = 1.11-2.66) 

for ischemic stroke

There were increased risks 
of total and ischemic stroke 

in patients with migraine 
with aura

Kurth et al. 
2009 (16)

27798 US women 
aged ≥ 45 years

Direct interview by neurologist 
and cardiologist; IHS criteria 

for stroke; World Health 
Organization criteria for CVDs

To investigate the 
association between 

migraine frequency and 
CVDs

OR = 4.25 (95%, CI = 
1.36-13.29) for women 
with active migraine 

with aura

Ischemic stroke was 
associated with a high-

attack frequency of patients 
with migraine with aura

Kurth et al. 
2010 (17)

27860 US female 
health professionals 

aged ≥ 45 years

Direct interview by vascular 
neurologist; self-reported by 

participants; IHS criteria

To examine the 
association between 
migraine and risk of 
hemorrhagic stroke

OR = 0.98 (95%, CI = 0.56, 
1.71, P = 0.93) for mi-

graine without aura, OR 
= 2.25 (95%, CI = 1.11-4.54, 
P = 0.024) for migraine 

with aura

Hemorrhagic stroke 
was associated with 

migraine with aura, but 
migraine without aura 

had no increased risk of 
hemorrhagic stroke

Schurks et 
al. 2010 (1)

27840 US female 
health professionals 

aged ≥ 45 years

Self-reported by participants; 
World Health Organization 

criteria for CVDs

To investigate the 
association between 

migraine and cardiovas-
cular disease

OR = 1.79 (95%, CI = 
1.15-2.78; P = 0.01) for 
ischemic stroke in 

migraine with aura

Migraine with aura doubled 
the risk for CVD, ischemic 

stroke, and myocardial 
infarction

All studies except one case-control (23) and two cohort 
(14, 15) studies found a significantly higher risk of strokes 
in women than men and among younger (under the age 
of 45 years) than older individuals especially for the sub-
group of patients with migraine with aura. In four stud-
ies (11, 13, 16, 17), patients with high frequency of migraine 
attacks had greater odds of having a stroke compared 
with those who had a low frequency of migraine attacks. 
Furthermore, three studies (9, 10, 13) reported that as-
sociation between migraine and stroke elevated among 
women who smoked or used oral contraceptives (OCs). 
Also, one study showed that some migraine symptoms 
such as vomiting and nausea have a protective role in the 
development of ischemic stroke (1).

4. Conclusions
In most reviewed articles (1, 8, 11-17), there was a positive 

association between migraine, particularly with aura, 
and incidence of stroke. However, in some studies (9, 10) 
a significant relationship was seen between migraine 
without aura and stroke. Most studies showed a relation-
ship between migraine and ischemic stroke (1, 8-14, 16, 17) 
and sparse studies (15) indicated a positive relationship 
between migraine and hemorrhagic strokes, which may 
be due to the low incidence of hemorrhagic strokes. The 
different risks associated with migraine and stroke types 
reported in reviewed studies may reflect variations in the 
criteria used to define migraine and stroke, different sam-
ple size as well as other confounders such as sex and age. 
Based on the available evidence, an association between 
migraine and stroke was seen in women more than men, 

especially those less than 45 years and this may be due to 
oral contraceptive use among women less than 45 years, 
which is considered as a risk factor for stroke (24).

Although the pathophysiological mechanism underly-
ing this relationship remains unknown, there are some 
possible mechanisms for this association (25). Firstly, one 
link might involve dysfunction or pathology of the ves-
sel wall, which is supported by studies reporting smooth 
muscle cell dysfunction (26) and endothelial dysfunc-
tion in migraine (27-29). Also, pathological vascular resis-
tance, already apparent in young people with migraine 
(28)  could increase the risk of intra cerebral hemorrhage 
(ICH) as well as the risk of lacunar infarcts (30). Second-
ly, recent investigations have shown that the close rela-
tionship between migraine and stroke may be due to 
mutations (31). Studies have shown that migraine has a 
relationship with methylene tetra hydro folate reductase 
(MTHFR) genotype that accounts for cardiovascular dis-
eases, stroke and myocardial infarction (32, 33). This gen-
otype decreases MTHFR enzyme function and leads to a 
decline in homocysteine metabolism, and consequently 
augments plasma homocysteine concentrations, which 
is associated with various pathological conditions in 
humans, including stroke and cardiovascular disorders 
(34-37). Moreover, some studies found a link between 
migraine and cerebral autosomal dominant arteriopa-
thy with subcortical infarct and leukoencephalopathy 
(CADASIL), which is one of the most common cause of 
hereditary stroke. The CADASIL is a small-artery disease 
of the brain affecting smooth muscle cells due to Notch 3 
mutations characterized by progressive white matter de-
generation and smooth muscle cell abnormalities, which 
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involves 30% of MA (often as the initial symptom) (38, 39).
Despite the existing hypotheses regarding the biologi-

cal mechanisms linking migraine with stroke, it remains 
unclear why the association appears more in migraine 
with aura. This relationship may be due to increased 
prevalence (40, 41) and frequency (42) of patent foramen 
ovale (PFO) in patients with MA, which is considered as 
a risk factor for young onset of stroke. Based on studies, 
up to 50% of patients who have migraine with aura have 
PFO between the cardiac atria, which may allow shunting 
of vasoactive substances, such as serotonin and emboli 
from the venous circulation, and thus cause stroke (43). 
Also, some studies have shown that migraine, particular-
ly with aura, is associated with increasing concentrations 
of vasoactive factors and blood coagulants such as: pro-
thrombin factor 1.2, factor V leiden (FVL) and serotonin, 
which are known as significant risk factors for ischemic 
stroke (44-46). Furthermore, use of pain medication that 
inhibits platelet aggregation, such as aspirin and NSAIDs, 
can increase the risk of hemorrhagic stroke among pa-
tients who suffer from migraine with aura (1). Moreover, 
this association may be due to some stroke risk factors 
such as hypertension, hyperlipidemia, diabetes, use of 
oral contraceptives (8-10, 24, 47-49) and obesity (30, 49-
51), which are more common among patients with mi-
graine, especially with aura. 

In conclusion, data from studies suggest that mi-
graine, especially with aura, may be a risk factor for de-
veloping stroke, particularly ischemic stroke. Thus the 
results from these studies have been inconsistent; more 
studies are needed to explore the potential association 
as well as related mechanisms. Some limitations should 
be considered for this study. In most evaluated studies, 
the associations between characteristics of migraine 
attacks including severity, frequency and duration of 
migraine attacks with incidence of stroke were not as-
sessed. Moreover, some confounding variables such as 
physical activity, dietary patterns and psychological 
difficulties were not adjusted in the assessment of the 
association between migraine and strokes. In addition, 
some studies had a low sample size. Hence, it is sug-
gested that researchers should pay more attention to 
these limitations in future studies and conduct more 
studies with greater sample size and also evaluate the 
confounding variables. 

Acknowledgements
Hereby, we appreciate Research Deputy Vice-chancellor 

for research affairs of the Isfahan University of Medical 
Sciences for technical support.

Authors’ Contributions
Sadeghi O, Askari GH, Maghsoudi Z, Nasiri M, Khorvash F 

contributed equally to this work and performed the liter-
ature search and wrote first draft; Khorvash F and Askari 
GH  provided expert opinion and reviewed the paper.

Funding/Support
This article was supported by Isfahan University of Med-

ical Sciences, Isfahan, IR Iran.

References
1.       Schurks M, Buring JE, Kurth T. Migraine, migraine features, and 

cardiovascular disease. Headache. 2010;50(6):1031–40.
2.       Mottaghi T, Khorvash F, Askari G, Maracy MR, Ghiasvand R, Magh-

soudi Z, et al. The relationship between serum levels of vitamin D 
and migraine. J Res Med Sci. 2013;18(Suppl 1):S66–70.

3.       Sjostrand C. Migraine with aura--indication of an increased risk 
of hemorrhagic stroke in women (Women's Health Study) and 
increased risk of overall death in an Icelandic population (Reyk-
javik Study). Evid Based Med. 2011;16(2):60–2.

4.       Lateef TM, Cui L, Nelson KB, Nakamura EF, Merikangas KR. Physi-
cal comorbidity of migraine and other headaches in US adoles-
cents. J Pediatr. 2012;161(2):308–13 e1.

5.       Mottaghi T, Khorvash F, Askari G, Iraj B, Ghiasvand R. Vitamin D 
and Migraine: Review of Current Evidence. J  Isfahan med school. 
2013;31:31–41.

6.       Tabatabaee A, Zarei M, Javadi SA, Mohammadpour A, Bidaki AA. 
The effects of Wet-Cupping on intensity of headache in Migraine 
sufferers. Jundishapur J chron Dis Care. 2014;3:1–12.

7.       Unalp A, Dirik E, Kurul S. Prevalence and clinical findings of 
migraine and tension-type headache in adolescents. Pediatr Int. 
2007;49(6):943–9.

8.       Tzourio C, Iglesias S, Hubert JB, Visy JM, Alperovitch A, Tehindra-
zanarivelo A, et al. Migraine and risk of ischaemic stroke: a case-
control study. BMJ. 1993;307(6899):289–92.

9.       Tzourio C, Tehindrazanarivelo A, Iglesias S, Alperovitch A, 
Chedru F, d'Anglejan-Chatillon J, et al. Case-control study of 
migraine and risk of ischaemic stroke in young women. BMJ. 
1995;310(6983):830–3.

10.       Chang CL, Donaghy M, Poulter N. Migraine and stroke in young 
women: case-control study. The World Health Organisation Col-
laborative Study of Cardiovascular Disease and Steroid Hormone 
Contraception. BMJ. 1999;318(7175):13–8.

11.       Donaghy M, Chang CL, Poulter N, European Collaborators of The 
World Health Organisation Collaborative Study of Cardiovascu-
lar D, Steroid Hormone C. Duration, frequency, recency, and type 
of migraine and the risk of ischaemic stroke in women of child-
bearing age. J Neurol Neurosurg Psychiatry. 2002;73(6):747–50.

12.       Schwaag S, Nabavi DG, Frese A, Husstedt IW, Evers S. The associa-
tion between migraine and juvenile stroke: a case-control study. 
Headache. 2003;43(2):90–5.

13.       MacClellan LR, Giles W, Cole J, Wozniak M, Stern B, Mitchell BD, 
et al. Probable migraine with visual aura and risk of ischemic 
stroke: the stroke prevention in young women study. Stroke. 
2007;38(9):2438–45.

14.       Buring JE, Hebert P, Romero J, Kittross A, Cook N, Manson J, et al. 
Migraine and subsequent risk of stroke in the Physicians' Health 
Study. Arch Neurol. 1995;52(2):129–34.

15.       Kurth T, Slomke MA, Kase CS, Cook NR, Lee IM, Gaziano JM, et al. 
Migraine, headache, and the risk of stroke in women: a prospec-
tive study. Neurology. 2005;64(6):1020–6.

16.       Kurth T, Schurks M, Logroscino G, Buring JE. Migraine frequen-
cy and risk of cardiovascular disease in women. Neurology. 
2009;73(8):581–8.

17.       Kurth T, Kase CS, Schurks M, Tzourio C, Buring JE. Migraine and 
risk of haemorrhagic stroke in women: prospective cohort 
study. BMJ. 2010;341:c3659.

18.       Merikangas KR, Fenton BT, Cheng SH, Stolar MJ, Risch N. Associa-
tion between migraine and stroke in a large-scale epidemiologi-
cal study of the United States. Arch Neurol. 1997;54(4):362–8.

19.       Henrich JB, Horwitz RI. A controlled study of ischemic stroke risk 
in migraine patients. J Clin Epidemiol. 1989;42(8):773–80.

20.       Welch KM, Levine SR. Migraine-related stroke in the context of 
the International Headache Society classification of head pain. 
Arch Neurol. 1990;47(4):458–62.

21.       Carolei A, Marini C, De Matteis G. History of migraine and risk 



Sadeghi O et al.

5Jundishapur J Chronic Dis Care. 2014;3(3):e21707

of cerebral ischaemia in young adults. The Italian National 
Research Council Study Group on Stroke in the Young. Lancet. 
1996;347(9014):1503–6.

22.       Schurks M, Rist PM, Bigal ME, Buring JE, Lipton RB, Kurth T. Mi-
graine and cardiovascular disease: systematic review and meta-
analysis. BMJ. 2009;339:b3914.

23.       Mosek A, Marom R, Korczyn AD, Bornstein N. A history of mi-
graine is not a risk factor to develop an ischemic stroke in the 
elderly. Headache. 2001;41(4):399–401.

24.       Lidegaard O, Kreiner S. Contraceptives and cerebral throm-
bosis: a five-year national case-control study. Contraception. 
2002;65(3):197–205.

25.       Tietjen EG. Migraine and ischaemic heart disease and stroke: 
potential mechanisms and treatment implications. Cephalalgia. 
2007;27(8):981–7.

26.       Napoli R, Guardasole V, Zarra E, Matarazzo M, D'Anna C, Sacca F, 
et al. Vascular smooth muscle cell dysfunction in patients with 
migraine. Neurology. 2009;72(24):2111–4.

27.       Tietjen GE, Al-Qasmi MM, Athanas K, Utley C, Herial NA. Altered 
hemostasis in migraineurs studied with a dynamic flow system. 
Thromb Res. 2007;119(2):217–22.

28.       Vanmolkot FH, Van Bortel LM, de Hoon JN. Altered arterial func-
tion in migraine of recent onset. Neurology. 2007;68(19):1563–70.

29.       Lee ST, Chu K, Jung KH, Kim DH, Kim EH, Choe VN, et al. Decreased 
number and function of endothelial progenitor cells in patients 
with migraine. Neurology. 2008;70(17):1510–7.

30.       Scher AI, Gudmundsson LS, Sigurdsson S, Ghambaryan A, Aspe-
lund T, Eiriksdottir G, et al. Migraine headache in middle age and 
late-life brain infarcts. JAMA. 2009;301(24):2563–70.

31.       Stam AH, Haan J, van den Maagdenberg AM, Ferrari MD, Terwindt 
GM. Migraine and genetic and acquired vasculopathies. Cepha-
lalgia. 2009;29(9):1006–17.

32.       Schurks M, Zee RY, Buring JE, Kurth T. Interrelationships among 
the MTHFR 677C>T polymorphism, migraine, and cardiovascu-
lar disease. Neurology. 2008;71(7):505–13.

33.       Lippi G, Mattiuzzi C, Meschi T, Cervellin G, Borghi L. Homocysteine 
and migraine. A narrative review. Clin Chim Acta. 2014;433C:5–11.

34.       Kara I, Sazci A, Ergul E, Kaya G, Kilic G. Association of the C677T 
and A1298C polymorphisms in the 5,10 methylenetetrahydrofo-
late reductase gene in patients with migraine risk. Brain Res Mol 
Brain Res. 2003;111(1-2):84–90.

35.       Kowa H, Yasui K, Takeshima T, Urakami K, Sakai F, Nakashima K. 
The homozygous C677T mutation in the methylenetetrahydrofo-
late reductase gene is a genetic risk factor for migraine. Am J Med 
Genet. 2000;96(6):762–4.

36.       Casas JP, Bautista LE, Smeeth L, Sharma P, Hingorani AD. Homo-
cysteine and stroke: evidence on a causal link from mendelian 
randomisation. Lancet. 2005;365(9455):224–32.

37.       Yamada Y, Matsuo H, Segawa T, Watanabe S, Kato K, Hibino T, et 

al. Assessment of genetic risk for myocardial infarction. Thromb 
Haemost. 2006;96(2):220–7.

38.       Chabriat H, Vahedi K, Iba-Zizen MT, Joutel A, Nibbio A, Nagy TG, et 
al. Clinical spectrum of CADASIL: a study of 7 families. Cerebral 
autosomal dominant arteriopathy with subcortical infarcts and 
leukoencephalopathy. Lancet. 1995;346(8980):934–9.

39.       Vahedi K, Chabriat H, Levy C, Joutel A, Tournier-Lasserve E, 
Bousser MG. Migraine with aura and brain magnetic resonance 
imaging abnormalities in patients with CADASIL. Arch Neurol. 
2004;61(8):1237–40.

40.       Schwedt TJ, Dodick DW. Patent foramen ovale and migraine-
-bringing closure to the subject. Headache. 2006;46(4):663–71.

41.       Post MC, Thijs V, Herroelen L, Budts WI. Closure of a patent fo-
ramen ovale is associated with a decrease in prevalence of mi-
graine. Neurology. 2004;62(8):1439–40.

42.       Schwerzmann M, Wiher S, Nedeltchev K, Mattle HP, Wahl A, 
Seiler C, et al. Percutaneous closure of patent foramen ovale 
reduces the frequency of migraine attacks. Neurology. 2004; 
62(8):1399–401.

43.       Lamy C, Giannesini C, Zuber M, Arquizan C, Meder JF, Trystram 
D, et al. Clinical and imaging findings in cryptogenic stroke 
patients with and without patent foramen ovale: the PFO-ASA 
Study. Atrial Septal Aneurysm. Stroke. 2002;33(3):706–11.

44.       Hering-Hanit R, Friedman Z, Schlesinger I, Ellis M. Evidence for 
activation of the coagulation system in migraine with aura. 
Cephalalgia. 2001;21(2):137–9.

45.       Soriani S, Borgna-Pignatti C, Trabetti E, Casartelli A, Montagna 
P, Pignatti PF. Frequency of factor V Leiden in juvenile migraine 
with aura. Headache. 1998;38(10):779–81.

46.       Ferrari MD, Odink J, Tapparelli C, Van Kempen GM, Pennings 
EJ, Bruyn GW. Serotonin metabolism in migraine. Neurology. 
1989;39(9):1239–42.

47.       Schwartz SM, Petitti DB, Siscovick DS, Longstreth WT, Jr, Sidney 
S, Raghunathan TE, et al. Stroke and use of low-dose oral contra-
ceptives in young women: a pooled analysis of two US studies. 
Stroke. 1998;29(11):2277–84.

48.       Bigal ME, Kurth T, Santanello N, Buse D, Golden W, Robbins M, 
et al. Migraine and cardiovascular disease: a population-based 
study. Neurology. 2010;74(8):628–35.

49.       Khorvash F, Mottaghi T, Askari G, Maracy MR, Ghiasvand R, Magh-
soudi Z, et al. The association between serum vitamin d levels 
with general and abdominal obesity among patients with mi-
graine. Int J Prev Med. 2013;4(Suppl 2):S313–7.

50.       Bond DS, Roth J, Nash JM, Wing RR. Migraine and obesity: epide-
miology, possible mechanisms and the potential role of weight 
loss treatment. Obes Rev. 2011;12(5):e362–71.

51.       Bigal ME, Lipton RB, Holland PR, Goadsby PJ. Obesity, migraine, 
and chronic migraine: possible mechanisms of interaction. Neu-
rology. 2007;68(21):1851–61.


