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Migraine and cardiovascular disease

Marcelo E. Bigal’

ABSTRACT

Migraine, especially migraine with aura is an established risk factor for ischemic lesions of
the brain. Recent evidence has also linked migraine with and without aura to a broader
range of ischemic vascular disorders including angina, myocardial infarction, coronary
revascularization, claudication and cardiovascular mortality. The topic is therefore of
considerable interest. Accordingly, herein we review the association between migraine
and cardiovascular disease. We start by briefly presenting diagnostic criteria for migraine
and revising its pathophysiology. We follow by summarizing the evidence on the topic. We
then briefly present the results of a recent meta-analysis. We close by highlighting results
of a large epidemiological study conducted after the publication of the meta-analysis.
Key words: migraine, cardiovascular disease, stroke.

Migranea e doencas cardiovasculares

RESUMO

A migranea, especialmente a migranea com aura, é fator de risco para lesdes cerebrais.
Evidéncia recente sugere que migranea com e sem aura é associada com outras doencas
cardiovasculares isquémicas, incluindo a angina, o infarto do miocardio, revascularizagéo
coronéria, claudicacdo e morte subita. Iniciamos discutindo o diagnédstico da migranea e
seus mecanismos fisiopatoldgicos. Apds sumarizar a evidéncia, discutimos resultados de
meta-anélise recente. Por fim, ressaltamos resultados de um grande estudo populacional

sobre o assunto.

Palavras-chave: migranea, doenca cardiovascular, acidente vascular cerebral.

The association between migraine and
ischemic vascular events has been studied
for many years'?. Original studies contro-
versially reported an association between
migraine with aura (MA) and stroke. The
relationship was stronger in young wom-
en, and was magnified by the use of hor-
monal contraception or by tabagism'.
Controversial topics included whether mi-
graine without aura (MO) was also a risk
factor to stroke, if the association also hap-
pened in men, and whether migraine was
associated with other forms of cardiovas-
cular disease’.

The field has advanced considerably in
recent years, with the publication of ev-
idence that MA is indeed an established
risk factor for subclinical ischemic lesions
of the brain®, as well as for ischemic stroke,

particularly among women of younger
age>®. The association has also been shown
in men’. Furthermore, migraine seems also
to be linked with other forms of cardio-
vascular disease (CVD), including myo-
cardial infarct, angina and claudication),
as well as with risk factors to CVD*’. The
topic has indeed gained considerable trac-
tion and robust evidence is now available.
Accordingly, herein we review the associa-
tion between migraine and CVD. We start
by briefly presenting diagnostic criteria for
migraine and revising its pathophysiology.
We follow by summarizing the evidence
on the topic. We then briefly present the
results of a recent meta-analysis. We close
by highlighting results of a large epidemio-
logical study conducted after the publica-
tion of the meta-analysis.

'MD, PhD, Head of the Merck Investigator Studies Program and Scientific Education Group. Office of the Chief Medical
Officer. Merck Inc.; Upper Gwynedd, PA, USA. Department of Neurology. Albert Einstein College of Medicine. Bronx, NY, USA.
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Migraine: a brief overview

Migraine is a prevalent disease that affects 12% of the
adult population in the United States and is three times
more common in women than in men'®'". Migraine is
characterized by recurrent attacks of pain and associated
symptoms, typically lasting from 4 to 72 hours'* ', It has
features in common with episodic pain disorders (self-
limited attacks of pain). It also has features in common
with chronic pain disorders in that sufferers have an en-
during predisposition to pain and subclinical neurophysi-
ological markers. It is therefore best described as a chron-
ic-episodic disorder'. Migraine is classified into five ma-
jor categories, the two most important of which are Mi-
graine without aura and Migraine with aura. Aura is the
only distinguishing feature between both subtypes; pain
and associated symptoms are identical.

Criteria for migraine without aura are met by various
combinations of features'. At least two of the following
pain features need to be present when pain is at the worst:
[1] Throbbing in nature; [2] Unilateral or more severe in
one side than in the other; [3] Aggravated by movements
or physical activity; [4] Of moderate or severe intensity.
Additionally, at least one of the following combination of
associated symptoms is necessary: [1] Photophobia and
phonophobia; [2] Nausea or vomiting. We emphasize that
unilateral, pulsating headache meets the criteria but so it
does bilateral, pressing headache if it is moderate or se-
vere in intensity and aggravated by routine physical ac-
tivity. With regard to associated features, a patient with-
out nausea or vomiting but with both photophobia and
phonophobia may fulfill the criteria'*.

The typical aura of migraine is characterized by fo-
cal neurological features that usually precede migrain-
ous headache but may accompany it or occur in the ab-
sence of the headache'. Typical aura symptoms develop
over =5 minutes and last no more than 60 minutes, and
visual aura is overwhelmingly the most common. Typi-
cal visual aura is homonymous, often having a hemiano-
pic distribution and expanding in the shape of a crescent
with a bright, ragged edge, which scintillates. Scotoma,
photopsia or phosphenes and other visual manifestations
may occur. Sensory symptoms occur in about one-third
of patients who have migraine with aura. Typical senso-
ry aura consists of numbness (negative symptom) and
tingling or paresthesia (positive symptoms). The distri-
bution is often on the face and hand. Other types of aura
are less frequent and require careful neurological assess-
ment before diagnosis.

Overview of migraine’s pathophysiology

Migraine is best understood as a primary disorder
of the brain with peripheral consequences'®"”. There is
abundant evidence that migraine is a familial disorder
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with genetic foundation'. The first neurological event of
migraine is a point of controversy and two non-mutually
exclusive hypotheses exist'**’. Migraine may result from
a dysfunction of an area of the brainstem that is involved
in the modulation of pain, sensory processing and crani-
ovascular afferents and have also been shown to control
trigeminocervical nociceptive inputs®. According to this
view, the pain is understood as a combination of altered
perception (due to peripheral or central sensitization) of
stimuli, as well as the activation of a feed-forward neuro-
vascular dilator mechanism in the first division of the tri-
geminal nerve®. The brainstem activation would induce
a pro-noniceptive state and also lead to deficits in the au-
tonomic vascular control®.

An alternative theory proposes that spreading depres-
sion of cortical activity (cortical spreading depression -
CSD) is the first neurological event happening in mi-
graine®. CSD would explain the migraine aura and would
cause further activation of trigeminovascular afferents ul-
timately associated with inflammation at the level of the
extra-cephalic blood vessels™. We highlight that CSD is
a potent electrical wave that is followed by intense va-
soconstriction and it may be linked to ischemic conse-
quences into the migraineur brain.

Regardless of the exact site of initiation of migraine,
neurological events that are fairly specific to migraine
(CSD and activation of the trigeminal nucleous cauda-
lis), non-specific dysmodulation in pain processing path-
ways, and vascular consequences seem to be of impor-
tance in migraine pathophysiology.

Migraine and cardiovascular disease

In this section we first present the evidence linking
migraine with subclinical brain lesions that may be isch-
emic in nature. We follow by discussing the association of
migraine and true ischemic lesions. We expand the dis-
cussion for non-neurological ischemic events and close
by presenting evidence that migraine is indeed associat-
ed with several risk factors for CVD’.

Migraine and subclinical brain lesions

Incidental deep brain lesions have long been reported
as happening more frequently in migraineurs®, although
most studies lacked a contemporaneous control group. In
a well designed population-based study from the Neth-
erlands, Kruit and colleagues randomly selected approx-
imately 150 individuals from each of 3 groups for neuro-
imaging (MA, MO and non-migraine controls)**. They
excluded individuals with a history of stroke, TIA, or with
abnormal neurological exam. This study included blinded
evaluation of MRI by a neuro-radiologist and aura classi-
fication was performed under the supervision of expert
headache diagnosticians without knowledge of the MRI
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results. Overall, there were no differences in the preva-
lence of clinically relevant infarcts between migraineurs
and controls. This may be explained by the exclusion of
prior history of TIA and stroke (which would also exclude
those with clinically relevant infarcts). However, those
with MA had significant increase of sub-clinical infarcts
in the cerebellar region of the posterior circulation. Risk
was highest in MA with more than one headache attack
per month (OR=15.8, 95% CI:1.8-140). In addition, wom-
en with migraine were about twice as likely to have deep
white matter lesions as the non-migraineurs. These find-
ings were independent of the presence of some tradition-
al cardiovascular risk factors.

Migraine and stroke

The association between migraine and ischemic
stroke is well demonstrated” . A meta-analysis of 11
case-control studies and three cohort studies published
before 2004 showed that, relative to individuals without
migraine, the risk of stroke was increased in migraineurs
[pooled relative risk (RR)=2.16, 95% confidence interval
(CI)=1.9-2.5]. This risk was higher for MA (RR 2.27; 95%
CI: 1.61-3.19), but was also apparent in patients with mi-
graine without aura (MO, RR, 1.83; 95% CI, 1.06-3.15)".

More recently, two large longitudinal studies added to
the evidence linking migraine and ischemic stroke (and
are included in a more recent meta-analysis, summarized
below). As a part of the Women’s Health Study, data were
prospectively gathered over more than 10 years’. Com-
pared with controls, participants who reported MA (but
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not MO) had increased adjusted hazards ratios (HRs) of
1.53 (95% CI 1.02 to 2.31) for total stroke and 1.71 (95%
CI 1.11 to 2.66) for ischemic stroke but no increased risk
for hemorrhagic stroke. The increased risk for ischemic
stroke was further magnified (HR 2.25; 95% CI 1.30 to
3.91) for the youngest age group in this cohort (45-54
years). The associations remained significant after adjust-
ing for cardiovascular risk factors and was not apparent
for non-migraine headache’.

The second prospective study used data from the
Atherosclerosis Risk in Communities Study and in-
cluded over 12,000 men and women aged 55 and old-
er*’. Compared to participants without headaches, mi-
graineurs (of both subtypes) had a 1.8-fold increased risk
of ischemic stroke (relative risk 1.84; 95% CI, 0.89-3.82).
The fact that the risk estimates did not reach statistical
significance may be due to migraine classification, since
the category of “other headache with aura” showed a sig-
nificant increased risk of ischemic stroke (RR 2.91, 95%
CI, 1.39-6.11). Similarly, in a stroke prevention study in
young women study, those with MA had 1.5 greater odds
of ischemic stroke, as compared to individuals without
migraine (95% CI, 1.1 to 2.0).

Mechanisms to explain the association

between migraine and brain lesions

As mentioned, in most studies, the association of
CVD is either limited to MA or it is stronger in this
group. The physiological substrate of aura is cortical
spreading depression, a self-propagating wave of neu-

Table 1. Putative mechanisms of the relationship between migraine and cardiovascular disease.

Mechanisms of

association Putative mechanisms

Comments

Causal association
(migraine causes CVD)

Shared predisposition
(environmental and/
or biological factors
predispose to both
migaine and CVD)

Common comorbidities

- Repetitive episodes of cortical spreading
depression may predispose to ischemia, perfusion
changes and chronic inflammation.

+ Migraineurs with aura are more likely to have poor
cholesterol profile, elevated Framingham risk
score for coronary heart disease, hypertension,
and history of heart attack in the family.

A polymorphism of the C677T gene was seen in
one study and codes high levels of homocysteine.
Not confirmed by a second study

- Obesity is associated with increased headache
frequency in both migraine with and without
aura.

« Limited evidence also suggests that metabolic
syndrome predisposed to increased headache
frequency.

« Clinic-based studies suggest that PFO and other
congenital heart problems are more common in
migraine with aura.

- Justifies migraine with aura as a stronger risk
factor.

- Justifies the relationship with stroke but not with
coronary problems.

« Accordingly, migraineurs with aura are more
likely to present one or multiple risk factors for
CVD.

- Likely magnifies the relationship between
migraine with aura and cardiovascular disease,
since frequency of attacks is associated with
number of deep brain lesions. However, in some
studies adjustments for body mass index were
conducted.
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ronal and glial depolarization®**. CSD triggers a series
of cellular and molecular events, eventually resulting in
massive surges of extracellular potassium and intracellu-
lar calcium. CSD also alters the permeability of the blood-
brain barrier via activation of matrix metalloproteinases
(MMPs), a family of neutral metalloproteases™.

The CSD-related MMP activation may underlie
changes in vascular permeability in the central nervous
system™.

Accordingly, it may be speculated that ischemic le-
sions on the brain are a direct consequence of CSD, as
well as an indirect consequence of poor CVD profile by
migraineurs (Table 1).

Migraine and coronary heart disease

Although some studies yielded negative or conflicting
results for the overall association of migraine and coro-
nary heart disease®, other studies reported a positive as-
sociation and even electrocardiographic changes experi-
enced by migraineurs®*,

Population studies support the relationship between
migraine, specially MA, and coronary disease. In the Ath-
erosclerosis Risk in Communities study”, patients with
headache were roughly twice as likely to have a history
of angina, as compared to controls, with the risk most el-
evated in the headache group with aura.

In the Women’s Health Study, MA but not MO ap-
proximately doubled the relative risk of major CVD (isch-
emic stroke, myocardial infarction, coronary revascular-
ization procedures, angina, as well as death related to
ischemic cardiovascular events)>®. These associations
remained significant after adjusting for many cardiovas-
cular risk factors.

Finally, as part of the Physician’s Health Study, men
with migraine (with or without aura) were at increased
risk for major CVD (HR=1.24, 95% CI: 1.06-1.46), a find-
ing which was driven by a 42% increased risk of myocar-
dial infarction’.

Mechanisms to explain the association

between migraine and coronary disease

As mentioned, events linked to migraine pathophys-
iology unlikely explain the association of migraine with
coronary disease. Nonetheless, specific disorders have
been linked to migraine and CVD and may partially ac-
count for the relationships among them, although many
studies adjusted for these covariates. Some of them are
discussed below.

Obesity is a well established risk factor for CVD. In
migraineurs, obesity has been associated with more fre-
quent and severe headache attacks and with new onset of
chronic migraine*”* but it is unrelated to migraine aura®.

Among the putative mechanisms to explain the obesi-
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ty/migraine relationship, metabolic syndrome (or the syn-
drome of insulin resistance) has been suggested*. Met-
abolic syndrome has been associated with chronic pain
overall. Women with fibromyalgia are 5 times more likely
than healthy controls to have metabolic syndrome™®. To-
tal and low-density lipoprotein cholesterol have also been
significantly associated with fibromyalgia among wom-
en®. Additionally, migraineurs seem to have significant-
ly higher levels of glucose and of insulin at fasting and af-
ter glucose loading.

Dyslipidemia, another component of the metabol-
ic syndrome, has also been associated with migraine. In
the Genetic Epidemiology of Migraine study, compared
to controls, migraineurs with aura were more likely to
have an unfavorable cholesterol profile®. Risk for elevat-
ed Framinghan score for coronary heart disease, as well as
reduced HDL levels, were doubled for MA. Nonetheless,
findings of the Women Health’s Study showed that mi-
graine was only weakly associated with elevated total cho-
lesterol (OR=1.09, 95% CI: 1.01-1.18)*. Finally, a pro-in-
flammatory state has also been suggested in migraine. In
the Women Health’s Study, migraine was weakly associ-
ated with elevated levels of C-reactive protein (OR=1.13,
95% CI=1.05, 1.22), although the magnitude of the effect
is insufficient to support a strong biological link*.

The number of circulating endothelial progenitor
cells (EPC) seem also to be of importance, since dimin-
ished EPC counts are associated with higher cardiovascu-
lar risk*. A recent study investigated whether abnormal-
ities in EPC levels and functions are present in migraine
patients*. The mean numbers of EPC colony-forming
units were significantly reduced in MA, compared to oth-
er headaches. In addition, EPCs from migraine patients
showed reduced migratory capacity and increased cellu-
lar senescence compared with EPCs from individuals with
tension-type headache or without headaches.

Finally, MA has been associated with polymorphism
in the methyltetrahydrofolate reductase (MTHEFR) gene
C677T, which also codes moderately increased homocys-
teine levels®. However, several small studies and recent
findings from the Women’s Health Study do not support
such a link®'. Accordingly, the importance of MTHFR in
explaining the link between migraine and CVD remains
uncertain (Table 1).

Taken together, findings suggest that migraineurs are
more likely than non migraineurs to have an unfavorable
health risk profile. This may add to the risk imposed by
repetitive episodes of CSD and explain the increased like-
lihood for coronary events. .

Summarizing the evidence

Since the available evidence on the topic increased
considerably over the past years, a recently published me-

125



Migraine: CVD
Bigal Arq Neuropsiquiatr 2011;69(1)

Table 2. Association between migraine and CVD events, heterogeneity, and publication bias (based on?).

Migraine category CVD event Relative risk (95% CI)*
Any Ischemic stroke

All studies (case-control and cohort) 1.73(1.31-2.29)
Case-control studies 1.96 (1.39-2.76)
Cohort studies 147 (0.95-2.27)
Women 2.08(1.13-3.84)
Men 1.37(0.89-2.11)
Women and men <45 years 2.65(1.41-4.97)
Women <45 years 3.65(2.21-6.04)

Women 245 years

Women currently using OCs
Women currently not using OCs
Smokers

Non-smokers

Migraine with aura

All studies

Smokers

Women currently using OCs

Women currently using OCs and smoking

Migraine without aura
Any
Any
Any
Any

All studies
Women
Men

Migraine with aura
Migraine without aura
Any

All studies
Women
Men

Migraine with aura
Migraine without aura
Any

All studies
Women
Men

Migraine with aura

Migraine without aura

Ischemic stroke

1.22 (0.88-1.68)
7.02(1.51-32.68)
2.27 (0.69-7.47)
9.03 (4.22-19.34)
1.56 (0.41-5.85)

2.16(1.53-3.03)

1.5(1.1-2.3)
No RR given

10.0(1.4-73.7)
Ischemic stroke 1.23 (0.90-1.69)
TIA 245 (1.94-3.09)
Hemorrhagic stroke 8(0.87-1.60)
Any stroke 149 (1.31-1.70)
Myocardial infarction

8(0.99-1.40)

1 27 (0.88-1.81)

1.28 (0.93-1.75)
Myocardial infarction 2.08 (1.30-3.31)
Myocardial infarction 1.22 (0.73-2.05)
Angina

1.31(1.16-1.45)

142 (1.17-1.73)

1.45 (0.85-2. 47)
Angina 1.71(1.16-2.53)
Angina .12 (0.75-1.66)
CVD death

1.03 (0.79-1.34)

1.60 (1.06- 242)

1.07 (0.80-1.43)
CVD death 2.33(1.21-4.51)
CVD death 1.06 (0.46-2.45)

*From random effects model; * 4 study cohorts from 1 paper; *2 study cohorts from 1 paper.

ta-analyses sought to assess the current evidence on the
association between migraine and various CVD events,
including stroke subtypes, angina, myocardial infarction
(MI), and CVD death® (Table 2).

Studies were heterogeneous with regard to the char-
acteristics of investigated subjects and definition of car-
diovascular events. Nine studies investigated the asso-
ciation between any migraine and ischemic stroke. The
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pooled RR (95% CI) was 1.73 (1.31-2.29). This association
appeared only among MA (pooled RR=2.16; 95% CI 1.53-
3.03), but not MO (RR 1.23 95% CI 0.90-1.69). In addition
age <45 years, smoking and oral contraceptive use further
increased the risk. Nine studies investigated the associa-
tion between migraine and M, and five between migraine
and CVD death. The pooled RR were 1.18 (0.99-1.40) for
MI and 1.03 (0.79-1.34) for CVD death. Only one study
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investigating the association between women with mi-
graine with aura and both MI and CVD death, which sug-
gests a two-fold increased risk (Table 1).

Conclusions of the meta-analysis were: “Current data
suggest that migraine is associated with a two-fold in-
creased risk of ischemic stroke, which is only apparent
among migraineurs with aura. Risk was magnified for
younger migraineurs, smokers, and women using oral
contraceptives. We did not find an overall association
between any migraine and MI and CVD death. Too few
studies are available to reliably evaluate the impact of
modifying factors on the association between migraine
and both MI and CVD death”

The American migraine prevalence

and prevention study

A recent study not included in the meta-analyses
adds to the evidence in the topic. As part of the Ameri-
can Migraine Prevalence and Prevention study, 120,000
US households representative of the US population have
been followed for 5 years'****, Headaches were accurate-

Overall Men Women White Black 18-29 30-39 40-49 50-59 60+

T—I—Jr_]_—]-_]_‘ “L‘I‘_I_
LT

Overall Men Women White Black 18-29 30-39 40-49 50-59 60+

Fig 1. Odds ratio of reporting any cardiovascular event in individ-
uals with migraine with aura (top graphic) and migraine without
aura (bottom graphic) (based on*®). Bars represent the odds ration
and whiskers represent the confidence intervals.
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ly and meticulously characterized. CVD events were as-
sessed using the same well validated CVD instruments
from the Women’s Health Study™, in order to: [1] Profile
cardiovascular risk factors for CVD in migraineurs and
controls. [2] Ascertain cardiovascular events in individ-
uals with migraine vs. controls. [3] Assess the relation-
ship of MA and MO and CVD in both men and women
across a broad range of ages.

In univariate analyses, we found that for migraine
overall and for MA, rates were higher for heart attack,
stroke, and claudication. For MO, rates were higher for
heart attack and claudication, but not for stroke. Rates
were highest in MA than in MO. Figure 1 displays the
odds of reporting any of the possible CV events captured
in our study, in MA and MO, relative to controls. As dis-
played, the magnitude of the association is higher for MA,
but also significant for MO for men and white race, al-
though not for the other categories.

Overall, migraineurs were also more likely than con-
trols to have a medical diagnosis of diabetes (12.6% vs.
9.4%, OR=1.4, 95% CI=1.2-1.6), hypertension (33.1% vs.

2-1—+-I—-1— +++

Overall Men Women White Black 18-29 30-39 40-49 50-59 60+

2%+++Ll++

] 1 1 I —1—

Overall Men Women White Black 18-29 30-39 40-49 50-59 60+

Fig 2. Odds ratio of reporting at least two risk factors for cardiovas-
cular events in individuals with migraine with aura (top graphic) and
migraine without aura (bottom graphic) (based on*®). Bars represent
the odds ration and whiskers represent the confidence intervals.
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OControls M Migraine with aura [ Migraine without aura

— )
bk <

d
<

Framingham Risk Score

0 Overall ~ Men Women ' 30-3 ' 35-39 ' 40-44

45-49  50-54  55-59  60-64 65-69  70-74 75+

Variable

Fig 3. Mean Framingham scores of participants as a function of their headache status and of demo-

graphics (based on®®). Stratification is by age in years.

27.5%, OR=1.4, 95% CI=1.3-1.6), and high cholester-
ol (32.7% vs. 25.6%, OR=1.4, 95% CI=1.3-1.5). Although
they were significantly more likely to smoke, differenc-
es are small, and the significance likely reflects our large
sample size.

MA was significantly associated with all risk factors.
MO was significantly associated with diabetes, hyper-
tension and high cholesterol, but not with smoking. Al-
though the magnitude of the association was higher for
MA than for MO, the differences were not as broad as
seen for CVD (Fig 2).

Figure 3 displays the Framingham scores for migraine
overall, MA and MO, as well as by gender and age. Over-
all, risk scores were significantly higher for all migraineurs
(mean=10.7, SD=5.4), MA (11.0; 5.4) and MO (10.6; 5.4)
as compared to controls (8.5; 6.1) (p<0.001 for all com-
parisons with controls). Scores were significantly higher
in migraineurs of both genders (overall and for MO and
MA). Scores were numerically higher for all age groups
younger than 70 years. Scores were significantly higher
for migraineurs in all age ranges from 30-59 years old.

Multivariate analyses

Because migraine was associated with both CVD and
risk factors for CVD, and since some medications used
to treat migraine are vasoconstrictive, in our multivariate
models we tested main effects after adjusting for gender,
age, disability, triptan use, as well as for the CVD risk fac-
tors assessed in our study (diabetes, hypertension, smok-
ing, and high cholesterol). Overall migraine remained sig-
nificantly associated with myocardial infarction (OR=2.2,
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95% CI=1.7-2.8), stroke (OR=1.5, 95% CI=1.2-2.1), and
claudication (OR=2.69, 95% CI=1.98-3.23). MA was sig-
nificantly associated with the three outcomes. MO re-
mained associated with myocardial infarct and claudica-
tion but not stroke.

Conclusions

It seems that the association between migraine and
ischemic vascular events is demonstrated beyond reason-
able doubt. What is yet to be defined are the subgroups
at increased risk and how to prevent this increased risk.
Also, it is undefined if migraine is per se a modifiable risk
factor for CVD (in other words, does migraine treatment
influence CVD outcomes?).

Longitudinal studies assessing the predictors of the re-
lationship between migraine and CVD should be conduct-
ed. Future studies should assess the importance of head-
ache frequency and severity, as well as frequency of auras.

It is important to emphasize that the increased risk
of CVD imposed by migraine is small and that most pa-
tients are at no or little increased risk of CVD. Accord-
ingly, most patients with migraine should be reassured
instead of being frightened.

Nonetheless, it seems that studies have convincingly
shown the association. Based on the findings, clinicians
should have heightened vigilance for modifiable cardio-
vascular risk factors in migraineurs, such as hyperten-
sion, hyperlipidemia, and particularly smoking, that has
been associated with magnifying risk for ischemic stroke
among patients with MA. In particular, women with
MA who take oral contraceptives, should strictly avoid
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smoking and alternative contraceptive methods should
be considered on an individual basis. Ultimately, as de-
scribed above, it will be important to determine wheth-
er MA is itself a modifiable risk factor for CVD. Addi-
tionally, studies should investigate the possibility that pre-
ventive medications for migraine or antiplatelet therapy
might reduce the risk of CVD in patients with overall mi-
graine or MA®.

20.

21.

22.

23.

24.

25.
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