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M igraine headache is a common, chronic disorder, and
women comprise two thirds of patients with this

disorder, that has negative effects on health and is costly for
patients and society.1,2 There is accumulating evidence
linking migraine, particularly with aura, to increased risk for
cardiovascular events.3 Given the high prevalence of this
condition and the fact it affects younger women,1 it is
important to educate cardiovascular disease (CVD) providers
about the potential increased cardiovascular risk associated
with migraine. In this review, an overview is provided of
epidemiological studies linking migraine headache and car-
diovascular events, with emphasis on women, and the
possible pathophysiological mechanisms for this association.
However, there are many important knowledge gaps on the
sex-related aspects of migraine that potentially impact
advances in management. An additional purpose of this
document is to summarize these areas and provide recom-
mendations to address these gaps.

Briefly, migraine (ie, episodic migraine) is characterized by
moderate to severe headache, with or without transient focal
neurology symptoms (eg, aura) that persists �4 to 72 hours.4

Approximately 1 in 3 patients with migraine experience
aura, which may be visual (eg, lights), auditory (eg, noises),

somatosensory (eg, tingling and numbness), or motor (eg,
jerking movements).5 Typically, aura precedes the onset of
headache and persists for less than an hour.6 There is
variation in the number of attacks between patients: some
experience multiple attacks weekly while others experience
<1 per year. There is also wide variation in the frequency of
episodes within the same individual, and often the condition
improves with advancing age. Patients who experience
several attacks monthly (ie, ≥15 headache days a month)
are classified as having chronic migraine.7,8

Worldwide, migraine is the third most prevalent medical
condition and second most disabling neurological disorder.9

In the United States, its annual prevalence is �1 in 8
adults.1,2 Migraine usually affects young- to middle-aged
women (25–55 years old).1 Although the prevalence of
migraine is generally low before puberty (�2.5%) and is
similar in boys and girls,10 the prevalence increases in girls at
about 10 years of age versus boys.2,10 The prevalence
continues to rise in women versus men (18% versus 6%),
peaking at about 30 years old.2 The prevalence decreases
after age 42 years in both sexes, but remains 2 times higher
in women.2

Pathophysiological Mechanisms for Increased
Cardiovascular Risk
Underlying mechanisms for the increased risk of cardiovas-
cular and cerebrovascular events in individuals with migraine
are incompletely understood and are likely multifactorial.
First, those with migraine have a higher prevalence of
traditional cardiovascular risk factors such as hypertension
and hyperlipidemia.11 However, many of the studies demon-
strating an association between migraine and cardiovascular
events have shown that the association remains after
adjusting for the traditional CVD risk factors.3,12,13 Second,
migraine, especially with aura, is a systemic illness associated
with generalized endothelial dysfunction,14 and increased
platelet aggregation.15 A similar clustering of endothelial
dysfunction and increased platelet aggregation occurs in

From the Division of Cardiology, Massachusetts General Hospital and Harvard
Medical School, Boston, MA (I.Y.E.); Department of Neurology (S.E.N.) and
Division of Cardiovascular Medicine (C.J.P.), University of Florida, Gainesville,
FL; ACOS for Research, Malcolm Randall VA Medical Center, Gainesville, FL
(S.E.N.); Barbra Streisand Women’s Heart Center, Cedars-Sinai Smidt Heart
Institute, Los Angeles, CA (C.N.B.M.).

*A complete list of the American College of Cardiology Cardiovascular
Disease in Women Committee members can be found in the Appendix at the
end of the article.

Correspondence to: Carl J. Pepine, MD, MACC, FAHA, Division of Cardio-
vascular Medicine, University of Florida, 1600 SW Archer Road, PO
Box 100277, Gainesville, FL 32610. E-mail: carl.pepine@medicine.ufl.edu

J Am Heart Assoc. 2019;8:e014546. DOI: 10.1161/JAHA.119.014546.

ª 2019 The Authors. Published on behalf of the American Heart Association,
Inc., by Wiley. This is an open access article under the terms of the Creative
Commons Attribution-NonCommercial License, which permits use, distribu-
tion and reproduction in any medium, provided the original work is properly
cited and is not used for commercial purposes.

DOI: 10.1161/JAHA.119.014546 Journal of the American Heart Association 1

CONTEMPORARY REVIEW

http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/


preeclampsia: also, some suggest that migraine is associated
with a heightened prevalence of hypertensive disorders during
pregnancy, including preeclampsia.16 Third, patent foramen
ovale (PFO) is highly prevalent (up to 50% of migraineurs with
aura)17; this might represent a substrate for paradoxical
emboli. This hypothesis is supported by findings among
migraine patients with cryptogenic stroke where the preva-
lence of PFO with right to left shunting approaches 80%.18

Fourth, the migraine attack might be a predisposing factor for
venous thromboembolism because of prolonged immobility
during the headache,13 however, some studies showed that
this association is limited to migraine patients with aura.19

Finally, patients with migraine frequently use NSAIDs, which
with chronic use are also associated with increased risk of
cardiovascular events20,21 (Figure).

In patients who suffer from migraine with aura, the
underlying pathophysiological mechanism for the aura is
thought to be related to cortical spreading depression, which
is a slowly propagating wave of depolarization, resulting in the
suppression of brain activity.22 Spreading depression is also
the major mechanism for neuronal damage in the context of
large vessel cerebrovascular occlusion (eg, middle cerebral
artery). A wave of depolarization markedly increases intersti-
tial glutamate and paves the way for excitotoxic neuronal
death. If brain perfusion is normal, astrocytes are able to take
up glutamate rapid enough to prevent neuronal injury.
However, in the context of ischemia related to vascular
occlusion by thrombus, this may not occur. It could be
hypothesized that migraineurs with aura may be more likely to

experience spreading depression with cortical vessel occlu-
sion, hence infarction.

Role of Sex Hormones
As noted previously, the prevalence of migraine and frequency
of attacks rises abruptly after puberty and declines about the
time of menopause. Studies have consistently shown that
women suffer more frequent, longer, and more severe
episodes of headache.23,24 Women are also less likely to
have episodes of remission or migraine-free periods.25

Moreover, women are more likely to experience more severe
associated symptoms like photophobia, nausea, and vomiting
compared with men.23,26 In addition, some women experience
more frequent episodes of migraine around the time of their
menstrual cycle (ie, menstrual-related migraine), or exclu-
sively during the menstruation (ie, pure menstrual migraine).
Another important observation is that women who are using
combined oral contraceptive pills have a higher prevalence of
headache, especially migraine.27 Notably, women are more
likely to experience improvement in their symptoms during
pregnancy.28 These observations suggest that sex hormones,
particularly estrogen, play an important role in the sex-related
differences in migraine prevalence. It has been postulated
that estrogen withdrawal triggers migraine episodes and/or
lowers the pain threshold among women. One study found
that women suffering from menstrual-related migraine had a
lower level of peak estradiol level compared with controls,29

and another study found that women with migraine had a
faster late luteal phase estrogen decline compared with
healthy controls.30 Stemming from this concept, small studies
have suggested that testosterone therapy might improve
migraine symptoms in women.31,32 Further supporting this
concept, one study showed that the prevalence of migraine
among male to female transsexuals using anti-androgens to
suppress male sex characteristics and estrogens to induce
female sex characteristics was comparable with that of
genetic women, and was remarkably higher than that of men
of the same population.33 Collectively, these findings support
the concept that fluctuations in hormonal levels, especially
estrogen, potentially explain the higher prevalence of migraine
and severity of attacks in women.

Migraine and Cardiovascular Events
Considerable evidence links migraine, particularly with aura,
to cardiovascular and cerebrovascular events (Tables 1 and
2).12,13,34–37 These data have been studied more frequently
among women. In a prospective cohort of >27 000 healthy
women >45 years old with no prior ischemic event from the
Women’s Health Study, a self-reported diagnosis of migraine

Figure. Summary for the pathophysiological mechanisms which
have linked migraine with an increased risk of cardiovascular (CV)
events. Migraine is more common in women (2 out of 3
migraineurs are women). Several pathophysiological mechanisms
explain the link between migraine and the risk of cardiovascular
events. NSAID indicates non-steroidal anti-inflammatory drugs;
PFO, patent foramen ovale.
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with aura was associated with an increased risk of ischemic
stroke, myocardial infarction, and a major cardiovascular
event (defined as first instance of non-fatal ischemic stroke,
non-fatal myocardial infarction, or death because of ischemic
event) after adjusting for traditional CVD risk factors, oral
contraceptive pill use, hormonal replacement therapy, and
statins, but not for the use of NSAIDs, since women enrolled
in the Women’s Health Study had to be willing to forgo use of
NSAIDs throughout the trial.12 These findings were further
confirmed in another prospective cohort of �115 000 women
aged 25 to 42 years at baseline from the Nurse’s Health
Study.34 Women with a physician’s diagnosis of migraine had
an increased risk of cardiovascular events including cardio-
vascular mortality over 20 years of follow-up after adjusting
for traditional CVD risk factors, oral contraceptive pill use,
hormonal replacement therapy, and NSAID use.34 A similar
observation was seen in middle-aged women with signs and
symptoms of ischemic heart disease, in which migraine was
associated with an increased risk of major cardiac events
driven by a 2-fold increase in the risk of stroke adjusting for
traditional CVD risk factors and for the severity of underlying
coronary artery disease.35 In the largest cohort study to date
(ie, >500K), of which 70% were women, migraine headache
was associated with an increased adjusted risk of ischemic
stroke, myocardial infarction, and venous thromboem-
bolism after 19 years of follow-up (adjusting for traditional

risk factors and other comorbidities). In this study, the
association between migraine and cardiovascular events was
more pronounced in women than in men and an increased
risk of peripheral artery disease was also observed in those
with migraine.13 Despite the fact that these studies
attempted to control for the traditional CVD risk factors,
none compared the relative strength of different factors.
Thus, the independent contribution of migraine to cardio-
vascular events relative to the traditional CVD risk factors
remains an important knowledge gap. Table 1 summarizes
cohort studies that evaluated the risk of cardiovascular
outcomes and migraine exclusively among women, while
Table 2 summarizes the outcomes among the subgroup of
women who had migraine with aura. It is important to note
that while these studies12,13,34–37 mostly showed an asso-
ciation between migraine and risk of cardiovascular and
cerebrovascular events even after adjusting for the tradi-
tional CVD risk factors (Table 3), only 1 study accounted for
NSAID use,12 while 2 studies adjusted for oral contraceptive
pill use.12,34 Moreover, none of these studies adjusted for
other important emerging non-traditional risk factors among
women such as hypertensive disorders of pregnancy and
systemic autoimmune diseases.38,39 Whether migraine con-
fers an independent risk, beyond these non-traditional and
less studied risk factors, remains an important knowledge
gap.

Table 1. Cohort Studies Evaluating Risk of Cardiovascular Events Among Women With Migraine

Study (Ref.) Diagnosis of Migraine
Migraine, n/No
Migraine, n

Age, y
Mean*

Women,
%* Follow-Up, y Outcomes (Hazard Ratio, 95% CI)

Prospective

Kurth et al12 Self-reported questionnaire 5125/22 715 53 100 10 MACCE (1.42, 1.16–1.74)
Ischemic stroke (1.22, 0.88–
1.68)

MI (1.41, 1.03–1.91)
Cardiac death (1.63, 1.07–
2.50)

Kurth et al34 Self-reported physician
diagnosis

17 531/98 010 35 100 20 MACCE (1.50, 1.33–1.69)
MI (1.39, 1.18–1.64)
Any stroke (1.62, 1.37–1.83)

Rambarat et al35 Self-reported questionnaire 224/693 54 100 6.5 MACCE (1.83, 1.22–2.75)
Any stroke (2.33, 1.16–4.68)

Adelborg et al13† ICD-8-10 codes 51 032/510 320 35 71 19 MI (1.49, 1.36–1.64)
Ischemic stroke (2.26, 2.21–
2.41)

Retrospective

Peng et al36† ICD-9 codes 119 017/119 107 41 72 3.6 Ischemic stroke (1.28, 1.11–
1.47)

ICD-8 indicates International Classification of Diseases, Eighth Edition; ICD-9, International Classification of Diseases, Ninth Edition; ICD-10, International Classification of Diseases, Tenth
Edition; MACCE, major adverse cardiovascular and cerebrovascular events; MI, myocardial infarction.
*These data are for the migraine group.
†The reported summary estimates are for the women subgroup.
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Multiple meta-analyses have also confirmed these asso-
ciations. In 3 meta-analyses that focused on ischemic
stroke, the consistent finding was that migraine was
associated with �2-fold increase in the adjusted risk of
ischemic stroke.40–42 This association was observed only in
women but not in men.40,42 In 2 of these meta-analyses
only migraine with aura was associated with ischemic
stroke,41,42 but the earlier meta-analysis demonstrated an
association between migraine and ischemic stroke irrespec-
tive of aura.40 One meta-analysis of 15 studies evaluating
the adjusted risk of ischemic heart disease with migraine
showed that migraine, particularly with aura, was associated
with angina and myocardial infarction.43 In the largest
meta-analysis of cohort studies (>1 million individuals),
migraine was associated with an increased adjusted risk
of major cardiovascular and cerebrovascular events, driven

by an increased risk of myocardial infarction and stroke.3

This effect was more pronounced among those with aura
and among women. While these observational studies and
meta-analyses have consistently demonstrated an associa-
tion between migraine and cardiac events, particularly
stroke, age might play a role in this association. For
example, in 1 study of older patients with migraine (mean
age 69 years), migraine with and without aura was not
associated with risk of stroke at a mean follow-up of
11 years.44 Nevertheless, young women provide an oppor-
tunity to understand the relationship of migraine to vascular
events without masking with the traditional causes of
stroke (ie, atherosclerotic disease or cardio-embolic).

Role of Patent Foramen Ovale Closure
Studies have suggested a higher prevalence of PFO among
migraineurs, particularly those with aura.45 Interestingly, it
was noted that patients who underwent PFO closure for other
reasons (ie, cryptogenic stroke or decompression illness) had
improvement or complete relief from migraine symptoms.46

These findings encouraged subsequent observational studies,
however, the findings were not replicated in 3 randomized
trials.47–49 Although the 2 most recent randomized trials of
PFO closure in migraine failed to meet their primary end
point,48,49 aggregate data from these randomized trials
suggest that a subset of patients with more frequent migraine
attacks might experience reduction in average migraine days
and the total number of attacks.50 Further, the PREMIUM
(Prospective, Randomized Investigation to Evaluate Incidence
of Headache Reduction in Subjects With Migraine and PFO
Using the AMPLATZER PFO Occluder to Medical Management)
trial showed that the subgroup of patients with aura might
benefit from PFO closure.49 Nevertheless, these were sec-
ondary end points; thus, routine PFO closure for migraine
should not be recommended before adequately powered
sham-controlled trials are conducted. Stemming from the
microemboli PFO-mediated hypothesis, the TRACTOR (Tica-
grelor Therapy for Refractory Migraine Study) trial examined
whether ticagrelor would reduce migraine attack frequency in
patients with right to left shunting. However, that single arm
small study showed that ticagrelor was associated with only
modest reduction in migraine attack frequency and a large
number of participants experienced side effects.51

Clinical Implications and Future Directions
The link between migraine and increased risk of cardiovas-
cular and cerebrovascular events has important implications.
Despite abundant data suggesting links between migraine,
particularly with aura, and cardiovascular events, especially

Table 2. Cohort Studies Reporting the Cardiovascular Events
for the Subgroup of Migraine With Aura Among Women

Study Outcome
Adjusted Hazards Ratio
(95% CI)

Kurth et al12 Ischemic stroke 1.91 (1.17–3.10)

Myocardial
infarction

2.08 (1.30–3.31)

Cardiac mortality 2.33 (1.21–4.51)

Peng et al36 Ischemic stroke 1.60 (1.08–2.38)

Gudmundsson
et al37

All-cause mortality 1.21 (1.09–1.33)

Cardiac mortality 1.18 (1.00–1.40)

Table 3. List of Covariates Adjusted for by Individual Studies

Study Covariates

Kurth et al12 Age, hypertension, DM, BMI, smoking, alcohol
consumption, menopause, HRT, OCP, FH of
premature MI, LDL, and HDL levels, statin use

Kurth et al34 Age, HDL, DM, hypertension, BMI smoking, alcohol
consumption, physical activity, HRT, menopausal
state, OCP, aspirin, NSAID use, FH of premature MI

Rambarat
et al35

Age, race, hypertension, BMI, DM, dyslipidemia,
smoking, FH of CAD, CAD severity, aspirin use

Adelborg
et al13

DM, obesity, HDL, hypertension, valvular heart
disease, COPD, renal failure, liver disease, cancer,
alcoholism, thyroid disease

Peng et al36 Age, Charlson Comorbidity Index, DM,
hyperlipidemia, hypertension, valvular heart
disease, COPD, renal failure, liver disease

Gudmundsson
et al37

Age, BMI, smoking, education, hypertension

BMI indicates body mass index; CAD, coronary artery disease; COPD, chronic obstructive
pulmonary disease; DM, diabetesmellitus; FH, family history; HDL, high-density lipoprotein;
HRT, hormonal replacement therapy; LDL, low-density lipoprotein; MI, myocardial
infarction; NSAID, non-steroidal anti-inflammatory; OCP, oral contraceptive therapy.
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ischemic stroke, it is important to emphasize that the rate of
events in all of these studies was low. For example, in the
largest cohort study to date,13 the cumulative incidence of
myocardial infarction per 1000 people for the migraine cohort
compared with the general population was 25 versus 17, and
for ischemic stroke was 45 versus 25, respectively, over
19 years of follow up. The diagnosis of migraine was either
based on self-reported questionnaires or administrative
database, therefore there is some risk of bias in assessment
of the exposure (ie, ascertainment bias). However, this issue
might only result in a bias towards the null and therefore
would result in an underestimate of the true strength of the
association between migraine and cardiovascular events.
Further, most prospective studies did not evaluate the
outcomes for migraine with aura. Even in the studies that
did, the ascertainment of aura might not reliable. Another
consideration is that aura could be over-represented in these
studies as even those with migraine without aura still suffer
some visual changes during the prodromal phase.52 More-
over, patients who have migraine with aura complicated with
hemiparesis might be misclassified as having a stroke, which
might complicate the relationship between migraine and
stroke. Nevertheless, even if the diagnosis of aura was
overestimated in these studies, the association between
migraine with aura and cardiovascular events, particularly
myocardial infarction and cardiac mortality, is likely valid.

Although the rate of the cardiovascular events is low, this
still translates into a substantial increase in population risk
given the high prevalence of migraine worldwide. Therefore, it
is important first to recognize migraine as an established risk
for cardiovascular and cerebrovascular events. Most physi-
cians in practice do not recognize migraine as a cardiovas-
cular risk factor. The updated QRISK3 algorithm has recently
introduced migraine as a cardiovascular risk factor for
individuals 25 to 84 years old,53 yet none of the US-based
cardiovascular risk assessment tools have migraine listed as a
risk factor. Moreover, a recent study has shown that migraine,
particularly with aura, was associated with a higher risk of
postoperative ischemic stroke and 30-day readmissions after
surgery,54 and this effect was observed irrespective of sex.
These findings suggest that migraine history would be useful if
incorporated in the perioperative surgical risk assessment.

To date, there are no established recommendations to
reduce the cardiovascular risk among patients with migraine.
Guideline recommendations do not recommend routine anti-
platelet therapy, mostly because of the lack of sufficient
evidence.55 Unfortunately, randomized trials to establish a
role for anti-platelet therapy for primary prevention of
cardiovascular events in patients with migraine might not be
feasible, as these would necessitate large patient samples
followed for long duration. Similarly, evidence on potential
benefit of chronic statin therapy in this population is lacking,

despite the well-recognized stroke preventative effects in
those at relatively low risk of major vascular events.56

Growing evidence indicates that some lipid-independent
effects of statins are mediated by improved endothelial
function and vasomotor reactivity, and reduction of oxidative
stress,57 all of which provide the hypothetical basis to study
their use in migraine. In fact, 1 small randomized trial provided
some evidence that the combination of simvastatin and
vitamin D3 reduces the frequency of migraine attacks,58

however; a similar study has yet to be replicated.
Also, a knowledge gap exists about whether controlling

migraine symptoms and use of long-term combination
cardiovascular preventive therapy (eg, beta-blockers, statins,
aspirin, etc) might reduce the risk of cardiovascular events,
particularly stroke. Triptans are commonly used to abort
moderate to severe attacks of migraine. Although triptans
exert vasoconstrictive effects, studies indicate that triptan
use does not increase cardiovascular risk in patients with
migraine.59 Use of NSAIDs should be limited to acute
migraine attacks, to mitigate long-term risks of cardiovas-
cular events associated with chronic NSAID therapy.
Moreover, both agents (ie, NSAIDs and triptans) should
be avoided in pregnant women and those with cardiovas-
cular risk factors such as hypertension and focus on
prevention of attacks and using other analgesic agents
should be entertained.

Patients with migraine should be counseled about a
healthy lifestyle such as regular physical activity, smoking
cessation, and modification of other traditional CVD risks
(eg, blood pressure control and weight loss). For example, a
study of elderly patients with migraine found significant
interaction between migraine and smoking for the risk of
stroke and combined vascular events, such that migraine
was associated with an increased risk of stroke and
vascular events among active smokers but not among non-
smokers.44 These findings highlight the importance of
smoking cessation. As population-based studies have
demonstrated that patients with migraine are more likely
to smoke, have high blood pressure, unfavorable cholesterol
profile, and report a parental history of premature myocar-
dial infarction,60 it is important to identify those patients
who might benefit from traditional risk factor modification.
A recent European position document has suggested that
hormonal contraceptive use, particularly combined therapy,
might further increase ischemic stroke risk in those with
migraine, especially those with aura.61 This recommenda-
tion is consistent with American Heart Association guide-
lines for stroke in women, which cautions against use of
hormonal contraceptives, but notes that the evidence is not
conclusive.62

Similar to evolution of PFO closure for cryptogenic stroke,
where earlier trials showed lack of benefit from PFO closure
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but, with careful patient selection, recent trials have shown
benefit,63,64 future randomized trials should focus on the
particular subgroups that might derive potential benefit from
PFO closure (ie, those with aura and/or frequent attacks).
However, based on findings of earlier observational studies,
patients with migraine who undergo PFO closure for another
indication (ie, cryptogenic stroke) might experience improve-
ment in migraine symptoms. It is important to note that none
of the 3 randomized trials for PFO closure for migraine
examined the interaction of sex on outcomes.48–50 It also
remains unknown if routine PFO closure might mitigate the
risk of future cardiovascular and cerebrovascular events.
Moreover, none of the studies assessing stroke risk with
migraine evaluated the concomitant presence of PFO, and
whether the risk of stroke with migraine would persist after
adjusting for the presence of PFO.

Conclusions
Migraine is a prevalent, chronic condition that mostly affects
young to middle-aged women, followed by gradual decline
with aging. Migraine carries a considerable physical, social,
and economic burden. Shortly after puberty, the prevalence of
migraine sharply rises in women and remains much higher
compared with men. Women are also more likely to experi-
ence more frequent and worse migraine attacks. These
observations suggest that sex hormones, particularly estro-
gen, play an important role in the pathophysiology of
migraine. However, it remains unknown if hormonal modula-
tion might help alleviate this condition.

There is a large body of studies linking migraine with
cardiovascular and cerebrovascular events, particularly
ischemic stroke, in women. This association is more robust
for migraine with aura. Although the numbers of events in
these studies were small, the high prevalence of migraine
worldwide and the young age of the women who suffer this
condition should direct attention of future research to
evaluate therapies and/or interventions to mitigate this risk.
To date, there has been no established therapy to lower
cardiovascular risk among women with migraine. Physicians
should inquire about migraine history when assessing the
cardiovascular risk of women.
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