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IMPORTANCE Migraine with aura is known to increase the risk of cardiovascular disease
(CVD). The absolute contribution of migraine with aura to CVD incidence in relation to other
CVD risk factors remains unclear.

OBJECTIVE To estimate the CVD incidence rate for women with migraine with aura relative to
women with other major vascular risk factors.

DESIGN, SETTING, AND PARTICIPANTS Female health professionals in the US (the Women’s
Health Study cohort) with lipid measurements and no CVD at baseline (1992-1995) were
followed up through December 31, 2018.

EXPOSURES Self-reported migraine with aura compared with migraine without aura or no
migraine at baseline.

MAIN OUTCOMES AND MEASURES The primary outcome was major CVD (first myocardial
infarction, stroke, or CVD death). Generalized modeling procedures were used to calculate
multivariable-adjusted incidence rates for major CVD events by risk factor status that
included all women in the cohort.

RESULTS The study population included 27 858 women (mean [SD] age at baseline, 54.7 [7.1]
years), among whom 1435 (5.2%) had migraine with aura and 26 423 (94.8%) did not (2177
[7.8%] had migraine without aura and 24 246 [87.0%] had no migraine in the year prior to
baseline). During a mean follow-up of 22.6 years (629 353 person-years), 1666 major CVD
events occurred. The adjusted incidence rate of major CVD per 1000 person-years was 3.36
(95% CI, 2.72-3.99) for women with migraine with aura vs 2.11 (95% CI, 1.98-2.24) for women
with migraine without aura or no migraine (P < .001). The incidence rate for women with
migraine with aura was significantly higher than the adjusted incidence rate among women
with obesity (2.29 [95% CI, 2.02-2.56]), high triglycerides (2.67 [95% CI, 2.38-2.95]), or low
high-density lipoprotein cholesterol (2.63 [95% CI, 2.33-2.94]), but was not significantly
different from the rates among those with elevated systolic blood pressure (3.78 [95% CI,
2.76-4.81]), high total cholesterol (2.85 [95% CI, 2.38-3.32]), or family history of myocardial
infarction (2.71 [95% CI, 2.38-3.05]). Incidence rates among women with diabetes (5.76 [95%
CI, 4.68-6.84]) or who currently smoked (4.29 [95% CI, 3.79-4.79]) were significantly higher
than those with migraine with aura. The incremental increase in the incidence rate for
migraine with aura ranged from 1.01 additional cases per 1000 person-years when added to
obesity to 2.57 additional cases per 1000 person-years when added to diabetes.

CONCLUSIONS AND RELEVANCE In this study of female health professionals aged at least
45 years, women with migraine with aura had a higher adjusted incidence rate of CVD
compared with women with migraine without aura or no migraine. The clinical importance of
these findings, and whether they are generalizable beyond this study population, require
further research.
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M igraine is a chronic, intermittent primary headache
disorder characterized by moderate to severe pain
and specific associated features, including nausea/

vomiting, photophobia, and phonophobia.1 About one-third
of individuals with migraine also report aura symptoms, which
are transient neurological symptoms (most often visual dis-
turbances) prior to headache onset caused by changes in brain
activity.2 Migraine, particularly migraine with aura, has been
consistently associated with increased risk of overall and spe-
cific cardiovascular disease (CVD) events on the relative scale,3,4

and migraine has been included in a risk score for CVD.5

Potential reasons for the increased risk of CVD observed
among individuals with migraine with aura include impair-
ments of the endovascular function,6 genetic predisposition to
both migraine and CVD,7 inflammatory processes,8 and others.9

Migraine and, particularly, migraine with aura have also been as-
sociated with other vascular risk factors, such as hypertension,10

smoking,11 lipid levels,12 and body composition.13

When consequences of the association of migraine with
CVD on the population level are discussed, it has been
argued that the association of migraine with aura on CVD in-
cidence on the absolute scale is small and that other vascular
risk factors have much stronger associations.14 Thus, the aim
of this study was to compare the adjusted incidence rate of CVD
between women with migraine with aura, women with mi-
graine without aura or no migraine, and women with other ma-
jor vascular risk factors.

Methods
Participants
Study participants were from the Women’s Health Study, a
large randomized, placebo-controlled trial designed to
examine the effects of aspirin and vitamin E on the primary
prevention of CVD and cancer. The design, methods, and
main results of the trial have been published previously.15

Briefly, at baseline (1992-1995), 39 876 female health profes-
sionals in the US aged 45 years or older without a history of
CVD or cancer were randomized to receive low-dose aspirin
(vs placebo) or vitamin E (vs placebo). Since the end of the
trial in March 2004, women continue to be followed up on
an observational basis. The Women’s Health Study was
approved by the institutional review board at Brigham and
Women’s Hospital and all participants provided written
informed consent.

Blood samples were collected in tubes containing ethyl-
enediaminetetraacetic acid prior to randomization and
stored in vapor-phase liquid nitrogen (−170 °C). Total cho-
lesterol, high-density lipoprotein (HDL) cholesterol, and tri-
glycerides were measured in a core laboratory certified by
the National Heart, Lung, and Blood Institute/Centers for
Disease Control and Prevention Lipid Standardization
program.16 Women with missing information on migraine
status or whose cholesterol or triglyceride levels could not
be measured were excluded.

Women were sent follow-up questionnaires, which
included questions about demographics, lifestyle, and

health information, twice during the first year of the trial and
yearly thereafter. For these analyses, we used data through
December 31, 2018. As of that date, follow-up was more than
97% complete.

Migraine Assessment
On the baseline questionnaire, participants were asked about
migraine and associated features. In particular, they were
asked “Have you ever had migraine headaches?’’ Women
who answered positively were asked “In the past year, have
you had migraine headaches?’’ Women who experienced
migraine headaches within the past year were asked about
the characteristics of their headaches, including aura or any
indication that a migraine was coming. Agreement of self-
reported migraine with International Classification of Head-
ache Disorders II criteria was excellent.17 Based on this self-
reported information, participating women were classified as
either having migraine with aura or not. Women who indi-
cated migraine without aura or a history of migraine but no
migraine headaches in the year prior to baseline have not
been shown to have increased risk of any CVD events in prior
studies using data from the Women’s Health Study.18,19

Therefore, these women, as well as women with no history of
migraine, were included in the reference group. Thus, the
reference group was composed of women who reported
migraine without aura and those who did not report migraine
in the year prior to baseline (including women with and with-
out a history of migraine).

Cardiovascular Outcome Ascertainment
During the follow-up of the Women’s Health Study, partici-
pants self-reported cardiovascular events. Medical records
were then obtained and reviewed by an end point commit-
tee of physicians. Nonfatal stroke was confirmed if the par-
ticipant had a new focal neurologic deficit of sudden onset
that persisted for more than 24 hours, and was classified
into its major subtypes (ischemic vs hemorrhagic) based on
the available clinical and diagnostic information with an
excellent interrater agreement.20 The occurrence of myocar-
dial infarction was confirmed if symptoms met World
Health Organization criteria and if the event was associated

Key Points
Question Is there an association between migraine with aura and
cardiovascular disease (CVD) incidence rates in women, relative to
that of other major vascular risk factors?

Findings In this cohort study that included 27 858 female health
professionals aged at least 45 years, the adjusted incidence rate of
major CVD was 3.36 per 1000 person-years for women who
reported migraine with aura and 2.11 per 1000 person-years for
women who reported migraine without aura or no migraine,
a difference that was statistically significant.

Meaning Among female health professionals aged at least 45
years, self-reported migraine with aura was associated with
increased incidence rates of CVD, but the clinical importance of
this finding remains to be determined.
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with abnormal levels of cardiac enzymes or diagnostic elec-
trocardiogram results. Cardiovascular deaths were con-
firmed by review of autopsy reports, death certificates,
medical records, or information obtained from next of kin
or family members.

The primary outcome for this study was major CVD inci-
dence, a combined end point defined as the first of any of the
following events: nonfatal stroke (ischemic and hemor-
rhagic), nonfatal myocardial infarction, or death due to CVD.
The association with the individual end points of first stroke,
first myocardial infarction, and death due to CVD was also
evaluated. Because migraine with aura was associated with
both ischemic and hemorrhagic stroke in the Women’s Health
Study,18,21 we did not evaluate associations with major stroke
subtypes separately in this study.

Statistical Analyses
The mean and frequency of vascular risk factors and main base-
line characteristics of women who reported migraine with aura
were compared with those of women who did not report mi-
graine with aura (including women who reported migraine
without aura and those who reported no migraine in the year
prior to baseline).

Crude and adjusted incidence rates per 1000 person-
years of the CVD outcomes were calculated for women with
migraine with aura and women with other vascular risk fac-
tors. Adjusted incidence rates were computed using multi-
variable regression models including potential confounding
factors as independent variables. The vascular risk factors
were classified in 2 ways: first as dichotomous and second,
if possible, as polychotomous variables. In addition to having
migraine with aura vs not (including women who reported
migraine without aura and those who reported no migraine
in the year prior to baseline), we evaluated the following
main vascular risk factors: diabetes (yes vs no), smoking (cur-
rent vs noncurrent or current, past, never), blood pressure
(≥160 mm Hg vs <160 mm Hg or <120, 120-129, 130-139,
140-159, ≥160 mm Hg), total cholesterol (≥280 mg/dL vs
<280 mg/dL or <160, 160-199, 200-239, 240-279, ≥280 mg/dL),
HDL cholesterol (≤40 mg/dL vs >40 mg/dL or ≥60, 50-59, 40-
49, <40 mg/dL), triglycerides (≥194 mg/dL vs <194 mg/dL or
<77, 77-104, 105-137, 138-193, ≥194 mg/dL), family history of
myocardial infarction prior to age 60 (yes vs no), and body mass
index (≥30 vs <30 or <25, 25-29, 30-34, ≥35).

The following potential confounding factors were in-
cluded in all multivariable models: age (5-year categories), al-
cohol use (≥1 drink per week vs <1 drink per week), exercise
(≥1 time per week vs <1 time per week), hypertensive treat-
ment (yes vs no), ever use of hormones (yes vs no), and pre-
menopausal status at baseline (yes vs no).

Three different modeling approaches were used. In the
first, adjusted incidence rates of the CVD outcomes were
calculated for the levels of the dichotomous vascular risk
factors. The adjusted incidence rate for each of the indi-
vidual vascular risk factors was estimated when each of the
respective other vascular risk factors and the confounding
factors were set to the mean level observed in the entire
study population.

In the second approach, the polychotomous categoriza-
tion of the main vascular risk factors was used. If the main
vascular risk factor did not have a polychotomous categoriza-
tion available, the dichotomous categorization was used
(migraine with aura, diabetes, and family history of myocar-
dial infarction prior to age 60 y). The adjusted incidence rates
of the CVD outcomes were calculated for each level of the
vascular risk factors, while the levels of the respective other
vascular risk factors and the confounding factors were set to
the mean level observed in the entire study population.
Accordingly, the adjusted incidence rates of the dichotomous
factors may differ between the 2 models.

In a third approach, adjusted incidence rates of the
CVD outcomes were calculated again for the levels of the
dichotomous vascular risk factors. However, in this model,
each vascular risk factor was analyzed not as a single main
factor but with the observable combination of all possible
other vascular risk factors and controlling for the confound-
ing factors as before.

For the model with dichotomous vascular risk factors,
t tests were used to test whether the adjusted incidence rates
of CVD for women who reported migraine with aura differed
from those who did not (including women who reported mi-
graine without aura and those who reported no migraine in the
year prior to baseline). We also tested whether the adjusted in-
cidence rates of CVD for women with migraine with aura dif-
fered from the adjusted incidence rates of CVD for women with
the other vascular risk factors. In the model that included poly-
chotomous risk factors, we used P values for trend across risk
factor categories, when applicable, or χ2 tests.

In secondary analyses, the third modeling approach was
used. The adjusted incidence rate of the CVD outcomes for
different combinations of all individual vascular risk factors
with and without adding migraine with aura were calculated
for each vascular risk factor combination observed in the
study population. Each combination of risk factors was com-
pared when migraine with aura was added vs not having
migraine with aura (including women who reported migraine
without aura and those who did not report migraine in the
year prior to baseline).

Adjusted incidence rates were defined as the least square
mean from the regression model, which assumed that
observed CVD events had a Poisson distribution and that the
logarithm of the expected number of events can be modeled
by a linear combination of the risk factors.22-24 Using SAS
software, version 9.4 (SAS Institute), the GENMOD procedure
was used to calculate the least square mean of the Poisson
regression model25 and the NLMIXED procedure was used to
calculate the P values of the contrast of the adjusted inci-
dence rates.26

Less than 1.7% of the study population had missing infor-
mation on any variable. Missing information on any of the vas-
cular risk factors was imputed by assigning the median value
of that variable. For participants with missing information on
other factors, a missing variable indicator was created and in-
cluded in the multivariable models.

A sensitivity analysis was conducted in which the esti-
mation of the adjusted incidence rates of CVD for migraine
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with aura and the other vascular risk factors were repeated
using multiple imputation to account for missing informa-
tion. Further details are described in the eAppendix in the
Supplement. In another sensitivity analysis, only women
who did not report migraine at or prior to baseline were
included in the reference group and the primary analysis
was repeated.

Two-tailed P values were calculated, and a P value of less
than .05 was considered statistically significant. Because of the
potential for type I error due to multiple comparisons, find-
ings for analyses of secondary end points and analyses should
be interpreted as exploratory.

Results
Blood samples were collected in tubes containing ethylene-
diaminetetraacetic acid from 28 345 women. Total choles-
terol and triglyceride analyses were performed on 27 938 of
the blood samples. A total of 79 women with missing infor-
mation on migraine status on the baseline questionnaire and

1 woman who reported a history of myocardial infarction prior
to baseline during follow-up were excluded.

The study population included 27 858 women (mean
[SD] age at baseline, 54.7 (7.1) years), including 1435 (5.2%)
who had migraine with aura and 26 423 who did not (2177
[7.8%] had migraine without aura and 24 246 [87.0%]
did not report migraine in the year prior to baseline).
The baseline characteristics of select vascular risk factors
for women with migraine with aura and women without
migraine with aura are summarized in Table 1. Women with
migraine with aura were slightly younger, had higher tri-
glycerides levels, and more frequently reported a family his-
tory of premature myocardial infarction. They also reported
drinking less alcohol and were more likely to have ever used
postmenopausal hormones.

During a mean follow-up of 22.6 years (629 353 total
person-years), 1666 major CVD events, 887 strokes (fatal
and nonfatal), 629 myocardial infarctions (fatal and nonfa-
tal), and 391 deaths due to CVD occurred. The crude overall
incidence rate per 1000 person-years was 2.87 for major
CVD, 1.52 for total stroke, 1.07 for myocardial infarction, and
0.62 for deaths due to CVD.

With the exception of obesity, all major risk factors were
statistically significantly associated with major CVD inci-
dence (eTable 1 in the Supplement). Results for the individual
cardiovascular outcomes are summarized in eTables 2, 3,
and 4 in the Supplement.

The adjusted incidence rate of major CVD was 3.36
cases per 1000 person-years (95% CI, 2.72-3.99) among
women with migraine with aura (adjusted for other dichoto-
mous vascular risk factors and confounding variables) and
2.11 per 1000 person-years (95% CI, 1.98-2.24) for women
with migraine without aura or no migraine (P value compar-
ing the adjusted incidence rates of migraine without aura vs
migraine with aura <.001) (Table 2). Compared with having
migraine with aura, only the presence of 2 other risk factors
led to significantly higher adjusted incidence rates of major
CVD: diabetes (adjusted incidence rate, 5.76 [95% CI, 4.68-
6.84]; P value comparing the incidence rate to that of
migraine with aura <.001) and current smoking (adjusted
incidence rate, 4.29 [95% CI, 3.79-4.79]; P value comparing
the incidence rate with that of migraine with aura = .02).
A similar pattern was observed for myocardial infarction
and CVD death (Table 2). Women with migraine with aura
did not have a significantly different rate of major CVD com-
pared with women who had the highest level of systolic
blood pressure and total cholesterol and family history of
myocardial infarction. In contrast, the incidence rate of
major CVD was significantly higher for women with
migraine with aura than the incidence rate among those
with obesity (2.29 [95% CI, 2.02-2.56]; P value comparing
the incidence rate with that of migraine with aura = .001) or
those who had unfavorable lipid profiles (triglycerides ≥194
mg/dL: 2.67 [95% CI, 2.38-2.95]; P value comparing the inci-
dence rate with that of migraine with aura = .043; HDL cho-
lesterol <40 mg/dL: 2.63 [95% CI, 2.33-2.94]; P value com-
paring the incidence rate with that of migraine with aura =
.04) (Table 2).

Table 1. Baseline Characteristics of Participants in a Study of the
Association of Migraine With Aura With Incident Cardiovascular Disease
in Women (N = 27 858)

Characteristic

No. (%)
Migraine with aura
(n = 1435)

No migraine with aura
(n = 26 423)a

Age, mean (SD), y 53.2 (6.1) 54.8 (7.1)

Diabetes 24 (1.7) 658 (2.5)

Smoking

Current 151 (10.5) 3090 (11.7)

Past 525 (36.6) 9685 (36.6)

Systolic blood pressure,
mean (SD), mm Hg

122.7 (13.1) 123.7 (13.8)

Cholesterol, mean (SD),
mg/dL

Total 211.9 (41.7) 211.8 (41.8)

HDL 53.1 (14.4) 53.8 (15.1)

Triglycerides, median (IQR),
mg/dL

126.0
(90.0-184.0)

118.0 (83.0-175.0)

Family history of myocardial
infarction prior to age 60 y

231 (16.3) 3714 (14.3)

BMI, mean (SD) 25.9 (4.9) 25.9 (5.0)

BMI ≥30 244 (17.0) 4695 (17.8)

Ever use of postmenopausal
hormones

847 (59.0) 13468 (51.0)

Alcohol use at least once
per week

554 (38.6) 11294 (42.8)

Exercise at least once
per week

597 (41.6) 11420 (43.2)

Hypertensive treatment 184 (12.8) 3540 (13.4)

Premenopausal 390 (27.3) 7263 (27.5)

Abbreviations: BMI, body mass index (calculated as weight in kilograms
divided by height in meters squared); HDL, high-density lipoprotein;
IQR, interquartile range.

SI conversion factors: To convert total and HDL cholesterol to mmol/L, multiply
by 0.0259; to convert triglycerides to mmol/L, divide by 88.57.
a All women who did not report migraine with aura in the year prior to baseline,

including women who reported migraine without aura and those who did not
report migraine in the year prior to baseline.
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The adjusted incidence rates of migraine with aura and the
polychotomous categorization of the other vascular risk fac-
tors is shown in the Figure for major CVD and in eFigures 1, 2,
and 3 in the Supplement for the other vascular outcomes.

The adjusted incidence rate of major CVD for individual
vascular risk factors with and without adding migraine with
aura is shown in Table 3. The adjusted incidence rate after
adding migraine with aura to each vascular risk factor was

Table 2. Incidence Rates of Cardiovascular Disease (CVD) per 1000 Person-Years According to Vascular Risk
Factors in a Study of the Association of Migraine With Aura With Incident CVD (N = 27 858)a

Vascular risk factor

No. of
events/
total No.

Person-
years

Crude
rate Adjusted rate (95% CI)a P valueb

Major CVD (n = 1666)

Migraine with aura 110/1435 29 956 3.67 3.36 (2.72-3.99)

Migraine without aura or no migraine 1556/26423 550 656 2.83 2.11 (1.98-2.24) <.001

Diabetes 134/682 11 387 11.77 5.76 (4.68-6.84) <.001

Current smoking 313/3241 60 511 5.17 4.29 (3.79-4.79) .02

Systolic blood pressure ≥160 mm Hg 58/318 5636 10.29 3.78 (2.76-4.81) .48

Total cholesterol ≥280 mg/dL 163/1645 33 094 4.93 2.85 (2.38-3.32) .19

HDL cholesterol <40 mg/dL 413/4822 95 299 4.33 2.63 (2.33-2.94) .04

Triglycerides ≥194 mg/dL 517/5546 110 583 4.68 2.67 (2.38-2.95) .043

Family history of myocardial infarction
prior to age 60 y

267/3945 82 544 3.24 2.71 (2.38-3.05) .07

Body mass index ≥30 360/4939 100 284 3.59 2.29 (2.02-2.56) .001

Total stroke (n = 887)

Migraine with aura 57/1435 30 329 1.88 1.78 (1.31-2.24)

Migraine without aura or no migraine 830/26423 555 289 1.50 1.17 (1.07-1.26) .01

Diabetes 55/682 11 934 4.61 2.50 (1.79-3.21) .09

Current smoking 138/3241 61 724 2.24 1.92 (1.58-2.25) .61

Systolic blood pressure ≥160 mm Hg 28/318 5796 4.83 1.94 (1.19-2.69) .71

Total cholesterol ≥280 mg/dL 81/1645 33 650 2.41 1.53 (1.17-1.88) .39

HDL cholesterol <40 mg/dL 193/4822 97 013 1.99 1.37 (1.14-1.59) .11

Triglycerides ≥194 mg/dL 239/5546 112 615 2.12 1.30 (1.10-1.49) .06

Family history of myocardial infarction
prior to age 60 y

136/3945 83 507 1.63 1.42 (1.18-1.67) .17

Body mass index ≥30 178/4939 101 445 1.76 1.24 (1.04-1.44) .03

Myocardial infarction (n = 629)

Migraine with aura 43/1435 30 387 1.42 1.21 (0.84-1.58)

Migraine without aura or no migraine 586/26423 555 777 1.05 0.77 (0.69-0.85) .02

Diabetes 65/682 11 674 5.57 2.58 (1.86-3.29) .001

Current smoking 150/3241 61 325 2.45 1.92 (1.58-2.25) .004

Systolic blood pressure ≥160 mm Hg 20/318 5787 3.46 1.23 (0.66-1.79) .96

Total cholesterol ≥280 mg/dL 68/1645 33 563 2.03 1.10 (0.81-1.38) .62

HDL cholesterol <40 mg/dL 191/4822 96 484 1.98 1.10 (0.90-1.30) .58

Triglycerides ≥194 mg/dL 233/5546 112 134 2.08 1.14 (0.95-1.33) .74

Family history of myocardial infarction
prior to age 60 y

114/3945 83 403 1.37 1.08 (0.88-1.29) .54

Body mass index ≥30 135/4939 101 398 1.33 0.73 (0.58-0.87) .01

Death due to cardiovascular disease (n = 391)

Migraine with aura 22/1435 32 695 0.67 0.46 (0.26-0.65)

Migraine without aura or no migraine 369/26423 596 658 0.62 0.28 (0.23-0.33) .07

Diabetes 40/682 13 431 2.98 0.85 (0.54-1.16) .03

Current smoking 77/3241 68 457 1.13 0.69 (0.52-0.87) .06

Systolic blood pressure ≥160 mm Hg 20/318 6542 3.06 0.54 (0.28-0.79) .62

Total cholesterol ≥280 mg/dL 40/1645 36 762 1.09 0.36 (0.23-0.49) .38

HDL cholesterol<40 mg/dL 93/4822 106 409 0.87 0.31 (0.22-0.39) .14

Triglycerides ≥194 mg/dL 124/5546 123 244 1.01 0.34 (0.26-0.42) .25

Family history of myocardial infarction
prior to age 60 y

54/3945 89 926 0.60 0.35 (0.25-0.46) .33

Body mass index ≥30 96/4939 110 248 0.87 0.38 (0.28-0.48) .45

Abbreviation: HDL, high-density
lipoprotein.
a Adjusted for migraine with aura, the

vascular risk factors (dichotomous)
listed in the table, age, alcohol use,
exercise, hypertensive treatment,
ever use of hormones, and
premenopausal status.

b P value from a t test examining
whether the adjusted incidence rate
among those with migraine with
aura differs statistically from the
adjusted incidence rate of the other
vascular risk factor. For example, for
major CVD, the P value for current
smoking (P = .02) indicates that the
adjusted incidence rate of current
smoking (4.29) is statistically
different from the adjusted
incidence rate of migraine with aura
(3.36).
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higher than only having the vascular risk factor. The incre-
mental increase in the incidence rate ranged from 1.01 addi-
tional cases per 1000 person-years, when migraine with
aura was added to body mass index, to 2.57 additional cases
per 1000 person-years, when migraine with aura was added
to diabetes.

The adjusted incidence rate of major CVD for the maxi-
mum combination of vascular risk factors with and without

adding migraine with aura is shown in Table 4. With a combi-
nation of all vascular risk factors, except for a family history
of premature myocardial infarction, the incidence rate of ma-
jor CVD increased from 39.55 cases per 1000 person-years to
62.96 cases per 1000 person-years when migraine with aura
was added.

The results from the sensitivity analysis in which missing
values were imputed using multiple imputations is shown in

Figure. Adjusted Incidence Rates for Major Cardiovascular Disease Events per 1000 Person-Years in a Study of the Association of Migraine With Aura
With Incident Cardiovascular Disease in Women

1 4 73 65
Adjusted IR (95% CI)

2

Linear trend
P value

No. of
participants

No. of
events

Person-
yearsRisk factor

Migraine

Adjusted IR
(95% CI)

26 423 1556 550 656No migraine or migraine without aura 2.08 (1.95-2.21)
1435 110 29 956Migraine with aura 3.29 (2.72-3.98)

Cholesterol, mg/dL
2272 97 48 707<160 1.95 (1.58-2.41)
9026 417 191 573160-199 1.96 (1.77-2.16)
10 436 657 216 238200-239 2.16 (1.98-2.35)
4479 332 91 000240-279 2.26 (2.00-2.55)

Smoking status
14 408 778 306 008Never 1.88 (1.74-2.04)
10 209 575 214 093Past 2.00 (1.83-2.19)
3241 313 60 511Current 4.19 (3.72-4.72)

1645 163 33 094≥280 2.93 (2.47-3.47)

HDL cholesterol, mg/dL
8302 411 177 640≥60 1.86 (1.67-2.08)
7150 373 150 72850-59 2.00 (1.79-2.22)
7584 469 156 94540-49 2.21 (2.00-2.44)
4822 413 95 299<40 2.76 (2.45-3.11)

Systolic BP, mm Hg
12 404 457 268 481<120 1.79 (1.63-1.97)
7304 399 152 326120-129 2.08 (1.87-2.31)

Diabetes
27176 1532 569 225No 2.08 (1.95-2.21)
682 134 11 387Yes 5.52 (4.58-6.65)

4691 398 94 067130-139 2.63 (2.35-2.94)
3141 354 60 101140-159 2.97 (2.61-3.39)
318 58 5636≥160 4.60 (3.50-6.04)

Triglycerides, mg/dL
5622 208 121 314<77 1.97 (1.71-2.28)
5602 267 119 41077-104 2.06 (1.82-2.34)
5430 311 113 183105-137 2.10 (1.87-2.36)

Body mass index
14 353 735 303 135<25 2.15 (1.98-2.33)
8566 571 177 19325-29 2.14 (1.95-2.35)

Family history of MI
23 913 1399 498 068No 2.05 (1.92-2.19)
3945 267 82 544Yes 2.62 (2.32-2.97)

3376 248 68 85430-34 2.09 (1.82-2.41)
1563 112 31 431≥35 1.92 (1.57-2.35)

5658 363 116 122138-193 2.07 (1.84-2.31)
5546 517 110 583≥194 2.47 (2.19-2.77)

<.001

<.001

<.001

<.001

<.001

.05

.30

<.001a

.002

The vertical line indicates the adjusted incidence rate for migraine with aura.
Values to the left of the vertical line indicate lower and values to the right
indicate higher adjusted incident rates of major cardiovascular disease
compared with the incidence rate of migraine with aura. Adjusted
for all factors listed as well as age (5-year groups), alcohol use, exercise,
hypertensive treatment, ever use of hormones, and premenopausal status.

Because 2 different approaches were used for categorizing covariates in the
multivariable models, the estimated adjusted incidence rates differ slightly in
the Figure (in which some covariates were categorized as polychotomous) and
in Table 2 (in which all covariates were categorized as dichotomous).
a P value was calculated using a χ2 test. HDL indicates high-density lipoprotein;

BP, blood pressure; MI, myocardial infarction.
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eTable 5 in the Supplement. The results were similar to those
of the primary analysis. Results were similar when women who
reported migraine without aura or any history of migraine at
baseline were excluded from the reference group, indicating
that this group did not have different rates of major CVD com-
pared with women who did not report migraine in the year prior
to baseline (eTable 6 in the Supplement).

Discussion
In this large cohort study of women aged at least 45 years,
women with migraine with aura had a higher incidence rate
of self-reported major CVD events compared with women
without migraine or with migraine without aura, after
adjusting for other major vascular risk factors and con-
founding. Although diabetes and current smoking were
associated with higher rates of major CVD, migraine with
aura was more strongly associated with the rate of major
CVD than obesity or unfavorable lipid levels, and had a simi-
lar association as with elevated systolic blood pressure or
high total cholesterol. The association patterns were similar
for specific CVD events.

The association of migraine and migraine with aura on
overall and specific CVD events has been evaluated using rela-
tive risk in many clinic- and population-based studies.3,4,27,28

Although there was an indication of some heterogeneity
across studies, the relative risk estimates ranged from 1.5 for
migraine overall to more than 2 for migraine with aura. In a
2018 nationwide population-based study from Denmark,
Adelborg and colleagues4 estimated the relative hazard of CVD
according to migraine status. Migraine with aura was associ-
ated with myocardial infarction (hazard ratio, 1.74 [95% CI, 1.44-
2.11]), ischemic stroke (hazard ratio, 2.49 [95% CI, 2.16-
2.86]), and hemorrhagic stroke (hazard ratio, 1.82 [95% CI,
1.34-2.48]).4 In contrast to data from the Women’s Health
Study,18 migraine without aura was also associated with an in-
creased risk of CVD in the study by Adelborg and colleagues,4

but the effect size was smaller compared with migraine with
aura. A previous study using Women’s Health Study data ob-
served similar incidence rates of major CVD for migraine with
aura as seen in this study after adjustment for age.18 How-
ever, to the best of our knowledge, no studies have compared
the estimated adjusted incidence rates of CVD by migraine sta-
tus with the adjusted incidence rates of CVD due to other car-
diovascular risk markers.

Table 3. Adjusted Incidence Rate of Major Cardiovascular Disease per 1000 Person-Years of Vascular Risk
Factors With and Without the Addition of Migraine With Aura (N = 27 858)a

Risk factor

Adjusted incidence rate (95% CI)a

P valuecWith migraine with aura Without migraine with aurab

Diabetes 6.92 (5.05-8.79) 4.35 (3.48-5.22) <.001

Current smoking 5.50 (4.29-6.72) 3.46 (3.02-3.90) <.001

Systolic blood pressure ≥160 mm Hg 4.46 (2.98-5.94) 2.80 (2.02-3.58) .001

Total cholesterol ≥280 mg/dL 3.40 (2.55-4.24) 2.13 (1.76-2.51) <.001

HDL cholesterol <40 mg/dL 3.22 (2.50-3.93) 2.02 (1.75-2.30) <.001

Triglycerides ≥194 mg/dL 3.29 (2.58-4.01) 2.07 (1.81-2.33) <.001

Family history of myocardial infarction
prior to age 60 y

3.30 (2.57-4.04) 2.07 (1.80-2.35) <.001

Body mass index ≥30 2.71 (2.11-3.32) 1.71 (1.48-1.93) <.001

Abbreviation: HDL, high-density
lipoprotein.
a Adjusted for the vascular risk factors

(dichotomous) shown in the table plus
age,alcoholuse,exercise,hypertensive
treatment, ever use of hormones, and
premenopausal status.

b Includes women who reported
migraine without aura and those
who did not report migraine in the
year prior to baseline.

c P value shows the contrast of each
factor without adding migraine with
aura vs adding migraine with aura.

Table 4. Adjusted Incidence Rate of Major Cardiovascular Disease per 1000 Person-Years for Combinations
of Major Vascular Risk Factors With and Without the Addition of Migraine With Aura (N = 27 858)a

Risk factor combination

Adjusted rate (95% CI)a

P valuecWith migraine with aura Without migraine with aurab

Current smoking, total cholesterol ≥280 mg/dL,
HDL cholesterol <40 mg/dL, triglycerides
≥194 mg/dL, family history of MI

15.90 (11.19-20.62) 9.99 (7.62-12.37) <.001

Diabetes, SBP ≥160 mm Hg, total cholesterol
≥280 mg/dL, triglycerides ≥194 mg/dL, BMI ≥30

22.79 (13.64-31.95) 14.32 (9.23-19.41) .002

Diabetes, SBP ≥160 mm Hg, total cholesterol,
HDL cholesterol <40 mg/dL, triglycerides
≥194 mg/dL, BMI ≥30

28.97 (17.38-40.56) 18.20 (11.75-24.65) .002

Diabetes, current smoking, SBP ≥160 mm Hg,
HDL cholesterol <40 mg/dL, triglycerides
≥194 mg/dL, BMI ≥30

46.95 (28.71-65.18) 29.49 (19.50-39.48) .002

Diabetes, current smoking, total cholesterol
≥280 mg/dL, HDL cholesterol <40 mg/dL,
triglycerides ≥194 mg/dL, family history of MI,
BMI ≥30

46.58 (30.61-62.54) 29.26 (20.81-37.70) .001

Diabetes, current smoking, SBP ≥160 mm Hg,
total cholesterol ≥280 mg/dL, HDL cholesterol
<40 mg/dL, triglycerides ≥194 mg/dL, BMI ≥30

62.96 (37.13-88.80) 39.55 (25.13-53.97) .002

Abbreviations: BMI, body mass index
(calculated as weight in kilograms
divided by height in meters squared);
HDL, high-density lipoprotein;
MI, myocardial infarction;
SBP, systolic blood pressure.
a Adjusted for the vascular risk factors

(dichotomous) shown in the table plus
age,alcoholuse,exercise,hypertensive
treatment, ever use of hormones, and
premenopausal status.

b Includes women who reported
migraine without aura and who
reported no migraine in the year
prior to baseline.

c P value shows the contrast of the
combination of vascular risk factors
without adding migraine with aura
vs adding migraine with aura.
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Several biological mechanisms have been proposed to link
migraine, particularly migraine with aura, with increased risk
of CVD events. These mechanisms have included elevated vas-
cular biomarkers8,29 leading to endothelial dysfunction, other
vascular pathology,30 open patent foramen ovale, genetic
predisposition,7 or migraine-specific or other pain medica-
tion use.31 However, with regard to medication use, not only
patients with migraine with aura use such treatment. Corti-
cal spreading depolarization, the electrophysical mecha-
nisms involved in migraine aura, can play a role in stroke32 and
potentially in other vascular events.33 Nevertheless, the pre-
cise mechanisms linking migraine with aura to CVD inci-
dence are still not well understood.

Strengths of this study include the large number of
participants and outcome events, available information on vari-
ous vascular risk factors, confirmation of CVD events by medi-
cal record review, and the homogeneity of the study popula-
tion, which reduced potential biases, including differences in
health care access.

Limitations
This study has several limitations. First, information on
migraine and vascular risk factors were self-reported, and

misclassification is possible. Second, migraine with aura and
vascular risk factors were assessed at baseline, and changes
in these risk factors over time were not taken into account.
Third, detailed information on management of migraine or
vascular risk factors, which may influence CVD risk, was not
available. Fourth, this study was conducted in a cohort of
female health professionals and these results may not be
generalizable to other settings, particularly to men. Fifth,
this study did not explore how changes in migraine fre-
quency over time may modify the association between
migraine with aura and CVD incidence. Additionally, no
information on when migraine started for the participating
women was available.

Conclusions
In this study of female health professionals aged at least 45
years, women with migraine with aura had a higher adjusted
incidence rate of CVD compared with women with migraine
without aura or no migraine. The clinical importance of these
findings, and whether they generalize beyond this study popu-
lation, require further research.
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