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Abstract

BACKGROUND: The association between migraine headache and cardiovascular events has
been inconsistent. This study determines the long-term risk of cardiovascular events among
women with and without a history of migraine headache who were under evaluation for suspected
myocardial ischemia in the Women’s Ischemia Syndrome Evaluation (WISE).

METHODS: The WISE is a National Heart, Lung and Blood Institute-sponsored prospective,
multicenter study that aims to improve myocardial ischemia evaluation in women. A total of 936
women presenting with symptoms of myocardial ischemia underwent structured data collection
and coronary angiography. Information pertaining to migraine headache was available in 917
women. All-cause mortality data were available on all women for a median of 9.5 years, and
nonfatal cardiovascular event data were available on 888 women for a median of 6.5 years.

RESULTS: A total of 224 (24.4%) women reported a history of migraine headache. Compared
with women who did not report a history of migraine headache, women with a history of migraine
headache had an increased adjusted risk of cardiovascular event (cardiovascular death, nonfatal
myocardial infarction, heart failure, or stroke) (hazard ratio 1.83; 95% confidence interval,
1.22-2.75) at a median follow-up of 6.5 years. This result was driven mainly by a twofold increase
in the risk of stroke (hazard ratio 2.33; 95% confidence interval, 1.16-4.68).

CONCLUSION: Among women being evaluated for ischemic heart disease, those reporting a
history of migraine headache had increased risk of future cardiovascular events on long-term
follow-up. This risk was primarily driven by a more-than twofold increase in the risk of stroke.

Keywords
Cardiovascular disease; Migraine; Mortality; Stroke; Women

Migraine headache is a common disorder affecting 14.2% of the US population, with a
higher prevalence among women.! The prevalence is highest (23.5%) in women aged 18 to
44 years. In recent years, several studies have evaluated the association between migraine
headache and cardiovascular outcomes, with inconsistent results.2"> A recent report from the
Nurses’ Health Study Il participants showed an increased risk of major cardiovascular
disease, myocardial infarction, stroke, and angina/coronary revascularization among women
with a history of migraine headache at long-term follow-up of 20 years.® In contrast, a meta-
analysis of 10 cohort studies concluded that migraine headache is not associated with
coronary heart disease, cardiovascular disease, or all-cause mortality.? In the meta-analysis,
studies with longer-term follow up (ie, 10, 15.7, and 25.9 years) did show an association
with migraine headache and cardiovascular events, whereas studies with shorter-term
follow-up (ie, 1.4 and 3 years) did not show an association between migraine headache and
cardiovascular events. These inconsistencies could be explained by a time-dependent
association between migraine headache and cardiovascular events.

In a prior analysis of the Women’s Ischemia Syndrome Evaluation (WISE) study, we
demonstrated that in women presenting with signs and symptoms of myocardial ischemia
and undergoing coronary angiography, a history of migraine headache was not associated
with increased cardiovascular events at mid-term follow-up of 4.4 years.® This current
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analysis was intended to further examine the relationship between migraine headache and
longer-term cardiovascular outcomes among women enrolled in the National Heart, Lung,
and Blood Institute-sponsored WISE study to further add to the literature of prospective
long-term studies evaluating the association between migraine headache and cardiovascular
events.

The WISE study was a 4-center study that aimed to improve the diagnostic reliability of
cardiovascular testing in the evaluation of ischemic heart disease in women. In brief, women
with chest pain symptoms or suspected ischemia underwent an initial evaluation that
included collection of demographic and symptom data, medical and psychosocial histories,
blood sampling, and coronary angiography.” A total of 936 women underwent a full medical
history, physical examination, psychosocial evaluation, coronary artery disease risk-factor
assessment, and detailed laboratory evaluation. Of the 936 women, 917 women completed
baseline information pertaining to migraine headache, and 888 were prospectively followed
for cardiovascular events for a median of 6.5 years.

Cardiac Risk Factors and Coronary Angiography

Cardiac risk assessment was done using a questionnaire administered by study nurses
inquiring about history of diabetes, dyslipidemia, hypertension, and family history of
coronary artery disease and other cardiac risk factors. The 10-year risk of myocardial
infarction was assessed using the Adult Treatment Panel 111 guidelines.8- All coronary
angiograms obtained at enrollment were quantitatively and qualitatively evaluated for the
presence and extent of coronary artery disease by the WISE angiographic core laboratory as
previously described.10 Severe coronary artery disease was defined as =50% stenosis in =1
epicardial coronary artery. The WISE coronary artery disease severity score was developed
with points assigned according to the category of severity of the stenosis (0 to 19, 20 to 49,
50 to 69, 70 to 89, 90 to 98, and 99 to 100), adjusting for partial (any filling of the occluded
vessel or its distal branches anterograde or retrograde via channels other than the original
lumen) and complete (complete filling of the vessel distal to the occlusion) collaterals.
Scores were then adjusted according to the lesion location, with more proximal lesions
receiving a higher weighting factor.10

Migraine and Symptom Reporting

Women were asked about a history of migraine headache with possible responses of “yes,”
“no,” or “unknown.” Chest pain symptoms were assessed using questions about pain or
discomfort above the waist in the last 12 months. The quality of chest pain was further
characterized as typical angina, atypical angina, or nonanginal chest pain. Chest pain
symptoms were present in 94% of all women. Women were also asked about vasomotor
symptoms related to perimenopause and menopause to assess overall symptom-reporting
behavior.
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Cardiovascular Outcomes

Follow-up was conducted by telephone interview at 6 weeks and annually thereafter. Follow-
up consisted of a scripted interview by an experienced nurse or physician. The primary
outcome of cardiovascular event was the composite of cardiovascular death, fatal and
nonfatal myocardial infarction, congestive heart failure, or stroke. Each patient was asked
about occurrence of a cardiovascular event, angina hospitalizations, repeat angiograms,
revascularization procedures, or change in symptoms. In addition, we performed secondary
analyses of individual endpoints, including angina hospitalization, myocardial infarction,
and death. In the event of a death, a death certificate was obtained to ascertain cause of
death. In a subset of patients at the University of Florida, patient-reported nonfatal events
were confirmed by review of hospital and clinic records and the morbidity data as reported
by the women were found to be accurate.

Statistical Analysis

RESULTS

Data are presented as means + standard deviation for continuous variables and percentages
for categorical variables. Differences in continuous baseline characteristics by history of
migraine headache were assessed by ¢tests or Wilcoxon rank-sum tests where appropriate.
The chi-squared statistic was computed for categorical comparisons of baseline
characteristics by the presence or absence of migraine headache; Fisher’s exact tests were
utilized when expected cell counts were <5. Stepwise Cox proportional hazards regression
was used to model cardiovascular outcomes as a function of migraine headache and other
significant cardiac risk factors including age, race, hypertension, body mass index, history of
diabetes, dyslipidemia, tobacco use, family history of coronary artery disease, (log) WISE
coronary artery disease severity score, and aspirin use. P values <.05 were considered
statistically significant. All analyses were performed using SAS 9.3 software (SAS Institute
Inc, Cary, NC).

Among the 917 women who completed the question on migraine headache, 224 reported a
history of migraine headache (24.4%). Follow-up data on mortality were available on all
women for a median of 9.5 years, and follow-up data on nonfatal events were available on
888 women for a median of 6.5 years.

The mean age of women in the study was 58 years. Compared with women with no migraine
headache history, women with migraine headache were younger, were less likely to be
postmenopausal, and had lower incomes. They were more likely to have a history of
depression and hysterectomy than women without migraine headache. Overall cardiac risk
profile differed in the 2 groups; women with migraine headache had lower Adult Treatment
Panel 111 risk scores in comparison with women without migraine headache. Women
reporting migraine headache were less likely to be on lipid-lowering medications, aspirin,
beta-blockers, and angiotensin-converting enzyme inhibitors, and were more likely to be on
antidepressant medications (Table 1).
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At a median of 9.5 years there were 142 (20.5%) deaths in women with no history of
migraine headache and 32 (14.3%) deaths in women with a history of migraine headache.
Compared with women with no history of migraine headache, women who reported a
history of migraine headache had an increased adjusted hazard ratio (HR) for cardiovascular
event (cardiovascular death, nonfatal myocardial infarction, heart failure, or stroke) (HR
1.83; 95% confidence interval [Cl], 1.22-2.75) (Table 2). The adjusted HR for individual
endpoints of death from all causes, cardiovascular death, nonfatal myocardial infarction, and
heart failure did not differ significantly between the 2 groups; however, there was a more-
than twofold increase in the incidence of stroke in women with a history of migraine
headache (HR 2.33; 95% ClI, 1.16-4.68). Cumulative event rates for cardiovascular events
over the follow-up period among patients with and without migraine headache are shown in
the Figure.

DISCUSSION

Our data support the presence of an association between a history of migraine headache and
cardiovascular events in a cohort of women with suspected myocardial ischemia at a median
follow-up of 6.5 years. This effect was predominately driven by a twofold-increased risk of

stroke among women with migraine headache. The risk of all-cause mortality was similar in
both groups at a median of 9.5 years of follow-up.

In a previous study, we showed that on mid-term follow-up (4.4 years), there was no notable
association between migraine headache and angiographic coronary artery disease or any
cardiovascular events.® Since the publication of the previous study, several studies have
evaluated the long-term association between migraine headache and cardiovascular events.
Data from 115,541 young women enrolled in the Nurses’ Health Study Il study were
published recently and showed an increased risk of cardiovascular events in women with a
history of migraine headache on 20-year follow-up.® In this study, 20.7% of the women were
diagnosed with migraine headache. Women with migraine headache had a 1.5-fold higher
risk of cardiovascular event, including higher risk of myocardial infarction, stroke, angina,
or need for revascularization. Furthermore, migraine headache was associated with a higher
risk of cardiovascular-related death. Similarly, in another study with extended follow-up of
26 years in an Icelandic population, migraine headache was associated with higher rates of
mortality.3 In this study, 15% of the 9681 women were classified as having migraine
headache. Women with a history of migraine headache had a 16% increased risk of both all-
cause mortality and mortality from cardiovascular disease, and a 14% increased risk of
mortality from noncardiovascular disease. These associations were more profound in women
who reported a history of migraine headache with aura.

Our current findings add to the growing body of evidence that show an association between
migraine headache and long-term cardiovascular events. Our results highlight, in particular,
an association between migraine headache and stroke. A history of migraine headache has
been more consistently linked with the outcome of ischemic stroke.11-13 Qver the past 4
decades, several studies!?14 and 3 meta-analyses?13:15 have all shown that a history of
migraine headache roughly doubles the risk of ischemic stroke. Among prospective studies,
the association is strongest among patients with migraine with aura. This risk is amplified in
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direct proportion to the frequency of migraine attack.16:17 Our findings further strengthen
this association in a higher risk cohort of women presenting with signs and symptoms of
myocardial ischemia.

Although not statistically significant, it is worth noting that there is an increased risk of all-
cause death or myocardial infarction, and cardiovascular death in women with migraine
headache on long-term follow-up when compared with our previous study of short-term
follow-up. The absence of a statistically significant association with cardiovascular
outcomes such as myocardial infarction, heart failure, angina, or death may be due, in part,
to inclusion of a broader population of migraine headache patients in our study who were
not further characterized to be with or without aura. Migraine headache without aura has not
shown as robust an association as the presence of auras for cardiovascular events, even on
longer-term follow-up studies.3 In addition, the high prevalence of risk factors for ischemia
among study participants could, in part, explain the lack of association of migraine headache
with other cardiovascular outcomes. Perhaps a more extended follow-up of our cohort would
be necessary to see statistically significant associations with other cardiovascular events.

Despite the increasing literature pointing toward an association between migraine headache
and cardiovascular events on long-term follow-up, the mechanism of this association
remains incompletely understood. Vascular endothelial dysfunction is one proposed
mechanism. This has been demonstrated in another analysis of WISE to have an adverse
impact on morbidity and mortality in women with chest pain in the setting of nonobstructive
coronary artery disease.1! Other proposed mechanisms include the stimulation of
inflammatory responses by increased release of prothrombotic and vasoactive factors, patent
foramen ovale, and shared genetic markers leading to elevated risks for vascular events seen
previously in women with a history of migraine headache.®

Future research should examine the long-term association between migraine headache and
cardiovascular events among men who are undergoing evaluation for suspected myocardial
ischemia. In addition, in a previous psychosocial study of WISE examining the effects of
depression and anxiety symptoms as predictors of cardiovascular disease in 489 women, it
was concluded that the value of depression (measured using the Beck Depression Inventory)
in predicting cardiovascular disease varied by severity of comorbid anxiety (measured using
State-Trait Anxiety Inventory).18 An interesting extension of our research could report on
the history of migraine headache among WISE women with comorbid depression and
anxiety symptoms and their long-term cardiovascular outcomes. Future research should also
focus on further elucidating the mechanism of association between migraine headache and
long-term cardiovascular events in women.

Limitations

Our analysis relies on a self-reported history of migraine headache; thus, recall bias could
not be excluded. Second, data about the presence or absence of aura are lacking, precluding
further stratification based on the presence of aura. Third, although we have performed an
adjusted multivariate analysis, other unmeasured confounders could not be entirely
excluded. Fourth, data on the duration or severity of migraine headache were not captured.
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Fifth, data on the type of stroke experienced by the study population were not available.
Finally, WISE enrolled women presenting with signs and symptoms of myocardial ischemia
who are at higher cardiovascular risk. Our results may not be generalizable to a lower-risk
general population.

CONCLUSIONS

Among women presenting with signs and symptoms of ischemia, those reporting a history
of migraine headache are at increased risk of cardiovascular events at long-term follow-up.
This is mainly driven by a twofold higher risk of stroke among those with migraine. These
results suggest that particular attention should be placed on higher-risk women reporting a
history of migraine headache for optimization of future cardiovascular risk by intensive
secondary prevention.
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CLINICAL SIGNIFICANCE

Women with migraine headache have an 83% increased risk of cardiovascular
events on long-term follow-up.

Women with migraine headache have a more-than twofold increase in the risk
of stroke when compared with women without a history of migraine
headache.

Although not statistically significant, when compared with short-term follow-
up, women with migraine headache have an increased risk of myocardial
infarction, heart failure hospitalization, and cardiovascular death.
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Multivariate Adjusted Hazard Ratios for Vascular Events and All-Cause Death Among Women with Migraine

Headache Compared with Those Without Migraine Headache

Raw Number Adjusted* HR

of Events (95% CI)

No MH MH
Event (n=693) (n=224) n=0917
CV event 120 41 1.83(1.22-2.75)
CV death or Ml 52 16 1.64 (0.91-2.95)
All-cause death or MI 131 30 1.25(0.74-2.11)
CV death 89 21 1.23(0.71-2.13)
All-cause death 142 32 1.11(0.72-1.71)

n =888

Stroke 28 14 2.33(1.16-4.68)
HF 47 14 1.30 (0.64-2.63)
Angina hospitalization 178 68 1.21(0.89-1.64)
MI 23 7 1.10 (0.40-3.02)

CI = confidence interval; CV event = CV death, MI, CHF, or stroke; HF = heart failure; HR = hazard ratio; MH = migraine headache; M| =

myocardial infarction.

*
Full model includes: age, race, BMI, history of diabetes, hypertension, dyslipidemia, smoking, family history of coronary artery disease (CAD),
(log) WISE CAD severity score and aspirin use.
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