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ABSTRACT

URPOSE: There are conflicting data regarding the association between migraines and cardiovascular
vents. We evaluated the relationship between migraine headaches, angiographic coronary artery disease,
nd cardiovascular events in women.
UBJECTS AND METHODS: The Women’s Ischemia Syndrome Evaluation (WISE) study is a National
eart, Lung and Blood Institute (NHLBI)-sponsored prospective, multicenter study aiming to improve

schemia evaluation in women. A total of 944 women presenting with chest pain or symptoms suggestive
f myocardial ischemia were enrolled and underwent complete demographic, medical, and psychosocial
istory, physical examination, and coronary angiography testing. A smaller subset of 905 women,
epresenting a mean age of 58 years, answered questions regarding a history of migraines. We prospec-
ively followed 873 women for 4.4 years for cardiovascular events and all-cause mortality.
ESULTS: Women reporting a history of migraines (n � 220) had lower angiographic coronary severity
cores, and less severe (� 70% luminal stenosis) angiographic coronary artery disease compared to women
ithout a history of migraines (n � 685). These differences remained statistically significant after adjust-
ent for age and other important cardiac risk factors. On prospective follow-up of a median of 4.4 years,
omen with a history of migraines were not more likely to have a cardiovascular event (hazard ratio [HR]
.2; 95% confidence interal [CI], 0.93-1.58) and migraines did not predict all-cause mortality (HR 0.96;
5% CI, 0.49-1.99).
ONCLUSION: Among women undergoing coronary angiography for suspected ischemia, those reporting
igraines had less severe angiographic coronary artery disease. We could not support an association between
igraines and cardiovascular events or death. Further research studying the common pathophysiology under-

ying migraines and cardiovascular disease is warranted. © 2006 Elsevier Inc. All rights reserved.
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671Ahmed et al Migraine Headaches and Cardiovascular Events in Women
igraine headaches are a common condition affecting approx-
mately 13% of the population1,2 and cause substantial impair-
ent in daily activity and productivity. The underlying patho-

hysiology of migraines is not fully understood, and recent
ndings have suggested that deregulation of the sympathetic
ervous system and alterations in
he craniovascular circuitry may
lay an important role.3 Migraines
lso have been linked with vasomo-
or disorders like Raynauds and
rinzmetal’s angina, lending sup-
ort to a vascular etiology 4-7 and to
he possibility of an association be-
ween migraine headaches and car-
iovascular events, like angina,
yocardial infarction and stroke.
The data regarding the true rela-

ionship between a history of mi-
raine headaches and angina, and
igraine headaches and cardiovas-

ular events such as myocardial in-
arction and stroke are conflicting.

hile multiple population-based
tudies have found that patients
ith migraine headaches are more

ikely to have chest pain symp-
oms,8-11 the reported association
etween migraine headaches and
ajor cardiovascular events has

een inconsistent. One large study
bserved a relationship between mi-
raine headaches and cardiovascu-
ar events in a community-based study of 3654 Australian men
nd women, and noted that subjects with migraine headaches
ere twice as likely to have a self-reported history of myocar-
ial infarction.12 Conversely, findings from the more recent
rospective Nurses and Physicians Health Studies failed to
how an association between migraine headaches and verified
ardiovascular events, including angina and myocardial infarc-
ion.13 A possible explanation for these discrepant findings
ay include the reliance on self-reported cardiovascular

vents, as studies using verified events data have consistently
ighlighted an absence of an association between migraine
eadaches and cardiovascular events.14 To date, there are no
ublished data evaluating the association between migraine
eadaches and angiographic coronary artery disease.

Our study examines the relationship between migraine
eadaches, angiographic coronary artery disease, and cardio-
ascular outcomes in women enrolled in the National Heart
ung and Blood Institute (NHLBI)-sponsored Women’s Isch-
mia Syndrome Evaluation (WISE) study who underwent cor-
nary angiography for suspected myocardial ischemia. We
valuated the women with respect to a history of migraine
eadaches and quantitative coronary angiography, and pro-
pectively followed them for 4.4 years for cardiovascular out-
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ETHODS
he WISE study is a 4-center study that aims to improve the
iagnostic reliability of cardiovascular testing in the evalu-
tion of ischemic heart disease in women. Women with
hest pain symptoms or suspected ischemia underwent an

initial evaluation that included
coronary angiography, as well as
collection of demographic, medi-
cal history, psychosocial and
symptom data, as described previ-
ously.15 A total of 944 women un-
derwent a full medical history,
physical examination, psychoso-
cial evaluation, coronary artery
disease risk factor assessment, and
multiple serum tests analysis. Of
the 944 women, 905 completed
baseline information pertaining to
migraine headaches, and 873 were
prospectively followed for cardio-
vascular events for a median of
4.4 years.

Migraine Headaches and
Symptom Reporting
Women were asked about a his-
tory of migraine headaches using
a self-report questionnaire with
possible responses of “yes,” “no”
or “unknown.” Chest pain symp-
toms were assessed using ques-
tions about pain or discomfort

bove the waist in the last 12 months. The quality of chest
ain was further characterized as typical angina, atypical
ngina, or nonanginal chest pain. Chest pain symptoms
ere present in 94% of all women. Women were also asked

bout vasomotor symptoms related to perimenopause and
enopause to assess overall symptom-reporting behavior.

ardiac Risk Factors and Coronary
ngiography
ardiac risk assessment was done using a self-report ques-

ionnaire inquiring about history of diabetes, dyslipidemia,
ypertension, and family history of coronary artery disease
nd other cardiac risk factors. The 10-year risk of myocar-
ial infarction was calculated using the Atherosclerosis Risk
actors in Communities (ARIC) and Adult Treatment Panel
ATP) III guidelines.16-18

All coronary angiograms obtained at enrollment were
uantitatively and qualitatively evaluated for the presence
nd extent of coronary artery disease by the WISE angio-
raphic core lab as previously described.19,20 Severe coro-
ary artery disease was defined as �70% stenosis in �1
picardial coronary artery. The WISE coronary artery dis-
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uminal stenosis, location of each stenosis, and presence of
ollaterals as previously described.19,20

ardiovascular Outcomes
ollow-up was conducted by telephone interview at 6 weeks
nd annually thereafter. Follow-up consisted of a scripted
nterview by an experienced nurse or physician. Each pa-
ient was asked about occurrence of a cardiovascular event,
ospitalizations, repeat angiograms, revascularization pro-
edures, or change in symptoms. The primary outcome of
ardiovascular event included fatal and nonfatal myocardial
nfarction, congestive heart failure, stroke, vascular event,
ospitalization for angina and coronary revascularization
rocedure. A vascular event was defined as any vascular-
elated hospitalization, including peripheral thrombosis or
arotid endarterectomy but excluding revascularization pro-
edures like coronary artery by-pass grafting or percutane-
us transluminal coronary angioplasty. We performed sec-
ndary analyses of individual endpoints, including angina
ospitalization, myocardial infarction and death. When a
ajor cardiovascular event was identified, the referring

hysician was contacted for confirmation, dates and docu-
entation. In the event of a death, a death certificate was

btained to ascertain cause of death.

TATISTICAL ANALYSIS
ata are presented as means � standard deviation for con-

inuous variables and percentages for categorical variables.
ifferences in continuous baseline characteristics by history
f migraine headaches were assessed by t tests or Wilcoxon
ank sum tests, where appropriate. The chi-squared statistic
as computed for categorical comparisons of baseline char-

cteristics by the presence or absence of migraine head-
ches; Fisher’s exact tests were utilized when expected cell
ounts were �5. Because of a strong relationship between
igraine headaches and age, all analyses included an ad-

ustment for age using logistic regression. Stepwise logistic
egression was used to model angiographic coronary artery
isease as a function of migraine headaches and other sig-
ificant coronary risk factors including hypertension, to-
acco use, family history of coronary artery disease, body
ass index and race. Stepwise Cox proportional hazards

egression was used to model cardiovascular outcomes as a
unction of migraine headaches and other significant cardiac
isk factors. P values �.05 were considered statistically
ignificant. All analyses were performed using the SAS 8.02
oftware (SAS Institute Inc., Cary, NC).

ESULTS
he mean age of the women was 58 years and the ma-

ority had at least one cardiac risk factor. Representation
f minorities was 18%, with 17% being African Ameri-
an. The overall prevalence of a history of migraine
eadaches was 24%. Women reporting migraines were
ounger, were less likely to be postmenopausal, and had

ower incomes compared to women without a history of m
igraines. Women with migraines were more likely to
ave a history of depression and hysterectomy than
omen without migraines (Table 1).

istory of Migraines, Coronary Risk Factors
nd Angiographic Coronary Artery Disease
ignificant differences between the 2 groups included a

ower prevalence of diabetes, dyslipidemia and the met-
bolic syndrome in women with migraine headaches.
omen reporting migraine headaches were less likely to

e on aspirin or a lipid-lowering agent when compared to
omen without migraines. With respect to global risk

actor indices, including the ARIC and ATP III global
ardiac risk scores (Table 1), women with migraines had
ower overall risk scores in comparison to women with-
ut migraine headaches.

Women reporting a history of migraine headaches had
ess severe (�70% stenosis) coronary artery disease and
ower coronary severity scores compared to women with-
ut a history of migraine headaches (Table 2).

ymptom Reporting and Prior Stress Testing
omen with a history of migraines were equally likely to

ave typical and atypical angina symptoms when com-
ared to women without a history of migraines. Meno-
ausal symptoms in peri-menopausal and postmeno-
ausal women, with and without migraine headaches,
ere also not significantly different (Table 3). A sub-
roup of patients also were evaluated with respect to
tress testing before cardiac catheterization, and women
ith a history of migraines were just as likely to have
ndergone a noninvasive stress test before angiography
s women without a history of migraines.

ardiovascular Outcomes and Death
omen with migraine headaches were not more likely to

ave a cardiovascular event compared to women without
igraines even after multivariable adjustment for signif-

cant risk factors (Table 4) between the 2 groups. Simi-
arly, a history of migraine headaches did not predict
ll-cause mortality (Table 4).

ISCUSSION
lthough previous reports have demonstrated an incon-

istent association between a history of migraine head-
ches and cardiovascular events, migraine headaches
ave not been studied with respect to angiographic cor-
nary artery disease. Our findings suggest that among
omen undergoing coronary angiography for suspected
yocardial ischemia, those with a history of migraine

eadaches have less severe coronary artery disease on
ngiography and lower coronary artery severity scores
ompared with women who did not report migraine head-
ches. This difference remained significant after adjust-

ent for age and other significant cardiac risk factors.
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673Ahmed et al Migraine Headaches and Cardiovascular Events in Women
With respect to migraine headaches and angina, sev-
ral studies, including a recent ARIC publication,14

howed a higher prevalence of Rose angina21 in patients
ith migraine headaches without an associated increased

isk for cardiovascular events. This would suggest that
omen with migraines may be more prone to non-ath-

rosclerosis-mediated chest pain symptoms. In support,
eports have shown that those who suffer from migraine
eadaches have lower overall pain thresholds compared
ith normal controls.8 However, in our study, patients

Table 1 Baseline Variables by History of Migraine Status

Variable

Demographic variables
Age (years) (� SD)
Postmenopausal (%)
Non-White race (%)
Income �35 000 (%)
Education � high school (%)
History of hysterectomy (%)
History of depression (%)

CVD risk factors
Current smoker (%)
Family history of CAD (%)
Diabetes mellitus (%)
Dyslipidemia (%)
Hypertension (%)
Obese (BMI �30) (%)
Metabolic syndrome (%)

Current medication use
Lipid lowering medication (%)
Antidepressant or other psychotropic medications (%)
Aspirin (%)
Beta-blockers (%)
ACE inhibitors (%)

Cardiac risk scores
ARIC risk score [median (IQR)]
ATP III risk score [median (IQR)]

CVD � cardiovascular disease; CAD � coronary artery disease; BMI � b
Risk Factors in Communities; ATP III � Adult Treatment Panel.

Table 2 Angiographic Coronary Artery Disease and CAD
Severity Score by History of Migraine Status

Variable

History
of
Migraines
n � 220

No History
of
Migraines
n � 685 P Value

Adjusted
P Value*

CAD �70%
stenosis (%)

13 28 �.01 .01

CAD severity
score (median)

6.25 8.88 �.01 .03

CAD � coronary artery disease.
*Adjusted for age, history of diabetes, body mass index, history of

smoking, family history of coronary artery disease, race, waist-hip

ratio, aspirin use, current smoking, and dyslipidemia.
ith a history of migraine headaches did not report more
ypical or atypical angina symptoms. It is possible that
he high percentage of patients with chest pain (94%) in
ur cohort may not have allowed us to effectively study
his association.

We also explored a variety of confounder variables
hat could potentially explain the inverse association be-
ween a history of migraine headaches and angiographic
oronary artery disease. Firstly, women with migraine
eadaches were younger and had lower global cardiac
isk scores, including ARIC and ATP scores, reflecting a
ower overall risk for coronary artery disease. However,
fter adjustment for age only, the ARIC and ATP risk

ry of Migraines
20

No History of Migraines
n � 685 P Value

11 59 � 12 �.01
78 �.01
18 .24
41 .04
82 .07
50 �.01
20 �.01

19 .07
65 .08
27 .03
57 .04
59 .53
41 .92
49 .02

33 �.01
28 �.01
62 .01
41 .06
26 .47

-8) 4.0 (2-9) �.01
-5) 3.0 (1-6) �.01

ss index; ACE � angiotensin-converting enzyme; ARIC � Atherosclerosis

Table 3 Symptom Reporting by History of Migraine Status

History
of
Migraines
n � 220

No History
of
Migraines
n � 685 P Value

Typical angina (%) 33 32 .77
Atypical angina (%) 39 38 .77
Nonanginal chest pain (%) 23 22 .89
Asymptomatic (%) 6 8 .21
Menopausal symptoms (%) 73 66 .11
Prior stress test (%) 43 47 .22
Histo
n � 2

54 �
67
21
33
77
63
37

25
71
19
49
56
42
40

17
38
53
33
24

3.0 (2
2.0 (1

ody ma
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cores did not significantly differ between the 2 groups,
nd therefore, the lack of angiographic coronary artery
isease could not be explained simply by less overall
ardiac risk in patients with migraine headaches.

Another possibility could be related to symptom re-
orting, where women with migraine headaches might
ore frequently report symptoms of chest pain and other

ymptoms, and therefore, more frequently undergo cor-
nary angiography at a relatively lower level of coronary
rtery disease risk. In our cohort, women with a history of
igraine headaches did not differ with respect to coro-

ary artery disease risk profiles after age adjustment and
ere not more likely to report chest pain or other symp-

oms (Table 3). Moreover, diagnostic evaluation leading
o coronary angiography demonstrated that both groups
ere similar in terms of noninvasive stress testing for

oronary artery disease before catheterization. The clin-
cal indication for cardiac catheterization appeared to be
imilar in the 2 groups, and we were unable to identify a
election bias.

Potential explanations for the inverse association be-
ween migraine headaches and angiographic coronary
rtery disease remain speculative. Studies have sug-
ested, and it is plausible, that women with migraine
eadaches have a vasospastic disorder mediating chest
ain symptoms.8 This could result in findings of less
ngiographic coronary artery disease in these patients.

Our current findings help provide a pathophysiologic
xplanation for results from the Women’s and Physi-
ian’s Health Studies that showed no association between
history of migraines and risk of subsequent major or

otal cardiovascular events in men or women.13 Notably,
n the Women’s and Physician’s Health Studies, there
ere fewer overall cardiovascular events and deaths in

he migraine group consistent with our findings of less
ngiographic coronary artery disease in this group. Ad-
itionally, in the recent ARIC study publication, which
valuated an association between migraine headaches,
ose angina and cardiovascular events, a modest but

Table 4 CV Outcomes by History of Migraine Status

Age

HR (95% CI) P

Death 1.05 (1.03-1.07) �
Death or MI 1.03 (1.02-1.05) �
Angina hospitalization 1.00 (0.99-1.01)
PTCA 1.02 (1.01-1.04) �
CABG 1.019 (1.00-1.04)
PTCA or CABG 1.03 (1.00-1.04) �
CV event 1.01 (1.00-1.02) �
CV death 1.00 (0.97-1.03)

MI � myocardial infarction, PTCA � percutaneous transluminal coro
*Adjusted for age, history of diabetes, body mass index, history of s

use, current smoking, dyslipidemia, and CAD severity score.
ignificant decrease in the prevalence of cardiovascular t
vents was noted in patients with headaches.14 Our cur-
ent results expand on this observation and suggest that
hese findings may be explained by lesser degree of
evere angiographic coronary artery disease in this group.

Notably, in our patient cohort, we did not observe a
ignificantly lower cardiovascular event rate despite hav-
ng less angiographic coronary artery disease and lower
verall coronary artery disease severity among the
omen with migraines. A potential explanation for this

ould include inadequate follow-up time in a group of
omen who were younger and at relatively low risk.
owever, it is also possible that women with migraine
eadaches may suffer from vascular endothelial dysfunc-
ion, which we have demonstrated in the WISE to have an
dverse impact on morbidity and mortality in women
ith chest pain in the setting of nonobstructive angio-
raphic coronary artery disease (Cardiac Syndrome X).22

IMITATIONS
he current results are limited because we did not use the
ore rigorous International Headache Society criteria23

or diagnosing migraine headaches. Many major studies
f migraine headaches have used modified International
eadache Society criteria or self-report questionnaires.
he validity of self-assessment of migraines was recently

eported in 23,564 patients where it was noted that pa-
ients who self-reported migraine were 3 times more
ikely to meet International Headache Society criteria
han those classifying their headaches as other than mi-
raines.24 Another limitation was the absence of further
lassification of migraine with or without aura. Patients
ith migraine with aura have been shown to be a group

t slightly increased risk for vascular events like ischemic
troke.25 Our study was unable to explore this associa-
ion. In addition, our study population was restricted to
elect women who were undergoing angiography for sus-
ected myocardial ischemia, limiting our ability to ex-

Migraine Headaches

Adjusted HR (95% CI)* Adjusted P Value*

0.96 (0.49-1.99) .91
1.10 (0.60-1.91) .86
1.27 (0.93-1.75) .14
0.80 (0.50-1.35) .39
0.76 (0.33-1.77) .53
0.81 (0.50-1.30) .39
1.21 (0.93-1.58) .15
1.16 (0.20-6.7) .87

gioplasty, CABG � coronary artery bypass grafting.
, family history of coronary artery disease, race, waist-hip ratio, aspirin
Value

.01

.02

.42

.01

.09

.01

.05

.87

nary an
moking
rapolate these results to the general population.



C
O
c
h
g
i
h
w
s
t
a

R

1

1

1

1

1

1

1

1

1

1

2

2

2

2

2

2
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ONCLUSION
ur results demonstrate that among women undergoing

oronary angiography for suspected myocardial ischemia, a
istory of migraine headaches is associated with less angio-
raphic coronary artery disease. Consistent with prior stud-
es, women with a history of migraine headaches did not
ave more cardiovascular events or death when compared to
omen without migraine headaches. Further prospective

tudy is needed to better understand the mechanistic rela-
ionships between chest pain symptoms, migraine head-
ches, and cardiovascular events.
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