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Migraine and cardiovascular disease

A population-based study
e L]

ABSTRACT

Objectives: Although the relationship between migraine and cardiovascular disease (CVD) has
been studied, several questions remain unanswered. Herein we contrast the rate of diagnosed
CVD as well as of risk factors for CVD in individuals with migraine with and without aura (MA and
MO) and in controls.

Methods: In this case-control study, migraineurs (n = 6,102) and controls (n = 5,24 3) were repre-
sentative of the adult US population. Headache diagnosis was formally assigned using a validated
mailed questionnaire which also obtained details on treatment, comorbidities, and other variables.
CVD events were obtained based on self-reported medical diagnosis. Risk factors for CVD and
modified Framingham scores were computed.

Results: In unadjusted analyses, migraine overall and MA were associated with myocardial infarction,
stroke, and claudication, and MO was associated with myocardial infarction and claudication. Mi-
graineurs were more likely than controls to have a medical diagnosis of diabetes (12.6% vs 9.4%,
odds ratio [OR] 1.4, 95% confidence interval [Cl] 1.2-1.6), hypertension (33.1% vs 27.5%, OR 1.4,
95% Cl 1.3-1.6), and high cholesterol (32.7% vs 25.6%, OR 1.4, 95% Cl| 1.3-1.5). Risk was high-
est in MA, but remained elevated in MO. Framingham scores were significantly higher in MO and MA
than in controls. After adjustments (gender, age, disability, treatment, CVD risk factors), migraine
remained significantly associated with myocardial infarction (OR 2.2, 95% Cl 1.7-2.8), stroke (OR
1.5,95% Cl 1.2-2.1), and claudication (OR 2.69, 95% C| 1.98-3.23).

Conclusion: Both migraine with and without aura are associated with cardiovascular disease
(CVD) and with risk factors for CVD. However, since our sample size is large, the clinical relevance
of the differences is yet to be established. Neurology® 2010;74:628-635

GLOSSARY

AMPP = American Migraine Prevalence and Prevention; Cl = confidence interval; CVD = cardiovascular disease; ETTH =
episodic tension type headache; MA = migraine with aura; MO = migraine without aura; OR = odds ratio.

The association between migraine and cardiovascular disease (CVD), including ischemic stroke and
subclinical brain lesions, is well established at least for migraine with aura (MA).!"* MA seems also to
be associated with ischemic heart disease, claudication, and cardiovascular mortality.”” Indeed, it
has been speculated that migraine may be a risk factor for atherosclerotic disease in general.!
Among the many biologically plausible mechanisms linking migraine and CVD, it has been
suggested that persons with MA have a higher prevalence of risk factors for CVD,!" as well as with
specific genotypes related to CVD.!>'4 Nonetheless, several questions remain unanswered. First, it is
not clear if both MA and MO are risk factors for CVD, or if the association is specific for MA.
Second, migraine was assessed based on self-reported medical diagnosis in most studies (although

these methods had been validated).>”
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As part of the American Migraine Preva-
lence and Prevention (AMPP) study, 120,000
US households representative of the US pop-
ulation have been followed for 5 years.!>!” Ac-
cordingly, we took advantage of the accurate
characterization of headaches in the AMPP
cohort, and resurveyed participants using the
same well-validated CVD instruments from
the Women’s Health Study,” in order to 1)
profile cardiovascular risk factors for CVD in
migraineurs and controls; 2) ascertain cardio-
vascular events in individuals with migraine vs
controls; and 3) assess the relationship of MA
and MO and CVD in both men and women

across a broad range of ages.

METHODS Study population. The AMPP is a longitudi-
nal study of headache sufferers selected from a representative
sample of the general population. The AMPP is composed of 2
major phases. In phase 1 (the screening phase) we used a vali-
dated self-administered screening questionnaire to identify a na-
tionally representative sample of severe headache sufferers.'® The
screening questionnaire was mailed in 2004 to a stratified ran-
dom sample of 120,000 US households, drawn from a 600,000-
household national panel.

In phase 2, we selected a random sample of 24,000 headache
sufferers for a 5-year follow-up study. Goals of phase 2 included
measuring migraine incidence as well as studying the prognosis
of migraine and risk factors for progression.'®

Herein, we report results of our 2008 survey. Because con-
trols had been identified in 2004 but not resurveyed since then,
we resurveyed a sample of 10,000 individuals who denied having
headaches in 2004. Those subjects who remained free of head-

aches comprise the control group.

Description of the survey. The questionnaire comprised
82 questions, assessing headache diagnosis, comorbidities,
headache-related impact, health-related quality of life, demo-
graphics, and other information of interest. The headache mod-
ule consists of 21 questions for each of up to 3 headache types,
validated in a prior study and used each year of the AMPP."
Based on the responses, MA and MO, as well as other episodic
headache disorders, were diagnosed according to the Second Edi-
tion of the International Classification of Headache.” The survey
had been previously shown to have a sensitivity of 100% and speci-
ficity of 82.3% for the diagnosis of migraine.!” As part of the survey,
individuals were asked multiple questions on disability (Migraine
Disability Assessment Questionnaire), comorbidities, and acute and
preventive treatments for migraine, as reported in detail elsewhere.!
For controls, the survey consisted of the same validated head-
ache module described above (21 questions), with demographic
characterization and assessment of their cardiovascular profile (see
below). Controls had no lifetime history of migraine, probable mi-
graine, or chronic daily headaches (we accepted lifetime history of
episodic tension type headache [ETTH]) and had experienced no
headaches in the past year (without ETTH in the past year).

Assessment of cardiovascular events. We asked about self-
reported cardiovascular events (myocardial infarction, stroke, tran-
sient ischemic attacks, coronary revascularization, claudication), as

well as a medical diagnosis of any of these medical events (e.g., Did a

doctor ever tell you that you had a heart attack?). Since results from
both forms of ascertainment were very similar, herein we elected to
report only on the most conservative survey of medical diagnosis.
For each event we asked if the subject ever had the event and then
for each event we ascertained the month and year of the event. We
followed the same language as well as the same established methods
of the Women’s Health Study” and of the Physicians’ Health
Study,® which validated this method by adjudicating CV events
through medical record review.

Assessment of cardiovascular profile. In addition to gath-
ering information on established CVD, we obtained information
on established risk factors for CVD (e.g., smoking, body mass
index, hypertension). We also assessed the cardiovascular profile
using the validated modified Framingham Risk score.” This
score is calculated based on self-report of blood pressure, choles-
terol levels, diabetes, and smoking, and does not include labora-
tory studies such as lipid profile. In the validation study, the
score demonstrated good discrimination (C statistic, 0.763
[men] and 0.793 [women]) and calibration. Specificity was
around 84% and the score correlates exceptionally well with the
traditional Framingham Risk assessment. The Framingham risk
score is well calibrated to predict absolute risk for first coronary
events in populations from the United States.” Other studies
also suggest that self-ratings of CVD risk independently predict
CVD death.?

Analyses. We contrasted control subjects with headache groups
on risk of CVD, presence of CVD risk factors, and Framingham
risk scores. For all outcomes except Framingham scores, logistic
models were employed. For Framingham scores, Gaussian linear
models were employed. For all contrasts, control subjects were
specified as the reference; thus, odds ratios (ORs) and mean dif-
ferences reported reflect the difference in odds or means between
controls and the focal headache group. These exploratory analy-
ses were stratified by gender, age, race, and body mass index.
When pertinent, we also stratified as a function of headache
disability (as measured by the MIDAS questionnaire), and by
triptan use. For a select subset of risk factors (infarct and stroke)
we augmented the stratified analyses by a series of main effect
models, adjusting for a set of covariates. Covariates employed
included CVD risk factors (diabetes, hypertension, smoking,
high cholesterol), as well as body mass index, gender, and age.

The SAS system was used for all analyses.

Standard protocol approvals, registrations, and patient
consents. The AMPP study, and all its forms, is approved by
the Albert Einstein College of Medicine Investigation Review
Board, and re-certificated by the institutional review board an-
nually. Participants are volunteers from a representative panel

who consented to participate in the research.

RESULTS We surveyed 9,107 individuals from the
migraine cohort and 10,000 potentially qualifying
controls. Complete responses were obtained for
6,102 with migraine (67%) and from 5,243 controls
(52.4% response rate). Responders and nonre-
sponders did not significantly differ by demograph-
ics. Demographics are presented in table e-1 on the
Neurology® Web site at www.neurology.org. Con-
trasted to controls, migraineurs were more likely to
be women (80.3% vs 53%, p << 0.0001) and to have
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[ Table 1 Cardiovascular events as a function of migraine type and of demographics ]

Migraine Migraine Migraine
Control, overall, with aura, without
n (%) n (%) OR?(95% Cl) n (%) OR?(95% Cl) aura,n(%) OR?(95% Cl)
Heart attack
Overall 100(1.91) 249(4.08) 2.19(1.73-2.77) 110(5.50) 2.99(2.27-3.95) 139(3.39) 1.80(1.39-2.34)
Male 61(2.47) 92(7.65) 3.27(2.35-4.55) 33(8.59) 3.71(2.39-5.74) 59(7.21) 3.06(2.12-4.42)
Female 39(1.40) 157(3.20) 2.32(1.63-3.31) 77(4.77) 3.52(2.38-5.19) 80(2.44) 1.75(1.19-2.58)
18-29y 3(0.36) 1(0.32) 0.88(0.09-8.52) 1(1.30) 3.67(0.38-35.73) 0(0.00) Not available
30-39y 3(0.28) 10(0.98) 3.55(0.98-12.95) 7(2.34) 8.59(2.21-33.42) 3(0.42) 1.50(0.30-7.46)
40-49y 6(0.45) 30(1.88) 4.25(1.76-10.25) 10(1.80) 4.07(1.47-11.25) 20(1.92) 4.35(1.74-10.87)
50-59y 24 (2.42) 96(5.05) 2.15(1.36-3.38) 51(7.76) 3.40(2.07-5.58) 45(3.62) 1.52(0.92-2.51)
60-69y 64 (6.46) 112(8.84) 1.40(1.02-1.93) 41(10.02) 1.61(1.07-2.43) 71(8.28) 1.31(0.92-1.86)
White 85(1.94) 214(3.96) 2.09(1.62-2.69) 88(5.07) 2.70(1.99-3.66) 126 (3.44) 1.80(1.36-2.38)
Black 12(1.97) 13(3.44) 1.77(0.80-3.93) 7(4.90) 2.56(0.99-6.62) 6(2.55) 1.30(0.48-3.51)
Other race 3(1.20) 22(6.79) 5.97(1.77-20.19) 15(12.61) 11.83(3.35-41.72) 7(3.41) 2.90(0.74-11.36)
Stroke
Overall 66(1.26) 123(2.02) 1.61(1.19-2.18) 77(3.85) 3.14(2.25-4.38) 46(1.12) 0.89(0.61-1.30)
Male 27(1.10) 25(2.08) 1.92(1.11-3.32) 16(4.17) 3.93(2.10-7.36) 9(1.10) 1.00(0.47-2.14)
Female 39(1.40) 98(2.00) 1.43(0.99-2.08) 61(3.78) 2.76(1.84-4.14) 37(1.13) 0.80(0.51-1.26)
18-29y 6(0.71) 2(0.63) 0.88(0.18-4.40) 1(1.30) 1.83(0.22-15.39) 1(0.42) 0.58(0.07-4.85)
30-39y 5(0.46) 8(0.79) 1.70(0.55-5.21) 5(1.67) 3.65(1.05-12.69) 3(0.42) 0.90(0.21-3.77)
40-49y 11(0.82) 19(1.19) 1.45(0.69-3.06) 13(2.33) 2.89(1.29-6.49) 6(0.58) 0.70(0.26-1.90)
50-59y 10(1.01) 49(2.58) 2.60(1.31-5.16) 33(5.02) 5.20(2.54-10.62) 16(1.29) 1.28(0.58-2.84)
60-69y 34(3.43) 45(3.55) 1.04(0.66-1.63) 25(6.11) 1.83(1.08-3.11) 20(2.33) 0.67(0.38-1.18)
White 43(0.98) 101(1.87) 1.92(1.34-2.76) 62(3.57) 3.74(2.52-5.54) 39(1.06) 1.09(0.70-1.68)
Black 19(3.12) 10(2.65) 0.84(0.39-1.83) 6(4.20) 1.36(0.53-3.47) 4(1.70) 0.54(0.18-1.60)
Other race 4(1.61) 12(3.70) 2.36(0.75-7.39) 9(7.56) 5.01(1.51-16.62) 3(1.46) 0.91(0.20-4.11)
Claudication
Overall 48(0.92) 157(2.57) 2.86(2.06-3.96) 83(4.15) 4.69(3.27-6.72) 74(1.80) 1.99(1.38-2.87)
Male 19(0.77) 38(3.16) 4.20(2.41-7.32) 17(4.43) 5.96(3.07-11.58) 21(2.57) 3.39(1.81-6.34)
Female 29(1.04) 119(2.43) 2.36(1.57-3.55) 66 (4.09) 4.04(2.60-6.28) 53(1.61) 1.55(0.99-2.45)
18-29y 1(0.12) 1(0.32) 0.66(0.17-42.58) 0(0.00) Not available 1(0.42) 3.51(0.22-56.33)
30-39y 2(0.19) 11(1.08) 5.88(1.30-26.58) 4(1.34) 7.29(1.33-40.02) 7(0.97) 5.29(1.10-25.53)
40-49y 6(0.45) 21(1.31) 2.96(1.19-7.35) 14(2.51) 5.74(2.19-15.01) 7(0.67) 1.50(0.50-4.49)
50-59y 10(1.01) 64(3.37) 3.43(1.75-6.70) 38(5.78) 6.03(2.99-12.20) 26(2.09) 2.10(1.01-4.38)
60-69y 29(2.93) 60(4.74) 1.65(1.05-2.59) 27(6.60) 2.34(1.37-4.01) 33(3.85) 1.33(0.80-2.20)
White 33(0.75) 128(2.37) 3.20(2.18-4.70) 67(3.86) 5.29(3.47-8.06) 61(1.67) 2.23(1.46-3.42)
Black 14(2.30) 17(4.50) 2.00(0.97-4.11) 9(6.29) 2.85(1.21-6.73) 8(3.40) 1.50(0.62-3.62)

Other race 1(0.40) 12(3.70) 9.54(1.23-73.86)

Abbreviations: Cl = confidence interval; OR = odds ratio.
2 All ORs are vs control.

lower income (p < 0.001). Controls were younger
(median age = 20.4 vs 24.0) (p < 0.01).

Cardiovascular events: Univariate associations. Table
1 displays the rates of which migraineurs and con-
trols had a medical diagnosis of cardiovascular
events. For migraine overall and for MA, rates were
higher for heart attack, stroke, and claudication. For
MO, rates were higher for heart attack and claudica-
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7(5.88) 15.50(1.88-127.48) 5(2.44) 6.20(0.72-53.50)

tion, but not for stroke. Rates were higher in MA
than in MO.

For myocardial infarction, overall migraine was
associated with significantly increased risk relative to
controls for all ages older than 39 years. Myocardial
infarction occurred in 1.9% of controls and 4.1% of
migraineurs (OR 2.2, 95% confidence interval [CI]
1.7-2.7). ORs were higher for both 30-39 years and

Copyright © by AAN Enterprises, Inc. Unauthorized reproduction of this article is prohibited.



40—49 years (3.5 and 4.2) age groups and decreased
(although remaining significantly elevated) thereaf-
ter. Rates were significantly increased in men (OR
3.3,95% CI 2.4—4.6) and women (OR 2.3, 95% CI
1.6-3.3). Rates were significantly increased in white
subjects (OR 2.1, 95% CI 1.6-2.7) and nonsignifi-
cantly increased in black subjects. Ratios were further
increased in MA relative to controls: men = 3.7
(2.4-5.7); women = 3.5 (2.4-5.2). Risk was highest
in those 30-39 years (OR 8.6, 95% CI 2.2-33.4)
and 40—49 years (OR 4.1, 95% CI 1.5-11.2). Risk
was also elevated in MO relative to controls: overall
(OR 1.8, 95% CI 1.4-2.3) and in men (OR 3.1,
95% CI 2.1-4.4) and women (OR 1.7, 95% CI
1.2-2.6). Highest risk was in women and in those
aged 40—49 years (OR 4.4, 95% CI 1.7-10.9).

[ Figure 1 Cardiovascular events and migraine ]
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Odds ratios of reporting any cardiovascular event in individuals with migraine with aura (A)
and migraine without aura (B). Bars represent the odds ratios and whiskers represent the

confidence intervals.

Stroke occurred in 1.2% of the controls and 2.1%
of the migraineurs (OR 1.61, 95% CI 1.2-2.2).
Rates were 3.9% in MA (OR 3.1, 95% CI 2.2—4.4)
and 1.12% of MO (OR 0.9, 95% CI 0.6-1.3). MA
rates were elevated for both genders and all ages older
than 30. For MO, risk was not significantly different
(for either gender or any age group). However, num-
bers of events were small, making comparisons in
some of these subgroups difficult.

Finally, for claudication, risk was increased in mi-
graine overall (2.57% vs 0.9%, OR 2.9, 95% CI
2.1-3.9) and in both migraine subtypes. In MA, risk
was significantly increased in both genders, races,
and all ages older than 30. For MO, risk was signifi-
cantly elevated in men and in white subjects, and
tended to be significant in other categories (table 1).

Figure 1 displays the odds of reporting any of the
possible cardiovascular events captured in our study,
in MA and MO, relative to controls. As displayed,
the magnitude of the association is higher for MA,
but also significant for MO for men and white sub-
jects, although not for the other categories.

Risk factors for cardiovascular disease. Table e-2 con-
trasts the rates of known cardiovascular risk factors as
a function of migraine status, stratified by demo-
graphics. Overall, migraineurs were more likely than
controls to have a medical diagnosis of diabetes
(12.6% vs 9.4%, OR 1.4, 95% CI 1.2-1.6), hyper-
tension (33.1% vs 27.5%, OR 1.4, 95% CI 1.3—
1.6), and high cholesterol (32.7% vs 25.6%, OR 1.4,
95% CI 1.3-1.5). Although they were significantly
more likely to smoke, differences are small, and the
significance likely reflects our large sample size.

MA was significantly associated with all risk fac-
tors. MO was significantly associated with diabetes,
hypertension, and high cholesterol, but not with
smoking. Although the magnitude of the association
was higher for MA than for MO (table e-2), the dif-
ferences were not as broad as seen for CVD, as de-
tailed in table 1.

Figure 2 displays the odds of reporting at least 2
of the 4 assessed risk factors, in MA and MO, relative
to controls. Both individuals with MA and MO were
significantly more likely to have more than one car-
diovascular risk factor, relative to controls, for most

demographic categories.

Assessment of cardiovascular risk: Framingham scores.
Figure 3 displays the Framingham scores for mi-
graine overall, MA, and MO, as well as by gender
and age. Overall, risk scores were significantly higher
for all migraineurs (mean 10.7, SD 5.4), MA (11.0,
5.4), and MO (10.6, 5.4) as compared to controls
(8.5, 6.1) (p < 0.001 for all comparisons with con-
trols). Scores were significantly higher in migraineurs
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[ Figure 2 Cardiovascular risk and migraine ]
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whiskers represent the confidence intervals.

632

of both genders (overall and for MO and MA).
Scores were numerically higher for all age groups
younger than 70 years. Scores were significantly
higher for migraineurs in all age ranges from 30 to 59

years.

Multivariate analyses. Because migraine was associ-
ated with both CVD and risk factors for CVD, and
since some medications used to treat migraine are
vasoconstrictive, in our multivariate models we tested
main effects after adjusting for gender, age, disability,
and triptan use, as well as for the CVD risk factors as-
sessed in our study (diabetes, hypertension, smoking,
and high cholesterol). Overall migraine remained sig-
nificantly associated with myocardial infarction (OR
2.2, 95% CI 1.7-2.8), stroke (OR 1.5, 95% CI 1.2—
2.1), and claudication (OR 2.69, 95% CI 1.98-3.23).
MA was significantly associated with the 3 outcomes.

Neurology 74 February 23, 2010

MO remained associated with myocardial infarct and

claudication but not stroke (table 2).

DISCUSSION The association between migraine
and cardiovascular events has been explored in sev-
eral studies. For TIA, ischemic stroke, and subclini-
cal lesions in the brain, the association with MA has
been demonstrated in case-control and cross-

sectional studies, summarized in meta-analyses,?’

and demonstrated in large longitudinal studies.>%28

Due to the association between migraine (mostly
MA) and ischemic stroke, it is of interest whether mi-
graine is similarly associated with coronary heart disease
as well. Although some studies yielded negative re-
sults,? case reports® and cohort studies” found an asso-
ciation between migraine and chest pain, and with
ischemic electrocardiographic changes.?' Furthermore,
3 recent population studies supported the relationship
between MA and coronary disease.>” Finally, subclini-
cal markers of vascular disease have also been suggested
to be altered in patients with migraine.’

Some of our findings confirm the results of prior
population studies, while some of them add informa-
tion to what has been largely seen as controversial.
Among the confirmatory components, we found that
MA is a risk factor for not only stroke, but also for
heart attack and claudication, as well as for CVD risk
factors (especially diabetes, hypertension, and high
cholesterol). Our study clearly suggests that MO is
also associated with heart attack (but not stroke), and
with risk factors for cardiovascular events. For estab-
lished events, the magnitude of risk was inferior to
MA, but existent. For risk factors for cardiovascular
events, the difference between MO and MA was
smaller. Individuals with MO, as individuals with
MA, had elevated cardiovascular risk, as assessed by
the modified Framingham score, when compared to
controls.

The mechanisms that link migraine to ischemic
vascular disease remain unclear and are likely to be
complex, and the topic was reviewed elsewhere.>* For
example, cortical spreading depression, the presumed
substrate of aura, may directly predispose to brain
lesions, and that would explain why MA is consis-
tently demonstrated as a risk factor for cerebral isch-
emia. For heart attack and claudication, other factors
should play a role (e.g., migraine being associated
with overall atherosclerosis,'® or being comorbid
with risk factors for CVD!). Understanding the
causal nature and the pathophysiology of the associa-
tion is fundamental. Nonetheless, although our
knowledge of the mechanisms of the association is
limited, when put in the context of the available evi-
dence, our findings suggest that a change in the con-
ceptual paradigm of migraine may be of importance.
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[ Figure 3 Framingham scores
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Mean Framingham scores of participants as a function of their headache status and of demographics. Stratification is by

age inyears.

It had been suggested that only patients with MA
were at increased risk for CVD and therefore, the
vast majority of patients (especially those with MO)
should be reassured.’> We agree that most mi-
graineurs (with or without aura) should be reassured.
Nonetheless, the risk is existent. Future studies
should focus on defining migraineurs at especially
higher risk. Examples include assessing the impor-
tance of headache frequency and severity, frequency
of auras, as well as the cumulative importance of
multiple risk factors and the relative risk of migraine
vs other risk factors. Second, it is important to assess
how migraine treatment modifies the risk. For exam-
ple, if frequency of auras and of headaches increases
the risk of CVD, migraine prophylaxis should be as-
sociated with a decreased risk. Alternatively, the rele-
vance of acute treatment in either reducing or
increasing the risk should be estimated, especially
considering that some antiinflammatory medications

are associated with increased cardiovascular risk,**
and that compounds with ergotamine are vasocon-
strictive.® Furthermore, the importance of cardio-
protective medications in the context of migraine
treatment should be assessed.?® Finally, based on the
findings, clinicians should have heightened vigilance
for modifiable cardiovascular risk factors in mi-
graineurs, such as obesity, hypertension, hyperlipid-
emia, and diabetes. Furthermore, components of the
metabolic syndrome are comorbid with migraine.?”
Our study has limitations. First, headache diag-
noses were based on questionnaires and not on
in-person clinical assessment. Though our question-
naires were well-validated and have great sensitivity
and specificity,®® some degree of diagnostic error is
likely. However, these errors would unlikely account
for our strikingly positive findings. Second, assess-
ment of cardiovascular events and risk factors were
also based on self-report of medical diagnosis. Again,
these methods have been validated through adjudica-

; H 3,22 _
Table 2 Main effect of migraine and of migraine subtypes in CVD outcomes tion of events and are w1dely accep ted.*?* Nonethe

after adjustments? less, as a preparation for future steps of our study, we

are also conducting adjudication of cardiovascular

Migraine vs control, MA vs control, MO vs control,

events, in order to revalidate the method. While this

CVD outcome OR (95% CI) OR (95% CI) OR (95% CI)

Myocardial 2.16 (1.70-2.76) 2.86 (2.14-3.82) 1.85(1.41-2.42) step is not finished, caution is suggested. In addition,
infarction many factors that could add to the risk of CVD were
Stroke 1.54 (1.16-2.05) 2.78(2.02-3.84) 0.97 (0.69-1.36) not collected, mostly due to limitations in the length
Claudication 2.69(1.98-3.23) 4.61(3.10-6.12) 3.11(1.75-6.23) of the questionnaire survey. Most notably, we have

not modeled the influence of using contraceptive
Abbreviations: Cl = confidence interval; CVD = cardiovascular disease; MA = migraine with & p

aura; MO = migraine without aura; OR = odds ratio.
2See Methods for adjustments and list of covariates.

pills or hormone replacement therapy in our find-
ings. Nonetheless, since our results remained strik-
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ingly positive for men, and unless a differential use of
contraceptive medications or hormone replacement
therapy between migraineurs and controls exists, the
potential for bias should not be high. Also, some of
the comparisons made, particularly the subgroup
comparisons, involved a small number of events and
therefore some findings for these subgroup analyses
may not be reliable. Furthermore, since our sample
size is large, some of the statistically significant differ-
ences may not be clinically relevant. Finally, we ac-
knowledge the limitation that individuals with risk
factors for CVD may visit a physician more fre-
quently than those without, with a correspondent
higher chance of being diagnosed with migraine.

Strengths of our study include the meticulous as-
sessment of headache features, the use of very well-
validated instruments, the good characterization of
the cohort, the confidence about lack of headaches in
controls (since they were surveyed twice: in 2004 and
again for this study), and the robustness of our sam-
ple size.

Both MA and MO are associated with CVD and
with risk factors for CVD. Providers should be aware of
this association in order to propetly identify individuals
at particularly high risk, as well as in order to plan treat-
ment that targets not only migraine, but the complica-

tions potentially associated with migraine.
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