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Abstract
Background and Objectives
Migraine has consistently been associated with an increased risk of cardiovascular disease
(CVD) events. It remains, however, unclear to what extent cardiovascular risk profiles might be
linked with migraine activity status and how these profiles relate to the development of
migraine.

Methods
We used data from a cohort study of female health professionals (Women’s Health Study, n =
27,539, age ≥45 years at baseline) without a history of CVD or other major diseases and who
provided a blood sample at baseline. Framingham risk scores (FRSs) estimating the 10-year risk
of coronary heart disease calculated at baseline were used to create vascular risk categories. The
presence or development of self-reported migraine was assessed by questionnaires. Women
were classified as having no migraine, history of migraine (experienced migraine in the past but
did not experience any migraine attacks in the year before enrollment), active migraine at
baseline (active), or incident migraine (first report of migraine during follow-up but not at
baseline). We used multinomial logistic regression models to calculate ORs for the association
between FRS categories and migraine status.

Results
Of the 27,539 participants, a total of 21,927 women did not report migraine, 1,500 women
reported a history of migraine, 3,579 had migraine at baseline, and 533 reported migraine for
the first time during follow-up. The odds of the probability of having a history of migraine at
baseline (vs never migraine) was 76% higher among those with FRS ≥10% compared with FRS
≤1% after adjustment (OR = 1.76, 95% CI 1.39–2.23). In contrast, having FRS ≥10% was
associated with reduced odds of having active migraine at baseline (OR = 0.64, 95% CI
0.52–0.80) and with newly reported migraine during follow-up (OR = 0.42, 95% CI 0.22–0.81)
when compared with women with FRS category ≤1% and those not reporting migraine. A
similar association pattern was observed for FRS categories 5%–9% and 2%–4%.

Discussion
High FRS categories were only observed among women with a history of migraine but not with
active migraine at baseline or incident migraine after baseline. Our results suggest that the life
course of migraine should be considered when studying associations with the vascular system.
Our data further suggest that a relatively healthy vascular system, as assessed by the FRS, is
associated with active migraine status or developing migraine in the future.
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Go to Neurology.org/N for full disclosures. Funding information and disclosures deemed relevant by the authors, if any, are provided at the end of the article.

e1694 Copyright © 2022 American Academy of Neurology

Copyright © 2022 American Academy of Neurology. Unauthorized reproduction of this article is prohibited.

http://dx.doi.org/10.1212/WNL.0000000000201009
mailto:tobias.kurth@charite.de
https://n.neurology.org/lookup/doi/10.1212/WNL.0000000000201009


Migraine is a chronic-intermittent primary headache disorder
that affects about one-sixth of the adult population, particu-
larly females, and is not only associated with a substantial
burden for the individual migraine patients but for society as a
whole.1,2 Several aspects of the pathomechanisms of migraine
directly or indirectly involve the vascular system,3 and
migraine-specific medications may affect vasomotor tone, ei-
ther directly by inducing vasoconstriction4 or indirectly by
affecting vasodilation.5,6

Migraine has been linked with an increased risk of cardio-
vascular disease (CVD) in numerous studies7-10 and, as such,
was included among the risk factors for CVD in guidelines
from the European Society for Cardiology11 and in a recently
developed cardiovascular risk score.12 There appears to be a
paradoxical interrelationship between migraine, the presence
of specific vascular risk factors, and CVD. For instance, the
association between prevalent migraine and ischemic stroke is
more pronounced among individuals with lower vascular
risk,13,14 whereas the risk for myocardial infarction is only
apparent among those with higher vascular risk, as measured
by the Framingham Risk Score (FRS).13

Whereas some studies reported increased carotid intima-
media wall thickness in people with migraine that are sug-
gestive of subclinical atherosclerosis,15-17 other studies did not
confirm such findings18 and provided evidence that having
active migraine is an indicator of an arterial system that is less
affected by atherosclerotic changes.19,20 Moreover, genetic
studies have suggested protective associations of migraine
with coronary artery disease.21-23 Thus, we hypothesized that
vascular risk profile, in terms of traditional atherosclerotic risk
factors as captured by the FRS, would be differentially asso-
ciated with migraine status (having a history of migraine but
not active migraine anymore, having active migraine, or first
reporting new, incident migraine during follow-up). We
evaluated these hypotheses in the Women’s Health Study, for
which information on the FRS and migraine status were
available at baseline, and the included women reported in-
cident migraine during follow-up.

Methods
Study Population
The Women’s Health Study started as a randomized con-
trolled trial that aimed to test the benefits of low-dose aspirin
and vitamin E in the primary prevention of CVD and cancer.
The detailed design and main findings of this study have been
previously published.24,25 Briefly, US female health profes-
sionals (n = 39,876, age ≥45 years) without a history of CVD,
cancer, or any other major disease were enrolled from 1992

until 1995. After the trial concluded in 2004, the study con-
tinued as an observational cohort. Baseline information on
vascular risk factors and lifestyle variables was self-reported
and collected by amailed questionnaire. Twice in the first year
and yearly thereafter, participants were sent follow-up ques-
tionnaires to gather additional information about study out-
comes, participant characteristics, medical history, and health
habits. To date, follow-up is 98% complete. Written informed
consent was obtained from all participants, and the Women’s
Health Study was approved by the Institutional Review Board
at Brigham andWomen’s Hospital, Boston, MA (clinicaltrials.
gov identifier: NCT00000479).

Before randomization, blood samples from 28,345 partici-
pating women were collected in tubes containing EDTA and
stored in vapor-phase liquid nitrogen (−170°C). Samples
were analyzed for lipids and inflammatory biomarkers. Total
cholesterol, high-density lipoprotein cholesterol, and low-
density lipoprotein cholesterol were assayed with reagents
from Roche Diagnostics (Basel, Switzerland) and Genzyme
(Cambridge, MA). Viable cholesterol measurements, neces-
sary to calculate the FRS, were available for 27,939 of the
stored blood samples.

Inclusion and Exclusion Criteria
Of the 27,939 women with available cholesterol measure-
ments, we excluded 79 with missing migraine status in-
formation at baseline and 321 missing other information
needed to calculate the FRS, resulting in a study population of
27,539 women for the present investigation.

Framingham Risk Score
To evaluate the exposure variable, vascular risk score status at
baseline, we used the FRS, which is a sex-stratified assessment
tool used to predict the 10-year risk of coronary heart dis-
ease.26 This score assigns points based on age, total choles-
terol, high-density lipoprotein cholesterol, smoking, and
systolic blood pressure (stratified by antihypertensive treat-
ment). Similar to previously published work from the
Women’s Health Study, we created 4 groups based on 10-year
predicted risk of coronary heart disease as a proxy for vascular
risk according to the summed points of the individual com-
ponents of the risk score as follows: ≤1% (corresponding to
≤12 points), 2%–4% (13–16 points), 5%–9% (17–19 points),
and ≥10% (≥20 points).13

Migraine Assessment
On the baseline questionnaire, participating womenwere asked
2 questions relevant for the classification of migraine: (1)
“Have you ever had migraine headaches?” and (2) “In the past
year, have you had migraine headaches?” Subsequently, the
participants were categorized as having no migraine, history of

Glossary
CVD = cardiovascular disease; FRS = Framingham Risk Score; CGRP = calcitonin gene-related peptide.
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migraine (women who self-reported having migraine in the
past but reported having no migraine in the year before study
enrollment), and active migraine at baseline (women who self-
reported migraine in the year before study enrollment). On
each of the follow-up questionnaires, the participants were
asked: “Have you had newly diagnosed migraine headaches
since you last returned a questionnaire?” From these follow-up

responses, we categorized participants as having incident mi-
graine when the women did not report any migraine on the
baseline questionnaire and only reported migraine during the
follow-up. Because an individual’s FRS status may change over
the period of several years, we only included reports of incident
migraine from the first 5 annual follow-up questionnaires in
this analysis. Previously, we found good agreement between

Table 1 Baseline Characteristics According to Framingham Risk Score Categories in the Women’s Health Study
(n = 27,539)

FRS ≤1% (n = 14,865) FRS 2%–4% (n = 8,406) FRS 5%–9% (n = 3,173) FRS ≥10% (n = 1,095)

Age, mean (SD), cont. 51.3 (4.3) 57.3 (6.5) 61.0 (8.0) 63.0 (10.1)

Systolic blood pressure, mean (SD), mm Hg 117.8 (10.2) 127.3 (12.8) 135.2 (13.9) 142.8 (13.3)

Body mass index, mean (SD), kg/m2 25.0 (4.5) 26.8 (5.2) 27.4 (5.3) 28.0 (5.0)

Total cholesterol, mean (SD), mmol/L 196.5 (34.2) 225.1 (42.0) 235.9 (42.0) 246.6 (44.7)

HDL cholesterol, mean (SD), mmol/L 56.5 (14.7) 52.4 (15.1) 47.8 (13.7) 43.6 (12.1)

Smoking, n (%)

Never 8,595 (57.8) 4,059 (48.3) 1,212 (38.2) 362 (33.1)

Past 6,021 (40.5) 2,916 (34.7) 949 (29.9) 219 (20.0)

Current 249 (1.7) 1,431 (17.0) 1,012 (31.9) 514 (46.9)

Hypertensive treatment, n (%) 489 (3.3) 1,384 (16.5) 1,152 (36.4) 690 (63.1)

Vigorous physical activity, n (%)

Rarely/never 4,784 (32.2) 3,435 (40.9) 1,484 (46.8) 557 (50.9)

<1 time per wk 2,945 (19.8) 1,655 (19.7) 588 (18.6) 195 (17.8)

1–3 times per wk 5,178 (34.8) 2,508 (29.8) 814 (25.7) 261 (23.8)

≥4 times per wk 1,955 (13.2) 806 (9.6) 283 (8.9) 82 (7.5)

Alcohol consumption, n (%)

Rarely/never 6,060 (40.8) 3,920 (46.7) 1,607 (50.7) 580 (53.0)

1–3 drinks per mo 1,986 (13.4) 1,110 (13.2) 412 (13.0) 151 (13.8)

1–6 drinks per wk 5,321 (35.8) 2,490 (29.6) 810 (25.5) 242 (22.1)

≥1 drink per d 1,497 (10.1) 881 (10.5) 344 (10.8) 122 (11.1)

Postmenopausal hormone use, n (%)

Never 7,764 (52.4) 3,482 (41.5) 1,484 (46.9) 558 (51.0)

Past 772 (5.2) 930 (11.1) 504 (15.9) 230 (21.0)

Current 6,296 (42.4) 3,980 (47.4) 1,179 (37.2) 307 (28.0)

Ever used oral contraceptives, n (%) 11,779 (79.3) 5,278 (62.9) 1,596 (50.4) 482 (44.1)

Migraine status, n (%)

Never 11,635 (78.3) 6,794 (80.8) 2,603 (82.0) 895 (81.7)

History at baseline 691 (4.7) 499 (5.9) 218 (6.9) 92 (8.4)

At baseline 2,173 (14.6) 989 (11.8) 319 (10.1) 98 (9.0)

Incident 366 (2.5) 124 (1.5) 33 (1.0) 10 (0.9)

Abbreviation: FRS = Framingham Risk Score; HDL = High-density lipoprotein.
Values may not add up to 100% due to rounding and missing values .
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self-reportedmigraine at baseline in theWomen’s Health Study
and self-reported symptoms of the International Classification
of Headache Disorders II criteria.27

Statistical Analysis
We report the computed means and SDs of continuous var-
iables and the frequencies and percentages of categorical
baseline characteristics according to the participants’ FRS
categories. To quantify the associations between the FRS
categories (≤1%, 2%–4%, 5%–9%, and ≥10%) and migraine
status (no migraine, history of migraine, active migraine at
baseline, and incident migraine), we used multinomial logistic
regression models to estimate ORs and corresponding 95%
CIs. Multinomial logistic regression is an extension of binary
logistic regression, in which the dependent variable (migraine
status) is allowed to havemore than 2 categories. The status of
never reporting migraine was used as the reference category
for the outcome. We report the odds of the probability of the
outcome among women belonging to each of the higher FRS
categories relative to the group in the lowest FRS category
(≤1%) computed from the baseline measurements.

We present results from both crude and multivariable-
adjusted models. In the multivariable model, we adjusted for
baseline variables including body mass index (weight in kg
divided by height in meters squared, continuous), diabetes
(yes/no), alcohol consumption (rarely/never, 1–3 drinks per
month, 1–6 drinks per week, or ≥1 drink per day), vigorous
physical activity (rarely/never, <1/wk, 1–3 times per week, or
≥4 times per week), ever use of oral contraceptives (yes/no),
use of postmenopausal hormones (never, past, or current),

and family history of prematuremyocardial infarction (younger
than 60 years) (yes/no). Less than 1.7% of the study pop-
ulation had missing information for these covariates. Those
missing information on the covariates were assigned to the
most common category or to the mean value for the cohort in
the case of body mass index. We did not adjust for age, total
cholesterol, high-density lipoprotein cholesterol, smoking,
systolic blood pressure, and antihypertensive medication use
because these factors are used to compute the FRS and, as such,
are components of our operationalization of vascular risk status.

In 2 sensitivity analyses, we further evaluated the association
between the FRS categories and newly reportedmigraine during
follow-up using a Cox proportional hazards regression model,
adjusting for the same set of covariatesas in the multivariable
multinomial model. We also additionally adjusted the multino-
mial logistic regressionmodel for age in categories(<55 years, 55
to <65 years, 65 to <75 years, and ≥75 years) to account for the
strong influence of age in determining the FRS categories.

All statistical analyses were performed using SAS 9.4 (SAS
Institute Inc, Cary, NC). For the Figure, we used the ggplot2
package in R/R Studio (RStudio 2022.02.1 Build 461,
R version 4.1.3).

Data Availability
The data analyzed in this study are not publicly available
because of restricted access regulated by original partici-
pant consent; however, further information about the data
set is available from the corresponding author upon rea-
sonable request.

Figure Adjusted ORs and 95% CIs of the Association Between Framingham Risk Score Categories and Migraine Groups

ORs are adjusted for body mass index, diabetes, alcohol con-
sumption, physical activity, oral contraceptive use, postmenopausal
hormone use, and family history of premature myocardial in-
farction <age 60 years. Reference groups are Framingham Risk
Score category ≤1% and never reportingmigraine (not shown in the
Figure).
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Results
Of the 27,539 participants in our study, 14,865 had an FRS
category ≤1%, 8,406 of 2%–4%, 3,173 of 5%–9%, and 1,095 of
≥10% (Table 1). As expected, age, mean systolic blood
pressure, body mass index, cholesterol values, and current
smoking increased across the FRS categories, whereas reports
of ever using oral contraceptives decreased (Table 1). A total
of 1,500 (5.5%) women reported a history of migraine, 3,579
(13.0%) reported having active migraine at baseline, and 533
(1.9%) newly reported migraine during the first 5 years of
follow-up. Across all FRS categories, compared with women
without migraine and having an FRS category of ≤1%, women
with a history of migraine were more likely to be in the cat-
egories of the FRS category of 2%–4%, 5%–9%, and ≥10%
(Figure, Table 2).

The odds of the probability of having a history of migraine at
baseline (vs never migraine) were 76% higher among those
with FRS ≥10% compared with FRS ≤1% after adjustment in
the multinomial logistic regressionmodel (OR = 1.76, 95%CI
1.39–2.23) (Figure and Table 2). In contrast, having FRS
≥10% was inversely associated with (active) migraine at
baseline after adjustment (OR = 0.64, 95% CI 0.52–0.80) and
with newly reported migraine during follow-up (OR = 0.42,
95% CI 0.22–0.81) when compared with women with FRS
category ≤1% and those not reporting migraine (Figure and
Table 2). Compared with women with FRS category ≤1% and
never reporting migraine, women who reported incident
migraine had adjusted OR (95% CI) of 0.61 (0.49–0.75) for
FRS category 2%–4%, 0.46 (0.32–0.66) for FRS category
5%–9%, and 0.42 (0.22–0.81) for FRS category ≥10%.

In a sensitivity analysis using Cox proportional hazards models
to estimate the association between FRS categories and in-
cident migraine accounting for the time to the event, we found
very similar estimates as those obtained from the multinomial
logistic regression models. Compared with women with FRS
category of ≤1% and after adjustment for all covariates as in the
multivariable multinomial model, the hazard ratios (95% CI)
for incident migraine were 0.62 (0.50–0.77) for FRS category
2%–4%, 0.47 (0.33–0.68) for FRS category 5%–9%, and 0.43
(0.23–0.82) for FRS category ≥10%.

In a further sensitivity analysis, we additionally adjusted the
multivariable multinomial logistic regression model for age
categories. The estimates were largely comparable when ad-
ditionally adjusting for age, which is one of the variables used to
calculate the FRS (eTable, links.lww.com/WNL/C240). The
ORs for women with migraine at baseline and women with
incident migraine were attenuated after age category adjust-
ment (eTable, links.lww.com/WNL/C240).

Discussion
In this cohort of apparently healthy women aged ≥45 years at
inclusion, those having estimated 10-year risks of coronary
heart disease at baseline according to the FRS of 2%–4%,
5%–9%, and ≥10% were less likely to report (active) migraine
at baseline or newly report migraine during the 5-year follow-
up period compared with those in the FRS category of≤1% and
with those never reportingmigraine during the study period. In
contrast, women in the highest 3 FRS categories were more
likely to report having a history of migraine before baseline.

Table 2 Crude and Adjusteda ORs for Migraine Status According to Framingham Risk Score Categories in the Women’s
Health Study (n = 27,539)

Never migraine
(n = 21,927)

History of migraine at
baseline (n = 1,500)

Migraine at baseline
(n = 3,579)

Incident migraine after baseline
(n = 533)

n % n % OR (95% CI) n % OR (95% CI) n % OR (95% CI)

Crude

FRS ≤1% 11,635 53.1 691 46.1 1.00 (ref) 2,173 60.7 1.00 (ref) 366 68.7 1.00 (ref)

FRS 2%–4% 6,794 31.0 499 33.3 1.24 (1.10–1.39) 989 27.6 0.78 (0.72–0.85) 124 23.3 0.58 (0.47–0.71)

FRS 5%–9% 2,603 11.9 218 14.5 1.41 (1.20–1.65) 319 8.9 0.66 (0.58–0.74) 33 6.2 0.40 (0.28–0.58)

FRS ≥10% 895 4.1 92 6.1 1.73 (1.38–2.17) 98 2.7 0.59 (0.47–0.73) 10 1.9 0.36 (0.19–0.67)

Adjusteda

FRS ≤1% 11,635 53.1 691 46.1 1.00 (ref) 2,173 60.7 1.00 (ref) 366 68.7 1.00 (ref)

FRS 2%–4% 6,794 31.0 499 33.3 1.23 (1.09–1.39) 989 27.6 0.78 (0.72–0.85) 124 23.3 0.61 (0.49–0.75)

FRS 5%–9% 2,603 11.9 218 14.5 1.42 (1.21–1.68) 319 8.9 0.69 (0.61–0.79) 33 6.2 0.46 (0.32–0.66)

FRS ≥10% 895 4.1 92 6.1 1.76 (1.39–2.23) 98 2.7 0.64 (0.52–0.80) 10 1.9 0.42 (0.22–0.81)

Abbreviation: FRS = Framingham Risk Score.
a Adjusted for bodymass index, diabetes, alcohol consumption, physical activity, oral contraceptive use, postmenopausal hormone use, and family history of
premature myocardial infarction <age 60 years. Reference groups are FRS category ≤1% and never reporting migraine.
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Prior studies on the relationship between vascular risk, as
operationalized by the FRS or by one of its vascular risk factor
components, and migraine status have shown conflicting re-
sults. Although some studies reported increased FRS among
those with migraine,28,29 another study reported a decreased
risk in the hypertension component of the FRS among those
with migraine compared with those without migraine.30 Yet
other studies reported increased risk of developing hyperten-
sion among women with migraine.31,32 Comparing prior
studies to the current analysis may be challenging due to dif-
ferences in the target populations, including differences in sex
of the included individuals (our study only included women),
data ascertainment, and different definitions of migraine status.

Although we cannot rule out that the observed associations be-
tween the FRS categories and migraine are mainly driven by the
influence of age on migraine activity status, we discuss 2 potential
explanations for the observed associations. First, in line with the
classical vascular hypothesis of migraine,33 it could be argued that
among women with higher vascular risk according to the FRS at
baseline who also had a history of migraine, vessel stiffness likely
occurred,34 which in turn prohibited vasodilation of the dural
arteries and subsequent headache development during a migraine
attack. We acknowledge that such a hypothesis is not in line with
the current view ofmigraine being a neurovascular,35 rather than a
purely vascular disorder.36 However, the relevance of this first
potential explanation is that, from a cardiovascular risk perspective,
patients with a history of migraine, in whom active migraine
complaints have ceased, may represent a subgroup of people with
migraine who are actually at increased cardiovascular risk. Thus, a
cardiovascular follow-up of suchpatients, similar to, e.g., in patients
with prior preeclampsia,37 could be warranted.

As a second hypothesis, the FRS may not be a good proxy for
underlying vascular health among people with migraine, as it
may not cover all vascular aspects in patients with migraine. In
the Women’s Health Study, a history of migraine and active
migraine at baseline was found to be associated with an in-
creased likelihood of reporting a family history of myocardial
infarction before age 60.13 Family history of myocardial in-
farction is known to be related to subclinical atherosclerosis38

and, similar to the FRS, is related to an increased cardiovas-
cular risk in the general population.39 This may suggest that in
patients with migraine, a family history of myocardial in-
farction is mediated by mechanisms different from classical
vascular risk factors. Such a distinct mechanism for the risk of
myocardial infarction in people with migraine, not depending
on the FRS, might play an even stronger role in ischemic
stroke risk. In the Women’s Health Study, the risk for ische-
mic stroke was found to be strongest among women with a
low FRS.13 This seems to be in line with findings showing no
increased atherosclerosis in large vessels in patients with mi-
graine with acute ischemic stroke compared with patients with
stroke without migraine.40

One potential nontraditional vascular mechanism that could
be responsible for increased cardiovascular risk, which is not

represented by the FRS, is microvascular function. Indeed,
atherosclerotic processes, as predicted by the FRS, are less
abundant in microarteries.41 Taken together, we cannot ex-
clude that 2 separate mechanisms might affect people with
migraine simultaneously, as the microcirculation may also
show diminished endothelial vasodilator function due to
atherosclerosis in the larger, more proximal arteries.42

Migraine is considered to be a neurovascular disorder, where
factors such as nitric oxide and calcitonin gene-related peptide
(CGRP), which are produced by trigeminal afferents and act on
blood vessels, play a prominent role.35 Furthermore, the ex-
posure of the trigeminovascular system to exogenously ad-
ministered CGRP or nitric oxide (not of neuronal origin) is
known to provoke migraine-like attacks.43,44 Consideration
should be given to the fact that besides the trigeminal afferents,
the blood vessels could act as a further source of nitric oxide.3

Because atherosclerosis, which is related to a high FRS,45 de-
creases endothelial nitric oxide production,46 such a decreased
nitric oxide production might well be underlying the decreased
prevalence of migraine in women with a high FRS. Alterna-
tively, activation of cation channel subfamily V member 1
channels, resulting in CGRP release, has been suggested to
exhibit a protective effect against atherosclerosis.47 Although it
is questionable whether such an effect may be relevant to sys-
temic factors that are implicated in the FRS, such a mechanism
provides an alternative hypothesis to explain our observations.

Pharmacologic treatment with antihypertensives could have af-
fected the FRS, and we cannot exclude that these medications
were used as a prophylactic treatment formigraine. In addition, as
described above, the age distribution was not identical between
the 4 groups in our study. However, when additionally control-
ling for age group in our multinomial model (an approach that
might be debated because age is also reflected in the FRS), the
observed result of lower odds of the probability of having incident
migraine among women with high FRS scores persisted.

The results of this study suggest that traditional measures of
vascular risk such as the FRS are linked with migraine activity
status, but migraine itself may also capture unique pathways of
cardiovascular risk. Therefore, future studies developing cardio-
vascular risk prediction algorithms should consider including
migraine as a candidate variable, as was done in the QRISK 3
score.12 This concept is further supported by recent work
demonstrating that migraine is associated with a similar or even
higher absolute risk of CVD events as other commonly used
vascular risk factors.10

Strengths of this study include the large number of partici-
pants, the prospective data collection, and lower risk for
misclassification of health-related information among this
cohort of health care professionals. Some potential limitations
to this study should be noted when interpreting our results.
New reports of migraine during follow-up by women who did
not report migraine nor a history of migraine at baseline may
represent true incident migraine onset, which becomes less
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likely with increasing age, or may instead represent reoccur-
rence of prior migraine attacks that were not reported as such.
Regardless, we consider such reports to be representative of
the biological ability to continue to have active migraine.
Furthermore, we did not ask about aura status in the follow-up
questionnaires, so we could not include data on migraine aura
status in our analysis, and our results thus reflect a mixture of
migraine with and without aura subtypes. Earlier findings in
the Women’s Health Study showed no substantial difference
between the FRS categories and migraine with or migraine
without aura at baseline.13 In our primary analysis, we did not
account for the time to incident migraine during the follow-up
period. However, in a sensitivity analysis using a Cox pro-
portional hazards model, the results were similar. As the
Women’s Health Study only included women, our data can-
not be extrapolated to men and therefore cannot provide
insights into possible relationships or mechanisms in men,
similar to many other studies probing the relationship be-
tween migraine and CVD.7,10,48,49 Readers should cautiously
interpret our findings, as we relate information about the FRS
calculated at the time of inclusion into the study with in-
formation from the past, present, and future (report of prior,
current, and newly incident migraine). More specifically, our
findings should be interpreted as predictive and not causal, as
we mix prevalent with incident migraine activity statuses.50

Future studies, ideally with multiple measurement time
points, are warranted to evaluate the causal interrelationships
of migraine activity status with the vascular system.

High FRS categories were only observed among women with
a history of migraine but not with (active) migraine at baseline
or incident migraine. Our results suggest that a relatively
healthy vascular system, as assessed by the FRS, is associated
with migraine activity status or developing migraine in the
future. The biological mechanisms underlying these obser-
vations, as well as how our observations might be related to
specific CVD end points, remain to be studied. Further work
should investigate whether documented changes in migraine
activity status might be linked to vascular risk (or vice versa).
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Charité-Universitätsmedizin
Berlin, Germany;
Department of
Epidemiology, Harvard T.H.
Chan School of Public Health,
Boston, MA

Drafting/revision of the
manuscript for content,
including medical writing
for content; study concept
or design; analysis or
interpretation of data; and
additional contributions:
supervision

e1700 Neurology | Volume 99, Number 16 | October 18, 2022 Neurology.org/N

Copyright © 2022 American Academy of Neurology. Unauthorized reproduction of this article is prohibited.

https://n.neurology.org/lookup/doi/10.1212/WNL.0000000000201009
http://neurology.org/n


References
1. Ferrari MD, Goadsby PJ, Burstein R, et al. Migraine.Nat Rev Dis Primers. 2022;8(1):2.
2. Burch RC, Loder S, Loder E, Smitherman TA. The prevalence and burden of migraine

and severe headache in the United States: updated statistics from government health
surveillance studies. Headache. 2015;55(1):21-34.

3. Jacobs B, Dussor G. Neurovascular contributions to migraine: moving beyond va-
sodilation. Neuroscience. 2016;338:130-144.

4. Rubio-Beltrán E, Labastida-Ramı́rez A, Villalón CM, MaassenVanDenBrink A. Is
selective 5-HT1F receptor agonism an entity apart from that of the triptans in anti-
migraine therapy? Pharmacol Ther. 2018;186:88-97.

5. Rubio-Beltrán E, Labastida-Ramı́rez A, Haanes KA, et al. Characterisation of vaso-
dilatory responses in the presence of the CGRP receptor antibody erenumab in
human isolated arteries. Cephalalgia. 2019;39(14):1735-1744.

6. de Vries T, Villalón CM, MaassenVanDenBrink A. Pharmacological treatment of
migraine: CGRP and 5-HT beyond the triptans. Pharmacol Ther. 2020;211:107528.

7. Kurth T, Winter AC, Eliassen AH, et al. Migraine and risk of cardiovascular disease in
women: prospective cohort study. BMJ. 2016;353:i2610.
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