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Abstract
Objective

Migraine has been identified as a potential risk factor for hypertension in prospective studies. In
women, migraine prevalence decreases after menopause, but no studies have determined
whether migraine is associated with hypertension after menopause. This study sought to
determine whether history of migraine was associated with an increased risk of hypertension
among menopausal women.

Methods

We assessed associations between migraine and hypertension in a longitudinal cohort study of
56,202 menopausal women participating in the French E3N cohort, with follow-up beginning
in 1993. We included women who did not have hypertension or cardiovascular disease at the
time of menopause. Migraine was classified as ever or never at each questionnaire cycle. Cox
proportional hazards models were used to investigate relations between migraine and hyper-
tension, controlling for potential confounding. A secondary analysis with baseline in 2011
considered aura status, grouping participants reporting migraine as migraine with aura, mi-
graine without aura, or unknown migraine type.

Results

During 826,419 person-years, 12,501 cases of incident hypertension were identified, including
3,100 among women with migraine and 9,401 among women without migraine. Migraine was
associated with an increased risk of hypertension in menopausal women (hazard ratio
[HR] nigraine 1.29 [95% confidence interval 1.24, 1.35]) and was consistent in post hoc sensi-
tivity analyses, such as when controlling for common migraine medications. Associations
between migraine and hypertension were similar whether or not women reported aura
(HR igraine aura 1.54 [1.04, 2.30], HR pigraine no aura 1.32 [0.87, 2.02], p heterogeneity 0.60).
Associations were slightly stronger among ever users of menopausal hormone therapy
(HRinigraine 1.34 [1.27, 1.41]) than among never users (HRpigraine 1.19 [1.11, 1.28]).

Conclusions

Migraine was associated with an increased risk of hypertension among menopausal women. In
secondary analysis, we did not observe a significant difference between migraine with aura and
migraine without aura.

Correspondence
Dr. Severi
gianluca.severi@inserm.fr

MORE ONLINE

@ Infographic
http://links.lww.com/WNL/
B460

From Center for Research in Epidemiology and Population Health (CESP) (CJ.M., D.E.F., A-L.M., G.S., M.-C.B.-R.), Institut Gustave Roussy, INSERM (Institut National de la Santéetdela
Recherche Médicale) U1018; Université Paris-Saclay (C..M., D.E.F., A.-L.M., G.S., M.-C.B.-R.), Université Paris-Sud, Villejuif; EA 2694-Santé Publique: Epidémiologie et Qualité des Soins
(A.-L.M.), Université de Lille, CHU Lille, France; Deep Digital Phenotyping Research Unit, Department of Population Health (G.F.), Luxembourg Institute of Health, Strassen; Institute of
Public Health Charité-Universitatsmedizin Berlin (T.K.), Germany; and Department of Statistics, Computer Science and Applications (DISIA) (G.S.), University of Florence, Italy.

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.

Copyright © 2021 American Academy of Neurology

Copyright © 2021 American Academy of Neurology. Unauthorized reproduction of this article is prohibited.


http://dx.doi.org/10.1212/WNL.0000000000011986
mailto:gianluca.severi@inserm.fr
http://links.lww.com/WNL/B460
http://links.lww.com/WNL/B460
https://n.neurology.org/lookup/doi/10.1212/WNL.0000000000011986

Glossary

BMI = body mass index; CVD = cardiovascular disease; E3N = Etude Epidémiologique de Femmes de la Mutuelle Générale de
I'Education; HR = hazard ratio; MGEN = Mutuelle Générale de 'Education Nationale; MHT = menopausal hormone therapy;

PY = person-years; WHI = Women’s Health Initiative.

Migraine is a common primary headache disorder character-
ized by recurrent headache attacks of moderate to severe
intensity. Migraine more often affects women than men and is
most prevalent in women in the perimenopausal period."” In
some people, migraine can be preceded by certain symptoms,
known as aura. Migraine is associated with the presence of
cardiovascular risk factors such as high body mass index
(BMI), lower levels of physical activity, smoking, family his-
tory of cardiovascular disease (CVD), and dyslipidemia.**
Migraine, especially migraine with aura, has been identified as
a risk factor for CVD.>"° Attacks of migraine are known to
cause transient changes in blood pressure'' and the presence
of migraine is considered a risk factor for stroke.'*"*

Migraine prevalence is 3—4 times higher in women than in
men during the fourth decade of life,"> which is possibly due
to differences in sex hormones. Population-based studies have
noted a decline in migraine prevalence after menopause,16
possibly related to the stop in monthly hormonal changes and
estrogen fluctuations.'”'® However, sex hormones, especially
estrogens, have been implicated in various protective path-
ways against hypertension in experimental studies in animals
and humans." Tt is less clear how history of migraine could be
associated with hypertension after menopause. This pro-
spective study aimed to investigate whether migraine was
associated with the risk of hypertension in a large cohort of
menopausal women.

Methods

E3N Cohort and Study Population

As previously described,”® The Etude Epidémiologique de
Femmes de la Mutuelle Générale de I'Education (E3N) (E3N.
fr) is a French prospective cohort started in 1990 comprising
98,995 women aged 40-6S years at baseline and insured by the
MGEN (Mutuelle Générale de 'Education Nationale), a health
insurance plan for workers in the National Education System
and their families. The objective of E3N was to study the main
risk factors of cancer and chronic diseases in women. E3N is the
French component of the European Prospective Investigation
into Cancer and Nutrition.

Participants returned mailed questionnaires on lifestyle in-
formation and disease occurrence. Questionnaires were
completed every 2-3 years (1990, 1992, 1993, 1995, 1997,
2000, 2002, 2005, 2008, 2011, and 2014). The average re-
sponse rate at each questionnaire cycle was 83%. We excluded
women with insufficient data to determine menopausal status
(n =4,933), and those reporting cardiovascular disease (heart
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attack or stroke) or hypertension before the 1993 question-
naires (n = 33,682). Women who reported a diagnosis of
hypertension before the age at menopause were also excluded
(n = 4,178). The final study population included 56,202
menopausal women free of hypertension.

Standard Protocol Approvals, Registrations,
and Patient Consents

The cohort received ethical approval from the French National
Commission for Computerized Data and Individual Freedom
(Commission Nationale Informatique et Libertés) and all
participants in the study signed an informed consent. The
protocol is registered at clinicaltrials.gov as NCT03285230.

Data Availability
Anonymized data can be shared following a reasonable re-
quest from qualified researchers.

Assessment of Migraine

Starting from the 1993 questionnaire, and at each follow-up
questionnaire, participants were asked to report if they had
had migraine since the last questionnaire. We classed those
reporting migraine at any questionnaire as ever migraine, and
updated migraine status at each questionnaire.

The 2011 questionnaire asked participants to report whether
their migraine included aura or not, allowing us to assess the
associations between migraine with aura and incident hyper-
tension in a secondary analysis, considering the 2011 ques-
tionnaire as baseline. If a participant did not complete this
question, but had previously reported migraine, they were
considered as “unknown migraine type.” Otherwise they were
classified as “never migraine,” “migraine without aura,” or
“migraine with aura.”

In a sensitivity analysis, we controlled for drugs commonly
prescribed for migraine. Using the MGEN reimbursement da-
tabase, we identified reimbursements for drugs commonly
prescribed as treatment for people with migraine (WHO Ana-
tomical Therapeutic Chemical codes MO1A [nonsteroidal anti-
inflammatory drugs and antirheumatic products], N02B [other
analgesics and antipyretics], NO2C [antimigraine preparations],
NO3A [antiepileptics], NO6A [antidepressants], NO7C [anti-
vertigo preparations], CO7 [B-blocking agents], and CO8 [cal-
cium channel blocking agents]). Exposures to both antimigraine
preparations and other drugs potentially used to treat migraine
were updated continuously between 2004 and 2014; prior to
2004, they were considered unknown. At least 2 reimburse-
ments in the year prior to or after a questionnaire were required
to classify a participant as a user of a given medication.
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Assessment of Hypertension

Incident hypertension cases in this study were based on self-
report. Participants were asked to report whether they had
hypertension in each follow-up questionnaire, the date of
diagnosis, and the use of antihypertensive treatments. If the
date of hypertension diagnosis was not reported by the par-
ticipant, they were imputed, using June as the month of di-
agnosis, in the case of missing month (14% of cases), and to
12 months before they reported hypertension in a question-
naire in the case of missing year (17% of cases).

In 2004, a drug reimbursement database became available for
97.6% of participants. If a participant declared hypertension,
but did not declare the date of diagnosis, we used the first date
of drug reimbursement for antihypertensive medications
(Anatomical Therapeutic Chemical Classification System
codes C02, C03, C07, C08, and C09) as the date of diagnosis
for cases identified after 2004.

To assess the accuracy of the self-reported data, we used
reimbursements for blood pressure-lowering medications
from the MGEN health insurance plan drug claim database. In
a validation,® we compared self-reported hypertension to
antihypertensive drug reimbursement (any of the above
specified codes). Of those reporting hypertension, 82% were
reimbursed for hypertensive medications.

Assessment of Menopause

The use of menopausal hormone therapy (MHT) was
assessed at baseline and all follow-up questionnaires, using a
booklet containing photographs of all types of estrogens and
progestogens as previously described.””

Age at menopause was determined based on a combination of
variables as previously reported.”” Briefly, age at menopause
was defined as (in decreasing order of priority) age at last
menstrual period, age at bilateral oophorectomy, self-reported
age at menopause, age at start of MHT, or the age at the start
of menopausal symptoms. If unavailable (n = §5,712), the
median age at menopause for the cohort (51 years for natural
menopause, 47 years for surgical menopause) was imputed.

Assessment of Covariates

Height and weight were self-reported in each questionnaire
and were used to calculate BMI, defined as weight (kg) di-
vided by squared height (m”) (continuous variable). In the
cohort, self-reported anthropometry has proven reliable in a
validation study.*?

Total physical activity was assessed at every second ques-
tionnaire, and included questions on weekly hours spent
walking, cycling, and performing light and heavy household
chores/cleaning, or recreational activities and sports (e.g,
swimming and tennis), and considering the winter and the
summer seasons. It included questions on the time spent
walking (to work, shopping, and leisure time), cycling (to
work, shopping, and leisure time), housework, and sports
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activities (such as racket sports, swimming, or running), as
previously described.** Each activity was assigned a metabolic
equivalent value (continuous variable) based on values from
the Compendium of Physical Activities.”®

Family history of cardiovascular disease (i.e., stroke or coro-
nary heart disease, yes/no), type 2 diabetes (yes/no), edu-
cation (no high school diploma, high school diploma, or
university diploma), and smoking (former smoker, current
smoker, or never smoker) were based on self-reports during
follow-up.

Statistical Methods

In order to determine hazard ratios (HRs) for self-reported
hypertension, migraine status was included in Cox pro-
portional hazards models. Migraine status and the values of
time-dependent covariates were updated at each question-
naire cycle, with participants adding person-years (PY) to the
models for each interquestionnaire period. Women contrib-
uted PY starting from the age at their menopause, and the end
of follow-up was reported diagnosis of hypertension, death,
loss to follow-up, or the end of the study period, whichever
happened first.

Models were adjusted on age (model 1), and then on family
history of cardiovascular disease, education level, smoking
(time dependent), diabetes (time dependent), use of meno-
pausal hormone therapy (time dependent), BMI (time de-
pendent), and total physical activity (time dependent)
(model 2) to calculate HRs and their corresponding 95%
confidence intervals.

A number of post hoc sensitivity analyses were conducted. We
excluded cases occurring within S years and within 7 years to
assess potential reverse causation. As blood pressure altering
agents such as B-blockers can be prescribed for migraine,*® a
second sensitivity analysis controlled for medications com-
monly prescribed for migraine, using data from the MGEN
database as previously described. Third, we considered spe-
cific migraine treatments (NO2C class drugs) as a proxy for
migraine severity. We cross-referenced self-reported migraine
with reimbursements for specific migraine treating medica-
tions (NO2C). A 3-level variable was created, grouping par-
ticipants into “N02C treated,” “other migraine,” and “no
migraine” as the exposure. In order to assess the effect of
imputing dates on the self-reported data, we excluded all cases
where the MGEN drug reimbursement database was used to
impute the date of hypertension diagnosis, and then excluded
all cases for which the year of diagnosis was not provided.
Finally, we controlled for alcohol intake in a subset of women
(n = 43,295, cases = 9,915) who completed a diet history
questionnaire in 1993.

Effect modification from MHT use (yes/no), age at meno-
pause (over or below 45 years), and the type of menopause
(natural or surgical) was assessed by including a cross-
multiplied term in the adjusted Cox model. Models were then
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stratified on these variables if the p value of the cross-term was
statistically significant.

As a secondary analysis, we further investigated migraine aura
status (migraine with aura and migraine without aura as reported
in the 2011 questionnaire with date the 2011 questionnaire was
returned as baseline) with the risk of incident hypertension.
Person-time was recalculated accordingly, and models were
adjusted as previously described. The exposure was classified as
no migraine, migraine with aura, migraine without aura, and
unknown migraine type. A p value for heterogeneity between
migraine with aura and migraine without aura was estimated by
changing the reference category in this model to migraine with
aura, and taking the p value for migraine without aura.

For all adjustment variables at baseline, missing values (oc-
curring for less than 5% of participants) were imputed using
the mean or median value. For smoking and BMI, missing
data during follow-up were imputed from the last reported
value provided by the study participants; for example, if BMI
at questionnaire 7 was not reported, BMI from questionnaire
6 was used and so on.

All statistical analyses used R version 3.5.1 (r-project.org) and
the survival package (github.com/ therneau/survival), with an
a of statistical significance equal to 0.05.

Results

At the start of follow-up, 9,543 women reported having ever had
migraine, increasing to 11,030 in 200S. Age and BMI at the start
of follow-up were similar between women with and without
migraine, and those with migraine reported slightly higher
physical activity (table 1). Those reporting migraine more often
reported familial cardiovascular disease and dyslipidemia, were
less likely to smoke, and were more likely to have used MHT
(table 1). Among women without hypertension reporting mi-
graine at 2005, 37.4% were reimbursed for antimigraine medi-
cations (NO2C), and 8.4% were reimbursed for B-blockers
(C07) (table 2), both of which were higher proportions than
those not reporting migraine (N02C: 1.8%, C07: 5.5%).

During 826,419 PY, 12,501 cases of incident hypertension
were identified, with a rate of 15.1 cases/1000 PY. The me-
dian age at diagnosis was 64.2 (6.8) years in the entire cohort,
63.1 (6.5) years among women with migraine, and 64.6 (6.9)
years among women without migraine.

Migraine was associated with an increased risk of incident
hypertension (HRmigraine = 1.29 [1.24, 1.35], table 3). The
incident rate of hypertension was 14.3/1,000 PY in women
without migraine compared to 19.2/1000 PY among women
with migraine.

Results were stable under all sensitivity analyses conducted.
Associations remained stable when excluding cases occurring
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within the first § or 7 years after baseline (5 years: HRpigraine =
1.29 [1.24, 1.35], cases = 11,617; 7 years: HRuigraine = 1.29
[1.26, 1.35], cases = 10,694). When excluding hypertension
cases that used a date imputed by the MGEN database, results
were consistent (HRpigrane = 1.24 [1.19, 1.30], cases =
11,095), and were consistent when excluding all cases with an
imputed date (HRmigmme =1.23 [1.17, 1.29], remaining cases
= 9,326). When controlling for medications commonly pre-
scribed for migraine, results were consistent (HRmigraine =
1.35 [1.29, 1.40]), and when controlling for alcohol con-
sumption (HRmig,ame = 1.29 [1.23, 1.35], cases = 9,915).
When considering separately migraine with or without spe-
cific medications, using data from 2004 onwards, results were
consistent (HRNOZC treated = 1.42 [123) 165]) HRother migraine
= 127 [1.18, 1.36], p heterogeneity = 0.28), with 184 cases
occurring among those with treated migraine, 1,053 cases
among those with other/untreated migraine, and 3,594
cases occurring among those not reporting migraine.

Age at menopause did not modify associations (p interaction
=0.78), nor did the type of menopause (p interaction = 0.19).
Effect modification was likely for the use of MHT (p in-
teraction = 0.02). Associations between hypertension and
migraine were stronger among users of MHT (HRmigraine =
1.34 [1.27, 1.41], cases = 7,122) compared to never users of
MHT (HRigraine = 1.19 [1.11, 1.28], cases = 5,377).

In secondary analysis, we considered migraine with and
without aura, which was provided by 13% of women with
migraine. From 2011, 1,458 cases of incident hypertension
were identified during 124,770 PY of follow-up. The mean age
at 2011 was 70.0 + 6.2 years (table 4). Overall migraine was
associated with an increased risk of hypertension (HRmigrame
=1.35 [1.20, 1.52]). The presence of an aura in women with
migraine was associated with a higher risk of incident hyper-
tension (HR,,, = 1.54 [1.04, 2.29], table 3), while associa-
tions for migraine without aura were similar to those of overall
migraine (HR,,, aura = 1.32 [0.87, 2.02], table S). There was no
evidence that the estimates for migraine with aura or without
aura significantly differed (p heterogeneity = 0.60). The in-
cidence rate of hypertension among women with no migraine
was 10.9/1000 PY compared to 16.8/1000 PY among women
with migraine with aura and 14.4/1000 PY among women
with migraine without aura.

Discussion

In this longitudinal cohort study, we confirmed previous ob-
servations that migraine is associated with an increased risk of
incident hypertension in menopausal women. In secondary
analysis, migraine with aura was associated with the risk of
incident hypertension, and no significant difference was ob-
served between migraine with or without aura.

Hypertension and migraine are both common disorders in
women, but relatively few longitudinal cohort studies have
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Table 1 Characteristics of the Cohort Depending on
Migraine Status at Age at Menopause

Table 2 Percentage of Participants With at Least 2
Reimbursements for Medications Associated
With Migraine in the Year 2004/2005, According

Baseline Study sample  No migraine  Migraine . : : :
e e ristics (e g’6,202;° (ne 46%659) (n§9,5 o to Ever Migraine Status in 2005, Excluding
Hypertension Cases and Death Occurring Prior
Incident hypertension 12,501 9,401 3,100 to 2005
cases, n
Study
Age at menopause, y 50.4 +£3.9 50.3+4.0 50.8 £3.7 sample Migraine No migraine
Medication type (n = 48,825) (n=11,030) (n =37,795)
BMI, kglm2 22.8+3.1 22.8+3.1 22.8+3.2
MO1A (nonsteroidal 69.4 78.3 68.1
Physical activity, 55.1 £ 32.7 54.7 £32.6 57.1 £33.1 anti-inflammatory
METs/wk drugs and
antirheumatic
Ever use of 43.2 41.0 53.9 products)
menopausal hormone
therapy CO07 (B-blocking 5.9 8.4 5.5
agents)
Surgical menopause 9.8 9.9 9.2
CO08 (calcium channel 2.0 1.4 2.0
Type 2 diabetes 0.8 0.8 0.8 blocking agents)
Dyslipidemia 8.9 8.5 10.8 NO2B (nonopioid 64.5 721 63.3
analgesics and
Family history of CVD 30.3 30.0 33.9 antipyretics)
No high school 8.1 8.4 6.6 NO02C (antimigraines) 5.0 374 1.8
High school 54.6 54.6 54.7 NO3A (antiepileptics) 6.6 9.4 6.1
University 373 37.0 38.7 NOG6A (selective 20.0 26.2 18.8
serotonin reuptake
Never smoker 52.9 53.4 50.0 inhibitors)
Past smoker 32.1 31.3 36.4 NO7C (antivertigo 6.3 10.7 5.9
preparations)
Current smoker 15.0 15.3 13.6

Abbreviations: BMI = body mass index; CVD = cardiovascular disease; MET =
metabolic equivalent.
Values are mean + SD or % unless indicated otherwise.

been conducted to understand this relationship, and none in
only menopausal women. In agreement with our results, 2
previous prospective studies have identified that migraine was
associated with an increased risk of hypertension.””® Rist
et al.”” observed an increased risk of hypertension in partici-
pants with history of migraine, but the highest risk was ob-
served in participants with migraine without aura. Entonen
et al.*® also identified positive associations between history of
migraine and hypertension, but did not include information
on aura. Regarding aura, our results are also in agreement with
the cross-sectional Genetic Epidemiology of Migraine study’
and the Northern Manhattan Study,” which both identified
migraine with aura as having positive associations with hy-
pertension. Our secondary analysis showed that the associa-
tions between hypertension and migraine with aura or
migraine without aura were not significantly different.

There are multiple routes in which migraine may be linked to
hypertension. People with migraine have been shown to have
early signs of arterial stiffness and increased blood pressure,”>*"
and as treatment, patients with migraine can be prescribed
vasoconstrictors,”* which reduce the diameter of blood vessels.
Stiffer, smaller vessels are unable to accommodate the systolic
blood flow by dilating, resulting in pressure increases. People
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with migraine with aura have also been shown to have higher
levels of circulating endothelial particles,*® which is a biomarker
for endothelial dysfunction. Endothelial dysfunction results in
reduced availability of vasodilating agents and reduced dilatory
capability of the artery.>* Endothelial dysfunction and hyper-
tension are highly associated, although the direction of this
association is not fully understood. It is possible that endo-
thelial dysfunction occurs prior to hypertension. It is also
possible that associations between hypertension and migraine
could be due to common genetic traits. A meta-analysis has
identified that migraine and arterial function share certain ge-
netic markers,”® which could also explain the higher prevalence
of family history of CVD in women with migraine in the E3N
cohort. Because migraine increases the likelihood of cardio-
vascular events, identification of additional risk factors such as
the higher likelihood of hypertension among people with mi-
graine could aid in individualized treatment or prevention, and
to determine how much of the association with CVD is me-
diated by increases in blood pressure.

The cohort under consideration consisted entirely of meno-
pausal women. Among women with migraine, a higher preva-
lence of MHT use was observed, and adjusted on. We observed
that use of MHT slightly modified the associations between
migraine and hypertension, with associations being slightly
stronger for women using MHT. Associations between MHT
and migraine are poorly understood." Migraine has been noted
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Table 3 Associations Between Ever History of Migraine
and Hypertension

No migraine
(cases = 9,401)

Ever migraine
(cases = 3,100)

Model 1 Ref 1.32(1.27,1.37)

Model 2 Ref 1.29(1.24, 1.35)

Reported as hazard ratio (95% confidence interval). Adjusted on age (model
1) and on family history of cardiovascular disease, smoking, dyslipidemia,
diabetes, education level, ever use of menopausal hormone therapy, body
mass index, and total physical activity (model 2).

as a factor that can increase the likelihood of menopausal
symptoms,”® and MHT has been suggested as a possible ap-
proach to prevent migraine during menopause,®” which could
explain the higher rates of MHT among women with migraine in
this study. However, other studies have shown that the use of
MHT is associated with a higher risk of rnigraine,z’g’39 but these
observations are not consistent.*’ Clinical trials indicate that
MHT can increase blood pressure slightly in older women, but
not in younger women, or when a lower dose is used. Results
from the Women’s Health Initiative (WHI), which included
women aged 50-79 years, revealed an increase of 1 mm Hg in
blood pressure attributable to MHT.*" During the intervention
phase of the WHI, participants using conjugated equine estro-
gens were 18% more likely to develop hypertension, which re-
duced after cessation of MHT.* Similar results were observed

from the HERS trial.*® The KEEPs trial** among women aged
42-58 years observed no effect from MHT on blood pressure
from either oral or transdermal MHT, but used a lower dose
than in the WHI. Regarding the results of this study, it is possible
that the higher risk of hypertension among users of MHT could
be due to an additive interaction effect from MHT and migraine.
It is also possible that women with migraine may be diagnosed
with menopausal symptoms more frequently than those without
migraine, or that women using MHT are more likely to seek help
for migraines, both resulting in more frequent visits to clinicians.
This may also have the effect of increasing rates of hypertension
diagnosis, biasing the associations between migraine, MHT, and
hypertension.

The main strengths of this analysis are the longitudinal nature
of the study, the size of the cohort, the length of follow-up,
and the large number of women with incident hypertension.
We were able to control for a large number of potential
confounding factors, such as BMI, physical activity levels,
family history of CVD, MHT usage, and diabetes. We used
time-updated covariates and migraine exposure, allowing us to
account for changes in factors such as BMI, physical activity,
and smoking. A further strength is the sensitivity analysis
considering medications commonly prescribed for migraine
and consistent results in numerous sensitivity analyses.

The main limitation in this study is that migraine was self-
reported and could be subject to classification error,

Table 4 Characteristics of the Cohort According to Migraine Status in 2010

No migraine Migraine with Migraine without Unknown type of
(n =37,144) aura (n = 498) aura (n =561) migraine (n =7,197)

Incident hypertension cases, n 1,097 25 22 314

Age at start of follow-up, y 70.3+6.4 68.7 £ 5.6 67.7 £5.1 68.5+5.4

BMI, kg/m? 23.2+36 23.0£33 22.8+33 23.1+£35

Physical activity, METs/wk 60.7 £37.5 65.9 +39.8 59.5 +36.0 63.2+37.0

Ever use of menopausal hormone therapy 50.0 70.0 713 67.9

Surgical menopause 9.2 9.4 8.2 8.7

Type 2 diabetes 2.1 1.8 1.1 1.5

Dyslipidaemia 25.5 243 24.2 24.7

Family history CVD 271 34.5 35.7 35.6

No high school 8.0 44 5.4 6.9

High school 53.4 53.4 53.1 54.8

University 38.6 42.2 41.5 383

Never smoker 471 50.7 50.5 49.5

Past smoker 441 42.4 43.0 42.5

Current smoker 8.8 6.7 6.5 8.0

Abbreviations: BMI = body mass index; CVD = cardiovascular disease; MET = metabolic equivalent.

Values are mean + SD or % unless indicated otherwise.
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Table 5 Associations Between Different Types of Migraine and Hypertension

No migraine

(n =37,144, Migraine with aura

Unknown migraine

Migraine without aura type (n=7,197,

Model cases = 1,097) (n = 498, cases = 25) (n =561, cases = 22) cases = 314)
1 Ref 1.65 (1.11, 2.45) 1.39(0.91, 2.12) 1.44 (1.27, 1.63)
2 Ref 1.54 (1.04, 2.30) 1.32(0.87, 2.02) 1.34(1.18,1.52)

Reported as hazard ratio (95% confidence interval). Adjusted on age (model 1) and on family history of cardiovascular disease, smoking, diabetes, dyslipi-
demia, education level, ever use of menopausal hormone therapy, body mass index, and total physical activity (model 2).

particularly due to other nonmigraine headaches. However, as
migraine with aura would be less likely to be misclassified, as
the significant associations with migraine with aura over-
lapped with migraine without aura, misclassification was likely
low. As hypertension cases were primarily based on self-
reports, some cases could have been missed, or diagnosis
could have been delayed. The cohort is rather homogenous,
consisting of a high percentage of high school teachers, and
may not be representative of the French population. The
cohort for this study consisted only of menopausal women;
trends may be different in men and in younger women. As the
study is observational, residual and unmeasurable confound-
ing is possible, but is unlikely to explain the observed asso-
ciation. We lacked information on migraine aura in the main
analysis, and the secondary analysis, which did include this
information, had a shorter follow up and a lower number of
cases. Because we lacked information on the frequency of
medical visits, we are unable to rule out that some information
bias may be present, as was previously mentioned. In this
cohort, data on the severity of hypertension are unavailable for
the majority of participants, and should be considered a lim-
itation that could be rectified in other cohort studies.

Practitioners should be aware that women with a history of
migraine should be considered to be at a higher risk of
hypertension.
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