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Abstract
Background: Many guidelines list migraine with aura (MwA) as a contraindication to estrogen-containing combined hor-

monal contraceptives (CHCs) due to vascular risks. However, current evidence is based on small sample studies with

potential influence by confounding factors. Additionally, few studies have examined the vascular risk associated with mod-

ern CHCs with lower dose estrogen, particularly in relation to aura status. The present study aims to investigate the

vascular risk of modern CHCs in women with migraine with and without aura.

Methods: We used a de-identified electronic medical record database with 120 million patients across multiple health

systems in the United States of America. We included female patients aged 18–45 years who received a migraine diagnosis

code, had at least three office visits within three years, and were prescribed at least one migraine-specific medication

within 6 months following the first outpatient visit. All data after 2010 were included. Patients with prior cardiovascular

events were excluded. Our composite endpoint consisted of acute ischemic stroke, acute myocardial infarction, deep vein

thrombosis/pulmonary embolism and intravenous thrombolytic administration. We stratified our analysis according to

CHC exposure and aura status and compared the incidence of the endpoint with high-dimensional propensity score-

matching between CHC users and non-users in (i) the overall cohort, (ii) MwA and (iii) migraine without aura

(MwoA); between MwA and MwoA in (iv) patients prescribed CHCs; and in (v) those without CHC prescriptions.

Results: We included 5535 patients who received CHC prescriptions and 21,520 who did not. 114 (2.06%) of CHC

users and 547 (2.54%) of CHC non-users had at least one vascular event. With propensity score-matched comparison,

the composite endpoint did not significantly differ between CHC and non-CHC in the overall migraine group, those

with MwA and the MwoA group. In those prescribed CHC, MwA and MwoA did not differ in all the outcomes. For

CHC non-users, MwA was associated with a higher incidence of acute ischemic stroke (hazard ratio = 2.45; 95%

confidence interval = 1.58–3.78; p< 0.001; n= 6201 in each group) and the composite endpoint (hazard ratio = 1.34;

95% confidence interval = 1.08–1.67; p= 0.008).

Conclusions: Our real-world study showed that exposure to modern CHC was not associated with a significant increase in

vascular risk in women aged 18–45 years with migraine, MwA or MwoA who have no prior cardiovascular events. However, in

those who never received CHC, MwA was associated with higher vascular risks compared to MwoA. While limitations exist

using large scale electronic medical record databases for analysis, our results suggest that carefully designed prospective studies

should be conducted to reassess the vascular risk associated with CHC use in women with migraine, especially MwA.
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Introduction
Migraine is a highly prevalent neurological disorder in
women, particularly those of reproductive age (1–3) for
whom contraceptives measures are often prescribed for
family planning and treatment of gynecological conditions.
Migraine, especially migraine with aura (MwA) is an estab-
lished independent risk factor for vascular events, such as
acute ischemic stroke (AIS) (4,5), acute myocardial infarc-
tion (AMI) (6–8), pulmonary embolism (PE), and deep vein
thrombosis (DVT) (9,10). Estrogen-containing combined
hormonal contraceptives (CHCs) are also independent
risk factors for venous, and to a lesser extent, arterial
thromboembolic events (5,11,12). Based on limited exist-
ing literature, concerns have been raised about further
increasing vascular event risk (13–17) with CHC use in
persons with migraine, especially MwA. Many guidelines
recommend against the use of CHCs in patients with
MwA (13,14,16,18–21). For example, the World Health
Organization (13) lists MwA as a contraindication for
CHC in women at any age, given the increased risk of
stroke in patients with MwA compared to those with
migraine without aura (MwoA), and the increased risk of
ischemic stroke in oral CHC users with migraine compared
to CHC non-users with migraine. Similarly, the American
College of Obstetricians and Gynecologists states that
CHCs are not recommended for women with MwA, as
they list MwA, increasing age and CHC use as independent
risk factors for stroke, even though the absolute risk of
ischemic stroke is considered low in women of reproductive
age (14).

Importantly, due to the low prevalence of vascular
events in young womens, previous evidence has been
based on small cohorts often without specifying migraine
subtypes and lacking sub-group comparisons within
MwA and MwoA (16,22). Many studies compared those
with migraine and CHC prescription to healthy controls
without CHC use, lacking information on the effect of indi-
vidual factors. Additionally, most studies did not conduct
stratified analysis with propensity-matched cohorts, and
the results could have been influenced by various confound-
ing factors, such as demographic factors and comorbidities
that increase vascular risks (23–25).

Moreover, the putative mechanism for the increased vas-
cular risks associated with CHC use in women with MwA is
hypercoagulability, which is linked to estrogen levels in a
dose-dependent manner (5,23,26). The amount of estrogen
in modern CHCs (typically <50 μg) is substantially lower
compared to when first introduced in the 1960s (approxi-
mately 150 μg) (23,27–30). Therefore, it is possible that
vascular risks in patients with MwA may not significantly
change with modern CHCs.

A large proportion of women of reproductive age use
contraceptives. In the United States (U.S.), during 2017–
2019, 65.3% of women aged 15–49 years used some

method of contraception, and 14.0% used oral contracep-
tive pills (31). Additionally, CHCs are often used to treat
conditions such as dysmenorrhea and endometriosis.
Menstrual migraine is also sometimes treated with CHCs,
although the evidence level remains low (32). The limita-
tions in previous studies and changes in CHC formulations
over the last few decades warrant further investigation of
vascular risk in women with migraine, especially MwA,
who use CHCs. In the present study, we leveraged a nation-
wide electronic medical record database to assess the vascu-
lar risk associated with modern CHCs in a female migraine
cohort.

Methods

Study design and ethics
The study utilized a nationwide de-identified database and
the analysis of group-level results without the storage of
individual patient-level information. The Mayo Clinic
Institutional Review Board (IRB) determined that formal
ethics review was not required, as confirmed by the Mayo
Clinic IRB Human Subjects Research Wizard tool.

Data source
We used the Eos Database as part of Atropos Health’s
Evidence Network (33), which is an Electronic Health
Record Integrated Database that includes deidentified data
from over 120 million patients in the U.S. The data come
from point-of-care entry of patients with all payer types
seen by all levels of providers, including primary care clini-
cians, neurologists and headache specialists, and are sourced
from more than 30 health systems that collectively include
>2000 outpatient/ambulatory health centers and >500 hospi-
tals, including both academic centers and private practices.
Data were restricted to the years 2010–2023.

Inclusion and exclusion criteria
Eligible patients were women aged 18–45 years with an
International Classification of Diseases (ICD)-9 or
ICD-10 diagnosis code for migraine. A list of ICD codes
used to determine MwA and MwoA is provided in the
supplementary material (Table S1). As patients with
MwA can have attacks with or without aura, patients who
had received a diagnostic code of both MwA and MwoA
at any time were classified as MwA. The date of the first
outpatient visit was used as the index date and date of inclu-
sion. To ensure patients included were actively being fol-
lowed or treated for migraine, only patients with at least
three office visits within the first three years, and who had
at least one prescription for a migraine-specific medication
in the first six months following the index date were
included. Migraine-specific medications included
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sumatriptan, rizatriptan, naratriptan, frovatriptan, eletriptan,
zolmitriptan, almotriptan, ergotamine, dihydroergotamine,
ubrogepant, rimegepant, atogepant, zavegepant, lasmiditan,
erenumab, galcanezumab, fremanezumab and eptinezumab.
Finally, eligible patients were required to have at least one pre-
scribed medication (i.e. a prescription for either a CHC or
another non-CHC medication) within one year of inclusion.
Patients with a history of heart failure, myocardial infarction,
peripheral vascular disease, cerebrovascular disease and para-
plegia before the index date were excluded (see supplementary
material, File S1). Patients were further required to have at
least 90 days of history prior to the index date.

Exposures
CHCs were defined as any combination contraceptive,
including oral, vaginal and transdermal routes of administra-
tion. Prescriptions were identified from Anatomical
Therapeutic Chemicals codes (34) and RxNorm codes (35),
which included 24 oral, three topical, 11 transdermal and
eight vaginal CHC treatments (see supplementary material,
File S2). Eligible women with a CHC prescription within
one year of the index date were classified in the CHC expos-
ure group. The control group consisted of eligible women
with no CHC prescription but had at least one non-CHC pre-
scription within one year of the index date. Requiring patients
to have received a prescription in the one-year window, CHC
or non-CHC, was to ensure the prescription was relevant to
the index visit and patients were actively receiving healthcare.

Outcomes
We defined the following individual outcomes based on
ICD-9 or ICD-10 codes assigned to medical encounters after
the index date: AIS, AMI and DVT/PE. To ensure including
patients with the above acute conditions, we defined intraven-
ous thrombolytic administration as another outcome to be
included in the composite endpoint, based on prescription
records. Finally, we defined a composite endpoint as the com-
bination of all the above individual outcomes (see
supplementary material, File S1). We chose not to include
transient ischemic attack, as, in clinical practice, many patients
who present with transient neurological episodes from non-
vascular causes are often mislabeled as transient ischemic
attack. Intracerebral hemorrhage and subarachnoid hemor-
rhage were not included in the composite outcome given
their lower prevalence compared to other outcomes, and the
association between hemorrhage andMwA is less certain (36).

Covariates
We used patient demographics, procedure, and prescription
codes prior to the index date to define covariates of interest.
Covariates included age, sex, race/ethnicity, comorbid ill-
nesses, concurrent prescriptions and healthcare utilization.

A patient’s comorbidities were quantified by the Charlson
Comorbidity Index (37,38), which is a scoring system com-
monly used in electronic health record-based analysis to
quantify the burden of a patient’s comorbid conditions,
including malignancy, solid tumor, diabetes mellitus with
or without complications, chronic pulmonary disease,
dementia, mild/severe liver disease, renal disease, peptic
ulcer disease, connective tissue disease, congestive heart
failure, peripheral vascular disease, leukemia/lymphoma
and acquired immunodeficiency syndrome. Although
some of these comorbidities overlap with those listed in
the exclusion criteria, we first excluded patients based on
the predefined exclusion criteria and subsequently extracted
the remaining comorbidities for propensity score matching.

Statistical analysis
To best assess the effect of CHC exposure and aura status
on vascular outcomes, we conducted the following five ana-
lyses and compared the rates of the composite endpoint and
individual endpoints between the two groups in each of the
following comparisons.

(i) CHC vs. non-CHC in the overall migraine group.
(ii) CHC vs. non-CHC in MwA.
(iii) CHC vs. non-CHC in MwoA.
(iv) MwA vs. MwoA in CHC.
(v) MwA vs. MwoA in non-CHC.

Here, CHC represents patients who were prescribed
CHCs; non-CHC represents patients who were never pre-
scribed CHCs; MwA represents patients with migraine
with aura; and MwoA represents patients with migraine
without aura (Figure 1).

For each analysis, we compared the baseline covariates
between the two groups. For each individual outcome,
and for the composite outcome, we used Cox proportional
hazards models to compare time-to-event between the treat-
ment and control group, or between those with MwA vs.
MwoA. Models were adjusted for covariates using high-
dimensional propensity score matching (39). We fit expos-
ure propensity score models using lasso regression (40) and
then matched the study and control groups women using a
1:1 ratio based on the propensity score. All cohort selection
and statistical analysis were performed using R, version 4.2
(R Foundation, Vienna, Austria) and the detailed method-
ology of high-dimensional propensity score matching was
previously published (41–43).

Results

Population
From a total of >160 million patients in the database, we
used data of 27,055 female patients with migraine
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according to the inclusion/exclusion criteria. We identified
5535 patients who were prescribed CHCs (CHC) and
21,520 patients who were not prescribed CHCs
(non-CHC). The average age was 28.1± 7.9 years in
CHC and 33± 8 in non-CHC. In CHC, 1514 (27.35%)
patients had MwA and, in non-CHC, 6763 (31.43%) had
MwA (Figure 1 and Table 1). The self-identified race/ethni-
city distribution for CHC was: White 2880 (52%), other or
unknown 2270 (41%), Black 278 (5%), Asian 107 (1.9%)
and Hispanic 329 (5.9%). The distribution for non-CHC
was: White 10,643 (49.5%), other or unknown 8864

(41.2%), Black 1552 (7.2%), Asian 461 (2.1%) and
Hispanic 1307 (6.1%). Mean follow-up days were 1745.7
± 1244.1 in CHC and 1448.2± 1147.8 in non-CHC. The
detailed demographics and comorbidity scores included in
the Charlson Comorbidity Index of both groups (CHC vs.
non-CHC) are summarized in Table 1.

Results comparing CHC vs. non-CHC in the (i) overall migraine
cohort, (ii) MwA subgroup and (iii) MwoA subgroup. In the
overall female migraine cohort, the propensity score-
matched comparison included 4720 patients in each group

Figure 1. Number of patients included in each sub-group. CHC = combined hormonal contraceptives; MwA = migraine with aura;

MwoA = migraine without aura.

Table 1. Demographic data and comorbidities of the overall cohort.

　 CHC Non-CHC

Number 5535 21,520

Age (years), mean ± SD 28.1 ± 7.9 33.0 ± 8.0

Migraine with aura 1514 (27.35%) 6763 (31.43%)

Race/ethnicity 　
White 2880 (52%) 10,643 (49.5%)

Other 2270 (41%) 8864 (41.2%)

Black 278 (5%) 1552 (7.2%)

Asian 107 (1.9%) 461 (2.1%)

Hispanic 329 (5.9%) 1307 (6.1%)

Follow-up days, mean ± SD 1745.7 ± 1244.1 1448.2 ± 1147.8

Comorbidities 　
Malignancy 25 (0.45%) 213 (0.99%)

Metastatic solid tumor 4 (0.07%) 46 (0.21%)

Diabetes 49 (0.89%) 400 (1.86%)

Diabetes with complications 5 (0.09%) 91 (0.42%)

Chronic pulmonary disease 601 (10.86%) 1869 (8.68%)

Dementia 2 (0.04%) 5 (0.02%)

Mild liver disease 29 (0.52%) 210 (0.98%)

Severe liver disease 0 (0%) 8 (0.04%)

Renal disease 13 (0.23%) 79 (0.37%)

Peptic ulcer disease 16 (0.29%) 87 (0.4%)

Rheumatic disease 45 (0.81%) 239 (1.11%)

HIV 2 (0.04%) 7 (0.03%)

Age and follow-up days are reported as the mean ± SD. Other characteristics are reported as n (%).

CHC = combined hormonal contraceptives; SD = standard deviation.
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and showed no significant difference in the composite
outcome with 104 events in CHC and 89 events in
non-CHC and a hazard ratio (HR) of 1.2 (95% confidence
interval (CI) = 0.89–1.61; p= 0.23). Comparison of each
individual outcome also did not show any significant
difference between CHC and non-CHC (AIS, HR= 1.05;
95% CI = 0.59–1.86; p= 0.86; AMI, HR= 1.43; 95%
CI = 0.57–3.57; p= 0.44; DVT/PE, HR= 1.2; 95%
CI = 0.8–1.78; p= 0.38). (Figures 1 and 2 and Table 2).

Among the 8277 patients with MwA, 1514 patients were
prescribed CHCs, and 6763 were never prescribed CHCs.
The propensity score-matched comparison of 1309 patients
from each group included 39 events in CHC and 30 events in
non-CHC among those with MwA and revealed no significant
difference in the composite outcome (HR=1.59; 95%
CI= 0.96–2.63; p=0.07). We then examined the 1514 patients
with MwA who were prescribed CHCs. Among them, 368/
1514 (24.3%) had CHC prescriptions after the date of MwA
diagnosis and 8/368 (2.17%) of them experienced at least one
composite outcome. For 1146 (75.7%) patients, CHC prescrip-
tions were written before MwA was diagnosed and 34/1146
(2.96%) had at least one composite outcome.

As for the 18,778 patients with MwoA, 4021 patients
had CHC and 14,757 did not. The composite outcome
occurred in 65 in CHC and 62 in non-CHC in the propensity
score-matched group of 3417 patients in each category, and
no significant difference was observed (HR 0.99; 95% CI,
0.69–1.42; p= 0.94) (Table 2).

Results comparing MwA vs. MwoA in (iv) those who were
prescribed CHC and (v) non-CHC patients. For the 5535
who had been prescribed CHC, 1514 had MwA and 4021
had MwoA. The composite outcome occurred in 42 in
MwA and 33 in MwoA in propensity score-matched
groups of 1506 patients and did not show any significant
difference between MwA and MwoA (HR= 1.27; 95% CI
= 0.8–2; p= 0.31).

For the 21,520 who had never been prescribed CHC,
6763 had MwA and 14,757 had MwoA. The propensity
score-matched comparison included 6201 patients in each
group and demonstrated a significantly higher incidence
of AIS (72 events vs. 28 events; HR= 2.45; 95% CI=
1.58–3.78; p< 0.001) and the composite endpoint (197
events vs. 139 events; HR= 1.34; 95% CI= 1.08–1.67; p
= 0.008) in those with MwA compared to MwoA. In
Table 2, we list the detailed numbers of patients included
in each of the five analyses listed above, the number of
patients used for each propensity score-matched compari-
son, and the number of each vascular outcome analyzed
in each comparison.

The survival probability curve of the comparisons are
presented in Figure 2. The characteristics of propensity-
matched groups are summarized in the supplementary
material (File S3). The standardized mean differences
were <0.1, except for the following factors: (i) mean
follow-up days; (ii) mean pre-index days and mean
follow-up days; (iii) mean follow-up days; and (iv) race/
ethnicity – Black. The number of patients at risk is provided
in the supplementary material (File S4).

Discussion
Our real-world analyses on a nationwide de-identified elec-
tronic medical record database utilizing high dimensional
propensity score matching comparisons demonstrated that
there was no statistically significant difference in the risk
of developing the composite vascular endpoint, or any
of the individual outcomes, including AIS, AMI and
DVT/PE in women with migraine, aged 18–45 years, who
have been prescribed estrogen-containing CHCs compared
to those who have never received a CHC prescription in the
overall migraine group, and separately in the MwA and
MwoA subgroups. Furthermore, we found that the risks of
the composite outcome and AIS were significantly increased

Figure 2. (I) to (V) Survival probability in the composite outcome. The number of events in each propensity score-matched group is

indicated within parentheses. Purple and green lines represent survival probabilities with 95% confidence intervals shown with shaded

areas. CHC = patients who were prescribed CHCs; non-CHC = patients who were not prescribed CHCs; HR = hazard ratio;

MwA = patients with MwA; MwoA = patients with MwoA.

Ihara et al. 5

https://journals.sagepub.com/doi/suppl/10.1177/03331024251404924
https://journals.sagepub.com/doi/suppl/10.1177/03331024251404924
https://journals.sagepub.com/doi/suppl/10.1177/03331024251404924


T
ab

le
2.

C
o
m
p
ar
is
o
n
o
f
su
rv
iv
al
p
ro
b
ab
ili
ty

(i
)
b
e
tw

e
e
n
CH

C
an
d
no
n-
CH

C
in

th
e
o
ve
ra
ll
fe
m
al
e
m
ig
ra
in
e
co
h
o
rt
;
(i
i)
b
e
tw

e
e
n
CH

C
an
d
no
n-
CH

C
in

M
w
A;

(i
ii)

b
e
tw

e
e
n
CH

C
an
d
no
n-
CH

C
in

M
w
oA
;
(i
v)

M
w
A
an
d
M
w
oA

in
CH

C;
an
d
(v
)
M
w
A
an
d
M
w
oA

in

no
n-
CH

C.

　
　

(i
)
M
ig
ra
in
e

(i
i)
M
w
A

(i
ii)

M
w
oA

(i
v)

CH
C

(v
)
N
on
-C
H
C

　
　

CH
C

N
on
-C
H
C

CH
C

N
on
-C
H
C

CH
C

N
on
-C
H
C

M
w
A

M
w
oA

M
w
A

M
w
oA

N
u
m
b
e
r

5
5
3
5

2
1
,5
2
0

1
5
1
4

6
7
6
3

4
0
2
1

1
4
,7
5
7

1
5
1
4

4
0
2
1

6
7
6
3

1
4
,7
5
7

C
H
C

Y
e
s

N
o

Y
e
s

N
o

Y
e
s

N
o

Y
e
s

Y
e
s

N
o

N
o

A
u
ra

(%
)

1
5
1
4
(2
7
.3
5
%
)

6
7
6
3
(3
1
.4
3
%
)

1
0
0
%

0
%

1
0
0
%

0
%

1
0
0
%

0
%

A
ge
,
m
e
an

±
SD

2
8
.1

±
7
.9

3
3
±
8
.0

2
8
.1

±
7
.9

3
3
±
8
.0

2
8
.2

±
8
.0

3
3
±
8
.1

2
8
.1

±
7
.9

2
8
.2

±
8
.0

3
3
±
8
.0

3
3
±
8
.1

C
o
m
o
rb
id
it
y
sc
o
re
,
m
e
an

±
SD

0
.2

±
0
.5

0
.2

±
0
.6

0
.2

±
0
.5

0
.2

±
0
.7

0
.2

±
0
.5

0
.2

±
0
.6

0
.2

±
0
.5

0
.2

±
0
.5

0
.2

±
0
.7

0
.2

±
0
.6

D
ay
s
to

co
m
p
o
si
te

e
n
d
p
o
in
t,

m
e
an

±
SD

1
1
2
3
.3
9
±
1
0
2
6
.1
7

9
5
6
.6
5
±
1
0
1
9
.5
9

1
1
7
5
.8
6
±
1
1
5
9
.7
8

8
8
0
.7
9
±
8
9
3
.9
2

1
0
9
2
.7
8
±
9
4
6
.9
0

1
0
0
3
.5
7
±
1
0
8
8
.7
2

1
1
7
5
.8
6
±
1
1
5
9
.7
8

1
0
9
2
.7
8
±
9
4
6
.9
0

8
8
0
.7
9
±
8
9
3
.9
2

1
0
0
3
.5
7
±
1
0
8
8
.7
2

N
u
m
b
e
r
o
f
p
at
ie
n
ts
fo
r

P
S-
m
at
ch
e
d
co
m
p
ar
is
o
n

4
7
2
0

1
3
0
9

3
4
1
7

1
5
0
6

6
2
0
1

C
o
m
p
o
si
te

e
n
d
p
o
in
t
(%
)

1
1
4
(2
.0
6
%
)

5
4
7
(2
.5
4
%
)

4
2
(2
.7
7
%
)

2
0
9
(3
.0
9
%
)

7
2
(1
.7
9
%
)

3
3
8
(2
.2
9
%
)

4
2
(2
.7
7
%
)

7
2
(1
.7
9
%
)

2
0
9
(3
.0
9
%
)

3
3
8
(2
.2
9
%
)

P
S-
m
at
ch
e
d

co
m
p
ar
is
o
n

N
u
m
b
e
r

(e
ve
n
ts
)

1
0
4

8
9

3
9

3
0

6
5

6
2

4
2

3
3

1
9
7

1
3
9

p
0
.2
3

0
.0
7

0
.9
4

0
.3
1

0
.0
0
8

H
R
(9
5
%
C
I)

1
.2

(0
.8
9
,
1
.6
1
)

R
e
f

1
.5
9
(0
.9
6
,
2
.6
3
)

R
e
f

0
.9
9
(0
.6
9
,
1
.4
2
)

R
e
f

1
.2
7
(0
.8
,
2
)

R
e
f

1
.3
4
(1
.0
8
,
1
.6
7
)

R
e
f

A
cu
te

is
ch
e
m
ic
st
ro
ke

(%
)

2
6
(0
.4
7
%
)

1
4
9
(0
.6
9
%
)

1
4
(0
.9
2
%
)

7
4
(1
.0
9
%
)

1
2
(0
.3
%
)

7
5
(0
.5
1
%
)

1
4
(0
.9
2
%
)

1
2
(0
.3
%
)

7
4
(1
.0
9
%
)

7
5
(0
.5
1
%
)

P
S-
m
at
ch
e
d

co
m
p
ar
is
o
n

N
u
m
b
e
r

(e
ve
n
ts
)

2
4

2
7

1
3

1
4

1
0

1
0

1
4

8
7
2

2
8

p
0
.8
6

0
.5
1

0
.9
3

0
.2
2

<
0
.0
0
1

H
R
(9
5
%
C
I)

1
.0
5
(0
.5
9
,
1
.8
6
)

R
e
f

1
.3
1
(0
.5
9
,
2
.9
2
)

R
e
f

1
.0
4
(0
.4
2
,
2
.5
5
)

R
e
f

1
.7
3
(0
.7
3
,
4
.1
3
)

R
e
f

2
.4
5
(1
.5
8
,
3
.7
8
)

R
e
f

A
cu
te

m
yo
ca
rd
ia
l
in
fa
rc
ti
o
n
(%
)

1
2
(0
.2
2
%
)

5
6
(0
.2
6
%
)

6
(0
.4
%
)

1
3
(0
.1
9
%
)

6
(0
.1
5
%
)

4
3
(0
.2
9
%
)

6
(0
.4
%
)

6
(0
.1
5
%
)

1
3
(0
.1
9
%
)

4
3
(0
.2
9
%
)

P
S-
m
at
ch
e
d

co
m
p
ar
is
o
n

N
u
m
b
e
r

(e
ve
n
ts
)

1
1

9
6

1
5

1
0

6
5

1
3

1
9

p
0
.4
4

0
.0
7
1

0
.2
8

0
.7
7

0
.2

H
R
(9
5
%
C
I)

1
.4
3
(0
.5
7
,
3
.5
7
)

R
e
f

7
.7

(0
.8
4
,
7
0
.3
3
)

R
e
f

0
.5
4
(0
.1
8
,
1
.6
3
)

R
e
f

1
.1
9
(0
.3
6
,
3
.9
1
)

R
e
f

0
.6
3
(0
.3
1
,
1
.2
8
)

R
e
f

D
e
e
p
ve
in
th
ro
m
b
o
si
s/
p
u
lm
o
n
ar
y

e
m
b
o
lis
m

(%
)

6
2
(1
.1
2
%
)

2
8
0
(1
.3
%
)

1
5
(0
.9
9
%
)

1
0
0
(1
.4
8
%
)

4
7
(1
.1
7
%
)

1
8
0
(1
.2
2
%
)

1
5
(0
.9
9
%
)

4
7
(1
.1
7
%
)

1
0
0
(1
.4
8
%
)

1
8
0
(1
.2
2
%
)

P
S-
m
at
ch
e
d

co
m
p
ar
is
o
n

N
u
m
b
e
r

(e
ve
n
ts
)

5
7

4
8

1
4

1
8

4
4

3
4

1
5

1
6

9
3

7
1

p
0
.3
8

0
.9
6

0
.2
9

0
.8
3

0
.1
9

H
R
(9
5
%
C
I)

1
.2

(0
.8
,
1
.7
8
)

R
e
f

1
.0
2
(0
.4
9
,
2
.1
3
)

　
1
.2
9
(0
.8
,
2
.0
6
)

R
e
f

0
.9
3
(0
.4
6
,
1
.8
8
)

R
e
f

1
.2
3
(0
.9
,
1
.6
7
)

R
e
f

T
h
ro
m
b
o
ly
ti
cs

(%
)

　
2
6
(0
.4
7
%
)

1
2
5
(0
.5
8
%
)

1
4
(0
.9
2
%
)

4
8
(0
.7
1
%
)

1
2
(0
.3
%
)

7
7
(0
.5
2
%
)

1
4
(0
.9
2
%
)

1
2
(0
.3
%
)

4
8
(0
.7
1
%
)

7
7
(0
.5
2
%
)

P
S-
m
at
ch
e
d

co
m
p
ar
is
o
n

N
u
m
b
e
r

(e
ve
n
ts
)

2
4

2
0

1
3

9
1
1

1
5

1
4

6
4
5

3
4

p
0
.9
6

0
.2
9

0
.1
4
8

0
.0
8
1

0
.3
2

H
R
(9
5
%
C
I)

1
.0
2
(0
.5
5
,
1
.8
8
)

　
1
.6
7
(0
.6
5
,
4
.2
9
)

R
e
f

0
.5
3
(0
.2
3
,
1
.2
5
)

R
e
f

2
.3
4
(0
.9
,
6
.1
)

R
e
f

1
.2
5
(0
.8
,
1
.9
6
)

R
e
f

C
H
C
=
co
m
b
in
e
d
h
o
rm

o
n
al
co
n
tr
ac
e
p
ti
ve
s;
C
I
=
co
n
fi
d
e
n
ce

in
te
rv
al
;
H
R
=
h
az
ar
d
ra
ti
o
;
M
w
A
=
m
ig
ra
in
e
w
it
h
au
ra
;
M
w
o
A
=
m
ig
ra
in
e
w
it
h
o
u
t
au
ra
;
P
S-
m
at
ch
e
d
=
p
ro
p
e
n
si
ty

sc
o
re
-m

at
ch
e
d
;
SD

=
st
an
d
ar
d
d
e
vi
at
io
n
.

6 Cephalalgia 45(12)



in MwA compared to MwoA for those never exposed to
CHCs, but not for patients who had CHC prescriptions.

Despite some guidelines suggesting that MwA is a
contraindication to CHC, we found that 368 patients had
CHC prescribed after the MwA diagnosis date, and 8/368
(2.17%) developed the composite endpoint, which was
similar to the rate of composite endpoint of the overall
cohort (114/5535 (2.06%) in CHC and 547/21,520
(2.54%) in non-CHC). This numbers highlights the import-
ance of our findings in real-world practice, as many female
patients received a CHC prescription even after MwA was
diagnosed.

Previous studies evaluating the risk of CHC in migraine
overall suggested an increased risk of ischemic stroke or
cardiovascular outcomes, especially in patients with MwA
and CHC use. However, most studies compared the risk
of patients with migraine using CHCs to healthy controls
not on CHCs, while very few studies have directly com-
pared the risk of using CHCs to not using CHCs in patients
with migraine, MwA and MwoA (16,22). A population-
based, case-control study including 25,887 patients with
ischemic stroke was conducted from 2006 through 2012
and showed that those with MwA using CHC were asso-
ciated with a six-fold increased risk of ischemic stroke com-
pared to those without migraine without CHC use,
emphasizing the joint effect of CHCs and MwA (17), Our
results are consistent with the data reported, such that
using CHC did not significantly increase ischemic stroke
risks in those with MwoA. However, for those with
MwA, our results suggested no significant difference in
the risk of vascular outcomes between CHC users and
non-users, and there was an increased risk of ischemic
stroke in MwA compared to MwoA in those who were
never prescribed CHC, suggesting that MwA is likely the
main contributor of the vascular risk. These differences
could be due to differences in covariates, outcome defini-
tions, the types of CHCs and inclusion criteria, which
were limited to patients with private insurance in the prior
study. Another study in 1998 investigated the risk of
stroke associated with the use of low-dose CHCs with
<50 μg estrogen by conducting a pooled analysis of two
US population-based case–control studies and concluded
that low-dose CHCs could increase risks of ischemic
stroke in those with a history of migraine (44), but not in
those without migraine. However, the number of patients
with migraine in the case group was low (n= 51 for ische-
mic stroke; n= 50 for hemorrhagic stroke), migraine sub-
types were not specified and only participants who could
be directly interviewed were included in the study, introdu-
cing the possibility of non-participation bias.

In 2018, the European Headache Federation and the
European Society of Contraception and Reproductive
Health published a consensus statement about the associ-
ation between hormonal contraceptives and risks of ische-
mic stroke (16,22). They demonstrated that the absolute

risk of ischemic stroke in women aged 20–44 years
without migraine without CHCs is 2.5/100,000 per
year, while, in MwA without CHCs, it is 5.9/100,000
per year, an, in MwA with CHCs, it is further increased
to 14.5/100,000 per year. The statement recommends “a
clinical evaluation for the presence of migraine, for the def-
inition of migraine subtype (i.e., with or without aura) and
migraine frequency together with the ascertainment of con-
ventional vascular risk factors before prescription of com-
bined hormonal contraceptives” and considers that CHCs
with >35 μg ethinyl estradiol are “high-risk products”,
CHCs containing ≤35 μg and combined contraceptive
patch as “medium risk products” and progestogen-only
contraceptives as “no risk products”. After the EHF state-
ment, several recent studies were published on this topic.
A systematic review by Sheikh et al. (24) summarized rele-
vant literature until January 2016 regarding the risks of
stroke associated with migraine and CHCs, focusing on
whether the risk of stroke is associated with estrogen dose
and whether there is synergism between migraine and
CHCs. It was concluded that previous evidence suggests
an additive increase in risks of stroke with using CHCs
in those with MwA, although insufficient sample sizes
might result in lower level of evidence of prior studies.
Additionally, a case-control study by Batur et al. (26) on
127 patients with confirmed ischemic stroke while on
CHCs, including 14 patients with MwA and 20 with
MwoA, revealed that stroke risks were higher with
CHCs with ≥30 μg ethinyl estradiol compared to those
with <30 μg dose, highlighting dose-dependency of vas-
cular risks with ethinyl estradiol. Notably, they revealed
that compared to those without migraine, stroke risk
increased only in those with MwoA, and not in those
with MwA.

Notably, the risk of the composite outcome or AIS was
not significantly increased in our propensity-matched com-
parisons for those exposed to CHC, in the overall migraine
group, MwA and MwoA. This finding would corroborate
the findings of a systematic review published by Ornello
et al. (25), such that the increased risks of ischemic stroke
in young female patients with migraine using CHCs is
driven mainly by MwA, rather than by low-dose CHCs.
Similar to the study findings presented by Batur et al.
(26), it is also possible that for patients with MwA, only
those with a lower vascular risks profile were prescribed
CHCs. In addition, based on the previous hypothesis and
reports that the vascular risks associated with CHC in
migraine are dose-dependent (23), it is possible that the dif-
ferences observed in our study compared to prior studies are
resulting from a much lower dose of ethinyl estradiol
included in CHC products over the past 15 years, reducing
from 150 μg in the 1960s to mostly lower than 50 μg cur-
rently (23,27–30). Our results suggest the use of modern
CHC might not significantly increase vascular risks in
patients with migraine, regardless of migraine subtypes,
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although a limitation of our study is that we do not have the
dosage information in the database to conduct additional
evaluations of the effect of the dose of estrogen on vascular
risk.

Our study depicted the increased vascular risks in
patients with MwA compared to MwoA in patients who
did not use CHCs, but not in patients who used CHCs.
The increase in vascular risks in patients with MwA com-
pared to MwoA has been repeatedly shown in previous
studies (4,6,8,45–48). However, it is intriguing that this
finding was not observed in those who received CHCs.
Given the large electronic medical record database, we
employed strict inclusion criteria to ensure patients
included were being actively treated and followed, and
only women aged 18–45 years were included, comprising
a population typically with a lower risk of vascular
events. Since the absolute number of vascular events
included in CHC group (MwA, 42 (2.77%); MwoA, 72
(1.79%)) is smaller compared to those observed in
non-CHC group (MwA, 209 (3.09%); MwoA, 338
(2.29%)), the insignificant result in MwA population could
be attributed to a lack of statistical power issue and does
not necessarily exclude increased vascular risks of CHCs
in those with MwA. Additionally, it might be possible
that mildly increased estrogen levels with CHC use
exhibit protective effects for cardiovascular systems by
reducing oxidative stress (49,50) or having anti-
inflammatory effects (51). It has been suggested that con-
tinuing ultra-low dose formulations of ethinyl estradiol
could potentially decrease the frequency of aura (23). As
an association between aura or migraine frequency with
the risk of stroke or cardiovascular diseases has been sug-
gested (52–54), a reduction in aura frequency from CHC
use could have led to decreased stroke risks. Additionally,
given the guideline suggestions (21), it is possible that clin-
icians only prescribed CHC to patients with MwA who had
a low baseline vascular risk profile, resulting in potential
selection bias.

The strengths of our study include the large number of
patients across different electronic medical record systems
from multiple healthcare systems in the U.S. By employing
high-dimensional propensity score matching, we were able
to adjust for multiple potential confounding factors, includ-
ing demographics and comorbidities. We also included
multiple vascular events, including both arterial and
venous thromboembolism, to capture most possible
adverse outcomes associated with estrogen use.
Furthermore, leveraging our carefully designed group-
based comparison methodologies on this large cohort of
patients, we were able to conduct five separate analyses,
stratified by CHC exposure and aura status, to investigate
the effect of CHC exposure and aura status on vascular out-
comes in each subgroup. Our results add to the literature
because most previosuly published studies reporting the
vascular risk of estrogen in migraine did not specifically

compare between migraine subtypes or stratify patients by
estrogen exposure.

Our study has several limitations. Given the concerns of
vascular outcomes associated with MwA, it is likely that
patients who were prescribed CHC had an overall low vas-
cular risk profile or had better access to care. Although we
have maximized ways to mitigate this selection bias by
ensuring all patients had at least three office visits and
received migraine-specific medications, and taking into
account of their age, race/ethnicity, number of encounters
and comorbidities in our high dimensional propensity
matching, there might be intrinsic limitations of such retro-
spective electronic medical record research that are difficult
to capture, such as socioeconomic status and access to care.
Although our study utilized a large database, each subgroup
comparison for the composite vascular outcome included
fewer than 200 events, and individual outcomes such as
AMI involved smaller event counts. This likely reflects
our strict inclusion criteria, restricting the cohort to
women aged 18–45 years who were actively receiving treat-
ment for migraine, as well as the inherently low incidence
of vascular events in this age group. Nevertheless, the
limited number of events may have reduced the statistical
power of our analyses. Previous studies suggested the com-
bination of smoking and CHC significantly increased the
risk of stroke in patients with MwA. However, structured
information on smoking is not available in the current elec-
tronic medical record database and therefore not included.
Future studies, especially those involving smaller cohorts
with detailed chart review, or prospective data collection
including smoking as a factor, could address this limitation
more directly. Additionally, other factors that could influ-
ence the vascular risk were not specifically stratified in
our analysis, such as hypertension, hyperlipidemia, inher-
ited or acquired hypercoagulable states, as those were not
specifically included in the Charlson Comorbidity Index.
However, our analysis excluded patients with a history of
heart failure, myocardial infarction, peripheral vascular
disease, cerebrovascular disease and paraplegia before the
index date. As previous studies suggest that the risk of vas-
cular events is dose-dependent and more common during
the first year of use (55), more studies are needed to inves-
tigate the vascular risk among CHC products of different
estrogen dose ranges and duration of estrogen exposure,
which were not available in the current database. Lastly,
we used ICD codes to ascertain aura status and vascular
events, which could result in inaccuracies in determining
aura status or the diagnosis of vascular events. Although
previous studies suggest that ICD codes could diagnose
incident stroke with high specificity (56), the accuracy of
migraine subtype diagnosis based on ICD codes might be
limited, especially when patients are seen by non-headache
specialists. Given the nature of the de-identified electronic
medical record database, clinical note information was not
available nor accessible to conduct chart review.
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In conclusion, our large-scale observational study sug-
gests that modern estrogen-containing CHCs did not sig-
nificantly increase the risk of vascular events, including
AIS, AMI and DVT/PE in young women with migraine
who have no prior cardiovascular events, regardless of

aura status. Our results suggest that the need to list MwA
as a contraindication of modern CHC use should be care-
fully reassessed, and future prospective research evaluating
the risk of adverse vascular events with low dose estrogen
use in women with migraine could be conducted.

Article highlights
• We conducted a large-scale observational study using a deidentified electronic medical record database that
includes patients from multiple healthcare systems in the U.S. and compared the risk of adverse vascular outcomes
in women with migraine, aged 18–45 years, stratified by CHC exposure and aura status.

• Our results suggest that modern estrogen-containing CHCs did not significantly increase the risk of vascular events,
including acute ischemic stroke, acute myocardial infarction and deep vein thrombosis/pulmonary embolism in
those with migraine, regardless of aura status.

• The vascular risk associated with CHC use in women with migraine should be carefully reassessed, especially in
those with MwA.
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