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Rates of  Vascular Events in Patients With Migraine:  
A MarketScan® Database Retrospective Cohort Study

Karminder Gill, PhD; Victoria M. Chia, PhD, MPH; Rohini K. Hernandez, PhD; Marco Navetta, MD

Objective.—To estimate the baseline rates of vascular events among people with migraine.
Background.—Several novel medications that target the calcitonin gene-related peptide (CGRP) pathway are approved to 

treat people with migraine. Given that the CGRP pathway also plays a role in maintaining cardiovascular homeostasis, deter-
mining the baseline rates of vascular events among people with migraine will help inform the safety of these novel 
medications.

Methods.—In this retrospective cohort study, patients 18- to 64-year-old patients with migraine were identified from the 
MarketScan® database (January 2013-December 2017) and were categorized into 4 vascular risk categories: migraine with aura; 
and high, medium, and low vascular risk. Event rates (per 1000 person-years [PY]) for 19 vascular events were estimated overall, 
by risk category, and by baseline characteristics.

Results.—Among 1,195,696 patients with migraine, 4.8% (57,853/1,195,696) had migraine with aura, and 2.8% 
(33,949/1,195,696), 15.5% (184,782/1,195,696), and 77.9% (931,059/1,195,696) were at high, medium, and low risk of vascular 
events, respectively. Rates of ischemic stroke (per 1000 PY) were 5.1 (95% confidence interval [CI]: 5.0, 5.2) overall, 8.6 (95% 
CI: 8.1, 9.1) for patients with migraine aura, 47.2 (95% CI: 45.3, 49.0) in the high-risk group, 9.4 (95% CI: 9.1, 9.7) in the 
medium-risk group, and 2.9 (95% CI: 2.9, 3.0) in the low-risk group. Rates of acute myocardial infarction (per 1000 PY) were 
1.8 (95% CI: 1.8, 1.9) overall, 1.9 (95% CI: 1.7, 2.2) for patients with migraine aura, 14.0 (95% CI: 13.0, 14.9) in the high-
risk group, 3.9 (95% CI: 3.7, 4.1) in the medium-risk group, and 1.1 (95% CI: 1.0, 1.1) in the low-risk group. High-risk patients 
had the highest rates of each of 19 evaluated vascular events, and rates were higher for men, older age groups, and those with 
higher comorbidity scores, medication usage, and medical utilization.

Conclusion.—Our findings provide recent rates of vascular disease in patients with migraine. In the future, this information 
will be useful to help inform clinical risk:benefit decision making when assessing the use of therapies such as CGRP antagonists 
for migraine.
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INTRODUCTION
There is growing evidence of an association be-

tween migraine and the risk of vascular events. The 
risk of hemorrhagic stroke, transient ischemic stroke, 
myocardial infarction, and unstable angina has been 
shown to be higher among people with migraine com-
pared with those without migraine.1 In addition, sev-
eral systematic reviews and meta-analyses suggest that 
migraine with aura, which is experienced by approx-
imately one-third of people with migraine,2 may be a 
risk factor for ischemic stroke.3-6 Associations between 
migraine and mortality due to cardiovascular and cere-
brovascular events have also been observed.7,8

Although stroke and acute coronary events, espe-
cially in older patients, remain a concern for clinicians, 
few studies have examined the risk of other significant 
vascular events, such as venous thromboembolism, pe-
ripheral artery disease, and congestive heart failure, in 
patients with migraine. In addition, some drugs used to 
treat migraine, such as triptans, may have vascular effects 
and appear to be avoided where possible in patients with 
cardiovascular risk.9,10 Furthermore, newer preventive 
medications have a role in the calcitonin gene-related 
peptide (CGRP) pathway which maintains cardiovascu-
lar homeostasis.11 Understanding the baseline rates of 
vascular events will provide valuable information against 
which to compare the safety of established migraine 
medications (such as triptans), as well as the safety of 
novel medications that target the CGRP pathway.

We used data from a large US administrative 
claims database to descriptively provide more recent 
estimates of the burden of 19 vascular events among 
adults with migraine. The objective of our study was 
to estimate the rates of vascular events overall and in 
4 different categories of patients with migraine, to give 
context to event rates observed with the real-world use 
of migraine medications.

METHODS
Study Design and Data Source.—In this retro-

spective cohort study, we identified a cohort of  

patients with migraine from the IBM MarketScan® 
Commercial Claims and Encounters database (date 
range: January 01, 2013 to December 31, 2017). The 
MarketScan® medical claims database represents the 
medical experience of  insured employees and their 
dependents, early retirees, COBRA continues, and 
Medicare-eligible retirees with employer-sponsored 
Medical Supplemental plans. There are approximate-
ly 25  million annual patients in the database from 
1996 to 2017. The underlying insured population 
from which the data are drawn was geographically 
diverse across the United States (47% – South, 18% 
– North, 17% – West, and 20% – North Central), 
52% of  plan participants were male, and 89% were 
enrolled in fee-for-service plans. The MarketScan® 
database contains fully adjudicated eligibility, phar-
macy, procedure, and medical claims data for patients 
enrolled in large US health plans. These databases 
provide physician, hospital, and prescription drug 
services data and capture medical claims or encoun-
ter data from all available healthcare sites, including 
inpatient hospitals, outpatient hospitals, emergency 
rooms, physicians’ offices, and surgery centers. The 
MarketScan® database is Health Insurance Porta-
bility and Accountability Act compliant, and all 
patient data are de-identified. Because identifying  
information cannot be linked back to the patients 
from whom the data were originally collected, the 
subsequent use of  the data does not constitute hu-
man subject research requiring informed consent and 
does not require approval from an institutional re-
view board.

This study is based on an analysis of automated 
medical and prescription claims, in individuals with 
a confirmed age and gender categorization. Because 
claims are collected for the purpose of payment, we 
assume that diagnoses and prescriptions reported in 
claims data are a true and accurate reflection of the 
health status and medication and health service usage 
for an individual. For the serious migraine and vas-
cular diagnoses and related medication usage con-
sidered here, the presence of an associated claim was 
interpreted as indicating that the procedure was con-
ducted, the disease was present, or the drug was con-
sumed; the absence of a claim indicated the opposite. 
Consequently, there were no missing data.
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Study Population.—The study sample was based 
on the available data in the MarketScan® claims da-
tabase. Patients (18-64 years) were included in the mi-
graine cohort if  they met any of the following defini-
tions during the study period: ≥1 migraine diagnosis 
claim for a “non-emergency” inpatient visit; ≥1 mi-
graine diagnosis claim from an emergency room visit; 
≥1 outpatient migraine diagnosis claim plus ≥1 acute 
migraine drug (triptan or ergot derivative) prescription 
claim within 180 days of each other; ≥2 outpatient mi-
graine diagnoses between 7 and 180 days apart; or ≥2 
acute migraine drug (triptan or ergot derivative) pre-
scription claims between 7 and 180  days apart. The 
index date for inclusion in the cohort was the first 
date the patient met any of the migraine definitions. 
For definitions requiring 2 or more claims or 2 or more 
medication prescriptions, the index date was the first 
claims date or the first date for a prescription. In ad-
dition to meeting a migraine definition, patients were 
required to have 12 months of continuous medical and 
pharmacy eligibility prior to the index date for assess-
ing medical history.

Patients with migraine were further categorized 
into 4 vascular risk categories (categories were not mu-
tually exclusive) based on the presence of conditions 
prior to the index date: (1) migraine with aura (history 
of an aura diagnosis, irrespective of previous vascu-
lar events or risk factors for vascular events); (2) high  
risk of vascular events (history of any of the follow-
ing 19 vascular events: ischemic stroke, hemorrhagic 
stroke, unspecified stroke, transient ischemic attack, 
subarachnoid hemorrhage, intracerebral hemorrhage, 
other acute cerebrovascular events, other ischemic 
cerebrovascular events, acute myocardial infarction, 
myocardial ischemia, congestive heart failure, acute  
ventricular tachycardia, acute atrial fibrillation, 
Prinzmetal angina, unstable angina pectoris, other and 
un specified angina pectoris, coronary revascularization,  
peripheral artery disease, or venous thromboembo-
lism); (3) medium risk of vascular events (history of 
hypertension, type I diabetes, type II diabetes, or hy-
percholesterolemia, but no history of the 19 previously 
specified vascular events); and (4) low risk of vascular 
events (no history of migraine aura, hypertension, di-
abetes, hypercholesterolemia, or any of the 19 previ-
ously specified vascular events). These categories were 

chosen because they had either clinical relevance to 
migraine (eg, migraine with aura) or are known risk 
factors for cardiovascular disease.

The International Classification of Diseases, 
Ninth Revision, Clinical Modification (ICD-9-CM) 
codes were used to code baseline comorbidities and 
vascular outcomes from January 2013 to September 
2015; ICD-10-CM codes were used from October 
2015 to December 2017. To obtain equivalent ICD-
10-CM codes for our study covariates, we used simple 
forward mapping from the ICD-9-CM definitions by 
referencing the 2017 General Equivalence Mappings. 
The ICD-9-CM and ICD-10-CM codes used to iden-
tify all vascular outcomes are presented in Supporting  
Table S1.

Outcome Assessments.—We evaluated each of the 
19 vascular events during the follow-up period, overall, 
by vascular risk category, and by baseline patient char-
acteristics. Person-time at risk was evaluated separate-
ly for each vascular outcome starting from the index 
date and ending at the date of the first occurrence of 
a vascular outcome of interest, death, termination of 
enrollment in the health plan submitting information 
to the MarketScan® database, or the administrative 
end of the study on December 31, 2017.

Covariates.—Patient characteristics were assessed 
during the baseline period and included demograph-
ics (gender and age [categories: 18-24, 25-34, 35-44, 
45-54, 55-64]), use of acute migraine medications 
(analgesics, ergotamines, nonsteroidal anti-inflamma-
tory drugs, opioids, and triptans), use of other med-
ications of interest (antidepressants, antiepileptics, 
antihypertensives, anxiolytics, gastrointestinal medica-
tions, hormonal contraceptives, lipid-lowering agents, 
migraine-preventive treatments, and nonmigraine 
monoclonal antibodies), medical utilization (inpatient 
visits, emergency room visits, ambulatory visits), drug 
utilization (number of prescriptions), and medical his-
tory (anxiety, asthma, cancer [excluding nonmelano-
ma skin cancer], chronic kidney disease, constipation, 
Crohn’s disease, depression, rheumatoid arthritis, and 
comorbidity score). Comorbidity score was based 
on the Deyo adaptation of the Charlson Comorbidity 
Index for administrative claims data.12

Statistical Analysis.—To examine patient charac-
teristics overall and within vascular risk categories, 
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we used number (N) and percentages (%) to describe 
baseline patient characteristics such as nominal gender 
categories, dichotomous variables denoting the use of 
medications or presence of comorbidities, and ordinal 
variables such as categories of age, medical and drug 
utilization groupings, and comorbidity score group-
ings. Overall event rates as well as event rates strati-
fied by vascular risk categories, demographic charac-
teristics, medical history, and medication usage, were 
calculated as the number of incident events during the 
follow-up period divided by the total person-time at 
risk. All event rates, presented per 1000 person-years  
(PY), were estimated using a generalized linear model 
based on the Poisson distribution, and were unadjusted 
for any baseline patient characteristics.

We used propensity score analyses to match pa-
tients at medium risk of vascular events with those at 
low risk of vascular events. Alternative matching strat-
egies, such as matching patients at high vascular risk to 
patients at low vascular risk, were not undertaken due 
to sample size considerations and low expected match 
rates between the sicker patients in the high vascular 
risk group and the relatively healthier patients in the 
low vascular risk group. The propensity scores were 
generated by a multivariable logistic regression model 
with group assignment as the dependent variable. The 
independent variables included in the propensity score 
model were demographics (age and gender), medica-
tion usage, medical and drug utilization metrics, and 
nonvascular medical history (anxiety, asthma, cancer 
[excluding nonmelanoma skin cancer], chronic kidney 
disease, constipation, depression, rheumatoid arthri-
tis, and comorbidity score). Vascular events during 
the baseline period were excluded from the propensity 
score model because they are not relevant for migraine 
patients at medium or low risk of vascular events. 
Similarly, risk factors for vascular disease (diabetes, 
hypertension, and hyperlipidemia) were excluded from 
the propensity score model because they are only rele-
vant for migraine patients who are at medium risk for 
vascular events. Caliper matching, in which patients 
from both study groups were ordered by their propen-
sity score and randomly matched to individuals in the 
alternate study group, was employed for matching. The 
caliper, which specifies the maximum distance in the 
propensity score that should be used to create matched 

sets, was set to 0.01. We used a 1:1 matching ratio for 
these analyses. Ischemic stroke rates were then esti-
mated in the matched migraine population. All analy-
ses were conducted using SAS v9.2 (Cary, NC).

RESULTS
Patient Characteristics.—Out of 82,612,939 indi-

viduals enrolled in the MarketScan® claims database 
between January 01, 2013 and December 31, 2017, a 
total of 1,195,696 (1.4%) met the study criteria for inclu-
sion in the migraine cohort. Of these, 57,853 (4.8%) had 
migraine with aura, 33,949 (2.8%) were at high risk of 
vascular events, 184,782 (15.5%) were at medium risk  
of vascular events, and 931,059 (77.9%) were at low 
risk of vascular events (Table 1). Overall, 82.5% of pa-
tients were female, and 17.7% were 55-64 years of age. 
Compared with other groups, patients at high risk of 
vascular events were more likely to be men (25.9% of the 
overall population), older (38.1% were at least 55 years 
old), sicker (51.2% with a comorbidity score of 1 or 
greater), and hospitalized (54.5% with at least 1 inpatient 
visit in the prior calendar year). In addition, 51.3% of 
patients at high risk of vascular events were hyperten-
sive, 17.9% were diabetic, and 9.4% had a diagnosis of 
hyperlipidemia during the baseline period (data not pre-
sented). The characteristics of patients with migraine 
with aura were similar to patients at low risk of vascu-
lar events, but with a few notable differences: patients  
with migraine with aura were (1) more likely to be hospi-
talized (11.5% vs 7.4%) or visit emergency rooms (30.8% 
vs 14.5%); and (2) were sicker (comorbidity score >1 in 
28.3% vs 19.6% of patients) (Table 1).

Ischemic Stroke Rates.—Overall, 11,175 patients ex-
perienced an ischemic stroke during the follow-up pe-
riod (incidence rate [IR] = 5.1 [95% confidence interval 
[CI]: 5.0, 5.2] per 1000 PY; Table 2). Rates of ischemic 
stroke were 2.9 (95% CI: 2.9, 3.0) in the low-risk group, 
9.4 (95% CI: 9.1, 9.7) in the medium-risk group, and 
47.2 (95% CI: 45.3, 49.0) in the high-risk group. The 
rate of ischemic stroke for patients with migraine with 
aura was 8.6 (95% CI: 8.1, 9.1). Rates of ischemic stroke 
were higher in men (IR = 7.5 [95% CI: 7.2, 7.8]) than in 
women (IR = 4.7 [95% CI: 4.6, 4.8]) and increased with 
age, from 1.4 (95% CI: 1.2, 1.5) in the 18- to 24-year 
age group, 2.5 (95% CI: 2.3, 2.7) in the 25- to 34-year  
age group, 4.1 (95% CI: 3.9, 4.2) in the 35- to 44-year age 
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group, and 6.1 (95% CI: 5.9, 6.3) in the 45- to 54-year 
age group, to 9.5 (95% CI: 9.2, 9.8) in the 55- to 64-year 
age group (Fig. 1A and Supporting Table S2). These 
patterns held true across all risk categories.

For medication usage, rates of ischemic stroke 
were highest among patients taking lipid-lowering 
agents (IR  =  10.4 [95% CI: 10.0, 10.7]). For patients 
taking acute migraine medications, rates ranged from 
1.8 (95% CI: 1.7, 1.9) for triptans to 6.3 (95% CI: 6.2, 
6.5) for opioids (Supporting Table S2). High rates of 
ischemic stroke were also evident among patients with 
high medical utilization, that is, those with at least 3 
inpatient visits (IR = 28.2 [95% CI: 26.5, 29.9]) or at 
least 3 emergency room visits (IR = 18.9 [95% CI: 17.6, 
20.2]) during the baseline period. In addition, rates of 
ischemic stroke were higher among those with a co-
morbidity score of at least 4 (IR = 30.9 [95% CI: 28.6, 
33.2]) than those with a comorbidity score of 0 or less 
(IR = 4.4 [95% CI: 4.3, 4.5]). When considering all co-
morbidities, the highest rates were among patients with 
chronic kidney disease (IR = 25.3 [95% CI: 23.4, 27.2]) 
(Supporting Table S2).

Acute Myocardial Infarction Rates.—The overall 
rate of acute myocardial infarction was 1.8 per 1000 
PY (95% CI: 1.8, 1.9) (Table 2). Rates of acute myo-
cardial infarction were 1.1 (95% CI: 1.0, 1.1) in the 
low vascular risk group, 3.9 (95% CI: 3.7, 4.1) in the 
medium vascular risk group, and 14.0 (95% CI: 13.0, 
14.9) in the high vascular risk group. The rate for pa-
tients with migraine with aura was 1.9 (95% CI: 1.7, 
2.2), which is similar to that in the overall migraine 
population. Rates of acute myocardial infarction were 
higher among men (IR = 3.5 [95% CI: 3.3, 3.7]) than in 
women (IR = 1.5 [95% CI: 1.4, 1.6]) and increased with 
age, from 0.3 (95% CI: 0.2, 0.4) in the 18- to 24-year 
age group to 4.3 (95% CI: 4.1, 4.5) in the 55- to 64-year 
age group (Fig. 1B and Supporting Table S3). Similar 
patterns were seen across all vascular risk categories.

As with ischemic stroke event rates, rates of acute 
myocardial infarction were highest among patients tak-
ing lipid-lowering agents (IR = 4.6 [95% CI: 4.3, 4.8]). 
For patients taking acute migraine medications, rates 
ranged from 1.1 (95% CI: 1.1, 1.2) for triptans to 2.5 
(95% CI: 2.4, 2.6) for opioids (Supporting Table S3). 
Patients with high medication usage and high medical 
utilization had relatively high rates of acute myocardial V

as
cu

la
r 

E
ve

nt

O
ve

ra
ll

M
ig

ra
in

e 
W

it
h 

A
ur

a
H

ig
h 

V
as

cu
la

r 
R

is
k

M
ed

iu
m

 V
as

cu
la

r 
R

is
k

L
ow

 V
as

cu
la

r 
R

is
k

N
o.

 o
f 

E
ve

nt
s

P
Y

s 
at

 
R

is
k

R
at

e 
 

(9
5%

 C
I)

N
o.

 o
f 

E
ve

nt
s

P
Y

s 
at

 
R

is
k

R
at

e 
 

(9
5%

 C
I)

N
o.

 o
f 

E
ve

nt
s

P
Y

s 
at

 
R

is
k

R
at

e 
 

(9
5%

 C
I)

N
o.

 o
f 

E
ve

nt
s

P
Y

s 
at

 
R

is
k

R
at

e 
 

(9
5%

 C
I)

N
o.

 o
f 

E
ve

nt
s

P
Y

s 
at

 
R

is
k

R
at

e 
 

(9
5%

 C
I)

C
or

on
ar

y 
re

va
sc

ul
ar

iz
at

io
n

21
63

2,
18

9,
40

3
1.

0 
(1

.0
, 1

.0
)

11
7

11
6,

43
3

1.
0 

(0
.8

, 1
.2

)
37

9
58

,1
17

6.
5 

(5
.9

, 7
.2

)
61

5
33

4,
82

4
1.

8 
(1

.7
, 2

.0
)

11
01

1,
70

4,
01

0
0.

7 
(0

.6
, 0

.7
)

P
er

ip
he

ra
l a

rt
er

y 
di

se
as

e
21

,2
77

2,
16

3,
13

7
9.

8 
(9

.7
, 1

0.
0)

12
84

11
4,

74
1

11
.2

 (
10

.6
, 

11
.8

)
39

34
53

,0
69

74
.1

 (
71

.8
, 7

6.
5)

71
03

32
6,

11
7

21
.8

 (
21

.3
, 

22
.3

)
96

24
1,

69
2,

29
1

5.
7 

(5
.6

, 5
.8

)

V
en

ou
s 

th
ro

m
-

bo
em

bo
lis

m
99

21
2,

17
9,

94
9

4.
6 

(4
.5

, 4
.6

)
64

0
11

5,
76

9
5.

5 
(5

.1
, 6

.0
)

22
37

55
,6

04
40

.2
 (

38
.6

, 4
1.

9)
23

47
33

2,
89

3
7.

1 
(6

.8
, 7

.3
)

50
30

1,
69

9,
28

2
3.

0 
(2

.9
, 3

.0
)

R
at

e 
is

 d
ef

in
ed

 a
s 

th
e 

nu
m

be
r 

of
 e

ve
nt

s 
di

vi
de

d 
by

 t
he

 n
um

be
r 

of
 P

Y
s 

at
 r

is
k.

†T
he

 4
 v

as
cu

la
r 

ri
sk

 c
at

eg
or

ie
s 

ar
e 

no
t 

m
ut

ua
lly

 e
xc

lu
si

ve
.

C
I 

=
 c

on
fi

de
nc

e 
in

te
rv

al
; P

Y
 =

 p
er

so
n-

ye
ar

s.

T
ab

le
 2

.—
 

(C
on

ti
nu

ed
)



Headache 2273

infarction. Furthermore, patients with a comorbidity 
score of at least 4 had a higher rate of acute myocar-
dial infarction (IR  =  12.7 [95% CI: 11.3, 14.2]) than 
patients with a comorbidity score of 0 or less (IR = 1.5 
[95% CI: 1.4, 1.6]) (Supporting Table S3).

Other Vascular Event Rates.—We evaluated the bur-
den of 17 additional vascular events (Table 2). Overall 
rates of cerebrovascular events (per 1000 PY) ranged 
from 0.6 (95% CI: 0.6, 0.7) for subarachnoid hemor-
rhage to 6.1 (95% CI: 6.0, 6.2) for unspecified stroke, and 
overall rates of cardiovascular events ranged from 0.3 
(95% CI: 0.2, 0.3) for Prinzmetal angina to 9.8 (95% 
CI: 9.7, 10.0) for peripheral artery disease.

Again, patients at high risk of vascular events had 
the highest rates of each cerebrovascular or cardiovas-
cular event. Rates of hemorrhagic stroke, subarach-
noid hemorrhage, and intracerebral hemorrhage were 
lower among migraine patients with aura than patients 
at medium risk of vascular events, but rates for the re-
maining cerebrovascular events were similar between 
the 2 groups. In contrast, rates of each cardiovascular 
event, except for Prinzmetal angina, were lower among 
migraine patients with aura than patients at medium 
risk of vascular events (Table 2).

Similar to rates of ischemic stroke and acute 
myocardial infarction, rates of other vascular events 

Fig. 1.—Incidence rates of (A) ischemic stroke and (B) acute myocardial infarction by gender and age group. CI = confidence interval. 
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were higher for men compared with women and for 
older age groups compared with younger age groups 
(Supporting Table S4). For example, when comparing 
men and women in the oldest age group (55-64 years), 
respectively, the rates of cardiovascular events per 1000 
PY (95% CI) were 15.6 (14.7, 16.5) and 9.6 (9.2, 9.9) for 
congestive heart failure, 30.8 (29.6, 32.1) and 22.6 (22.0, 
23.1) for peripheral artery disease, 4.7 (4.2, 5.2) and 1.4 
(1.2, 1.5) for coronary revascularization, and 9.3 (8.6, 
9.9) and 6.3 (6.0, 6.6) for venous thromboembolism.

Matched Analyses.—In the overall migraine cohort, 
184,782 patients were identified as having medium 
risk of vascular events and 931,059 were identified as 

having low risk of vascular events. Propensity score 
overlap before matching is shown in Figure 2A. A  
total of 148,588 patients in each group were successfully  
matched based on baseline demographic characteris-
tics, medication usage, healthcare utilization, and medi-
cal history items. In matched patients, the standardized 
difference for all variables included in the propensity 
score model was less than 0.10 (Table 3), and there was 
a good overlap in the propensity score (Fig. 2B). The 
rate of ischemic stroke was 13.6 per 1000 PY (95% CI: 
12.9, 14.2) in the medium-risk group and 7.4 per 1000 
PY (95% CI: 7.0, 7.9) in the corresponding matched 
low-risk group (data not presented).

Fig. 2.—Propensity score* overlap before (A) and after (B) matching in patients with migraine at medium risk of cardiovascular 
events vs those at low risk of cardiovascular events. *The propensity score is the probability of group assignment, conditional on 
measured baseline covariates.
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DISCUSSION
In this study, 1,195,696 adult patients with migraine 

enrolled in the MarketScan® database were followed for 
more than 2 million PY for the occurrence of 19 vascu-
lar events. This real-world assessment of vascular events 
in insured patients with migraine provides a baseline risk 
assessment against which the risks of newer agents, such 
as inhibitors of the CGRP pathway, can be compared 
in future analyses. The highest rates for all vascular out-
comes were observed among patients identified as being 
at high risk of vascular events during the baseline pe-
riod. Rates of vascular events also increased with age 
and were higher for men than for women.

In the overall US population, the IR of acute myo-
cardial infarction was ~2.5 per 1000 PY13 and the IR 
of ischemic stroke was ~1.6 per 1000 PY.14 In contrast, 
the IR of acute myocardial infarction observed in this 
large, diverse migraine population was 1.8 per 1000 PY. 
Previous studies in more narrowly defined migraine 
populations receiving prophylactic treatment showed 
lower rates of acute myocardial infarction. In a study 
that matched people with migraine to people without 
migraine, the estimated overall myocardial infarction 
rate was 1.45 per 1000 PY in patients with migraine, 
with rates ranging from 1.2 per 1000 PY for current 
users of triptan medications to 2.2 per 1000 PY for cur-
rent users of ergot alkaloids.15 In a more recent pro-
pensity-score matched analysis of people who initiated 
topiramate vs other prophylactic migraine medications, 
the myocardial infarction rates ranged from 0.8 per 
1000 PY to 1.1 per 1000 PY, depending on the matched 
comparator. Myocardial infarction rates in patients 
initiating other preventive migraine medications were 
higher: antidepressants (1.4 per 1000 PY); anticonvul-
sants (1.4 per 1000 PY); cardiovascular treatments (1.8 
per 1000 PY); and other prophylactic treatments (2.0 
per 1000 PY).16 Likewise, we observed a higher overall 
ischemic stroke rate (5.1 per 1000 PY) in our broad mi-
graine population when compared with previous find-
ings in more restricted migraine populations.15,16

Differences in rates may also be explained by 
changes in coding over time. Although we used the 2017 
General Equivalence Mappings to map ICD-9-CM 
definitions to ICD-10-CM definitions, an approach 
that has demonstrated good performance for 3 cardio-
vascular outcomes (ischemic stroke, acute myocardial 

infarction, and angioedema),17,18 more specific identi-
fication of outcomes in the ICD-10-CM era may result 
in differences in detection rates when compared with 
the ICD-9-CM era.

Migraine with aura compared with migraine with-
out aura has been shown to be associated with an 
increased risk of ischemic stroke,3,5,6,19 although the 
literature is inconsistent. The IR of ischemic stroke was 
higher in migraine patients with aura than the overall 
migraine population (8.6 vs 5.1 per 1000 PY, respec-
tively). In contrast, we found that the IR of acute myo-
cardial infarction in migraine patients with aura was 
similar to the rate in the overall migraine population 
(1.8 vs 1.9 per 1000 PY, respectively). For events over-
all, migraine patients with aura had a vascular disease 
burden similar to those at medium risk of cerebrovas-
cular events, but a lower disease burden for selected 
cardiovascular events (including acute myocardial in-
farction, congestive heart failure, unstable angina pec-
toris, and peripheral artery disease). These findings are 
likely partially explained by the fact that the migraine 
aura group comprised all patients diagnosed with aura, 
including those with a history of vascular events or a 
history of risk factors for vascular events.

Prior to propensity score matching, the ischemic 
stroke rate was 9.4 per 1000 PY in migraine patients 
at medium risk of vascular events and 2.9 per 1000 PY 
in those at low risk of vascular events. After matching 
based on baseline demographic characteristics, medi-
cation usage, healthcare utilization, and medical his-
tory, the ischemic stroke rate was 13.6 per 1000 PY and 
7.4 per 1000 PY in the matched medium-risk and low-
risk vascular groups, respectively. Except for diagnoses 
of diabetes, hypertension, and hypercholesterolemia, 
baseline characteristics were well balanced between 
the medium and low vascular risk groups. As in the 
general population, migraine patients with risk factors 
for vascular disease (ie, diabetes, hypertension, and hy-
percholesterolemia) experience higher ischemic stroke 
rates when compared with migraine patients with no 
risk factors for vascular disease but who are otherwise 
similar with respect to baseline characteristics.20,21

This study has important limitations. First, we 
used the MarketScan® Commercial Claims and 
Encounters database for these analyses because most 
migraine patients are younger than 65  years. The 
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drawback of  using a claims database for the study 
of  migraine is that individuals who are uninsured, 
institutionalized, 65  years of  age or older, or cov-
ered by Medicaid insurance are under-represented 
in claims data. Second, a previously validated algo-
rithm used to identify migraine patients in admin-
istrative claims data had a relatively high specificity 
but low sensitivity, meaning that a high proportion 
of  people with migraine was missed.22 Assuming our 
migraine algorithm has similar performance statis-
tics, the population analyzed in our study most likely 
represented patients seeking medical care for their 
headache and may not have included those who did 
not receive medications or diagnostic coding for mi-
graine during their medical visit. Indeed, the medi-
cally insured population in this study is likely skewed 
toward individuals with migraine of  sufficient sever-
ity to warrant medical intervention, but this is the 
most relevant population for physicians who are de-
ciding to treat patients with novel medications such 
as monoclonal antibodies that target the CGRP 
pathway. Also, importantly, it is unknown whether 
the severity of  migraine symptoms prompting more 
healthcare utilization would be expected to have any 
impact on cardiovascular risk. Third, our population 
had a higher percentage of  females (82.5%) than re-
ported for populations in large epidemiological stud-
ies of  migraine (74.4-79.9%),23 which may have had 
an effect on the baseline rate of  ischemic stroke and 
myocardial infarction in our study. Fourth, we used a 
broad categorization for medications of  interest (eg, 
the nonsteroidal anti-inflammatory drug category 
included medications with and without antiplatelet 
characteristics), which prevented us from evaluating 
the potential effects of  other groupings on vascular 
event rates. Fifth, we note that the results presented 
here are descriptive only, and are not intended for 
causal interpretation. Finally, we employed an inten-
tion-to-treat approach when estimating event rates, 
such that patients remained in the same vascular risk 
category assigned on the index date during the en-
tirety of  their follow-up. An alternative approach, 
the per-protocol analysis, would have censored indi-
viduals when they moved to a higher vascular risk 
category. The impact of  using the intention-to-treat 

approach to estimate event rates is likely small, with 
rates slightly higher in the medium and low vascular 
risk categories than those that would have occurred 
with the per-protocol approach.

CONCLUSION
In summary, our data provide updated evidence 

of the burden of vascular disease in patients with  
migraine, overall, by risk categories, and by baseline  
demographic and clinical characteristics. Understanding 
the baseline rates of cardiovascular and cerebrovascu-
lar events is particularly important among patients with 
migraine, as comorbid conditions and polypharmacy 
are common in this population. These baseline rates 
can help contextualize postmarketing data that arise 
after new classes of medications for the treatment of 
migraine are initiated in this population. In particular, 
our findings may be used to inform future assessments 
of the clinical risk:benefit of using newer therapies for 
migraine such as CGRP antagonists.
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