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ABSTRACT

Introduction: Previous epidemiological studies
have found an increased risk for ischemic stroke
in patients with migraine; however, the evi-
dence for a causal relationship between
migraine and ischemic stroke is scarce. This
study aims to explore the potential causal rela-
tionship between migraine and ischemic stroke
and its subtypes [including large artery stroke
(LAS), small vessel stroke (SVS), and cardioem-
bolic stroke (CES)].
Methods: We used data on genetic variants
associated with migraine identified from a
genome-wide association study (GWAS) meta-
analysis among 889,018 European ancestries.
Summary data for ischemic stroke and its sub-
types were obtained from the MEGASTROKE

consortium including up to 438,847 partici-
pants. We performed two-sample Mendelian
randomization (MR) analyses using the inverse-
variance-weighted method as the primary
approach. The MR-Egger, weighted median,
simple median, simple mode, and weighted
mode methods were also conducted as sensi-
tivity analyses to determine the robustness of
our results.
Results: We failed to detect statistically signif-
icant associations between migraine and
ischemic stroke (OR, 0.935; 95% CI
0.851–1.027; P = 0.159) and its subtypes (LAS:
OR, 0.818; 95% CI 0.692–0.967; P = 0.018) (SVS:
OR, 0.935; 95% CI 0.781–1.119; P = 0.460)
(CES: OR, 1.015; 95% CI 0.867–1.189;
P = 0.850). The results were consistent with the
sensitivity analyses.
Conclusions: By conducting a series of causal
inference approaches, this study supports no
causal effect of migraine on ischemic stroke and
its subtypes.
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Key Summary Points

Why carry out this study?

Although some studies have failed to find
any association, there is growing evidence
of a possible association between migraine
and ischemic stroke. It is still unknown,
however, whether these associations are
causal or confounded.

In this study, we aimed to investigate the
causal relationship between migraine and
ischemic stroke using the Mendelian
randomization approach.

What was learned from the study?

In this two-sample Mendelian
randomization analysis, we did not find
causality between migraine and ischemic
stroke and its subtypes.

This study suggests that migraine-specific
pharmacological interventions are not
required for the primary prevention of
ischemic stroke in patients with migraine.

INTRODUCTION

Stroke and migraine, which rank as the most
common neurological disorders, are a principal
cause of death and disability worldwide, with a
high socioeconomic burden [1]. Previous epi-
demiological studies have observed an increased
risk for ischemic stroke in patients with
migraine [2]. However, the strength and signif-
icance of the observed migraine–stroke associa-
tion are still up for debate [3]. In a Swedish
population-based twin cohort [4], there was no
evidence for the existence of an association
between stroke risk and migraine overall,
though an increased stroke risk related to
migraine with aura was found.

The underlying mechanisms linking
migraine to stroke events remain inconclusive,
though several hypotheses, including cortical

spreading depression theory, have been pro-
posed to explain the pathogenic mechanisms of
the migraine–stroke association [5,6]. In obser-
vational epidemiological studies, however,
causality is rarely proven, even if there is a
strong statistical correlation [7]. A majority of
the previous studies concerning the relation-
ship between migraine and stroke have been
observational, leaving the relationship to be
considered tenuous, with reverse causality and
existing confounding factors unable to be
excluded. The most recent and largest genome-
wide association studies (GWAS) of migraine [8]
and stroke [9] provide a new perspective and
way to help determine whether migraine is an
independent risk factor for stroke occurrence.
The Mendelian randomization (MR) method,
which employs genetic variants as instrumental
variables (IVs) to infer the causality of an asso-
ciation, effectively overcomes bias due to con-
founding and reverse causality issues in
observational epidemiological studies [10].

Notably, current guidelines do not recom-
mend the use of antithrombotic drugs in
migraine prophylaxis [11,12]. If causality
between migraine and stroke exists, however,
the benefit of preventive medicine in migraine
patients needs to be further verified in ran-
domized controlled trials (RCTs) and cost-ef-
fectiveness analysis. In this study, we aimed to
investigate the causal relationship between
migraine and ischemic stroke using the MR
approach.

METHODS

Mendelian Randomization Assumptions

The MR method is an instrumental variables
analysis that uses genetic variants (e.g., single-
nucleotide polymorphisms or SNPs) as proxies
for exposure. Three key assumptions [13] need
to be satisfied to ensure the selected SNPs as
valid IVs: (1) SNPs used as IVs are associated
with the exposure (migraine); (2) the genetic
variants affect ischemic stroke only via their
effects on migraine, not through any other
causal pathway; and (3) the genetic variants
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must not be associated with measured or
unmeasured confounders (Fig. 1).

Selection of Genetic Variants

We used data on genetic variants associated
with migraine from the largest GWAS meta-
analysis, which included 889,018 participants
(85,726 migraine cases) [8]. This data set con-
sists of the European ancestry from the Genetic
Epidemiology Research on Adult Health and
Aging (GERA) cohort, the UK Biobank (UKB)
cohort, and GWAS summary statistics data from
the study by Gormley et al. [14]. For the first key
assumption of our MR analysis, we selected
genetic variants associated with migraine at a
genome-wide significance threshold
(P\5 9 10-8) as the candidate IVs. In total, 73
SNPs were extracted at a genome-wide signifi-
cance threshold (Supplementary Table 1);
independent SNPs were selected at a threshold
of linkage disequilibrium clumping r2\0.001
over a 10-kilobase (kb) region based on the
European sample of 1000 Genomes data [15]
(accounts for SNP correlations). Of all 73 SNPs,
eight SNPs were removed due to linkage dise-
quilibrium (rs4704232, rs12936464,
rs75002882, rs7093087, rs1268083, rs6693567,
rs4278348, rs1026332), leaving 65 SNPs
remaining.

Given the high comorbidity associated with
stroke and migraine [14], possible confounders
must be considered. We applied the PhenoS-
canner (http://www.phenoscanner.medschl.
cam.ac.uk/phenoscanner) to assess whether
the selected SNPs were associated with other
traits at genome-wide significance levels, which
might violate the second and third key
assumptions. In the SNPs related to migraine at
a genome-wide significance threshold, we
identified eight SNPs (rs10456100,
rs138556413, rs1800469, rs2000660,
rs28451064, rs4888378, rs8075138, and
rs9349379) also associated with vascular events,
as well as one SNP for body mass index (BMI)
(rs8054079) and five SNPs for systolic blood
pressure (rs10786156, rs4888378, rs4909945,
rs9349379, and rs11153082). We then evaluated
the results after excluding these pleiotropic
SNPs. The F-statistic of the selected SNPs was
calculated to test the weak IV bias for our MR
study. The F-statistics of the selected IVs were all
above the threshold of weak instruments of F-
statistic\10, indicating strong IVs for the MR
study [16].

Data Sources for Outcomes

GWAS summary data on ischemic stroke and its
subtypes were obtained from the GWAS meta-
analysis of the MEGASTROKE consortium,

Fig. 1 Design and main assumptions of our Mendelian randomization study. SNPs single-nucleotide polymorphisms
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which included 438,847 individuals of Euro-
pean descent (40,585 cases; 406,111 controls)
[9]. Ischemic stroke was defined according to
the Trial of Org 10172 in Acute Stroke Treat-
ment (TOAST) classification system, and further
subtyped as large artery stroke (LAS), car-
dioembolic stroke (CES), and small vessel stroke
(SVS). For more detailed information on sample
description, genotyping, and statistical analysis,
please refer to the original paper [9].

Statistical Analysis

We performed two-sample MR analyses using
the inverse-variance-weighted method as the
primary approach [17]. We also employed sev-
eral other MR approaches including the MR-
Egger, the inverse-variance-weighted (multi-
plicative random effects), weighted median,
simple median, simple mode, and weighted
mode methods to detect the robustness of our
results [18]. We further performed a leave-one-
out sensitivity analysis to assess whether the
results were influenced by individual SNPs.

In addition, several analyses were used to
detect heterogeneity and pleiotropy, ensuring
that the second and third key assumptions of
our MR study were valid. We used the I2 index
and Cochran’s Q statistic for MR-inverse-vari-
ance weighted analyses and Rucker’s Q statistic
for MR-Egger analyses to detect heterogeneity
[19]. We used the MR-Egger method to assess
the extent to which directional pleiotropy may
affect risk estimates by intercept tests. As the
MR-Egger might show low accuracy in some
circumstances, the MR pleiotropy residual sum
and outlier (MR-PRESSO) approach was also
used to assess outlier SNPs and potential hori-
zontal pleiotropy [20]. In addition, the MR
Steiger directionality test was used to test whe-
ther the assumption that exposure causes out-
come is valid.

The analyses were conducted using the
TwoSampleMR (version 0.5.6) and MR-PRESSO
(version 1.0) R packages. All statistical tests were
two-tailed. Associations were considered statis-
tically significant at P values below 0.0125
(Bonferroni-corrected for four outcomes).

This article is based on previously conducted
studies and does not contain any new studies
with human participants or animals performed
by any of the authors.

RESULTS

After linkage disequilibrium clumping and
excluding variants that are known to be pleio-
tropic, we finally identified 53 SNPs as IVs in our
MR analyses (Supplementary Table 2). Accord-
ing to the conventional inverse-variance-
weighted method, we failed to detect any sta-
tistically significant association between
migraine and ischemic stroke (OR, 0.935; 95%
CI 0.851–1.027; P = 0.159) (Table 1). Similarly,
we did not find any correlation between
migraine and LAS (OR, 0.818; 95% CI
0.692–0.967; P = 0.018), SVS (OR, 0.935; 95% CI
0.781–1.119; P = 0.460), or CES (OR, 1.015; 95%
CI 0.867–1.189; P = 0.850) (Table 1).

To assess the robustness and consistency of
the results, we performed a series of sensitivity
analyses. In the sensitivity analyses, the MR-
Egger, weighted median, simple median, simple
mode, and weighted mode analyses yielded
similar estimates of the effect of migraine on
ischemic stroke and its subtypes (Table 1). The
effects of each instrumental SNP on the risk of
ischemic stroke and its subtypes are shown in
Supplementary Fig. 1, which shows the consis-
tency and directional effects. Furthermore, the
results of the leave-one-out analysis showed
that the overall estimates were not driven by
individual SNP, but rather an overall combined
effect between migraine and ischemic stroke
(Fig. 2).

For LAS, the P values of Cochran’s Q and
Rucker’s Q statistic were both[0.05 (Cochran’s
Q P value = 0.329; Rucker’s Q P value = 0.324),
which suggests no bias due to heterogeneity in
this MR analysis (Supplementary Table 3). For
ischemic stroke and the SVS and CES subtypes,
the P values of Cochran’s Q and Rucker’s
Q statistic were all\ 0.050, which suggests
heterogeneity (Supplementary Table 3). How-
ever, even when the heterogeneity was taken
into consideration using the multiplicative
random-effects inverse-variance-weighted
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Table 1 The causal effects of migraine on ischemic stroke and its subtypes using multiple Mendelian randomization
methods

Outcome traits Mendelian randomization methods Number of
SNPs

OR (95%CI) P value

Any ischemic

stroke

Inverse-variance-weighted 53 0.935 (0.851, 1.027) 0.159

Inverse-variance-weighted (multiplicative random

effects)

53 0.935 (0.851, 1.027) 0.159

MR-Egger 53 0.931 (0.726, 1.194) 0.575

Simple median 53 0.908 (0.812, 1.015) 0.088

Weighted median 53 0.877 (0.789, 0.975) 0.015

Simple mode 53 0.844 (0.662, 1.074) 0.174

Weighted mode 53 0.848 (0.735, 0.979) 0.028

Large artery stroke Inverse-variance-weighted 53 0.818 (0.692, 0.967) 0.018

Inverse-variance-weighted (multiplicative random

effects)

53 0.818 (0.692, 0.967) 0.018

MR-Egger 53 0.676 (0.434, 1.052) 0.088

Simple median 53 0.931 (0.726, 1.195) 0.574

Weighted median 53 0.752 (0.584, 0.968) 0.027

Simple mode 53 1.303 (0.715, 2.375) 0.392

Weighted mode 53 0.692 (0.467, 1.026) 0.072

Small vessel stroke Inverse-variance-weighted 53 0.935 (0.781, 1.119) 0.460

Inverse-variance-weighted (multiplicative random

effects)

53 0.935 (0.781, 1.119) 0.460

MR-Egger 53 1.073 (0.665, 1.730) 0.775

Simple median 53 0.924 (0.739, 1.156) 0.490

Weighted median 53 0.923 (0.730, 1.169) 0.507

Simple mode 53 0.933 (0.596, 1.462) 0.765

Weighted mode 53 0.923 (0.685, 1.244) 0.603
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methods [18], no causal effect was found in the
results for ischemic stroke and the SVS and CES
subtypes (Table 1). The MR-Egger intercept test
showed no evidence of horizontal pleiotropy for
the effects of migraine on ischemic stroke (in-
tercept = 2.240 9 10–4; P = 0.971), LAS (inter-
cept = 0.010; P = 0.365), SVS
(intercept = - 0.007; P = 0.544), or CES (inter-
cept = 1.833 9 10–3; P = 0.861). The MR-
PRESSO test further showed no outlier pleio-
tropy and indicated no SNP outliers (P = 0.165
for ischemic stroke; P = 0.297 for LAS; P = 0.464
for SVS; P = 0.850 for CES), together suggesting
no evidence of possible pleiotropic effects. The
MR Steiger directionality test confirmed that
our assumption that exposure (migraine) causes
outcome (ischemic stroke and its subtypes) is
valid (Supplementary Table 4).

DISCUSSION

To the best of our knowledge, this is the first
large-scale MR study evaluating the causal rela-
tionship between migraine and ischemic stroke.
This study did not find a causal relationship
between migraine and ischemic stroke and its
subtypes.

Many epidemiological studies have reported
an increased risk of ischemic stroke in patients
with migraine [21]. A large meta-analysis of
case–control and observational cohort studies
reported an increased risk of ischemic stroke in
both migraine with aura and migraine without
aura [22]. However, epidemiological studies of
migraine-associated stroke risk [2] always high-
light the consistent connection between
migraine with aura and ischemic stroke, while
the evidence favoring the relationship between
migraine without aura and stroke is insufficient.
There is debate about whether aura-specific
effects exist. The GWAS data for migraine used
in our study did not include analysis for
migraine type subclassification, which pre-
cludes determination of aura-specific effects.
The paper by Gormley et al. in 2016 [14] iden-
tified seven specific loci for migraine without
aura, but no loci for migraine with aura in the
subset GWAS analysis. In their heterogeneity
analysis of migraine subtypes [14], the authors
further demonstrated that most of the identi-
fied migraine susceptibility loci affected risk for
both migraine subtypes, indicating the possi-
bility that migraine with aura and migraine
without aura might have a shared underlying
genetic susceptibility profile. Although we can-
not conclude that future larger-scale GWAS will

Table 1 continued

Outcome traits Mendelian randomization methods Number of
SNPs

OR (95%CI) P value

Cardioembolic

stroke

Inverse-variance-weighted 53 1.015 (0.867, 1.189) 0.850

Inverse-variance-weighted (multiplicative random

effects)

53 1.015 (0.867, 1.189) 0.850

MR-Egger 53 0.981 (0.645, 1.492) 0.928

Simple median 53 0.940 (0.766, 1.153) 0.550

Weighted median 53 1.055 (0.853, 1.305) 0.620

Simple mode 53 0.920 (0.583, 1.451) 0.721

Weighted mode 53 0.978 (0.719, 1.329) 0.887

MR-Egger Mendelian randomization-Egger method, OR odds ratio, CI confidence interval, SNP single-nucleotide
polymorphism
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never find some specific loci for migraine with
aura, we can reasonably assume that migraine
with aura and migraine without aura are not
distinct entities in our research.

Malik et al. [23] reported a shared genetic
basis for migraine and ischemic stroke by
applying a polygenic risk score. They concluded

that migraine without aura showed a much
stronger overlap with ischemic stroke than
migraine with aura, and scores derived from
migraine with aura demonstrated a very weak
association with ischemic stroke. This does not
explain the fact that the association between
ischemic stroke and migraine in

Fig. 2 Leave-one-out analysis of the causal effects with risk
for all types and subtypes of ischemic stroke. a All ischemic
stroke; b large artery stroke; c small vessel stroke;
d cardioembolic stroke. The black dots and bars indicate
the causal estimate and 95% CI when a SNP was removed

in turn. The red dot and bar indicate the overall estimate
and 95% CI using the fixed-effect inverse-variance-
weighted method
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epidemiological studies is most often found in
migraine with aura, and not with migraine
without aura. Moreover, another recent study
disproved the genetic correlation between
stroke and migraine when using cross-trait
linkage disequilibrium score regression analysis
[24]. The study also reported the genetic corre-
lation between migraine and major risk factors
for stroke, such as heart disease, type 2 diabetes,
blood lipid levels, and blood pressure. For SNPs
associated with migraine at a genome-wide sig-
nificance threshold, we also identified their
association with vascular events, BMI, and sys-
tolic blood pressure. When we evaluated our
results after excluding these pleiotropic SNPs,
we determined that migraine has no causal
relationship with stroke. This study shows no
causal relationship between migraine and
ischemic stroke from a genetic perspective,
which suggests that migraine is not a modifiable
vascular risk factor for ischemic stroke.

Our results also suggest that the observed
association between migraine and stroke in
epidemiological studies might be susceptible to
residual confounders [10]. One possible reason
is that most studies, especially prospective
studies, collect information on headache status
prior to cerebrovascular events. However, any
cerebrovascular event can trigger a migraine-
like attack, and increased frequency of migraine
aura may be a symptomatic manifestation of
underlying stroke risk factors (e.g., iron-con-
taining hemosiderin deposition, arterial embo-
lism, cardiogenic embolism) [25]. Therefore, the
observed association should not be interpreted
simply as a causal relationship between
migraine with aura and ischemic stroke.

The strengths of this study include the two-
sample MR study design, multiple outcomes of
stroke and its subtypes, the large sample size,
and the use of multiple sensitivity analyses. One
weakness of this study is that our data source is
from Europe, which may limit the generaliz-
ability of our study to populations in other
regions. Second, as we applied a two-sample MR
study from two different studies, there might be
unresolved heterogeneity between studies [26].
In addition, there is some degree of overlap
between participants included in the GWAS for
migraine and ischemic stroke, which could lead

to biased estimates, although the true propor-
tion is likely very small. Finally, it is unlikely
that all three key assumptions of MR studies are
met in practice, so the biased estimates of causal
inference cannot be completely removed [26].
However, MR-Egger regression, MR-PRESSO,
and a series of sensitivity analyses in our MR
study were performed, and no clear horizontal
pleiotropy was found.

CONCLUSIONS

In conclusion, this study does not support a
causal relationship between migraine and
ischemic stroke and its subtypes. Our findings
suggest that the reported association in previous
epidemiological studies might have been con-
founded by vascular risk factors. Further efforts
to investigate the etiology between migraine
and ischemic stroke are still warranted.
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