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Risk of ischaemic stroke in people with migraine:
systematic review and meta-analysis of observational
studies
Mahyar Etminan, Bahi Takkouche, Francisco Caamaño Isorna, Ali Samii

Abstract
Objective To explore the association between
migraine and risk of ischaemic stroke.
Design Systematic review and meta-analysis.
Data sources Observational studies published
between 1966 and June 2004 (identified through
Medline and Embase) that examined the association
between migraine and risk of ischaemic stroke.
Results 14 studies (11 case-control studies and 3
cohort studies) were identified. These studies suggest
that the risk of stroke is increased in people with
migraine (relative risk 2.16, 95% confidence interval
1.89 to 2.48). This increase in risk was consistent in
people who had migraine with aura (relative risk 2.88,
1.89 to 4.39) and migraine without aura (relative risk
1.56, 1.03 to 2.36), as well as in those taking oral
contraceptives (relative risk 8.72, 5.05 to 15.05).
Conclusions Data from observational studies suggest
that migraine may be a risk factor in developing
stroke. More studies are needed to explore the
mechanism of this potential association. In addition,
the risk of migraine among users of oral
contraceptives must be further investigated.

Introduction
Migraine is the most common type of headache in
young adults, with an estimated prevalence of 4% before
puberty and as high as 25% in women by their mid to
late 30s.1 Some observational studies have shown an
increase in the risk of stroke among people with a
history of migraine,2 but others have failed to find this
association.3 The mechanism of this potential associa-
tion is believed to be in part through platelet
hyperaggregability and the reduction in cerebral blood
flow that usually occurs in migraine with aura.4 A poten-
tial association between the risk of stroke and migraine
is an important public health concern, especially in
young women who use oral contraceptives, which by
itself may be an independent risk factor for stroke.5

We explored the association between migraine and
ischaemic stroke by conducting a meta-analysis. We set
out to quantify the risk of ischaemic stroke among
people with migraine (with and without aura), as well
as to quantify this risk among different age groups and
users of oral contraceptives.

Methods
Search strategy
We systematically searched Medline and Embase
(inception until June 2004) for both English and non-
English language articles (see bmj.com).
Data extraction
We included studies if they used clear diagnostic crite-
ria for migraine; had clearly stated diagnostic criteria
for the outcome of ischaemic stroke; had controlled for
potential confounders by using risk adjustment; and
provided odds ratios or relative risks and 95%
confidence intervals. The studies had to provide data
for migraine patients who were exposed to oral
contraceptives compared with those who were not tak-
ing these agents. We also scored the quality of the stud-
ies by using a 10 point scale adapted from a recently
published quality scale for observational studies (five
criteria ranked 0, 1, or 2) and stratified the studies by
score (a score of 7 or above indicates high quality; a
score of 6 or below indicates low quality).6

Results
Our search resulted in 11 case-control studies,2 3 7–15

three cohort studies,16–18 and one cross sectional study19

(table 1). We excluded the cross sectional study from
the analysis, as the timing of diagnosis of migraine with
respect to development of ischaemic stroke was
difficult to infer in this study. In total, we included 14
studies in the meta-analysis.2 3 7–18 Eight studies
provided data on the risk of ischaemic stroke and
migraine with and without aura.2 3 8–10 13–15 The age of
the participants in the included studies ranged from 15
to 84 years. The incidence of stroke among people with
migraine in the three cohort studies ranged from 3.56
to 350 cases per 100 000 person years.16–18

The pooled relative risk for ischaemic stroke
among patients with any type of migraine headache
was 2.16 (95% confidence interval 1.89 to 2.48)
(table 2). This risk did not differ when we stratified our
analysis by age (table 2). Users of oral contraceptives
had an approximately eightfold increase in the risk of
stroke compared with those not using these agents.
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We did not find evidence of publication bias either
graphically from the funnel plot (see bmj.com) or
quantitatively (P = 0.685 for Egger’s test of asymmetry).

Discussion
The results of our study strongly suggest that migraine
may be an independent risk factor for stroke. The
magnitude of this risk remained the same across all
studies (case-control and cohort) as well as in those
that provided data on migraine with aura, migraine
without aura, and oral contraceptive users. The risk of
stroke among oral contraceptive users is high,

although these data come from only three studies.
Other studies in women who were users of oral contra-
ceptives have shown that those with a history of
migraine have twice the likelihood of developing an
ischaemic stroke compared with those without
migraine (relative risk 2.15, 95% confidence interval
0.85 to 5.45).20 Given that use of oral contraceptives is
prevalent among young women, the potential risk of
stroke among women with migraine who are also users
of oral contraceptives must be further investigated.

Limitations
The study is subject to several limitations. Firstly, most
of the studies in the meta-analysis were case-control
studies, which are subject to recall bias. Cases may have
been more likely to classify their headache as a
migraine headache (as opposed to a tension headache).
Secondly, although almost all the studies controlled for
appropriate confounders in either the design or the
analysis, some important confounders may not have
been controlled for. For example, use of antihyperten-
sive drugs may be a potential confounder, as these
drugs may be used to prevent migraine attacks as well
as future strokes. However, use of these drugs among
people with migraine would probably have produced a
decrease in the risk of stroke, which was not seen in our
study. Antiphospholipid antibodies have been thought
to be linked to stroke and possibly to migraine.21 None
of the studies included in the meta-analysis provided
information on this potential confounder. People who
have migraine attacks might be less likely to be
diagnosed as having a stroke, as the symptoms of
migraine may be confused with those of stroke.
Although this remains a possibility, many of the studies
included in the meta-analysis used strict criteria to

Table 1 Relative risks of ischaemic stroke according to type of migraine

First author, year

Relative risk (95% CI) of migraine
Adjustment for covariates

and confounders
Cases:controls or

cohort size

Cases:controls or
cohort size with

migraineAny With aura Without aura

Case-control studies

Collaborative group, 19757 2.0 (1.2 to 3.3) NS NS Age, contraceptives, smoking 430:451 115:212

Henrich, 19898 1.8 (0.9 to 3.6) 2.6 (1.1 to 6.6) 1.3 (0.5 to 3.6) Sex, age, race, date of discharge 89:178 17:20

Marini, 19939 1.91 (1.05 to 3.5) 14.85 (1.8 to 124) 1.6 (0.9 to 3.0) Diet, obesity, alcohol, smoking,
contraceptives, hypertension, diabetes

308:308 46:25

Tzourio, 199310 1.3 (0.8 to 2.3) 1.3 (0.5 to 3.8) 0.8 (0.4 to 1.5) Age, sex, hypertension, smoking, diabetes,
contraceptives

212:212 28:30

Tzourio, 19952 3.5 (1.8 to 6.4) 6.2 (2.1 to 18) 3.0 (1.5 to 5.8) Age, sex, hypertension, smoking, diabetes,
contraceptives

72:173 43:52

Lidegaard, 199511 2.8 (2.00 to 4.25) NS NS Pregnancy, diabetes, hypertension, earlier
thrombotic disease, other disease

497:1370 64:66

Carolei, 19963 1.9 (1.1 to 3.1) 8.6 (1.0 to 75) 1.0 (0.5 to 2.0) Hypertension, smoking, cholesterol,
diabetes, obesity, contraceptives, alcohol

308:591 46:54

Haapaniemi, 199712 2.12 (1.05 to 2.95) NS NS Hypertension, cardiac disease, current
smoking, diabetes, alcohol

506:345 86:42

Chang, 199913 3.54 (1.30 to 9.61) 3.81 (1.26 to 11.5) 2.97 (0.66 to 13.5) Contraceptives, hypertension, smoking 291:736 71:88

Donaghy, 200214 2.98 (1.24 to 7.19) 2.79 (0.94 to 8.31) NS Age, smoking, hypertension, heart
condition, education level, social class

86:214 26.26

Schwaag, 200315 2.11 (1.16 to 3.82) 1.0 (0.28 to 3.35) 2.5 (1.3 to 6.3) Age, sex 160:160 37:20

Cohort studies

Buring, 199516 2.00 (1.10 to 3.64) NS NS Age, smoking, hypertension, cholesterol,
diabetes, heart condition, exercise frequency

213:21 952 19:1479

Merikangas, 199717 2.1 (1.5 to 2.9) NS NS Age, sex, hypertension, diabetes, heart
condition, alcohol, smoking

423:12 200 NS

Nightingale, 2004*18 2.33 (1.04 to 5.21) NS NS Age, hypertension, physician 190:1129 16:44

Cross sectional study

Kruit, 200419 7.1 (0.9 to 55) 13.7 (1.7 to 112) 2.3 (0.2 to 23) Age, sex, smoking, hypertension,
cholesterol, alcohol

161:140 NS

NS=not specified.
*Nested case-control study within a well defined cohort.

Table 2 Pooled relative risks of ischaemic stroke stratified by
migraine type, oral contraceptive use, and age

No of
studies

Relative risk
(95% CI) Ri* P value†

Migraine (any)

All studies 14 2.16 (1.89 to 2.48) 0.00 0.77

Case-control studies 11 2.18 (1.86 to 2.56) 0.00 0.51

Cohort studies 3 2.10 (1.61 to 2.75) 0.00 0.96

Migraine with aura

Case-control studies 8 2.28 (1.89 to 4.39) 0.33 0.16

Migraine without aura

Case-control studies 7 1.56 (1.03 to 2.36) 0.50 0.07

Migraine among oral contraceptive users

Case-control studies 3 8.72 (5.05 to 15.05) 0.26 0.28

Migraine among men and women <45 years

Case-control studies 9 2.36 (1.92 to 2.90) 0.07 0.38

Migraine among women <45 years

Case-control studies 7 2.76 (2.17 to 3.52) 0.00 0.82

*Proportion of the total variance due to between study variance. Large values
(>0.75) indicate large heterogeneity between studies; small values (<0.4)
indicate lack of heterogeneity.
†DerSimonian and Laird Q statistic.
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define ischaemic stroke, including duration of symp-
toms of at least 24 hours, as well as confirmation of
diagnosis by brain imaging or autopsy. Finally, we could
not infer from the studies a temporal relation between
the onset of migraine and the diagnosis of stroke.

Conclusion
Data from observational studies suggest that migraine
may be a risk factor in developing stroke. More studies
are needed to explore the mechanism of this potential
association. The risk of migraine among users of oral
contraceptives must be further investigated.
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Comparing estimates of cost effectiveness submitted to the
National Institute for Clinical Excellence (NICE) by
different organisations: retrospective study
A H Miners, Martina Garau, Dogan Fidan, A J Fischer

Abstract
Objective To assess the association between different
types of organisation and the results from economic
evaluations.
Design Retrospective pairwise comparison of
evidence submitted to the technology appraisal
programme of the National Institute for Clinical
Excellence (NICE) by manufacturers of the relevant
healthcare technologies and by contracted university
based assessment groups.
Data sources Data from the first 62 appraisals.
Main outcome measure Incremental cost
effectiveness ratios.

Results Data from 27 of the 62 appraisals could be
compared. The analysis of 54 pairwise comparisons
showed that manufacturer’s estimates of incremental
cost effectiveness ratios were lower (suggesting a more
cost effective use of resources) than those produced
by the assessment groups (25 were lower, 29 were the
same, none were higher, P < 0.01). Restriction of this
dataset to include only one pairwise comparison per
appraisal (27 pairs) produced a similar result (21 were
lower, two were the same, four were higher, P < 0.001).

What is already known on this topic

Studies have suggested that migraine may be a risk
factor for stroke, but results from these studies
have been inconsistent

What this study adds

Migraine both with and without aura may be an
independent risk factor for ischaemic stroke

This risk is higher among oral contraceptive users
and younger adults ( < 45 years)
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