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Abstract
Objective-To determine whether migraine is a

risk factor for ischaemic stroke in young women.
Design-A case-control study.
Setting-Five hospitals in Paris and suburbs.
Subjects-72 women aged under 45 with

ischaemic stroke and 173 controls randomly selected
from women hospitalised in the same centres.
Main outcome measures-Ischaemic stroke

confirmed by cerebral computerised tomography or
magnetic resonance imaging; history of headache
recorded with structured interview, and diagnosis of
migraine assessed by reproducibility study.
Results-Ischaemic stroke was strongly associated

with migraine, both migraine without aura (odds
ratio 3*0 (95% confidence interval 1 5 to 5 8)) and
migraine with aura (odds ratio 6*2 (2.1 to 18.0)).
The risk of ischaemic stroke was substantially
increased for migrainous women who were using
oral contraceptives (odds ratio 13-9) or who were
heavy smokers (~>20 cigarettes/day) (odds ratio
10.2).
Conclusions-These results indicate an inde-

pendent association between migraine and the risk of
ischaemic stroke in young women. Although the
absolute risk of ischaemic stroke in young women
with migraine is low, the reduction of known risk
factors for stroke, in particular smoking and use of
oral contraceptives, should be considered in this
group.

Introduction
Few epidemiological studies have investigated the

possible association between migraine and stroke. One
of the main reasons for this was the lack of precise
criteria for the diagnosis of migraine until 1988,
when the International Headache Society established
operational criteria.' Using these criteria, we found
that migraine was not related to ischaemic stroke
except in women aged under 45: 65% ofyoung women
with ischaemic stroke had migraine compared with
30% of controls (P=O-03).2 This result, however, was
questionable as it was extracted from a subgroup
analysis with only 20 pairs of cases and controls.
The main aim of this study was to investigate the

relation between migraine and ischaemic stroke in
young women. It was also designed to study the
relation between migraine, stroke, and two known

vascular risk factors in this group: use of oral contra-
ceptives and cigarette smoking.

Subjects and methods
We conducted a case-control study, cases being

women aged under 45 who were hospitalised for an
ischaemic stroke, in five neurological departments
from January 1990 to December 1993. Three of the
departments were in academic centres in Paris that
were already involved in a study including all young
patients consecutively admitted for ischaemic stroke.
The two others were neurological departments of
general hospitals located in small towns near Paris.
Patients eligible for inclusion were women aged 18-44
with a diagnosis of first ischaemic stroke (codes 433,
434, and 436 of International Classification of Diseases,
ninth revision). All cases were confirmed by cerebral
computed tomography or magnetic resonance imaging.
Of the 85 eligible patients admitted during the study
period, two died after their stroke and one patient with
dysphasia was excluded. Of the 82 remaining patients,
10 could not be located despite various efforts. There-
fore, 72 patients were contacted and agreed to partici-
pate: 40 were hospitalised in the academic centres, and
32 were in the general hospitals. The mean elapsed
time between stroke and interview was 19-5 months
(SD 12 7).

Cervical ultrasound examination, electrocardio-
graphy, and usual laboratory studies were performed
on all patients. Most patients underwent further
investigations to determine the aetiology of the stroke:
cerebral angiography (68), echocardiography (63),
transoesophageal echocardiography (56 (92% of cases
without arterial dissection)), transthoracic echocardio-
graphy (7), anticardiolipin antibodies (30), and coagu-
lation studies (59). These investigations revealed
various abnormalities associated with a higher risk of
stroke: arterial dissection (22), carotid occlusion of
unknown cause (5), carotid atheroma (5), anticardio-
lipin antibodies (6), essential thrombocytaemia (1),
paroxysmal atrial fibrillation (1), mitral valve stenosis
(2), patent foramen ovale (11), and atrial septal
aneurysm (11). This last abnormality was diagnosed
with transoesophageal echocardiography when the
atrial septum presented an excursion of more than
6 mm in the right or left atrium. None of the patients
was pregnant at the time ofthe stroke.

Controls were women randomly selected from
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patients hospitalised in the same centres during the
same period for acute orthopaedic or benign rheumato-
logical illnesses. Altogether, 225 women aged under 45
were asked by mail to participate in an epidemiological
study and to send their written consent to a telephone
interview; 188 responded, of which 15 refused to
participate. Thus, 173 (77%) agreed to participate and
were enrolled in the study: 64 had been hospitalised
for traumatic orthopaedic injuries, 49 for benign
orthopaedic operations (arthroscopy, carpal tunnel
decompression, removal of surgical material, or
removal of sebaceous cysts), 44 for recent severe low
back pain, eight for localised infections, and eight for
miscellaneous procedures. None was receiving long
term (above three months) treatment with analgesic or
anti-inflammatory drugs that could have altered their
answers concerning migraine. None had a history of
stroke.

All cases and controls were interviewed by telephone
about their history of headaches and their vascular risk
factors. For cases, exposure to risk factors only at the
time of their stroke was considered; in particular,
history of headache only before the stroke was
recorded. The questionnaire covered patients' history
of hypertension, diabetes, cigarette smoking, use of
oral contraceptives, hypercholesterolaemia, weight,
height, and educational background. Smoking was
defined as having smoked more than five cigarettes
daily for at least a year. Current smokers were still
smoking at the time of the stroke or had ceased less
than one month before, whereas former smokers had
given up more than one month before the stroke. The
same definitions of former and present users were
applied to taking oral contraceptives. All interviews
were conducted by one of three neurologists with
expertise in headaches (CT, AT, and SI). They used a
highly structured questionnaire, including 23 different
questions on headache based on the International
Headache Society's criteria,' I and from which the
diagnosis of migraine could be easily derived. The
subjects were not aware of the aim of the study:- they
were just asked if they agreed to take part in an
epidemiological study on health matters.

STATISTICAL ANALYSIS

Categorical variables were compared with Pearson's
X2 test and, when necessary, Fisher's two-tailed test
of exact probability. Continuous variables were
compared with two-tailed t tests for comparisons of
means. Because the incidence of stroke is low in the
general population, odds ratios were used as a close
approximation to relative risk; they were calculated by
stepwise unconditional multiple logistic regression.3
Hypothesis testing and estimation of 95% confidence
intervals were carried out with the standard error
estimate for the logistic coefficient estimates. Un-
conditional logistic regression was used to assess the
interaction between migraine and use of oral contra-
ceptive or smoking. Data were analysed with SAS.4

Estimation of absolute risk-As there was no direct
method for estimating the absolute risk of stroke
associated with migraine from our data, we used the
following procedure. We assumed that the mean
incidence of ischaemic stroke in young women was
10in 100 000 woman years.56 The 72 cases of this study
were thus drawn from a theoretical population of
720 000 person years. We also assumed that the
controls constituted a representative sample of this
population.3 Then, if p is the prevalence of migraine in
the controls, the absolute risk of stroke is nj/(720 000 x
p) in women with migraine and n2/(720 000 x (1 -p)) in
women without migraine, n1 and n2 being the number
of cases with and without migraine respectively.

Reproducibility stud,-Interobserver agreement was
calculated for the reproducibility of the diagnosis of

migraine. Sixty women (30 cases and 30 controls) had a
replicate telephone interview by another neurologist
five to nine months after their first interview. They
were chosen randomly from the lists of cases and
controls and were asked by telephone to participate in
a complementary study. All 60 women agreed to
participate. Case patients were instructed not to talk
about their stroke during the interview. Then each call
was transferred to a neurologist blinded to the status
(case or control) of the patient. In this second interview
only questions about headaches were asked in order to
keep the observer blinded. The K index was used to
evaluate the interobserver variability.7 The global K
index for the 60 women was 0-83. For the cases, the
observers disagreed about three women; two who were
initially thought to have migraine and one thought to
be without. Therefore the K index in cases was 0 79. for
the 30 controls, there was disagreement about two
women, one with an initial diagnosis of migraine and
one without, yielding a K index of 0-83.

Bias due to non-response in controls-Non-response in
controls (23%) could be an important issue in this
study because the willingness to participate in the
telephone interview could depend on the patient's
migraine status. Therefore, another study was carried
out to obtain another estimate of the prevalence of
migraine in controls. Comparison between this figure
and the observed prevalence of migraine in controls
was used to evaluate the possible bias due to non-
response in controls. An extra 57 women aged under 45
were visited by the same neurologists during their
hospitalisation in an orthopaedic department. The
interviewers asked the women if they would participate
in an epidemiological study about their health status,
and, as expected, all accepted. These women had
the same demographic characteristics and a similar
exposure to the main vascular risk factors as the
controls. Eighteen (32%) of them had migraine, and
this figure was considered to be a fair estimate of the
expected prevalence ofmigraine in controls.

Results
Table I shows the baseline characteristics of the

patients with stroke and the controls. No difference
was found between the cases and controls in their
mean age, body mass index, history of diabetes, and
educational background. However, the two groups

TABLE i-Baseline characteristics ofyoung women who had ischaemic
stroke and of controls. Values are numbers (percentages) unless stated
otherwise

Stroke
patients Controls
(n=72) (n- 173) P value

Mean (SD) age* 35-7 (7-4) 35-1 (7 5) 0-678
Mean (SD) body mass index (kg/rm) 22-4 (4 3) 22-9 (3 9) 0-348
History of hypertension 14 (19) 19 (11) 0 077
History ofhypercholesterolaemia 16 (22) 15 (9) 0 003
History of diabetes 1(1) 1(1) 0-521
Cigarette smoking:
Never 25 (35) 82 (47) -

Former 15 (21) 28 (16) 10043t
Current low (<20 cigarettes/day) 9(13) 32(18) 0
Current high (> 20 cigarettes/day) 23 (32) 31 (18)

Use of oral contraceptives:
Never 6 (8) 25 (14) l
Former 19 (26) 85 (49) <0 001t
Current 47 (65) 63 (36)

Hormonal content of oral contraceptivest:
Progestogen only 1/41(2) 4/62 (6)
20 ,ug oestrogen 2/41 (5) 5/62 (8) 0
30-40 pg oestrogen 30/41(73) 46/62(74) ( 0506t
50 pg oestrogen 8/41(20) 7/62(11)

Education:
Primary school or less 12 (17) 18 (10) 1
Secondary school (short cycle) 22 (31) 49 (28) 0.498t
Secondary school (long cycle) 19 (26) 55 (32) t
Higher education or university 19 (26) 51(29)

*Age at the time of stroke for cases, age at the time of interview for controls.
tPearson's X' test.

tCurrent users of contraceptives only.
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differed according to use of oral contraceptives,
smoking, history of hypercholesterolaemia, and
history of hypertension. The risk associated with using
oral contraceptives was mainly due to current use (odds
ratio 3-1 (95% confidence interval 1-2 to 8 2)). In
current users risk of stroke was related to dose of
oestrogen: the odds ratio was 4-8 for pills containing
50 ,ug oestrogen, 2-7 for pills containing 30-40 p.g, 1 7
for pills containing 20 pg, and 1.0 for pills containing
progestogen. In the last two categories, however, the
numbers were small. Among smokers, only current
heavy smokers (>20 cigarettes/day) were at signifi-
cantly higher risk ofischaemic stroke (odds ratio 2-4 (1 2
to 4 9)). No association was found between migraine
and present use of oral contraceptives in cases (P= 0 59)
and controls (P=0-31) or between migraine and
smoking in cases (P= 0-84) and controls (P= 0 37).
Table II shows that migraine and ischaemic stroke

were strongly associated; 60% (95% confidence interval
48% to 71%) ofcases had migraine compared with 30%
(23% to 37%) of controls (P < 000 1). This association
persisted after we controlled for age, history of hyper-
tension, use of oral contraceptives, and smoking.
Women with migraine had a more than threefold
increased risk of ischaemic stroke compared with
women without migraine. This increase occurred with
both types of migraine, although the risk was higher
with migraine with aura (odds ratio 6-2) than with
migraine without aura (odds ratio 3 0). With the
assumption of an incidence of ischaemic stroke in
young women of 10 in 100000 woman years, the
absolute risk of ischaemic stroke would be 6 per
100 000 women per year for women without migraine
and 19 per 100 000 per year for women with migraine.

TABLE iI-Occurrence ofmigraine in young women who had ischaemic
stroke and in controls. Values are numbers (percentages)

Adjusted odds
Stroke ratio
patients Controls (95% confidence
(n-72) (n= 173) interval)* P value

Without migrainet 29 (40) 121 (70) 1
Withmigraine: 43(60) 52(30) 3-5(1 8to64) <0-001

Migraine without aura 33 (46) 42 (24) 3-0 (1-5 to 5-8) <0 001
Migrainewithaura 10 (14) 10 (6) 6-2 (2-1 to 18-0) <0 001

*Calculated by unconditional logistic regression controlling for age, tobacco
smoking, history of hypertension, and use of oral contraceptives.
tReference category.

Table III shows relation between risk of ischaemic
stroke and migraine, using oral contraceptives, and
smoking. The risk of stroke in migrainous women
using oral contraceptives was 13-9 compared with
those without migraine not using oral contraceptives
(P<0-001). There was no evidence of a statistical
interaction between migraine and the use of oral
contraceptives. Of the women who used oral contra-
ceptives, those who had migraine still had a fourfold
increased risk of ischaemic stroke. With regard to the
risk of stroke in migrainous patients who smoked, we
decided to focus on current heavy smokers, who were
at a higher risk of ischaemic stroke (table I). The odds
ratio of stroke in migrainous women who smoked

TABLE iII-Risk of ischaemic stroke in young women by having
migraine, using oral contraceptives, and smoking. Values are odds
ratios (95% confidence intervals)

Women without Women with
migraine migraine

Use of oral contraceptives:
No 1* 3-7 (1-5to9-1)
Yest 3-5 (1-5 to 8 3) 13-9 (5 5 to 35 1)

Heavy smoking (-> 20 cigarettes/day):
No 1* 5-8(2-2to153)
Yes 3 0 (1 0 to 9-0) 10-2 (3 5 to 29 9)

*Reference category.
tUse at time of stroke for cases and at time of interview for controls.

heavily was 10-2 compared with women without
migraine who never smoked (P<0-001). Again, no
statistical interaction could be found between migraine
and tobacco consumption. Among current heavy
smokers, migraine increased the risk of ischaemic
stroke by a factor of 3-4.

Concerning the aetiology of stroke, we observed no
migrainous infarct (defined according to the Inter-
national Headache Society classification): five women
with migraine with aura had headaches preceding or
accompanying their stroke, but the neurological deficit
was not similar to the aura symptoms.' Three of the
patients with migraine were receiving prophylactic
treatment at the time of their stroke: one received
dihydroergotamine, one a B blocking drug, and one
pizotifen. Only one woman took a vasoactive drug
(ergotamine tartrate) just before the stroke. Prevalence
of migraine was similar in patients with arterial lesions
(63%), cardiac abnormalities (76%), and systemic
disorders (57%).

Discussion
In this study we found migraine to be strongly

associated with ischaemic stroke in young women
independently of the main vascular risk factors
(adjusted odds ratio 3 5). The risk of ischaemic stroke
was particularly increased for migrainous women who
were currently using oral contraceptives (odds ratio
13-9) or were current heavy smokers (odds ratio 10-2).
In other controlled studies migraine was generally

not found to be a risk factor for ischaemic stroke,
except for migraine with aura89 or with certain sub-
groups of patients.2 iS However, few studies have
specifically addressed this issue, and the association
between migraine and ischaemic stroke in young
women in particular was evaluated only by the Col-
laborative Group for the Study of Stroke in Young
Women.'0 In that study migraine was found
in 34% of cases, 24% of neighbourhood controls (odds
ratio 1-7), and 33% of hospitalised controls (odds ratio
1 1). These figures of migraine prevalence are much
lower than those in our study. Apart from methodo-
logical limitations,2 '1 one of the possible explanations
for this discrepancy is the difference in methods and
criteria used for the diagnosis of migraine. In our
study history of headache was collected by trained
neurologists using a structured questionnaire and the
diagnosis of migraine was based on the International
Headache Society criteria. These criteria, though
precise and complex, often indicate a high prevalence
of migraine in young women: in recent studies in the
general population the prevalence of migraine in young
women was close to 30%, the same figure obtained in
our controls.'2 13

POTENTIAL BIAS

The high prevalence of migraine in stroke sufferers
could be due to biases such as selection bias, classifi-
cation bias regarding the diagnosis of migraine, or
information bias including recall bias. It seems
unlikely that cases would have been selected in this
study because of their migraine, since most of our cases
were part of a consecutive series of young patients with
stroke. A referral bias in academic centres is also
unlikely since the prevalence of migraine was similar in
both academic and non-academic centres (60% and
63% respectively). Concerning non-responders among
cases, it was verified that, even if the 10 women
not contacted did not have migraine, the association
between migraine and ischaemic stroke would still be
significant (data not shown).
A classification bias could have occurred since the

observers were aware of the clinical status of the
patients, but a structured questionnaire was used in
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order to overcome this potential bias. Furthermore, in
the reproducibility study, when the investigators were
unaware of the patients' clinical status, interobserver
agreement was good in cases (K index=0-79) and
controls. Because about half of the cases participated in
the reproducibility study and were randomly selected,
it is unlikely that the high prevalence of migraine
observed in cases could be due to misclassification.
Recall bias is possible because cases suffering from a
brain disease might have been more prone than
controls to remember their headache. This cannot be
ruled out, but it is unlikely with a chronic and
recurrent condition such as migraine.2

Controls were selected among patients admitted in
the same hospitals as the cases in order to obtain groups
that were broadly similar with regard to area of
residence and socioeconomic status. This similarity
was retrospectively verified since the educational back-
ground was similar in both groups. Regarding non-
response in controls (23%), the complementary study
among hospitalised women-in which all those invited
agreed to participate-found a prevalence of migraine
very similar to that observed in our control patients.
The controls who did not participate were therefore
unlikely to be a selection ofmigrainous women.

Finally, the association between migraine and
ischaemic stroke was so strong that it is highly unlikely
that it could be totally explained by any of the biases
mentioned above, even in combination.

IMPLICATIONS

The strength of the association should not, however,
lead to the conclusion that all young women with
migraine are at high risk of stroke. Under the assump-
tion of an incidence of ischaemic stroke in young
women of 10 in 100000 woman years, we calculated
that the absolute risk of ischaemic stroke would be
only 19 per 100 000 women with migraine per year.
Furthermore, it is not known whether this increased
risk relates to all young migrainous women or only
a subgroup of them. Migraine could be part of
another physiopathogenic process-such as MELAS
syndrome'4 or antiphospholipid antibodies syndrome"
-that leads to ischaemic stroke. Such migraine,
probably more appropriately called migraine-like
headache, would then be considered only as a marker
of this process. These conditions are rare and were not
found in our study, but other unknown mechanisms of
this kind could exist. An important area of future
research would be to try to define a subgroup of young
women with migraine at highly increased risk of
stroke.

Also, migraine could be an important risk factor
only in women with a condition predisposing to
ischaemic stroke, such as a patent foramen ovale or an
atrial septal aneurysm.'617 The platelet hyperaggreg-
ability described by some authors during migraine 18-20
could greatly increase the risk of embolic stroke in
women with these cardiac abnormalities. Migraine
would then be acting as a cofactor in the process
leading to stroke. We could not test this hypothesis
because our controls did not undergo the same investi-
gations as the cases.
As long as the mechanisms explaining the asso-

ciation between migraine and ischaemic stroke in
young women remain unclear and since potentially
predisposing conditions could not be routinely
checked in all young women with migraine, the
practical implications of this association are limited.
However, on the strength of our results we suggest that

Key points

* Previous studies have suggested a possible
association between migraine and ischaemic
stroke in young women
* In this study there was an independent
association between migraine and stroke in
women aged under 45
* The risk of ischaemic stroke was higher
among young women with migraine who
smoked or who took oral contraceptives
* Although their absolute risk of ischaemic
stroke is still low, young women with migraine
should be advised not to smoke and, if they use
oral contraceptives, to choose low dose pills

young women should be advised not to smoke and, if
they use oral contraceptives, to choose pills with a low
dose of oestrogen since these carry a smaller risk of
stroke."
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