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ABSTRACT

Objective To examine the association between migraine

and cardiovascular diseases during pregnancy.

Design US population based case-control study.

SettingNationwide inpatient sample, from theHealthcare

Cost and Utilization Project of the Agency for Healthcare

Research and Quality.

Population 18345538 pregnancy related discharges

from 2000 to 2003.

Main outcome measures Diagnosis of migraine, as

identified by ICD-9 codes 346.0 and 346.1. Stroke and

other vascular diseases were identified by using standard

ICD-9 codes.

Results From the hospital discharges with a pregnancy

discharge code, 33956 migraine codes were identified:

185 per 100000 deliveries. Diagnoses that were jointly

associated with migraine codes during pregnancy

(excluding pre-eclampsia) were stroke (odds ratio 15.05,

95% confidence interval 8.26 to 27.4), myocardial

infarction/heart disease (2.11, 1.76 to 2.54), pulmonary

embolus/venous thromboembolism (3.23, 2.06 to 7.07),

and hypertension (8.61, 6.43 to 11.54), as well as pre-

eclampsia/gestational hypertension (2.29, 2.13 to 2.46),

smoking (2.85, 2.53 to 3.21), and diabetes (1.96, 1.64 to

2.35). However, migraine was not associated with several

non-vascular diagnoses (pneumonia, transfusions,

postpartum infection or haemorrhage).

Conclusions In this large, population based sample of

pregnant women admitted to hospital, a strong relation

existed between active peripartummigraine and vascular

diagnoses during pregnancy. Because these data do not

allow determination of which came first, migraine or the

vascular condition, prospective studies of pregnant

women are needed to explore this association further.

INTRODUCTION

Migraine headache is a neurovascular headache
disorder that occurs in 11% to 26% of women of
childbearing age.1 2 The one year prevalence of
migraine peaks at 33% in women aged between 35 and
39.3 Although migraine is very common in this age
group, only a few studies have focused on the
prevalence of migraine during pregnancy.4 5 The
results of natural history studies have suggested that

migraines generally improve during pregnancy,
although these studies vary widely.6

The conditions associated with active or worsening
peripartum migraines are poorly understood. That
migrainemay be associated with pre-eclampsia, one of
the hypertensive disorders of pregnancy, has recently
been recognised.7-10 Using a population based analysis
of pregnancy relateddischarges from2000-1,we found
that migraine was associated with a 17-fold increased
risk of pregnancy related stroke and a fourfold
increased risk of acute myocardial infarction.11 12 In
addition, migraine has been increasingly associated
with stroke and cardiovascular disease in older patients
outside of pregnancy, although this is most noticeable
in migraine with aura.13-15 The objective of the analysis
reported here was to determine the prevalence of
peripartum migraine headache and its associated
medical conditions and complications during preg-
nancy by using a population based analysis of
pregnancy related discharges from hospital in the
United States in 2000-3.

METHODS

The nationwide inpatient sample, from the Healthcare
Cost and Utilization Project of the Agency for
Healthcare Research and Quality, contains data from
five to eight million hospital stays from approximately
1000 hospitals and is the largest all-payer inpatient care
database in the United States.16 17 The nationwide
inpatient sample is a 20% stratified sample of all
discharges andallows for national estimates. It includes
information derived from typical discharge abstracts.
This information contains primary and secondary
discharge diagnoses, with the corresponding codes,
determined from the description in the discharge
summary. In addition, these records have safeguards
toprotect theprivacyof individualpatients, physicians,
and hospitals. Data are available for the purposes of
aggregate statistical reporting, analysis, and
research.16 17 Although the data are limited, the nation-
wide inpatient sample is themost reliable sourceofdata
on hospital admissions and discharges. Reliability is
supported by agreement between the sample, a
telephone survey, and the national health interview
survey (a national door to door survey). Invalid or
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inconsistent diagnostic codes are flagged.16 17 All data
are anonymised, so informed consent was waived.
We used the ICD-9 (international classification of

diseases, 9th revision) to identify records in the
nationwide inpatient sample for all pregnancy related
discharge codes for the years 2000-3 (the latest data
available at the start of the study). We classified the
pregnancy related discharge records included in the
sample from that time period as to whether they were
an antepartum admission, an admission at the time of
delivery, or a postpartum admission. We defined an
antepartum admission as any discharge record with a
pregnancy related code (ICD-9 codes 630-648) that did
not also include a delivery code. We defined an
admission for delivery as any discharge record that
includedadelivery code (ICD-9codes 74 for caesarean
delivery and 72, 73, 75, v27, or 650-659 for vaginal
delivery). We defined a postpartum admission as any
discharge record that included a postpartum diagnosis
(ICD-9 codes 660-677) and did not also include a
delivery code.
We used standard ICD-9 codes 346.10 (common

migraine without aura, not intractable), 346.11 (com-
mon migraine, intractable), 346.00 (migraine with
aura, not intractable), 346.01 (migraine with aura,
intractable), and 346.9 (migraine unspecified) to
identify diagnoses of migraine.18 We excluded tension
headache (ICD-9 code 784) from this analysis. We
classified strokes as subarachnoid haemorrhage
(ICD-9 430), intracerebral haemorrhage (ICD-9 code
431), ischaemic event (ICD-9 codes 434 and 436),
cerebral venous thrombosis (ICD-9 code 325), or

pregnancy related cerebrovascular event (ICD-9 code
674.0).18 Although several ICD-9 codes encompass
ischaemic stroke, we used 434 and 436 because review
of medical records showed them to have the highest
sensitivity and specificity.19

For other vascular diagnoses, we used the ICD-9
codes for myocardial infarction (410), heart disease
(648.5, 648.6), pulmonary embolus (673.2, 415.1),
deep venous thrombosis (671.3, 451.1, 451.2), and
thrombophilia (282.62, 282.42, 282.64).18 Additional
ICD-9 codes included hypertension (401-405), dia-
betes (648.0, 250), smoking (305.1, V15.82), gesta-
tional hypertension and pre-eclampsia (642.0, 642.2-
642.7), gestational diabetes (648.8), cardiomyopathy
(425), pulmonary hypertension (416.8), anaemia
(648.2, 280, 281), pneumonia (480-483, 486-487),
transfusion (99.02, 99.04, 99.00, 99.07), postpartum
infection (670, 672), postpartum haemorrhage (666,
669.1), and intrauterine fetal death (656.4).

Statistical analysis

We weighted data by the strata, sampling units
(hospitals), and sampling weights based on the nation-
wide inpatient sample sampling design. We used Stata
8.0 and the SVY (survey data) commands with these
weights for both descriptive and inferential analyses.
We used methods accounting for the survey design

to approximate counts and standard errors. We
calculated frequencies of migraine discharges for
each age group, race/ethnicity, timing of pregnancy
related discharge, comorbidity, and complication of
pregnancy by using two way weighted χ2 analyses. To
determine which of these factors were associated with
discharge codes for peripartummigraine,we estimated
prevalence odds ratios, 95% confidence intervals, and
P values from logistic regression analyses in accor-
dance with the sampling design. We identified jointly
associated factorswithmultivariable logistic regression
modelling developed from statistically (P<0.05) and
clinically significant common vascular comorbidities.
As pre-eclampsia diagnoses were significantly corre-
lated with other vascular event diagnoses, this may
have confounded the associations with migraine and
other vascular diagnoses. Therefore, for records with a
diagnosis of pre-eclampsia in addition to other vascular
diagnoses, we excluded the pre-eclampsia codes and
created new variables for stroke, venous thrombo-
embolism/pulmonary embolus, and heart disease/
acute myocardial infarction. We then entered these
new variables into a logistic regression model that was
adjusted for age but also with the influence of pre-
eclampsia removed in order to determine the indepen-
dent associations between migraine and vascular
diagnoses.

RESULTS

During the period from 2000 to 2003, 18 345 538
dischargeswith pregnancy codes occurred.Among the
pregnancy related discharges, 33 956 discharges with a
diagnosis of migraine occurred—185 per 100 000
deliveries. As shown in table 1, most discharges with

Table 1 | Timing of pregnancy related admission to hospital with diagnosis of migraine

Timing of admission during
pregnancy

Migraine rate per 100 000
discharges Odds ratio (95% CI) P value

Vaginal delivery 117 1.0 Referent

Caesarean delivery 150 1.3 (1.2 to 1.4) <0.001

Antepartum (abortion) 231 2.0 (1.6 to 2.4) <0.001

Antepartum (no abortion) 1049 9.0 (8.2 to 9.9) <0.001

Postpartum 665 5.7 (4.8 to 6.7) <0.001

Table 2 | Peripartum diagnosis of migraine by age at discharge and race/ethnicity

Migraine rate per 100 000
discharges Odds ratio (95% CI) P value

Age group (years)

<20 96 1.0 Referent

20-24 168 1.8 (1.6 to 2.0) <0.001

25-29 231 2.1 (1.9 to 2.4) <0.001

30-34 205 2.1 (1.9 to 2.4) <0.001

35-39 218 2.3 (2.0 to 2.6) <0.001

≥40 228 2.4 (2.0 to 2.9) <0.001

Race/ethnicity

White 245 1.0 Referent

African-American 175 0.7 (0.6 to 0.8) <0.001

Hispanic 85 0.4 (0.3 to 0.4) <0.001

Other 86 0.8 (0.7 to 0.9) <0.001

Missing 191 – –
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a diagnosis of migraine were coded at the time of
delivery (antepartum without abortion, 1049 per
100 000 discharges). The proportion of diagnoses of
migraine increased with increasing maternal age
(table 2). Women 40 years of age or older were 2.4-
fold (95% confidence interval 2.0 to 2.9) more likely to
have migraine discharge codes than were women
under 20 years of age, and white women were more
likely to havemigraine discharge codes than any other
race/ethnicity (table 2).
Wealso founda strongassociationbetweenmigraine

discharge codes and stroke codesof all types (odds ratio
15.8, 95% confidence interval 11.1 to 22.5). The
strongest association was with ischaemic stroke (odds
ratio 30.7, 17.4 to 34.1), whereas cerebral venous
thrombosis and subarachnoid haemorrhage were not
associated with migraine discharge codes (table 3). In
addition, codes for myocardial infarction (odds ratio
4.9, 1.7 to 14.2), heart disease (2.1, 1.8 to 2.6),
pulmonary embolus (3.1, 1.7 to 5.6), deep venous
thrombosis (2.4, 1.3 to 4.2), and thrombophilia (3.6, 2.1
to 6.1) were all significantly associated with migraine
discharge codes. Vascular risk factors were also
associated with migraine codes; these included dia-
betes (odds ratio 2.3, 1.9 to 2.7), hypertension (3.6, 3.1
to 4.2), and cigarette smoking (2.7, 2.4 to 3.1) (table 3).
Some, but not all pregnancy related complications

were associated with migraine codes (table 4). For
example, pre-eclampsia/gestational hypertension was
associated (odds ratio 2.3, 2.1 to 2.5), but gestational
diabetes was not (1.0, 0.9 to 1.1). In addition, migraine
was not associated with several non-vascular diag-
noses, such as pneumonia, transfusions, postpartum
infection or haemorrhage, or intrauterine fetal death

(table 4). Hypertension codes exclusive of gestational
hypertension/pre-eclampsia (odds ratio 11.9, 9.2 to
15.4) were more strongly associated with migraine
codes than were the gestational hypertension/pre-
eclampsia codes alone (2.2, 2.0 to 2.4) (table 5).
A multivariable logistic regression included age and

separated the pre-eclampsia diagnoses from stroke,
vascular diagnoses, hypertension, smoking, and dia-
betes. In addition, related diagnoses, such as heart
disease and acute myocardial infarction or venous
thromboembolism and pulmonary embolus were
combined into one variable. As shown in table 6,
increasing age (odds ratio 1.03, 1.02 to 1.03), pre-
eclampsia (2.29, 2.13 to 2.46), stroke (15.05, 8.26 to
27.4), venous thromboembolism/pulmonary embolus
(3.23, 2.06 to 7.07), heart disease/myocardial infarc-
tion (2.11, 1.76 to 2.54), smoking (2.85, 2.53 to 3.21),
anddiabetes (1.96, 1.64 to 2.35)were all independently
associated with migraine discharge codes.

DISCUSSION

In this population based case-control study of pregnant
women admitted to hospital, we found an association
betweencodes for adiagnosis ofmigraineandcodes for
vascular events—especially ischaemic stroke—as well
as vascular risk factors and pre-eclampsia. Pre-eclamp-
sia, themost influential variable in relation tomigraine,
was removed in order to reduce confounding in the
multivariable logistic regression model, which then
showed the independent association between codes for
migraine and those for stroke, heart disease, venous
thromboembolism, and hypertension.
ICD-9 diagnoses of migraine (0.185%) were uncom-

mon during pregnancy related discharges in this study,
but this may reflect only severe migraine episodes or
generally intractable headaches occurring during
hospital admissions as a primary or secondary
diagnosis resulting in migraine being listed as a
discharge code. However, migraine with aura was
coded infrequently, which perhaps under-represents
this important subset at risk of vascular disease. The
prevalence of migraine codes may also be an under-
estimate because we could not determine the number
of women who may have had a history of migraines
before pregnancy but were not coded because their
migraines were quiescent during pregnancy. In addi-
tion, this database may not have captured women with
migraines who were managed exclusively as out-
patients. In this analysis, basedon the standardpractice
of coders using only the diagnoses listed by the
discharging physician, we assumed that migraines
were active during the pregnancy related admission
in order to be included in the ICD-9 code list. On the
basis of the select group of pregnant women with
migraines coded during the hospital admission, this
may not represent the population of women with
migraine as a whole.
Of the associations between peripartum migraine

codes and vascular diagnosis codes, the relation
between migraine and stroke was the strongest. Even
with the overlapping pre-eclampsia diagnosis codes

Table 3 | Association between peripartum migraine and vascular diagnoses or cardiovascular

risk factors

Vascular diagnosis or risk factor ICD-9 codes
Migraine rate
per 100 000*

Odds ratio
(95% CI) P value

All strokes 430, 431, 434,
436, 325, 674.0

2839 15.8 (11.1 to
22.5)

<0.001

Ischaemic stroke 434, 436 5364 30.7 (17.4 to
34.1)

<0.001

Intracerebral haemorrhage 431 1653 9.1 (3.0 to 27.8) <0.001

Cerebral venous thrombosis 325 0 – –

Subarachnoid haemorrhage 430 615 3.4 (0.5 to 24.1) 0.23

Pregnancy related cerebrovascular
event

674 2546 14.1 (8.7 to
23.1)

<0.001

Myocardial infarction 410 1771 4.9 (1.7 to 14.2) <0.001

Heart disease 648.5, 648.6 410 2.1 (1.8 to 2.6) <0.001

Pulmonary embolus 673.2, 415.1 760 3.1 (1.7 to 5.6) <0.001

Deep venous thrombosis 671.3, 451.1,
451.2

515 2.4 (1.3 to 4.2) <0.001

Thrombophilia 282.62, 282.42,
282.64

781 3.6 (2.1 to 6.1) <0.001

Hypertension 401-405 740 3.6 (3.1 to 4.2) <0.001

Cardiomyopathy 425 636 2.2 (1.3 to 3.7) <0.001

Diabetes 648.0, 250 482 2.3 (1.9 to 2.7) <0.001

Smoking 305.1, V15.82 489 2.7 (2.4 to 3.1) <0.001

ICD-9= international classification of diseases, 9th revision.

*Migraine rate per 100 000 discharges for each vascular diagnosis or risk factor.
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removed, we found a 15-fold increased odds of stroke
in women with peripartum migraine (odds ratio 15.1,
95% confidence interval 8.3 to 27.4). This is consistent
with our previous analysis of the nationwide inpatient
sample from the years 2000 and 2001, in which we
found that the reverse was also true.11 In other words,
when pregnancy related stroke was the primary
outcome, we found a 17-fold increased odds of having
a diagnosis of migraine. These results in pregnant
womenare also consistentwith studies of non-pregnant
women in which the association seems to be most
significant in younger women or those with migraine
with aura.20-24 This association has also been shown in
studies of older women. For example, in theWomen’s
Health Study, healthywomenwithmigraineswith aura
had a 70% increased odds of ischaemic stroke, and the
associationwas strongest inwomenaged45 to55years.
13 A recent meta-analysis also supports the association
between migraine and stroke, again most significantly
in people with migraine with aura.25

We also found important differences according to
type of stroke. Ischaemic stroke was the type most
strongly associatedwithmigraine codes in our analysis,
which is consistent with studies of non-pregnant
women, such as the Women’s Health Study.13 How-
ever, the positive relation between intracerebral
haemorrhage and migraine codes is in contrast to the
Women’sHealth Study,which reportedno association
with migraine. Only one other study found an
association between migraine and intracerebral hae-
morrhage, but this was in non-pregnant women.21

Interestingly, subarachnoid haemorrhage was asso-
ciated with migraine codes, but this did not reach
significance (table 3). Clearly, larger numbers are
needed to investigate this association further in
pregnant women.
We also found that migraine was associated with

acute myocardial infarction and heart disease during
pregnancy.This is consistentwithapreviousanalysisof
pregnancy related acute myocardial infarction, which
found a significant association with ICD-9 codes for
migraine headache (odds ratio 4.2, 1.0 to 7.1).12 The
only other published study that examined the relation
between migraine and vascular diseases in pregnancy
was a study that used data from the National

Collaborative Perinatal Project. This study, which
focused on the possible confounding association
between cigarette smoking and migraine during
pregnancy, reported that pregnant migraineurs had a
higher prevalence of heart disease than non-migrai-
neurs, but that this was primarily in women who
smoked cigarettes.26 One limitation of this study was
that it included 512 pregnantmigraineurs, whereas our
cohort consisted of nearly 34 000.
In non-pregnant women, the association between

migraine and coronary heart disease has been positive
in some studies but not in others. 14 27-29 The Athero-
sclerosis Risk in Communities cohort study found no
association between self reported migraine with or
without aura and verified coronary heart disease
events.28 However, a significant association was
found with angina, as determined by the Rose angina
questionnaire, suggesting that migraineurs might have
a lower threshold for chest pain.28 The Kaiser
Permanente Medical Care Program reported a similar
association between migraine and chest pain but not
myocardial infarction.29However, the investigators for
the Women’s Health Study found that migraine with
aura (but not migraine without aura) was associated
with an increased risk of myocardial infarction (odds
ratio 2.08, 1.30 to 3.31), major cardiovascular disease
(2.15, 1.58 to2.92), and ischaemic cardiovasculardeath
(2.33, 1.21 to 4.51).14

Women with peripartum migraines were also more
likely to have vascular risk factors, such as diabetes,
hypertension, and tobacco smoking, which was con-
sistent with the association with vascular events.
Hypertension, in isolation from pregnancy related
hypertension,was thevascular risk factormost strongly
associated with migraine codes (table 5). Other
analyses of non-pregnant migraineurs have shown a
similar association between migraine and cardio-
vascular risk factors. In the Genetic Epidemiology of
Migraine study, migraineurs had about a 40%
increased odds of high blood pressure (odds ratio
1.38, 1.0 to 1.8), were more likely to smoke cigarettes
(1.59, 1.2 to 2.2), and were twice as likely to have a
10 year Framingham risk of coronary heart disease
death or myocardial infarction of greater than 20%
compared with non-migraineurs. 7 The National

Table 4 | Association between peripartum migraine and pregnancy related complications or other non-vascular diagnoses

Pregnancy complication or condition ICD-9 codes
Migraine rate per 100

000* Odds ratio (95%CI) P value

Gestational hypertension/pre-eclampsia 642.0, 642.2, 642.3, 642.4, 642.5,
642.6, 642.7

390 2.3 (2.1 to 2.5) <0.001

Postpartum haemorrhage 666, 669.1 142 0.7 (0.6 to 0.9) <0.001

Anaemia 648.2, 280, 281 251 1.4 (1.2 to 1.5) <0.001

Pneumonia 480, 481, 482, 483, 486, 487 239 1.1 (0.7 to 1.8) 0.74

Transfusions pr=99.02, 99.04, 99.00, 99.07 161 1.3 (0.9 to 1.8) 0.1

Postpartum infection 670, 672 161 0.9 (0.7 to 1.1) 0.22

Intrauterine fetal death 656.4 142 0.7 (0.4 to 1.2) 0.25

Gestational diabetes 648.8 199 1.0 (0.9 to 1.1) 0.9

ICD-9= international classification of diseases, 9th revision.

*Migraine rate per 100 000 discharges for each pregnancy complication or condition.
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Collaborative Perinatal Project also reported a correla-
tion between migraine and smoking in pregnant
women.26 In contrast, the most recent analysis of the
Women’s Health Study showed that women who had
active migraine with aura and ischaemic stroke were
younger (age 45 to 49) and had lower blood pressure,
lower cholesterol, and a Framingham risk of less than
1%, whereas those with active migraine with aura and
myocardial infarction tended to have a Framingham
risk of 10% or above.15 Overall, because of the trends
for onset of obesity and cardiovascular risk factors at
earlier ages, including the childbearing years, more
research focused on migraine and cardiovascular risk
during pregnancy is needed.
We found thatwomenwithpre-eclampsiawere twice

as likely to have peripartummigraine as those without
pre-eclampsia. Of all of the diagnoses entered into the
multivariable model, this relation was one of the
strongest (as shown by a small standard error and a
high t value in table 6). In fact, in order to examine the
associations between migraine and other vascular
diagnoses, the impact of pre-eclampsia had to be
eliminated because of confounding. This finding is
consistentwith several other studies in the literature. In
the Genetic Epidemiology of Migraine study, women
withmigraineof any typewere 60%more likely tohave
a history of gestational hypertension than were those
without migraine (odds ratio 1.63, 1.2 to 2.1). 7 A
history of pre-pregnancy migraines may also increase
the likelihood of a woman developing severe pre-
eclampsia.9 30 Because severe migraines during preg-
nancy have been linked to a higher risk of developing
pre-eclampsia, 10 differentiating peripartum migraines
from the headaches related to severe pre-eclampsia
needs to be pursued in future studies.
Diagnoses of migraine were also associated with

venous thromboembolism and thrombophilia. Simi-
larly, the National Collaborative Perinatal Project
reported a significant association between migraines
and thrombosis, but this was primarily in pregnant
women who were smokers.26 Several studies have
investigated the possibility of a heightened
hypercoagulable state in migraineurs, such as high
antiphospholipid antibodies,31 platelet hyperaggreg-
ability, or hereditary markers of hypercoagulability.32

However, these studies have toomanymethodological
shortcomings (small sample sizes, a wide variety of
non-standardised assays) to allow conclusions about a
definitive hypercoagulable state related specifically to

migraine tobemade.32 Interestingly, a recent studyalso
showed that migraineurs aged 55 to 94 were signifi-
cantly more likely to have a lifetime prevalence of
venous thromboembolism than were non-migraineurs
(18.9% v 7.6%; P<0.001), although no association was
found with detailed measures of atherosclerosis.33 In
the context of our analysis, pregnancy itself is a
hypercoagulable condition with a high risk of venous
thromboembolism,34 but no previous studies have
investigated the relation between migraines and
thromboembolism in pregnant women.

What this study means

Several possible explanations exist for the association
between peripartum migraine and vascular complica-
tions during pregnancy. Firstly, for those women with
pre-pregnancy migraines, ongoing complications of
pregnancy such as vascular diseases may have led to a
flare-upofmigraineheadaches as a result of the stress of
being ill. Alternatively, a woman with a history of
vascular disease before pregnancy may worry about
recurrent complications, which increases stress and the
likelihood of having peripartum migraines. However,
this seemsunlikely becausewomen alsomaybevery ill
as a result of the non-vascular diagnoses during
pregnancy, but we found no significant association
between these conditions and peripartum migraines.

The most logical explanation for the relation
between migraine and vascular disease during preg-
nancy is the existence of overlapping pathophysiolo-
gical mechanisms in both conditions, compounded by
the physiological changes during pregnancy. One
study supporting this hypothesis showed that migrai-
neurs with or without aura had increased peripheral
and central blood pressure, a decreased diameter and
compliance of superficial muscular arteries, and
decreased endothelial dilatation response to hyper-
aemia comparedwithcontrols.35Thesedata suggest the
existence of a select group of women with migraine
who are predisposed to poor compensation to vascular
stresses. The physiological changes during pregnancy,
such as increased blood volume, stroke volume, and
heart rate, and the haemostatic changes in favour of
thrombosis may all compound the interactions
between migraine and vascular complications.34

Regardless of the mechanism, active migraine during
pregnancy could be viewed as a potential marker of
vascular disease.

Table 5 | Hypertension, with and without gestational hypertension/pre-eclampsia diagnosis codes, and association with

migraine codes

Type of hypertension
Migraine rate per

100 000* Odds ratio (95%CI) p value

Hypertension codes (gestational hypertension or pre-eclampsia codes excluded) 1966 11.9 (9.2 to 15.4) <0.001

Gestational hypertension/pre-eclampsia codes (hypertension codes excluded) 368 2.2 (2.0 to 2.4) <0.001

Both gestational hypertension/pre-eclampsia and hypertension codes 595 3.6 (3.0 to 4.3) <0.001

*Migraine rate per 100 000 discharges for each condition.
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Strengths and limitations

An important strength of this study is that the use of the
population based sample allowed us to study relatively
rare conditions during pregnancy. This may be the
largest study of characteristics of migraine in pregnant
women, which has been very poorly understood.
However, the study has important limitations, which

relate to the fundamentals of analysing ICD-9 codes at
discharge from hospital. Firstly, migraine qualifies as
both a chronic and an episodic condition, so the
discharge codes could represent multiple admissions
for the same patient. In addition, whether inpatient
coding of migraine differs from outpatient coding is
unclear, and this question has not been studied. Also,
hospital coders are unlikely to have used the Inter-
national Headache Society’s classification, so we
cannot be certain that tension headache was not
misclassified as migraine or vice versa. Whether a
pregnant woman presenting with a serious medical
problemmight be more likely to have her diagnosis of
migraine recorded as a secondary diagnosis is uncer-
tain.On thebasisof ICD-9codesalone,wewereunable
to determine the history of pre-pregnancymigraines or
the frequencyor intensityofmigrainesbeforeorduring
the pregnancy related admission.
In addition, we were unable to distinguish between

migraine with aura (ICD-9 346.0) and without aura
(346.11), as a very small proportion of migraines were
coded in this fashion and most were coded 346.9 (data
not shown).Thismayhave led to anunderestimationof
the association, as most other studies have shown that
the association between migraine and cardiovascular
disease was limited to migraine with aura.13 14 In non-
pregnant women of childbearing age, the Stroke
Prevention in Young Women Study showed that
women with visual aura had a 50% higher risk of
ischaemic stroke, similar to studies of older women.36

For all the reasons stated, these results need to be
validated with review of medical records for ICD-9
diagnoses during pregnancy related admissions.
Some diagnoses of peripartum migraine could have

beenmiscoded or inadvertently listed separately in the
setting of cerebrovascular complications in which
headache is a prominent symptom. About 50-55% of

patients with intracerebral haemorrhage and 25%with
ischaemic stroke may present with headache.37 38 In
addition, ischaemic strokes can also cause migraine.39

Although 78-91% of patients with cerebral venous
thrombosis present with headache,40 we are uncertain
of the specific association because these events were
most likely coded as 674.0 (pregnancy related cerebro-
vascular event).Other complications that often involve
headache include severe pre-eclampsia/eclampsia and
the accompanying vasculopathy involving vasogenic
oedema (posterior reversible encephalopathy syn-
drome) or postpartum angiopathy (reversible cerebral
vasoconstriction occurring postpartumwith orwithout
elevated blood pressure).41 Confirmation by review of
medical records or prospective studies would clarify
how often the presenting stroke symptoms lead to
misdiagnosis of migraine.
The other limitation relates to establishing cause and

effect. For example, on the basis of the available data,
the timing of migraine and onset of cardiovascular
disease is uncertain. The migraine may have occurred
before or after a vascular event, and the ICD-9 codes
may have captured prevalent vascular disease before
pregnancy. For vascular conditions, such as stroke,
myocardial infarction, and venous thromboembolism,
however, these aremore likely to be coded only for the
discharge when they occurred, making multiple
admissions for the same patient unlikely. The possibi-
lity also exists that once a woman had a stroke,
established risk factors in young women, such as
migraine, would be more likely to be coded during an
admission, strengthening the relation between the two
diagnoses. We were also unable to study these
associations in non-pregnant women as they were
excluded from the analysis. Therefore, we cannot
determine whether migraine as a marker for vascular
disease during admission to hospital is specific to
pregnant women. In general, no cause or effect
mechanism can be established on the basis of these
results.
Other important data that could not be measured

include drugs that women may have been taking to
treat cardiovascular risk factors, such as anticoagulants
or blood pressure lowering drugs, or migraine specific
treatment, such as those used for preventing migraine
or treating pain. Use of one or more of these drugs
couldhave influenced theprevalenceof cardiovascular
disease or migraine during pregnancy. In addition, the
causeof stroke couldnot bedeterminedbecause results
of diagnostic tests were not available in the database.
Therefore, the roleofpatent foramenovale, a condition
associated with both migraine with aura and stroke,
cannot be explored in this database.

Conclusions and policy implications

To summarise,we identified a coexistenceof diagnoses
of peripartum migraine with vascular diseases and
vascular risk factors during pregnancy in a subpopula-
tion of women with active migraine during admission
to hospital. Obstetricians, general practitioners, and
neurologists should all realise that these results do not

Table 6 | Multivariable logistic regression model for peripartum migraines

Independent variable t value

Standard
error (odds

ratio) Odds ratio (95% CI) P value

Age 11.9 0.002 1.03 (1.02 to 1.03) <0.001

Pre-eclampsia 22.9 0.083 2.29 (2.13 to 2.46) <0.001

All strokes* 8.86 4.61 15.05 (8.26 to 27.4) <0.001

Venous thromboembolismor
pulmonary embolus*

5.11 0.74 3.23 (2.06 to 7.07) <0.001

Acute myocardial infarction
or heart disease*

8.06 0.2 2.11 (1.76 to 2.54) <0.001

Hypertension* 14.43 1.28 8.61 (6.43 to 11.54) <0.001

Smoking 17.15 0.17 2.85 (2.53 to 3.21) <0.001

Diabetes 7.36 0.18 1.96 (1.64 to 2.35) <0.001

*Excluding pre-eclampsia diagnoses.
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apply to every woman with migraine during preg-
nancy. However, for pregnant women admitted to
hospital with active migraines, modifiable cardio-
vascular risk factors and complications of pregnancy
such as pre-eclampsia, should be recognised and
treated.

Future research

The results of this study lay the groundwork for
multiple future studies related to migraine and
pregnancy. Because of the current lack of information
on inpatient ICD-9 coding for migraine, exploring the
reliability of these codes from discharge summaries is
an important next step. In addition, prospective
registries of pregnant women with migraine and
vascular diseases (and validation with individual
medical records) would help to determine which
condition came first and also lead to further hypotheses
related to causality. Once causality was established,
then interventions such as drug prophylaxis for
migraine or vascular diseases during pregnancy could
be prescribed to try to reduce the rate of new or
recurrent vascular complications.
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