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IGRAINE AFFECTS UP TO

15% of the general population.1-3 One-third of patients with migraine have
associated symptoms of neurological
aura.2,3 Previous work in the crosssectional community-based Cerebral AbnormalitiesinMigraine,anEpidemiological Risk Analysis (CAMERA-1) study
demonstrated a higher prevalence and
greater volume of magnetic resonance
imaging (MRI)–measured deep white
matterhyperintensities,infratentorialhyperintensities, and posterior circulation
territoryinfarctlikelesionsinparticipants
withmigraine.4-6 Ahigher volume of deep
white matter hyperintensities7 and increased prevalence of posterior circulation territory infarctlike lesions has also
been demonstrated in women with migraine with aura8 and the prevalence of
deep white matter hyperintensities was
increased among patients with migraine
identified from neurology clinics.9
For editorial comment see p 1920.
Author Video Interview available at
www.jama.com.

Context A previous cross-sectional study showed an association of migraine with a
higher prevalence of magnetic resonance imaging (MRI)–measured ischemic lesions
in the brain.
Objective To determine whether women or men with migraine (with and without
aura) have a higher incidence of brain lesions 9 years after initial MRI, whether migraine frequency was associated with progression of brain lesions, and whether progression of brain lesions was associated with cognitive decline.
Design, Setting, and Participants In a follow-up of the 2000 Cerebral Abnormalities in Migraine, an Epidemiological Risk Analysis cohort, a prospective populationbased observational study of Dutch participants with migraine and an age- and sexmatched control group, 203 of the 295 baseline participants in the migraine group
and 83 of 140 in the control group underwent MRI scan in 2009 to identify progression of MRI-measured brain lesions. Comparisons were adjusted for age, sex, hypertension, diabetes, and educational level. The participants in the migraine group were
a mean 57 years (range, 43-72 years), and 71% were women. Those in the control
group were a mean 55 years (range, 44-71 years), and 69% were women.
Main Outcome Measures Progression of MRI-measured cerebral deep white matter hyperintensities, infratentorial hyperintensities, and posterior circulation territory
infarctlike lesions. Change in cognition was also measured.
Results Of the 145 women in the migraine group, 112 (77%) vs 33 of 55 women
(60%) in the control group had progression of deep white matter hyperintensities (adjusted odds ratio [OR], 2.1; 95%CI, 1.0-4.1; P=.04). There were no significant associations of migraine with progression of infratentorial hyperintensities: 21 participants
(15%) in the migraine group and 1 of 57 participants (2%) in the control group showed
progression (adjusted OR, 7.7; 95% CI, 1.0-59.5; P=.05) or new posterior circulation
territory infarctlike lesions: 10 of 203 participants (5%) in the migraine group but none
of 83 in the control group (P=.07). There was no association of number or frequency
of migraine headaches with progression of lesions. There was no significant association of high vs nonhigh deep white matter hyperintensity load with change in cognitive scores (−3.7 in the migraine group vs 1.4 in the control group; 95% CI, −4.4 to
0.2; adjusted P=.07).
Conclusions In a community-based cohort followed up after 9 years, women with
migraine had a higher incidence of deep white matter hyperintensities but did not have
significantly higher progression of other MRI-measured brain changes. There was no
association of migraine with progression of any MRI-measured brain lesions in men.
JAMA. 2012;308(18):1889-1897
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White matter hyperintensities, infratentorial hyperintensities, and posterior circulation territory infarctlike lesions are believed to be of ischemic

origin. In particular, white matter hyperintensities are associated with atherosclerotic disease risk factors,9 increased risk of ischemic stroke,10-12 and
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cognitive decline.13 The associations of
migraine with these MRI-measured lesions and clinical ischemic stroke7,14 are
consistent with the hypothesis that recurring migraine headaches may be associated with cerebral ischemia and that
migraine-associated cerebral ischemia
may be attack related. In the current
study, we report associations of migraine and migraine subtype with the
progression of MRI-measured cerebral ischemic lesions at the 9-year follow-up of the original CAMERA study
population. In exploratory analyses, we
report associations of migraine frequency, total number of migraine attacks during follow-up, and presence
of current migraine headache symptoms with progression of brain lesions. In additional exploratory analyses, we determined whether progression
of brain lesions was associated with cognitive decline and whether the presence of migraine headache influenced
any association of brain lesion progression with cognitive decline.
METHODS
Study Population and Procedures

The original participants of the
CAMERA-1 study included 295 wellcharacterized individuals with migraine3 and 140 age- and sex-matched
controls who were randomly selected
from a community-based study of the
general population.1 The MRI scans
were completed in 2000.4 All participants were invited to return for follow-up scan in 2009. In 2000, the mean
age of the sample was 48 years (SD, 7.8
years) and 71% were women (eTable
1, available at http://www.jama.com).
The CAMERA-2 study, conducted in
2009, included a structured computerguided telephone interview (programmed using Ishell software, World
Health Organization), brain MRI, physical examination, and cognitive testing
similar to the CAMERA-1 protocol. Participants were administered questionnaires to determine previous, current,
and newly developed migraine attacks
since 2000. The interview was structured so that participants could recount their history of migraine using
1890

personal benchmarks (eg, pregnancy)
for when a different pattern started and
stopped. These benchmarks were used
to define periods. Information was collected on migraine prophylaxis and
treatment. All nonimaging data were
collected blinded to diagnosis and MRI
findings. To avoid introduction of falsepositive differences due to upgraded
MRI techniques, we used the same scanners and protocols that were used for
CAMERA-1.4 The protocol was approved by the local medical ethics committees. All participants gave written informed consent.
Outcome Measures

Primary outcome measure of this study
was change in number and volume of
MRI-measured deep white matter hyperintensities in individuals with migraine vs controls during follow-up. In
addition, progression of posterior circulation territory infarctlike lesions as
well as infratentorial hyperintensities
was evaluated.
Results of automatic segmentation of
whitematterlesions(QBrain1.1software)
were, if necessary, corrected manually in
a conservative manner by 1 rater, in anonymized baseline and follow-up scans
separately, blinded for scan order and diagnosis.Reproducibilitydatainclude(random, n=40 of participants reanalyzed):
1.0T-scanner: , 0.999 (P⬍.001) and
1.5T-scanner: , 0.963 (P⬍.001). Periventricular white matter hyperintensities
wereattachedtothelateralventricle;other
supratentorialhyperintensitiesweredeep
whitematterhyperintensities,whichwere
calculatedbynumber,total,andmeanvolume for each participant. Geographical
locationwasevaluatedbynormalizingthe
individual MRI scans with segmented lesions to standard Montreal Neurological
Institute–space,andprojectingthelesions
(weightedforgroupsize)ofallparticipants
per diagnostic group in a transparent 3dimensional map (glass brain).
Infratentorial hyperintensities were
hyperintense on T2- and proton-densityweighted and not hypointense on fluid
attenuated inversion recovery images.
Presence and progression of lesions was
assessed by 1 rater, who was blinded to
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diagnosis, by comparing baseline and follow-up scans side by side. Reproducibility data (random, n = 40 [14%]; baseline,  = 0.908; P = .09 and follow-up,
=1.000; P⬍.001). Lesion progression
was defined as an increase in size, number, or both (FIGURE 1).
Infarctlike lesions were nonmass parenchymal defects with a vascular distribution, isointense to cerebrospinal
fluid signal on all sequences, and, when
supratentorial, surrounded by a hyperintense rim on FLAIR images.4 Virchow-Robin spaces were excluded
based on typical location, shape, and absence of a hyperintense rim. In the basal
ganglia, only parenchymal defects larger
than 3 mm in diameter were considered in order to exclude nonspecific lesions. Location and vascular territory
of new and preexisting infarcts were
read by 2 neuroradiologists, who were
blinded to diagnosis (=0.87, P⬍.001).
All sequences of baseline and follow-up scans were presented side by
side (angulation corrected and position linked). A third senior neuroradiologist made the final diagnosis in the
9 cases in which the 2 raters disagreed.
An exploratory outcome measure of
this study was the changes in cognition
related to white matter hyperintensities
at baseline and at follow-up. Similarly,
the change in cognition between baseline and follow-up was evaluated as function of baseline and follow-up lesion volume as well as lesion volume change. For
each participant, normalized test scores
(Z scores of separate tests in domains of
memory, executive function, attention,
visuospatial ability, and speed) were
summed to achieve a total composite
cognitive score for each time point.
Change in raw test scores (follow-up minus baseline) were normalized by Z
scores. The tests, evaluating cognitive
performance in the domains of memory,
concentration, and attention, executive
functioning, psychomotor, and processing speed, organization, fine motor skills,
fluid intelligence, and visuospatial skills,
consisted of the 15-word Verbal Learning Test15; abbreviated Stroop test,16 consisting of 3 subtasks; verbal Fluency
test17; Letter Digit Substitution Test,18
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RESULTS

which is a modified version of the Symbol Digit Modalities Test; and the Purdue pegboard test.19 In follow-up investigation, the Block Design Test from the
Wechsler Adult Intelligence Scale III test
battery20 was added. Further details on
cognition testing are provided in eTable
3 (available at http://www.jama.com).

ear regression models, adjusting for age,
sex, and educational level (model 1) and
additionally for migraine (model 2) to
assess the effect of migraine diagnosis.
Data were analyzed using the statistical
software package for social sciences
(SPSS, version 17.0. for Windows).

Covariates and Definitions

Figure 1. Brain Magnetic Resonance T2-Weighted Images at Baseline and Follow-up From 3
Representative Participants Showing Progression of Infratentorial Hyperintensities

Sociodemographic and medical history characteristics were assessed by interview. Educational level was dichotomized into low, primary school or less
than vocational education, and high,
more than higher vocational or professional education, college, or university. A diagnosis of diabetes or hypertension was based on patient report of
a physician’s diagnosis.

Study Population

A total of 411 of 435 (95%) of baseline participants were successfully
recontacted; 14 participants had
moved, 4 were lost to civil registry
information, and 6 had died (eTable 1).

Baseline

9-Year follow-up

Participant 1
A

B

Statistical Analysis

Differences in the distributions and
means of measured characteristics
among the study groups were assessed with 2, 2-tailed Fisher exact, unpaired t, and Mann-Whitney U tests and
1-way analyses of variance where appropriate. Using logistic regression, the
risk for MRI outcome measures was examined by migraine diagnosis (yes/
no) and subtype of migraine (with and
without aura vs controls), controlling
for age, sex, educational level, hypertension, and diabetes. Statistical interactions of hypertension and diabetes for
associations of migraine and MRImeasured outcomes were tested for by
adding the interaction terms to the
models. Analyses of deep white matter hyperintensity volumes were a priori
stratified by sex, based on earlier findings of increased association of migraine with MRI lesions only among
women.4 Likewise, infarct analyses were
a priori stratified by anterior or posterior vascular territory. In logistic regression models, exploratory analyses
were conducted on the effects of several migraine characteristics on measures of lesion progression. Associations between deep white matter
hyperintensity load and normalized
scores of the baseline and follow-up
cognitive tests were assessed using lin-

Participant 2
C

D

Participant 3
E

F

Image B shows pontine hyperintensity (arrowhead) increased in size compared with baseline image (A). Image
D shows new hyperintensities (arrowheads) compared with baseline image (C). Image F shows additional hyperintensities (arrowheads) compared with baseline image (E).
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Two hundred eighty-six participants
(66%) underwent follow-up MRI scan
(114 migraine with aura, 89 migraine
without aura, 83 controls). Mean follow-up was 8.5 years (range, 7.9-9.2; SD,
0.24 years). Reasons for nonparticipation were no interest (n=51), inability
to visit the research center (n=30), claustrophobia (n=8), and nonneurological
illness (n=36). There was no association between responder rate and diagnosis of migraine (response rate in both
migraine groups was 203 of 296 (69%)
vs 83 of 139 (60%) in the control group
(P = .07). Compared with nonparticipants, participants were younger at base-

line (48 vs 50 years; P=.01), more often reported high educational level (52%
vs 40%; P = .01), smoked fewer packyears (8 vs 14 years; P⬍.001; eTable 1),
had a similar prevalence of posterior circulation territory infarctlike lesions
(4%), brain infarcts (6% vs 9%; P=.24),
and a high load of deep white matter hyperintensities (based on semiquantitative measures at baseline; 19% vs 22%;
P=.44). At follow-up, participants in the
migraine group were slightly older than
those in the control group (57 vs 55
years; P=.03) and had a higher prevalence of diabetes (9% vs 2%; P = .05;
TABLE 1).

Table 1. Follow-up Characteristics of Study Participants
Migraine
Characteristic

Total
(n = 286)

Controls
(n = 83)

Migraine
(n = 203)
57 (7.8) f

No Aura
(n = 89)

Aura
(n = 114)

57 (7.7)

55 (7.3)

58 (7.5)

57 (8.0)

Women

202 (71)

57 (69)

145 (71)

64 (72)

81 (71)

Maastricht research center

128 (45)

38 (46)

90 (44)

35 (40)

55 (48)

Low education a

137 (48)

38 (46)

99 (49)

46 (52)

53 (47)

BMI, mean (SD)

26 (4.1)

26 (3.8)

26 (4.3)

25 (4.3)

26 (4.2)

Hypertension b

97 (34)

24 (29)

73 (36)

32 (36)

41 (36)

Use of antihypertensive medication c

79 (28)

19 (23)

60 (30)

28 (32)

32 (28)

Blood pressure, mean (SD), mm Hg b
Systolic

151 (21)

152 (19)

151 (21)

148 (20)

154 (22)

94 (11)

94 (12)

94 (11)

92 (10)

96 (12)

20 (7)

2 (2)

18 (9) g

9 (10)

9 (8)

8 (3)

0 (0)

8 (4)

2 (2)

6 (5)

12 (4)

2 (2)

10 (5)

5 (6)

5 (4)

Age, mean (SD), y

Diastolic
Diabetes (self-reported)
History of stroke d
History of transient ischemic attack
Smoking
Ever

193 (68)

58 (70)

135 (67)

58 (65)

77 (68)

Current

67 (35)

19 (33)

48 (36)

22 (38)

26 (34)

Pack-years, mean (SD)

11 (15)

12 (15)

11 (15)

13 (18)

10 (13)

Alcohol use
None during last 12 mo

42 (15)

10 (12)

32 (16)

18 (20)

14 (12)

29 (10)

11 (13)

18 (9)

6 (7)

12 (11)

25 (12.3)

8 (9)

17 (14.9)

ⱖ3 U/d
Current use of migraine medication e
Triptans
Ergotamines

5 (2.5)

1 (1.1)

4 (3.5)

Prophylactic drugs

7 (3.4)

1 (1.1)

6 (5.3)

Oral contraceptive use, women only
Current
ⱖ15 y

16 (6)

6 (12)

10 (8)

3 (6)

7 (9)

71 (25)

24 (48)

47 (38)

21 (42)

26 (35)

Abbreviations: BMI, body mass index, calculated as weight in kilograms divided by height in meters squared.
a Low education indicates primary school or lower vocational education.
b Hypertension self-reported, physician diagnosed.
c Use of antihypertensive medication by participants with hypertension; not used as migraine prophylaxis. Mean blood
pressure indicates mean of 2 blood pressure measurements after transcranial Doppler examination with Valsalva
maneuver.
d Ischemic or hemorrhage; self-reported.
e Current use of migraine medication defined as use in the year of investigation.
f Compared with controls: P=.03. Unless indicated otherwise, differences were not significant (P⬎.05).
g Compared with controls: P=.05.
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Deep White Matter
Hyperintensities

There were no differences in baseline and
follow-up white matter hyperintensities
between men in the migraine group and
those in the control group (TABLE 2).
However, among women, both at baseline and follow-up, deep white matter hyperintensityvolumewashigherinthemigraine group than in the control group
(baseline: 0.02 mL vs 0.00 mL; P=.009;
follow-up: 0.09 mL vs 0.04 mL; P=.04).
Women in the migraine group also had
a higher median increase in volume of
deep white matter hyperintensities (mL),
as well as a higher incidence of progression (defined as ⬎ 0.01 mL) than women in the control group (yes/no, ⱖ0.01
mL) (77% vs 60%; P=.02). The incidence
of deep white matter hyperintensity progression was highest among women with
migraine without aura (83%; Table 2). In
multivariate logistic regression analyses
involving only women, migraine was independently associated with deep white
matter hyperintensity progression (adjusted odds ratio [OR], 2.1; 95% CI, 1.04.1; P=.04; TABLE 3). Similarly, women
in the migraine group had a higher incidence of high progression than women
in the control group (23% vs 9%; P=.03;
Table 2). Hypertension was not associatedwithahigherincidenceofwhitematter hyperintensity progression (P=.06).
Interaction terms for hypertension
(P=.90) and diabetes (P=.60) were not
significant. Further exploratory analyses
showed no association of the number of
migraine attacks, migraine attack duration, migraine frequency, type of attack,
or migraine therapy with lesion progression (eTable 2).
The increase in total deep white matter hyperintensity volume among women with migraine was related to an increasednumberofnewlesionsratherthan
an increase in the size of preexisting lesions. The mean size of individual hyperintensities at follow-up did not differ between groups (P=.97). Participants in the
migraine group had a higher incidence of
10 or more new lesions among 43 of 145
participants(30%)vs5of57inthecontrol
group (9%) (adjusted OR, 3.5; 95% CI,
1.3-9.6; P=.01). Among women with mi-
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graine , deep white matter hyperintensities were more diffusely distributed
in the deep white matter than among
controls (FIGURE 2).

tween participants with migraine and
controls. There was no association of sex,
aura status, or migraine frequency with
progression.

Periventricular White Matter
Hyperintensities

Infratentorial Hyperintensities

Progression of periventricular white matter hyperintensities did not differ be-

The prevalence of infratentorial hyperintensities at follow-up was 21% among
women with migraine and 4% among

controls (adjusted OR, 6.5; 95% CI, 1.528.3; P =.01; Table 3). Progression of
infratentorial hyperintensities was not
significantly higher among women with
migraine (15%) than women in the control group (2%; adjusted OR, 7.7; 95%
CI, 1.0-59.5; P=.05; Table 3). There was
no relationship between migraine aura
and number or frequency of migraine

Table 2. Prevalence and Progression of Infarcts and Deep White Matter and Infratentorial Hyperintensities
Migraine Headache
Controls
(n = 83)
Deep white matter hyperintensities
Men, No. (%)
Lesion volume, median (IQR), mL
Baseline
9-y Follow-up
Difference
Lesion progression, No. (%) b
High progression, No. (%) c
New lesions
Median (IQR)
ⱖ10, No. (%)
Mean volume, median (IQR)
Women, No. (%)
Lesion volume, median (IQR), mL
Baseline
9-y Follow-up
Difference
Lesion progression, No. (%) b
High progression, No. (%) c
New lesions
Median (IQR)
⬎10, No. (%)
Mean volume, median (IQR)
Infratentorial hyperintensities, No. (%)
Men
Prevalence
Progression b
Women
Prevalence
Progression b
Posterior circulation territory infarctlike lesions, No. (%) e
Baseline
9-y Follow-up
New lesion
Anterior circulation or basal ganglia infarctlike lesions
(nonposterior circulation territory), No. (%)
Baseline
9-y Follow-up
New lesions

26 (31)

Migraine
Headache
(n = 203)
58 (29)

P
Value a
.67

Without Aura
(n = 89)
25 (28)

With Aura
(n = 114)
33 (29)

P
Value a
⬎.99

0.04 (0.00-0.20)
0.14 (0.01-0.67)
0.08 (0.01-0.43)
21 (81)
6 (23)

0.02 (0.00-0.07)
0.06 (0.08-0.34)
0.04 (0.00-0.29)
40 (69)
12 (21)

.18
.36
.31
.30
.78

0.01 (0.00-0.08)
0.05 (0.00-0.15)
0.04 (0.00-0.10)
15 (60)
5 (20)

0.02 (0.00-0.09)
0.11 (0.01-0.42)
0.08 (0.01-0.31)
25 (76)
7 (21)

.76
.47
.47
.26
⬎.99

3 (1-11)
8 (31)
0.03 (0.01-0.05)
57 (69) d

3 (0-8)
12 (21)
0.02 (0.01-0.04)
145 (71)

.64
.41
.23
.67

3 (0-5)
4 (16)
0.02 (0.01-0.07)
64 (72)

4 (0-10)
8 (24)
0.02 (0.01-0.04)
81 (71)

.50
.53
.65
⬎.99

0.00 (0.00-0.04)
0.04 (0.00-0.19)
0.02 (0.00-0.14)
33 (60)
5 (9)

0.02 (0.00-0.09)
0.09 (0.02-0.34)
0.05 (0.01-0.27)
112 (77)
33 (23)

.009
.04
.04
.02
.03

0.03 (0.00-0.12)
0.16 (0.02-0.43)
0.11 (0.01-0.36)
53 (83)
19 (30)

0.01 (0.00-0.06)
0.05 (0.01-0.28)
0.04 (0.00-0.15)
59 (73)
14 (17)

.08
.03
.04
.17
.11

1 (0-6)
5 (9)
0.02 (0.01-0.04)

3 (0-11)
43 (30)
0.02 (0.01-0.03)

.04
.003
.97

1 (0-9)
25 (39)
0.02 (0.01-0.03)

5 (0-16)
18 (22)
0.02 (0.01-0.04)

.10
.03
.59

3 (12)
1 (4)

9 (16)
5 (9)

.75
.66

4 (16)
2 (8)

5 (15)
3 (9)

⬎.99
⬎.99

2 (4)
1 (2)

30 (21)
21 (15)

.002
.01

18 (28)
13 (20)

12 (15)
8 (10)

.06
.10

3 (4)
3 (4)
0

11 (5)
18 (9)
10 (5)

.76
.14
.07

2 (2)
6 (7)
5 (6)

9 (8)
12 (11)
5 (4)

.12
.46
.75

8 (10)
11 (13)
3 (4)

15 (7)
20 (10)
5 (3)

.63
.41
.69

6 (7)
12 (11)
2 (2)

9 (8)
8 (9)
3 (3)

.79
.82
⬎.99

Abbreviation: IQR, interquartile range.
a P values are for differences between the control group and the migraine group and between those in the migraine group with and without aura.
b Progression of deep white matter hyperintensities is defined as an increase in volume after 9 years (⌬ between follow-up and baselineⱖ0.01 mL); progression of infratentorial
hyperintensities is defined as an increase in size, number, or both.
c High progression of deep white matter hyperintensities defined as the upper 20th percentile of progression distribution.
d For analyses of deep white matter hyperintensity progression, 2 women in the control group were excluded (leaving n=55), because of missing baseline volumes due to software
failures during lesion segmentations. Visual comparison revealed no progression between baseline and follow-up for these 2 women.
e The number of participants with 1 or more infarctlike lesions. Three of 10 participants who already had a posterior circulation territory infractlike lesion at baseline developed
additional lesions between scans.
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Table 3. Risk of Deep White Matter and Infratentorial Hyperintensities in Women by Migraine Status a

Deep white matter hyperintensities
Progression, No. (%) b
OR (95% CI)

Controls
(n = 57)

Migraine
(n = 145)

P
Value

Migraine
Without Aura
(n = 64)

Migraine
With Aura
(n = 81)

P
Value

33 (60) e
1 [Reference]

112 (77)
2.1 (1.0-4.1) f

.04

53 (83)
2.9 (1.2-6.7) f

59 (73)
1.7 (0.8-3.5)

.23

5 (9) e
1 [Reference]
5 (9) e
1 [Reference]

33 (23)
2.3 (0.8-6.4)
43 (30)
3.5 (1.3-9.6) f

19 (30)
3.3 (1.1-9.9) f
25 (39)
5.3 (1.8-15.4) f

14 (17)
1.6 (0.5-5.0)
18 (22)
2.4 (0.8-7.0)

2 (4)
1 [Reference]
1 (2)

30 (21)
6.5 (1.5-28.3) f
21 (15)

.01

18 (28)
9.6 (2.1-44.1) f
13 (20)

12 (15)
4.4 (0.9-20.5)
8 (10)

.07

1 [Reference]

7.7 (1.0-59.5)

.05

11.5 (1.4-92.9) f

5.0 (0.6-41.7)

.10

High progression, No. (%) c
OR (95% CI)
High increase in number, No. (%) d
OR (95% CI)
Infratentorial hyperintensities
Prevalence, No. (%)
OR (95% CI)
Progression, No. (%) b
OR (95% CI)

.12
.01

.12
.04

Abbreviation: OR, odds ratio.
a OR (95% CI) are adjusted for age, education, hypertension, and diabetes.
b Progression is defined as an increase in volume after 9 years (⌬ between follow-up and baseline ⱖ0.01 mL); progression of infratentorial hyperintensities is defined as an increase
in size, number, or both.
c High progression is defined as the upper 20th percentile of progression distribution.
d High increase in number of lesions is defined as 10 or more new lesions, which reflects the upper 20th percentile of the distribution of lesions count.
e For analyses of deep white matter hyperintensity progression, 2 women in the control group were excluded (leaving n=55), because of missing baseline volumes due to software
failures during lesion segmentations. Visual comparison revealed no progression between baseline and follow-up for these 2 women.
f Compared with controls: P⬍.05.

attacks with progression of infratentorial hyperintensities. Among men there
were no differences in infratentorial
hyperintensity prevalence or progression.

with infarcts, 21% of those in the control group vs none in the control
group reported a history of clinical
stroke (P=.10).
Cognitive Changes

Infarcts and Infarctlike Lesions

None of the infarctlike lesions present
at baseline had disappeared. No significant association of migraine with
new posterior circulation territory
infarctlike lesions existed between
groups (migraine group, 5% vs control
group, 0%; P = .07; Table 2). Among
participants in the migraine group, 18
(8.9%) with posterior circulation territory infarctlike lesions had a less
favorable cardiovascular risk profile
than the 185 participants (91.1%)
without it. Those with infarctlike
lesions were older (mean age, 62 vs 57
years; P = .006); had higher prevalences of clinically diagnosed stroke
(22% vs 3%; P⬍.001) or hypertension
(67% vs 33%; P=.005), and were more
likely taking statins (39% vs 17%;
P=.03) or platelet inhibitors (33% vs
6%; P⬍.001). There was no difference
between groups for new non–posterior
circulation territory infarctlike lesions
(migraine group, 2.5% vs control
group, 3.5%; P=.69; Table 2). Of those
1894

There were no differences in cognitive
functioning between groups at follow-up (mean composite Z score, migraine group, 1.2 vs control group, 0; adjusted P=.90; 95% CI, −2.0 to 2.0). At
follow-up, deep white matter hyperintensity load was not associated with cognitive performance (mean composite Z
score high load, −3.7 vs low load, 1.4; adjusted P=.07; 95% CI, −4.4 to 0.2; men
and women were analyzed together, see
also eTable3 for original clinical scores
of the separate subtest domains). Presence of migraine did not influence this
association (adjusted P=.30; 95% CI,
−2.0 to 2.1). Individuals with a high deep
white matter hyperintensity load at baseline did not experience greater change
in cognitive function at the 9-year follow-up than those without a high load
at baseline (mean composite Z score, −0.5
vs 0.2; adjusted P=.4; 95% CI, -1.7 to
0.7). Similarly, there were no significant differences between groups with respect to tests of individual cognitive domains (eTable3).
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COMMENT
We prospectively evaluated associations of migraine with structure and
function of the brain at the 9-year follow-up. Among men, we found no association of migraine with progression of MRI-measured brain lesions.
Women in the migraine group had a
higher prevalence and a greater increase of deep white matter hyperintensities than women in the control
group. Although migraine was associated with a higher prevalence of
infratentorial hyperintensities at followup, there were no significant associations of migraine with progression of
infratentorial hyperintensities or posterior circulation territory infarctlike lesions among women. In addition, the
number of migraines, frequency of migraines, migraine severity, type of migraine, and migraine therapy were not
associated with lesion progression. Increase in deep white matter hyperintensity volume was not significantly
associated with poorer cognitive performance at follow-up.
This study has several strengths, including the longitudinal study design,
length of follow-up, the relatively well
characterized cohort, use of standardized International Headache Society cri-
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teria–based diagnosis of migraine by
headache experts, and sensitive and reproducible methods of MRI reading.
The sensitive MRI techniques used allowed for a more detailed analysis of the
brain, in particular the cerebellum.
Approximately one-third of the original baseline population could not be reinvestigated. This may have introduced selection bias. However, there
were no differences in baseline MRI
parameters between participants and
nonparticipants and there was no imbalance between the proportions and
demographic and clinical characteristics of nonparticipating individuals with
migraine and controls. Because of differences between the semiquantitative
baseline reading of deep white matter
hyperintensities and the current quantitative volume measurements that were
not available for the nonresponders, additional imputation analyses to support the sensitivity of the current results could not be performed. An
additional study limitation is that confidence intervals are wide (Table 3).
The number of migraine attacks, frequency of migraines, migraine severity, type of migraine headaches, and migraine therapy were not associated with
lesion progression. In contrast, our baseline data showed that more frequent migraine headaches were associated with
a higher prevalence of MRI findings.4
However, our findings at baseline regarding frequency-related difference in
MRI findings was most pronounced
among those in the migraine group who
were 50 years or younger and less so in
older patients. Thus, with increasing age
of the study population, when attacks
generally diminish,1 other migraine disease-related conditions leading to white
matter hyperintensities are possibly increasing, complicating the detection of
migraine attack-related associations. A
similar, age-dependent mechanism is
also seen for the risk of stroke in participants with migraine, which is increased in young patients only.14,21 At
older age, other risk factors such as hypertension may obscure or overcome any
potential role of migraine. In the present case, we hypothesize there are at

Figure 2. Geographical Location of All Individual Deep White Matter Hyperintensities
Projected on Transparent 3-Dimensional Maps After Normalization of the Individual Magnetic
Resonance Scans With Segmented Lesions to Standard Montreal Neurological Institute Space
Control
(n=52)

Migraine with aura
(n=75)

Migraine without aura
(n=57)

Baseline

9-Year follow-up

Progression between baseline and follow-up

The upper 2 rows display hyperintensities per study group at baseline and follow-up separately; the lower rows
show the difference (ie, progression) between baseline and follow-up in 3 directions. For visualization purposes, lesions are displayed after correction for group size, by adjusting their transparency level with a factor
0.69 for women in the migraine group with migraine with aura (n=52/n=75) and 0.91 for female participants
with migraine without aura (n=52/n=57), using women in the control group as a reference.
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least 2 different types of vascular mechanisms that may cause structural brain
changes in migraine: one, which is primarily related to attacks and mainly
present at younger age, and another,
which is probably ongoing as part of having the disease migraine. The observation of migrainous stroke, with stroke occurring during a migraine attack, would
support the hypothesis that ischemia
may occur during attacks.22 However,
our finding that migraine was not significantly associated with progression of
all evaluated types of brain lesions at the
9-year follow-up raises questions about
the role of cerebral ischemia over time
in people with migraine.21,23
Possible explanations for an association of migraine headache with structural brain changes include a chronic
procoagulatory or proinflammatory
state due to endothelial dysfunction24,25
or elevated homocysteine levels,26,27 or
recurrent paradoxical (micro-) emboli
due to right-to-left shunts.28 Increased
incidence of brain lesions among people
with migraine headaches and atherosclerotic risk factors such as hypertension, diabetes, or other cardiovascular
risk factors is also possible, but we did
not identify any significant interactions for hypertension or diabetes. A relation with headache in general7 cannot be excluded. Finally, sex differences
seem to play an important role because progression of deep white matter hyperintensities was only found in
women. This finding is in line with results from another study8 and consistent with the higher risk of brain infarcts in women with migraine.14 Our
sample size was too small for a proper
analysis of sex-related differential interaction between migraine and cardiovascular risk factors. Participants in the
migraine group with posterior circulation territory infarctlike lesions, however, did have a less favorable cardiovascular risk profile than those without
posterior circulation territory infarctlike
lesions. Further research is needed to unravel the pathogenesis and relevance
of migraine-related structural brain
changes and their possible relation with
ischemic events.
1896

White matter hyperintensities have
been associated with cognitive deficits
in the elderly29,30 and some studies
found evidence for worse cognitive performance in individuals with migraine.31-34 We tested memory, speed,
and attention35 in all participants at
baseline and follow-up and found no
significant association between deep
white matter hyperintensity volume and
cognitive dysfunction. Most prior studies were conducted in older participants with larger deep white matter intensity volumes; this cohort is rather
young with relatively little volume.7
In summary, in a community-based
cohort followed up for 9 years, migraine was associated only with a higher
incidence of deep white matter brain
changes among women. There were no
significant associations of migraine with
progression of other brain lesions
among women, and there were no associations of migraine headache with
progression of any brain lesions among
men. These findings raise questions
about the role of migraine headaches
with progression of cerebral vascular
changes. The functional implications of
MRI brain lesions in women with migraine and their possible relation with
ischemia and ischemic stroke warrant
further research.
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