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Migraine and MTHFR C677T genotype in a population-
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Abstract

Objective

Migraine with aura is associated with increased risk of stroke. The MTHFR C677T
genotype has been associated with increased risk of migraine in selected clinical
samples and with elevated homocysteine, a risk factor for stroke. We assessed
the association of the MTHFR C677T variant with migraine and the mediating
effect of cardiovascular risk factors and metabolic markers of genotype status.

Methods

We compared adult migraineurs with aura (MA; n = 187), without aura (MO; n =
226), and nonmigraineurs (n = 1,212) from the population-based Genetic
Epidemiology of Migraine study.

Results

Compared with the wild-type genotype, the T/T genotype was associated with
increased odds of MA (odds ratio [OR], 2.05; 95% confidence interval, 1.2-3.4; p
< 0.006), with a trend of increasing numbers of T alleles (OR, 1.40; 95%
confidence interval, 1.1-1.8; p < 0.007). ORs were slightly attenuated after
adjusting for homocysteine.

Interpretation
Risk of MA is associated with MTHFR C674T homozygosity, independent of other
cardiovascular risk factors. Ann Neurol 2006
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Migraine sufferers, particularly those with aura, have an increased risk for clinical
and subclinical vascular brain lesions.[1][2] The reason for this increased risk is
unknown but does not appear to be caused by classic risk factors for
cardiovascular (CV) disease.[2][3] Homocysteine, a sulfur-containing amino acid
derived during the metabolism of the essential amino acid methionine, is a
relatively new risk factor for CV disease. Elevated homocysteine or reduced folate
(a cofactor in homocysteine metabolism) have been associated with various forms
of ischemic vascular disease, endothelial dysfunction, and congenital defects of
the neural tube and heart.[4][5]

The MTHFR gene on chromosome 1p36.3 encodes 5,10-
methylenetetrahydrofolate reductase (MTHFR), a key enzyme in the metabolism
of folate. A relatively common polymorphism in this gene, C677T, changes an
alanine to a valine residue at position 222. Homozygotes (T/T) for this
polymorphism have moderately increased plasma total homocysteine[6] and were
reported, in some case-control studies, to have an increased risk of migraine with
aura.[7-10] These studies, however, were conducted in selected clinical samples
and did not control for CV risk factors.[3]

We examine the association between the MTHFR C677T genotype and migraine in
an unselected, well-characterized cohort of men and women from a population-
based study. We also analyzed the effect of traditional CV risk factors and
metabolic markers of the MTHFR C677T genotype status on this association.

Subjects and Methods

Study participants (n = 1,625) were an age and sex-stratified random sample
from the Genetic Epidemiology of Migraine (GEM) study (n = 6,491). Participants
for the GEM study were identified through the population-based MORGEN study
(Monitoring Project on Risk Factors for Chronic Diseases in the Netherlands), that
was based on an age-stratified random sample of adults, aged 20 to 65 years,
living in two municipalities in the Netherlands.[11] All GEM participants received a
detailed direct migraine diagnostic interview and other risk assessments as
described previously,[3][12][13] including cardiovascular risk assessment.

Plasma total homocysteine, folate, and vitamin B12 were assayed in nonfasting
plasma samples, and the MTHFR C677T variant was genotyped in 1,401
participants as described previously.[6] These included 1,212 individuals without
migraine (44% women), 117 with migraine without aura (MO; 79% women), and
72 with migraine with aura (MA; 72% women). An additional 224 migraineurs
(MO 109; MA 115) were only genotyped, without metabolic measurements. Thus,
in total, 1,625 participants were genotyped: 1,212 nonmigraineurs (44%
women), 226 with MO (76% women), and 187 with MA (73% women). The MA
group consisted of 111 migraineurs with exclusively attacks with aura and 76 with
both attacks with or without aura. At the time of measurement, there was no folic
acid fortification of grains in the Netherlands.

Analysis

We determined whether observed genotype frequencies were in Hardy-Weinberg
equilibrium. The Pearson's 2 test and Mantel-Haenzel test for trend were used to
compare allele frequencies by categorical measures of cardiovascular risk. We
used nonparametric methods (rank-sum test, quantile regression) for continuous
measures of cardiovascular risk. We also used quantile regression (similar to
linear regression) to calculate age and sex-adjusted median levels of
homocysteine, folate, and vitamin B12.
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Multinomial logistic regression was used to calculate crude and adjusted odds
ratios (ORs) as an estimate of the risk for MO and MA by genotype (C/T or T/T
compared with those with the wild-type genotype C/C). Models were adjusted for
age, sex, and socioeconomic status. We also included in the models
cardiovascular risk factors and levels of homocysteine, folate, and vitamin B12 to
determine whether these factors mediated the relationship between genotype and
phenotype.

In secondary analyses, we examined whether the risk of migraine associated with
the MTHFR C677T variant varied by age at onset of migraine (<10 years, MO
onset 10+ years, MA onset <10 years, MA onset 10+ year) or by frequency of
attacks (MO <12 attacks/year, MO 12+ attacks/year, MA <12 attacks/year, MA
12+ attacks/year). Analyses were performed using Stata (StataCorp. 2003. Stata
Statistical Software: Release 8.2. College Station, TX: StataCorp LP).

Results

The frequency of the T allele in the nonmigraine group (31.5%; Table 1) was
consistent with the reported frequency of this allele in other white
populations.[14] Allele frequencies were in Hardy-Weinberg equilibrium overall,
and within all study subgroups.

Table 1. MTHFR C677T Genotype and T Allele Frequency by Migraine Status:
Genetic Epidemiology of Migraine Study

Genotype
Migraine C/C(n= C/T(n= T/T(n= T allele Total (n =
Status 748) 713) 164) Frequency 1,625)
No migraine 567(47%) 527(43%) 118(10%) 31.5% 1,212(100%)
MO 109(48%) 100(44%) 17(8%) 29.6% 226(100%)
MA 72(39%) 86(46%) 29(16%) 38.5% 187(100%)

C/C = wild type; C/T = heterozygote; T/T = homozygote; MO = migraine
without aura; MA = migraine with aura.

Genotype status was associated with total homocysteine (higher in the C/T and
T/T groups) and folate (lower in the C/T and T/T groups; Table 2) and marginally
with socioeconomic status (SES; lower for C/T [p < 0.08] and T/T [p < 0.06] with
a significant trend overall for low SES and number of T alleles [p < 0.05]).
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Table 2. Characteristics of the Study Sample by MTHFR C677T Genotype: Genetic
Epidemiology of Migraine Study

Characteristic C/C(n=748)C/T(n=713)T/T (n = 164)
Sex (% female) 52.4 51.1 50.6
Low SES (%)? 45.4 49.9 53.4
Maternal MI (%)

No 90.5 90.4 90.4
Early (<65 yr) 3.8 4.6 7.1
Late (¥=65 yr) 5.7 5.0 2.6
Paternal MI (%)

No 75.0 77.2 71.8
Early (<55 yr) 7.4 8.0 9.0
Late (£55 yr) 17.6 14.7 19.2
CHD or stroke (%)® 1.9 2.2 3.7
Mean (SD) values by genotype

Age 41.3 (11.8) 41.6 (11.5) 41.6 (11.3)
Cholesterol (mg/dl) 200 (41) 200 (41) 204 (42)
HDL (mg/dl) 51.2 (14.3) 51.7 (13.8) 51.1 (11.3)
Total: HDL 4.2 (1.5) 4.1 (1.5) 4.2 (1.1)
Waist hip ratio 0.84 (0.09) 0.85 (0.09) 0.85 (0.09)
Body mass index 25.5 (4.2) 25.3 (3.9) 25.5 (4.0)

Systolic BP (mm Hg) 121.8 (15.3) 121.8 (15.0) 122.9 (15.3)
Diastolic BP (mm Hg) 78.6 (10.3)  78.2(10.1)  79.8 (10.3)

C/C(n =651) C/T(n=609) T/T(n=141)

Folate (nmol/L)¢ 9.3 (4.9) 8.6 (5.0)4 7.7 (4.6)¢
Homocysteine (K'mol/L)  12.9 (3.1) 13.8 (4.7)¢ 18.0 (9.9)¢
Vitamin Bi, (nmol/L) 300 (115) 297 (115) 297 (121)

a p <0.05 M-H test for trend for number of T alleles.

b Defined as self-reported history of myocardial infarction (MI), stroke, coronary
bypass surgery, or balloon angioplasty.

c Sample is 1,625 except for levels of folate, homocysteine, vitamin B12 when
sample size is n =1401.

d p < 0.01. rank sum test compared to c/c genotype; p < 0.001 test for trend
for number of T alleles.

Compared with those with the wild-type genotype, those with the T/T genotype
were at significantly increased risk of MA but not MO (Table 3). There was a
significant trend for the number of T alleles and MA, but not MO (see Table 3,
trend). ORs did not change after adjustment for age, sex, and SES (see Table 3,
model 2) or additional adjustment for traditional cardiovascular risk factors (see
Table 3, model 3). Further adjustment for plasma folate and vitamin B12 levels
did not modify the association between MA and the MTHFR C677T variant.
However, the association between genotype and MA was slightly attenuated and
lost significance after adjustment for total homocysteine (from OR 2.35, p <
0.026 to OR 2.16, p < 0.057). In secondary analyses (Online Supplementary
Table S1), results were similar when migraineurs were classified by age at onset
or attack frequency.
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Table 3. Association between MTHFR C677T Genotype and Migraine without Aura
(MO, n = 226) and Migraine with Aura (MA, n = 187)

Migraine Classification

N MO (n = 226) MA (n = 187)

Unadjusted OR

C/C 7481.00 1.00

C/T 7130.99 (0.7-1.3) 1.29 (0.9-1.8)
T/T 1640.75 (0.4-1.3) 1.94(1.2-3.1)2
Trend  0.92 (0.7-1.1) 1.37 (1.1-1.7)?
Adjusted for age, sex, SESP

C/C 7481.00 1.00

C/T 7131.00 (0.7-1.4) 1.30 (0.9-1.8)
T/T 1640.79 (0.4-1.4) 2.02 (1.2-3.3)2
Trend  0.93 (0.7-1.2) 1.39 (1.1-1.8)?
+ CVD risk factors®

C/C 7481.00 1.00

C/T 7130.99 (0.7-1.4) 1.29 (0.9-1.8)
T/T 1640.79 (0.4-1.4) 2.05 (1.2-3.4)?

Comparison group consists of 1,212 individuals without migraine. ORs from
multinomial logistic regression are adjusted as indicated. The outcome variable is
migraine status (nonmigraine, MO, MA) and the independent variable is genotype
(C/C, C/T, T/T). Trend estimates odds of MO or MA with each additional T allele
compared with the odds of MO or MA in the C/C genotype.

ap<0.01.

b Adjusted for age x sex, age-squared, socioeconomic status.

¢ Adjusted for above + waist-hip ratio, body mass index, smoking, total
cholesterol, HDL, total: HDL ratio, systolic BP, diastolic BP, alcohol consumption.
C/C = wild type; C/T = heterozygote; T/T = homozygote; MO = migraine without
aura; MA = migraine with aura.

Overall, there were no differences in age-adjusted median levels of
homocysteine, folate, and vitamin B12 among MO, MA, and nonmigraineurs
(complete data are shown in Online Supplementary Tables S2 and S3 with the
exception of one subgroup. The men in the MA T/T subgroup had the highest age-
adjusted median levels of homocysteine (22.9 [20.3-25.6] mol/L) and lowest
adjusted median levels of folate (3.2 [0.9-5.5] nmol/L) compared with all other
groups (p < 0.05 test for interaction by sex).

Discussion

In this population-based sample, individuals with the MTHFR T/T genotype were
at approximately two times the risk for MA compared with individuals with the
wild-type CC genotype. The association was not mediated by cardiovascular risk
factors or by plasma levels of two B vitamins that are involved in homocysteine
metabolism, although there was a marginal indication that levels of homocysteine
may partially mediate the association. We found no association between MO and
genotype or metabolic markers.

Several clinic based case-control studies reported the association of migraine and
the MTHFR C677T variation, but results have been inconsistent.[7-10] Kowa and
colleagues[7] found an association between MA and the T/T genotype (OR = 6.5;
95% confidence interval [CI], 2.5-16.8) in Japanese patients. Kara and
colleagues[9] did not find such an association in Turkish patients, although they
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did find an association between migraine overall and the T/T genotype (OR = 5.7;
95% CI, 1.1-27.5). Oterino and colleagues[10] failed to find the T/T genotype to
be associated with Spanish migraineurs, although the TT genotype was more
common in those with aura compared with those without aura (OR, 2.34; 95%
CI, 1.0-5.3). Finally, Lea and colleagues[8] reported significant associations
between MA and the T/T genotype both in familial (OR, 1.9; 95% CI, 1.0-3.5)
and unrelated (OR = 2.5; 95% CI, 1.4-4.7) Australian migraineurs. These earlier
studies have important limitations. All were from selected populations (eg, clinic-
based patient samples or from a migraine pedigree family[8]). Furthermore,
other than the migraine pedigree family study, studies did not describe the source
of the control group, so it therefore is unclear whether the controls are from the
same population as the patients.

We found higher homocysteine and lower folate levels in only one subgroup (male
T/T homozygotes with MA). We are not aware of any other studies of
homocysteine and migraine from population samples; three clinic-based studies
that compared homocysteine levels in migraine patients to controls produced
conflicting results.[15-17]

Strengths of this study include our large, well-characterized, population-based
cohort. Our migraine sufferers represent a range of severity and not just the
presumably more severe phenotype seen in subspecialty care. Our migraine
diagnosis was based on standardized diagnostic criteria and was supervised by
neurologists who are experts in headache. Migraine with aura was diagnosed after
a careful clinical history, which included subjects' drawings of their visual
symptoms, thus minimizing the risk of misinterpreting visual symptoms. We also
had measures of CV risk factors and, for a large subsample of our population,
measurement of metabolic markers of the MTHFR C677T variant that might
mediate the relationship between genotype and phenotype. However, we note
that our measurement of these plasma biomarkers was from one adult blood
draw and thus only represents a snapshot of lifetime exposure. Furthermore,
homocysteine levels can be influenced by the presence of subclinical and clinical
cardiovascular disease, other disease states, and certain medications that we
could not account for in our analyses.[4] In addition, we did not measure the
biomarkers in the entire study sample.

The mechanism by which the MTHFR C677T variant might increase the risk of MA
(but not MO) is uncertain, although its effect on homocysteine and folate are
plausible mechanisms. Increased homocysteine or reduced folate have been
associated with disruption of endothelial function, which may be specifically
relevant to cortical spreading depression, the presumed mechanism behind the
migraine aura.[18-20] Our finding that the association was only slightly
attenuated after adjusting for total homocysteine argues against this hypothesis,
although limitations of our homocysteine measurement are noted above.

These results provide the first evidence in a population-based sample of an
association between a specific genetic variant and a common migraine type.
Future study is warranted to explore the possible influence of homocysteine and
folate levels on MA.
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