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Abstract
Polymorphisms inMTHFR gene are mostly associated with increased levels of homocysteine in the absence of dietary folate and
are a risk factor for complex neurovascular diseases like migraine. The aim of present case-control study was to determine the
association between MTHFR gene polymorphisms (C667T; rs 1801133, A1298C; rs 1801131) with migraine susceptibility. In
total, 100 patients with migraine (23with MA and 77 with MO) and age-sex matched 100 healthy controls were included in this
study from OPD of ESICMedical College & Hospital, Faridabad. Genotyping was done by PCR-RFLP method. Genotypic and
allelic frequencies were compared by SPSS 24 version. Genotypic results indicated a non-significant increase in frequencies of
CT and TT in C667T SNP in migraine patients with control (52 and 10% vs. 42 and 7%: p > 0.05), but CC genotype in A1298C
was found to be a risk factor in migraine patients than controls (30 vs. 17% respectively: p < 0.05). On comparing migraine
subclasses, migraine with aura (MA) and without aura (MO) with control groups, the present study suggests that in MTHFR
polymorphisms, the prevalence of 677CT genotype and Tallele in C667T SNP influences susceptibility toMA (p < 0.05) but not
to MO. Meanwhile, CC genotype in A1298C SNP could be a risk factor for migraine patients without aura (p < 0.05).
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Introduction

Migraine is a chronic disorder characterized by moderate to
severe headaches and nausea. Although some believe it to be
a neurological disorder, there is no evidence to confirm this
theory. Migraines are about three times more common in wom-
en than in men. A typical migraine headache is unilateral (af-
fecting one half of the head) and pulsating in nature and lasting
from 4 to 72 h; symptoms include nausea, vomiting, photopho-
bia (increased sensitivity to light), and phonophobia (increased
sensitivity to sound); the symptoms are generally aggravated

by routine activity. [1] Two main types of migraine are distin-
guished based on the presence of an aura that can precede the
headache: migraine with aura (MA) or without aura (MO) [2,
3]. Although MA and MO have been considered distinct dis-
ease entities, it is now more and more accepted that they rep-
resent different manifestations of the same disease [4–6].
Approximately one-third of people who suffer from migraine
headaches perceive an aura—transient visual, sensory, lan-
guage, or motor disturbances signaling the migraine will soon
occur [3]. It is thought that people who experience migraines
may have an inherited abnormality in the nerves and blood
vessels in the brain. The headache associated with migraines
may be caused by blood vessels dilating abnormally, and the
Baura^—blind spots, flashes of light, and abnormal sensations
experienced before the headache—may be caused by slow
electrical waves spreading out across the brain from where
the migraine originates. Migraines are extremely painful head-
aches and are caused by a neurological disorder in the brain.
About 300 million people worldwide suffer from recurring
migraines, with 8% of the male population and a whopping
17% of the female population being inflicted with this painful
disorder [6, 7]. Both genetic susceptibility and environmental
triggers could play a role in the pathogenesis of migraine.Many
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genes have been considered as predisposing factors in initiating
migraine attacks mainly in MA than in MO [3]. Many studies
have indicated various susceptibility genes for common mi-
graine including MTHFR and some other genes [4, 5].
Methylenetetrahydrofolate reductase catalyzes the conversion
of 5,10-methylenetetrahydrofolate to 5-methyltetrahydrofolate,
a cosubstrate for homocysteine remethylation to methionine.
Mutations in the MTHFR gene could be one of the factors
leading to increased risk of developing migraine [8]. Among
polymorphisms in MTHFR gene, the C677T (rs1801133) and
A1298C (rs1801131) substitutions have been investigated so
far. The substitution of alanine for valine in theMTHFR protein
resulted from C677T (rs1801133) polymorphism which is lo-
cated within the catalytic domain of the enzyme. In this regard,
the presence of Tallele was associated with decrease in enzyme
activity; thereby alteration in circulating levels of homocysteine
and folate metabolites [9].

Similarly, polymorphism A1298C (rs1801131) affects the
enzyme activity of MTHFR as well as folate concentrations,
although less than those in C677T [10]. Additionally, this
polymorphism is located within the regulatory domain. High
levels of homocysteine are associated with vascular and endo-
thelial damage and with cerebrovascular and cardiovascular
diseases [11]. In particular, it has been assumed that hyperho-
mocysteinemia is involved in reducing brain blood flow and
producing the depolarization wave defined as CSD. These
facts associated with reduced oxygen transfer could act as
trigger of migraine attack. The endothelial damage induced
by high levels of homocysteine could decrease nitric oxide
release and leads to the initiation and maintenance of migraine
attacks [12]. Hence, the investigation of MTHFR polymor-
phisms and its effect on metabolic pathway of folate has been
considered as an interesting issue in recent years.

Here, we undertook the case control study to see whether
an association exists between MTHFR gene polymorphisms
(C667T; rs 1801133 and A1298C; rs 1801131) and migraine
patients in North Indian population.

Materials and methods

This study was conducted in Jamia Millia Islamia, New Delhi
in the Department of Biosciences. The project was approved
by the Ethics Committees of Jamia Millia Islamia and ESIC
Medical College & Hospital, Faridabad. One hundred

migraine patients were selected from those who came to
OPD in ESIC Medical College & Hospital, Faridabad.
Migraine was diagnosed according to the criteria from the
International Headache Society [13]. A detailed medical his-
tory was obtained from each patient, and all cases thoroughly
taken for a physical examination. The migraine patients who
had any cardiovascular or cerebrovascular disease or hyper-
tension, and stroke history were excluded from this study. All
patients with migraine were unrelated. One hundred healthy
controls, which had never experienced a migraine headache,
and had no family history of migraine, were selected after
interviewing and examining by a physician.

Genomic DNA extraction

Venous blood samples were collected from both the groups,
and a written informed consent was obtained from all the cases
and controls. Three milliliters of blood was obtained from
each subject in ethylene tetra acetic acid (EDTA) containing
vials and stored at − 20 °C till further use. Genomic DNAwas
extracted from EDTA-treated whole-blood samples from
white blood cells using whole genomic DNA extraction kit
(Banglore Genei) as well as by salting out method [14]. DNA
content was quantified by Nanodrop spectrophotometer
(BioLab).

Polymerase chain reaction for amplification of MTHFR
gene

C677T and A1298C polymorphisms were detected by PCR-
RFLP (restriction fragment length polymorphism) methods
using primers (Table 1) obtained from previous studies [7,
8]. PCR amplification was performed in a final volume of
25 μl containing 3 μl 10× PCR buffer containing 50 mM of
MgCl2, 0.7 μl of each 10 pmol forward and reverse primer,
1 μl of 10 mM dNTPs, 1 μl of DNA template, and 0.5 μl of
5u/μl Tag DNA polymerase. Thermal cycling was performed
in Eppendorf master cycler (Germany) with an initial denatur-
ation of 5 min at 94 °C, then 40 cycles of denaturation at 94 °C
for 30 s, annealing at 65 and 56 °C for 30 s for C667T and
A1298C respectively, and extension at 70 °C for 1 min 30 s
followed by a final extension at 70 °C for 10 min. Amplified
DNAwere visualized by using gel electrophoresis on 1% aga-
rose and staining.

Table 1 Primer sequences for
C667T and A1298C
polymorphism

SNP Primer Primer sequence

C667T C667T forward 5′-TGAAGGAGAAGGTGTCTGCGGGA-3′

C667T reverse 5′-AGGACGGTGCGGTGAGAGTG-3′

A1298C A1298C forward 5′-CTTCTACCTGAAGAGCAAGTC-3′

A1298C reverse 5′-CATGTCCACAGCATGAG-3′
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Restriction fragment length polymorphism

Further restriction digestion of PCR products was done by
HinfI and MboII restriction enzymes (Fermentas, USA) to
identify specific alleles in C677T and A1298C polymor-
phisms, respectively. The digestion reaction for each PCR
product was carried out in a final volume of 20 μL con-
taining 2 μL buffer, 0.1 μL restriction enzyme and 10 μL
PCR product. Then, it was incubated at 37 °C overnight.
Digested products were visualized on 3% agarose gel
stained with ethidium bromide. C677T PCR product
(198 bp) was digested into 175 and 23 bp fragments by
Hinf I for T allele. A1298C PCR product (256 bp) was
digested into 212, 183, 30, 28, and 14 bp fragments by
Mbo II for C allele. The possible results of PCR products
and restriction digestion of these SNPs are presented in
(Figs. 1, 2, 3 and 4).

Statistical analysis

Statistical analysis was done by SPSS 24.0, and p < 0.05 was
considered significant. χ2 test was done to evaluate genotype
and allele frequencies and to determine whether they were in
Hardy–Weinberg equilibrium. The risk of migraine for mutant
allele carriers was reported as odds ratios (OR) and 95% con-
fidence intervals between groups. Continuous variables were
expressed as means ± SD and evaluated between groups by t
test. Categorical variables were presented as numbers and per-
centages. For C667T SNPwith minor allele T, dominant mod-
el is CC vs. CT + TT and recessive model is TT vs CC + CT,
and for A1298C SNP with minor allele C, dominant model is
AA vs. AC + CC and recessive model is CC vs. AC + AA in
this study.

Results

Study subjects

A case-control study, comprising of 100 migraine patients
who were matched to gender with 100 healthy controls from

the same geographic region, was done. Out of 100
migraineurs, there were 72 women and 28 men, and healthy
cohort comprised of 38 males and 62 females. No specific
gender-related differences were seen between the groups as
shown in Table 2 (p = 0.77 and p = 0.13). Out of 100 migraine
patients, 23% were having migraine with aura, and 77% had
migraine without aura. Mean age at entry was 35.13 ± 6.0,
36.40 ± 5.2, and 34.45 ± 7.6 years old in MA, MO, and con-
trol group, respectively.

Genotypic association analysis

CT and TT genotypes were more frequent in C667T SNP
polymorphism inmigraine patients (52 and 10%) as compared
to controls (42 and 7%) as shown in Table 3, and genotypic
frequencies were in Hardy–Weinberg equilibrium and did not
show any significant association (p = 0.79). The distribution
of MTHFR C667T variant genotypes (CT/TT) in migraine
patients was higher (62.0%) compared with control group
(49%), but no statistical difference was found (p > 0.05).
Distribution of TT allele was higher in patients (10%) as
against controls (7%), but results were not significant as
p > 0.05 and did not relate with an increased risk of migraine.
C allele was more frequent in C667T SNP as was shown in
Table 3, but this frequency was in Hardy–Weinberg equilibri-
um among migraineurs and controls (p = 0.09). A significant-
ly higher frequency of CC in A1298C was observed in

1        2       3      4       5        6      7        8 

Fig. 1 Lanes 2–8 showing PCR products of 198 bp for C667T (rs
1801133) and lane 1 showing 100 bp DNA ladder

1   2          3 4         5        6       7        8 

Fig. 2 Lanes 1–7 showing PCR products of 256 bp of A1298C (rs
1801131) and lane 8 showing 100 bp DNA ladder

1       2        3       4         5          6       7        8 

Fig. 3 Lanes 2, 3, 4, and 8 showing CT (2 fragments: 198 and 175 bp);
lanes 6 and 7 showing CC (1 fragment: 198 bp); lane 5 showing TT (1
fragment: 175 bp) of C677T SNP; and lane 1 showing 100 bp DNA
ladder
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patients as compared to controls (30 and 17% respectively,
p < 0.05) that was associated with increased risk of migraine
in patients (OR = 2.15; 95%CI: 1.04–4.44). However, AA/AC
genotype in A1298C SNP also showed significant results with
p = 0.03 on comparing with CC genotype. Also non-
significantly higher frequency of C allele was observed in
migraineurs as compared to controls (50.5 vs. 42%).

On comparing migraine subclasses, MA and MO with
control groups in Tables 4 and 5, 667CT genotype showed
more frequency in MA (60.9%) than MO (49.4%) and
control (42%) and show significant association (p =
0.049) in C667T SNP. A significantly higher frequency
of T allele in MA had been found as compared with control
(p < 0.05). Even non-significant higher frequency of T al-
lele was observed in MO against controls (33.7 vs. 28%)
which reveal that T allele could be a risk factor for mi-
graine patients in both subgroups. In MA subgroup of mi-
graine in A1298C polymorphism, a non-significant in-
crease in CC genotype had been found against control
(26.1 vs. 17% respectively, p > 0.05). But a significant re-
sult was revealed in MO when compared with control (p =
0.03; OR = 2.35; 95%CI 1.09–5.07). This suggests that CC
genotype may be a potential marker for migraine in partic-
ularly MO. Almost similar frequencies were observed with
C allele in both groups of migraine in A1298C SNP when
compared with control (50, 50.7, and 42% respectively).

Moreover, by comparing subgroups of migraine against
each other in Table 6, a non-significant increase in frequencies
of CT genotype and T allele in C667T SNP was observed in
MA against MO (60.9 vs. 49.4% and 43.5 vs. 33.7% respec-
tively) (p > 0.05). In A1298C SNP the frequency of CC geno-
type was non-significantly higher in MO (31.2%) vs. MA
(26.1%), but the C allele was almost equal in MO (50.7%)
and MA (50%) groups of migraine.

Discussion

MTHFR gene polymorphisms could be related to a wide
range of vascular and neurological disorders. Therefore, study
of polymorphisms in MTHFR with the migraine is an inter-
esting topic. As migraine is a common cause of headache
disorder mostly in middle-age women. Migraine affects the
productivity and health-related quality of life mostly in wom-
en. Because of multifactorial and multigenic property of mi-
graine, many candidate genes like MTHFR, ACE, and PGR
were involved as role players in migraine attacks in MA
[15–17]. Heterogeneity may be the reason for failure to repli-
cate various genetic association studies in common migraine.
Conflicting results have been reported across the world by
various studies on the association between the MTHFR poly-
morphisms and migraine [18–20]. Linkage analysis and can-
didate gene association study have been popular tools for
common forms of migraine genetic studies [21].

As candidate genes using case control study is a powerful
method, we compared the association of C667T (rs 1801133)
and A1298C (1801131) polymorphisms in MTHFR gene in
migraine patients with healthy controls. Results showed that
CT and TT genotype in C667T were more prevalent in mi-
graine as compared with control group, whereas 1298CC ge-
notype was more common in migraine patients and these re-
sults were in compliance with findings shown by Loenz A.L.
et al. [22] and Bahadir A et al. [23] that showed higher fre-
quencies of minor alleles of A1298C and C667T in migraine

1        2          3          4          5  6          7        8 

Fig. 4 Lanes 2 and 8 showing AA (1 fragment: 183 bp), lanes 3, 5, and 7
showing CC (1 fragment: 212 bp), lanes 4 and 6 showing AC (2 fragments:
212 and 183 bp) of A1298C, and lane 1 showing 100 bp DNA ladder

Table 2 Description of demographic characteristics of patients and healthy controls

Gender Migraine (n = 100) Migraine n (%) Control (n = 100) n (%) p value

MA MO

Male 7 (30.4) 21 (27.3) 28 (28) 38 (38) 0.77#

Female 16 (69.6) 56 (72.7) 72 (72) 62 (62) 0.13*

Total 23 (100) 77 (100) 100 (100) 100 (100)

Age (years) 35.13 ± 6.0 36.40 ± 5.2 35.28 ± 6.7 34.45 ± 7.6 0.41@

Data presented as number (percentage) or mean ± SD
# p > 0.05 for MA (migraine with aura) vs. MO (migraine without aura)

*p > 0.05 for migraine vs. control for gender
@ p > 0.05 for migraine and control for age, statistically non-significant
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patients. Another study by Kara I et al. [24] nicely supported
that these alleles have higher genotype frequencies in
migraineurs in comparison with the control group. Bottini
et al. stated that a slight trend toward an increased risk for
migraine was present in people who carried the homozygous
variant on mutant A1298C or C677T in the Italian population
[25]. In the Croatian pediatric migraine population, no statis-
tically significant association with migraine was found, but a
trend toward an increased risk for migraine in patients with
677TT genotype was revealed [26]. A study by A. A. Pandith
et al. [27] showed that higher distribution of TT mutant

genotype was found in controls as against the cases in
C667T SNP, but this association was not significant
(p > 0.05).

On the other hand, various other previous studies found a
significant association between the MTHFR C667T variant
and migraine and therefore coincide with our report [8, 9].
During subgroup analysis in this study, it was found that the
frequency of T allele was more in MA as compared with MO
in C667T, whereas C allele in A1298C was more in MO
group. These results were similar to Lea et al. [18] who found
that the homozygous TT genotype was significantly

Table 3 Genotypic distribution of C667T and A1298C SNPs and alleles in migraine and control

SNP Model Genotype Migraine (%) Control (%) p value Univariate analysis OR (95%CI)

C667T Co-dominant CC
CT
TT

38 (38)
52 (52)
10 (10)

51 (51)
42 (42)
7 (7)

0.09
0.79

0.60 (0.33–1.07)
0.87 (0.30–2.47)

Dominant CC
CT/TT

38 (38)
62 (62)

51 (51)
49 (49)

0.06 0.59 (0.33–1.03)

Recessive CC/CT
TT

90 (90)
10 (10)

93 (93)
7 (7)

0.45 0.68 (0.25–1.85)

Allele C 128 (64) 144 (72) 0.09 0.69 (0.45–1.05)
T 72 (36) 56 (28)

A1298C Co-dominant AA
AC
CC

29 (29)
41 (41)
30 (30)

33 (33)
50 (50)
17 (17)

0.83
0.03*

1.07 (0.56-2.05)
2.15 (1.04–4.44)

Dominant AA
AC/CC

29 (29)
71 (71)

33 (33)
67 (67)

0.54 0.83 (0.45–1.51)

Recessive AA/AC
CC

70 (70)
30 (30)

83 (83)
17 (17)

0.03* 0.48 (0.24–0.94)

Allele A 99 (49.5) 116 (58) 0.09 0.71 (0.47–1.05)
C 101 (50.5) 84 (42)

Data presented as number (percentage)

OR odds ratio, CI confidence interval

*p < 0.05, statistically significant

Table 4 Comparison of C667T and A1298C SNP genotypes and alleles between MA and controls

SNP Genotype MA (%) Control (%) p value Univariate analysis OR (95%CI)

C667T CC 6 (26.1) 51 (51) 0.049*
0.78

2.83 (1.00–8.01)
1.28 (0.29–5.65)CT 14 (60.9) 42 (42)

TT 3 (13) 7 (7)

C 26 (56.5) 144 (72) 0.04* 0.51 (0.26–0.98)
T 20 (43.5) 56 (28)

A1298C AA 6 (26.1) 33 (33) 0.73
0.41

0.83 (0.28–2.45)
0.62 (0.20–1.94)AC 11 (47.8) 50 (50)

CC 6 (26.1) 17 (17)

A 23 (50) 116 (58) 0.32 0.72 (0.38–1.38)
C 23 (50) 84 (42)

Data presented as number (percentage)

OR odds ratio, CI confidence interval

*p < 0.05, statistically significant
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associatedwithMA (p = 0.017). Our study also coincides with
Oterino et al. [28] who found twofold risk of migraine with
aura to be associated with the T allele among the patients.
More recently, a meta-analysis combining all studies assessing
the association of MTHFR C677T polymorphism with mi-
graine further suggests that the TT-genotype is a genetic risk
factor for migraine with aura, but not to migraine overall [29].
Another study by Saeedi et al. [30] indicated that the preva-
lence of the MTHFR genotypes 677TT/AC1298 were signif-
icantly associated with migraine than control (p < 0.01).

We also compared MAwith MO and independently against
controls where genotype and allele frequencies were found to
be almost in equal proportion, and the difference between the
two groups was in were significant (p > 0.05). Similar results
were shown by Joshi et al. that revealed that no significant
differences were found on comparing migraine with either dis-
ease controls or healthy controls [17]. Ferro et al. observed that
there was no significant difference in the frequencies of

MTHFR C677T genotypes or of the T allele among the
Portuguese migraineurs when compared to controls. There
was also no association of migraine with aura with MTHFR
genotypes or with the T allele, in contrast with our study [31].
Some studies showed positive relevance between migraineurs
and both A1298C and C667T genotypes. As homozygote ge-
notypes might cause more enzyme disability that could have
major effects in patients. Similar results were found by Kara
et al. [23] that individuals with 677CC/1298CC and 677TT/
1298AAwere more susceptible to migraine than controls hav-
ing normal genotype of 667CC/1298AA.

Conclusion

We conclude that MTHFR polymorphisms are not significant-
ly associated with a risk for the development of migraine in
our study. Different environmental conditions may affect the

Table 5 Comparison of C667T and A1298C SNP genotypes and alleles between MO and controls

SNP Genotype MO (%) Control (%) p value Univariate analysis OR (95%CI)

C667T CC 32 (41.6) 51 (51) 0.24
0.86

0.69 (0.37–1.29)
0.90 (0.29–2.81)CT 38 (49.4) 42 (42)

TT 7 (9.1) 7 (7)

C 102 (66.2) 144 (72) 0.24 0.76 (0.48–1.20)
T 52 (33.7) 56 (28)

A1298C AA 23 (29.9) 33 (33) 0.67
0.03#

1.16 (0.58–2.34)
2.35 (1.09–5.07)AC 30 (39) 50 (50)

CC 24 (31.2) 17 (17)

A 76 (49.3) 116 (58) 0.11 0.70 (0.46–1.08)
C 78 (50.7) 84 (42)

Data presented as number (percentage)

OR odds ratio, CI confidence interval
# p < 0.05, statistically significant

Table 6 Comparison of C667T and A1298C SNP genotypes and alleles between MA and MO

SNP Genotype MA (%) MO (%) p value MA vs. MO Univariate analysis OR (95%CI)

C667T CC 6 (26.1) 32 (41.6) 0.21
0.84

0.51 (0.17–1.48)
0.85 (0.19–3.79)CT 14 (60.9) 38 (49.4)

TT 3 (13) 7 (9.1)

C 26 (56.5) 102 (66.2) 0.23 0.66 (0.33–1.29)
T 20 (43.5) 52 (33.7)

A1298C AA 6 (26.1) 23 (29.9) 0.55
0.51

0.71 (0.23–2.21)
1.47 (0.47–4.54)AC 11 (47.8) 30 (39)

CC 6 (26.1) 24 (31.2)

A 23 (50) 76 (49.3) 0.93 1.03 (0.53–1.98)
C 23 (50) 78 (50.7)

Data presented as number (percentage)

OR odds ratio, CI confidence interval

p > 0.05, statistically non-significant
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degree to which genes are activated and thereby modulating
the extent of the association. However, we might infer that the
TT genotype in C677T SNP may slightly increase the risk for
MA but not in MO in our patients and CC genotype in
A1298C SNP genotype is a marker for susceptibility to MO.
But these need to be validated in a large series of samples. It is
assumed that polymorphisms in this gene alone cannot serve
as a predictive factor for the risk of migraine. To understand
pathophysiology of migraine condition properly, more studies
including genetic, clinical, and biochemical parameters should
be done.
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