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Abstract 
Objective: Migraine, a common chronic neurological disorder involves a pa-
thophysiology having both multiple genetic and environmental factors. 5, 10- 
Methylenetetrahydrofolate reductase (MTHFR) involved in folate metabolism 
has an important role in a cell for folate availability which is critical for DNA 
integrity. Methods: This case-control study conducted in Srinagar, Kashmir 
(North India) between 2013 and 2015 was designed to evaluate risk induced due 
to MTH-FR 677C>T gene polymorphisms to contribute in susceptibility for mi-
graine in Kashmir population (North India). Using the polymerase chain reac-
tion-restriction fragment length polymorphism (PCR-RFLP) method, we tested 
the genotype distribution of 100 migraine patients in comparison with 120 
healthy migraine-free controls from the same geographical region. Results: The 
genotypic frequencies of the patients and controls were not significantly associated 
(p > 0.05). Higher distribution of TT mutant genotype was found in controls as 
against the cases (5% versus 1%) but association was not significant (p > 0.05). 
Per copy frequency of T allele (Val) was found to be 0.14 in cases versus 0.19 in 
controls (p < 0.05). Higher frequency of variant genotypes was found more in 
controls as compared to migraine with aura as 33.3% versus 12% respectively 
(p > 0.05). Similar scenario was observed when migraine without aura was com-
pared with controls where variant genotype (16% cases versus 39.0% controls: p > 
0.05) as well as allele frequency was found to be less in cases (cases 0.15 versus 
0.19 controls: p > 0.05). Conclusions: We conclude that MTHFR gene C677T 
polymorphism has no role in predisposition to the migraine in our population 
and cannot serve as a predictive factor for the risk of migraine. 
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1. Introduction 

Migraine, a common neurovascular disorder, has several pathophysiological me-
chanisms implicated in the genesis of ischemic events in migrainous patients [1]. 
Typically migraine presents with recurrent headache attacks and various com-
binations of gastrointestinal and autonomic nervous system symptoms [2] [3]. 
Migraine headache is a complex, recurrent headache disorder that is one of the 
most common complaints in neurology practice [4]. There are two main types of 
migraine and they are migraine without aura and migraine with aura. Migraine 
without aura is the most common type, accounting for more than 80% of all mi-
graines. Based on different studies, the overall prevalence of migraine among men 
and women in the US is estimated at 12% [5] [6] [7]. In Asia the sex-specific mi-
graine prevalence has been reported as 11.3% - 14.4% in women and 3.6% - 6.7% 
in men [8]. 

Migraine is a disease impacted by an intracranial vasospasm followed by the 
maximum dilatation of extra and intra-cranial arteries responsible for pain [9] 
[10] [11]. During episodes of migraine attacks the platelet activation and plasma 
coagulability are increased [12], which strongly supports the idea that genes af-
fecting vascular endothelial function could play a prominent role in cerebral 
blood flow changes occurring in patients with migraine, contributing to the aeti-
ology of the migraine [13]. Migraine pathophysiology involves both multiple ge-
netic and environmental factors. Gene variants in the methylene tetrahydrofolate 
reductase gene (MTHFR 677C>T polymorphism, rs1801133) appear to play im-
portant roles in the vascular oxidative stress response [14]. The enzyme methy-
lene tetrahydrofolate reductase (MTHFR, EC 1.5.1.20) is involved in folate me-
tabolism, catalyzing the reduction of 5 - 10 methyl tetrahydrofolate to 5-me- 
thyltetrahydrofolate, an essential substrate for the methylation of Hcy to methio-
nine. The common C677T substitution in MTHFR results in an aminoacid re-
placement (A222V) in the catalytic domain that leads to increased enzyme thermo-
lability and concomitant activity reduction [15]. Studies on the association be-
tween the MTHFR 677C>T [3] [12]-[23] polymorphism and migraine, including 
aura status, have yielded conflicting results often partly due to heterogeneous 
clinical phenotypes among patients diagnosed with migraine or are affected by 
various ethnic backgrounds. Keeping in view the ethnic nature of our popula-
tion, a case-control study was designed first time to observe the impact of MTHFR 
677C>T gene polymorphism in migraine patients our region (Kashmir, North 
India). 
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2. Materials and Methods 

This study included 100 patients diagnosed with migraine and 120 healthy con-
trols which were selected from the same geographical region, and was conducted 
in the Sher-I-Kashmir Institute of Medical Sciences, (SKIMS) Srinagar, Kashmir 
(North India) in the Department of Neurology and Department of Immunology 
and Molecular Medicine during the year 2013 and 2015. Clearance from local 
SKIMS ethical committee was taken prior to start of study. Migraine was diag-
nosed according to the criteria from the International Headache Society [16]. A 
detailed medical history was obtained from each patient, and all study partici-
pants thoroughly taken for a physical examination. The migraine patients who 
had any cardiovascular or cerebrovascular disease or hypertension, and smoked 
were excluded from this study. All patients with migraine were unrelated. Con-
trol subjects, who had never experienced a migraine headache, and had no fami-
ly history of migraine, were selected from the outpatient-neurology clinic. The 
present study was approved by the Ethical Committee of the Institute (SKIMS). 

Blood samples were taken from both the groups and a written pre informed 
consent was obtained from all the cases and controls. 

2.1. Extraction of Genomic DNA 

5 ml of peripheral blood was obtained from each subject in ethylenediaminetetra 
acetic acid (EDTA) containing vials (200 μl of 0.5 M, pH = 8.0) and stored at 
−20˚C till further for DNA extraction use. DNA was extracted from the blood of 
migraine patients and healthy controls by using DNA Extraction kit (Zymo Re-
search Corporation, USA) as well as salting out method. 

2.2. Polymerase Chain Reaction for Amplification of MTHFR Gene 

To amplify MTHFR, we used genomic DNA: 250 ng/ml, 1X PCR buffer: 100 
mM Tris–HCl, pH 8.3; 500 mM KCl; 15 mM MgCl2; deoxyribonucleotide tri-
phosphate (Cinnagen Co., Tehran, Iran): 10 mM dATP; 10 mM dCTP; 10 mM 
dGTP; 10 mM dTTP, primers (Sigma-Aldrich, USA): 10 pM in sterile deionized 
water and Taq DNA polymerase 5 U/ml (Biotools, Madrid, Spain). The set of 
primers previously reported were used for the amplification of the 494-bp target 
region within the MTHFR gene with forward primer 5' GGTCAGAAGCATA- 
TCAGT CA T GAG-3' and the reverse primer 5'-CTGGGAAGAACTCAGCGA- 
ACTCAG-3' [17] and thermal conditions used were as follows: one initial dena-
turation step at 94˚C for 7 min, followed by 35 cycles of denaturation for 30 s at 
94˚C, 30 s of annealing at 58˚C, and 30 s of extension at 72˚C, followed by a final 
elongation cycle at 72˚C for 5 min. 

2.3. Restriction Fragment Length Polymorphism (RFLP) 

For RFLP, 10 ul PCR product of 490 bp was digested with Hinf I (5U at 37˚C for 
16 h) (Fermentas, USA). In the case of MTHFR C677T polymorphism, the wild- 
type CC (Ala/Ala) produced products of size 394-bp and 100-bp bands, while 
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the TT (Val/Val) variant was identified by 229-, 165- and 100-bp bands and the 
heterozygous CT (Ala/Val) variant displayed all four bands of sizes 394 bp, 229 
bp, 165 bp, and 100 bp. DNA fragments after digestion were subjected to elec-
trophoresis on a 2% - 3% agarose gel and visualized with ethidium bromide in 
gel documentation system (Cell Bioscience FlourChem HD2). For quality con-
trol, each PCR reaction used distilled water instead of DNA as a negative con-
trol, and more than 10% of the samples were analyzed twice for reproducibility 
of results. 

3. Statistical Analysis 

The cases and controls were compared using the chi square test for categoric va-
riables, such as sex and smoking status, of the demographic variables. A good-
ness-of-fit chi-square test was used to determine whether the polymorphisms 
were in Hardy-Weinberg equilibrium between cases and controls. Odds ratios 
(OR) were used as estimates of the relative risk, and 95% confidence intervals 
(CI) were calculated to estimate the association between certain genotypes or other 
related risk factors of migraine. Statistical significance was considered when p ≤ 
0.05. 

4. Results 

This study was a hospital based case-control study comprising of 100 migraine 
patients which were frequency matched to gender with 120 healthy controls 
from the same geographic region. 31 (31%) migraine patients were males and 69 
(69%) females as against 35 (29.1%) and 85 (70.9%) in healthy controls respec-
tively. No specific gender related differences were observed between the groups 
(p > 0.05). Out of 100 cases taken in this study, 53 (53%) were having migraine 
without aura and 47 (47%) had migraine with aura. Demographic features of the 
studied cases like age distribution, residence, and marital status are given in Ta-
ble 1. 

The genotypic frequencies of the CC, CT and TT genotypes in the patient group 
were 73%, 26% and 1% as compared to controls with frequencies of 66.67%, 28.33%, 
and 5% respectively (p > 0.05). The distribution of MTHFR C667T variant geno-
types (CT + TT) in patients was lower (27.0%) compared with higher frequency 
in the control group (33.3%) but no statistical difference was found (p > 0.05) 
(Table 2). Higher distribution of TT mutant genotype was found in controls as 
against the cases (5% versus 1%) but association was not significant (p > 0.05). 
Per copy frequency of T allele (Val) was found to be 0.14 in cases versus 0.19 in 
controls while as for C allele (Ala), the distribution was seen as 0.86 and 0.81 in 
cases and controls respectively (p < 0.05). Further, no significant differences were 
found in the distribution of genotypes/alleles with respect to any demographic 
parameters list in Table 1. 

Migraine patients were further stratified into migraine with aura and without 
aura and compared to controls (Table 3). Higher frequency of variant genotypes  
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Table 1. Distribution analysis of selected demographic factors in migraine cases and controls. 

Demographic Feature No. of Patients (%) No. of Healthy Controls (%) P Value 

Age 

≤40 

>40 

 

82 (82) 

18 (18) 

 

80 (66.66) 

40 (33.33) 

0.01 

Sex 

Male 

Female 

 

31 (31.0) 

69 (69.0) 

 

35 (29.1) 

85 (70.9) 

0.8 

Residence 

Rural 

Urban 

 

38 (38) 

62 (62) 

 

40 (33.33) 

80 (66.66) 

0.4 

Marital status 

Married 

Unmarried 

 

68 (68) 

32 (32) 

 

75 (62.5) 

45 (37.5) 

0.0 

Type 

Migraine with Aura 

Migraine without Aura 

 

47 (47.0) 

53 (53.0) 

 

 
 

 
Table 2. Genotypic distribution of MTHFR C677T gene polymorphism in migraine cases and controls. 

SNP Model Genotype 
Controls 
n = 120 

Cases 
n = 100 

OR (95% Confidence  
Interval ) 

P Value 

 Co-Dominant 
CC (Ala) 

CT (Ala/Val) 
TT (Val/Val) 

80 (66.67%) 
34 (28.33%) 

06 (5%) 

73 (73%) 
26 (26%) 
01 (1%) 

Reference 
1.19 (0.93 - 1.52) 
5.48 (1.97 - 15.17) 

 
0.6 
0.1 

 Dominant 
CC 

CT/TT 
80 (66.67%) 
40 (33.33%) 

73 (73%) 
27 (27%) 

Reference 
1.35 (1.01 - 1.81) 

0.3 

 Recessive 
CC/CT 

TT 
114 (95%) 
06 (5%) 

99 (99%) 
01 (1%) 

Reference 
5.21 (1.77 - 15.32) 

0.1 

Allele       

 Per Copy Frequency C 194 (0.81) 172 (0.86) Reference - 

 Per Copy Frequency T 46 (0.19) 28 (0.14) 1.46 (1.15 - 1832) 0.1 

 
was found more in controls as compared to migraine with aura as 33.3% versus 
12% respectively but did not achieve statistical significance (p > 0.05). Similar 
scenario was observed when migraine without aura was compared with controls 
where with genotypes as well as allele frequency was found to be less in cases 
(16% cases versus 33.3% controls) Table 3. Moreover, migraine types were com-
pared together where genotype and per copy allele frequency were found to be 
almost in equal proportion (16%: 0.15 Migraine without Aura versus 12%; 0.13 
Migraine with Aura) and the difference between the two groups was insignifi-
cant (p > 0.05) (Table 4). 

5. Discussion 

Migraine a chronic neurological disorder affecting mostly women [18] presents  
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Table 3. Genotypic frequency of MTHFR C677T gene polymorphism in migraine sub class cases and controls. 

SNP Migraine with Aura Controls  P Value 

CC 35 (35%) 80 (66.67%) Reference  

CT 12 (12%) 34 (28.33%) 1.23 (0.84 - 1.79) 0.7 

TT 0 (00%) 06 (05%) 0 0.1 

C 82 (0.87) 194 (0.81) Reference  

T 12 (0.13) 46 (0.19) 1.62 (1.15 - 2.27) 0.1 

     
 Migraine without Aura Controls  P Value 

CC 37 (37%) 80 (66.67%) Reference  

CT 15 (15%) 34 (28.33%) 1.04 (0.72 - 1.49) 1.0 

TT 01 (01%) 06 (05%) 2.77 (2.19 - 3.46) 0.4 

C 89 (0.84) 194 (0.81) Reference  

T 16 (0.15) 46 (0.19) 1.31 (0.96 - 1.78) 0.4 

 
Table 4. Association of MTHFR C677T gene polymorphism polymorphism in migraine without aura in relation to migraine cases. 

SNP Migraine without Aura Migraine with Aura  P Value 

CC 37 (37%) 35 (35%) Reference  

CT 15 (15%) 12 (12%) 0.84 (0.54 - 1.32) 0.8 

TT 01 (01%) 0 (00%)   

C 89 (0.84) 82 (0.87) Reference  

T 16 (0.15) 12 (0.13) 0.81 (0.53 - 1.22) 0.6 

 
with recurrent headache attacks and various combinations of gastrointestinal 
and autonomic nervous system symptoms [3]. Migraine pathophysiology in-
volves both multiple genetic and environmental factors [19]. MTHFR 677C>T 
polymorphism (rs1801133) appear to play important roles in the vascular oxida-
tive stress response [20]. Conflicting results have been reported across the world 
by various studies on the association between the MTHFR 677C>T [21]-[29] po-
lymorphism and migraine. This case-control study, first of its kind from a region 
with ethnic background was performed to estimate the contribution of the MTHFR 
C677T polymorphism to the risk of developing migraine in the Kashmiri popu-
lation. 

This study indicated a lack of association between the migraine patients and 
controls as evidenced by the approximately equal distribution of genotypes among 
two groups (73%, 26% and 01% cases versus controls 66.67%, 28.33%, and 5%). 
The same scenario is consistent with various studies conducted in several ethnic 
groups [30] [31]. Further two other studies conducted in different ethnic back-
grounds found no association of MTHFR C667T with migraine and were in ac-
cordance with our study [32] [33]. On the other hand various other previous 
studies found a significant association between the MTHFR C667T variant and 
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migraine and therefore differ with our report [34] [35] [36]. It seems a wide var-
iation and conflicting results arrive may in part be due to the often heterogene-
ous clinical phenotypes among patients diagnosed with migraine. 

There is evidence where large set of data supports the concept that migraine is 
partially associated with cerebral blood circulation disturbances [33]. Our study 
also coincides with Oterino et al. [37] who found no association of the TT-ge- 
notype in Spanish migraineurs overall, but a two-fold risk of migraine with aura 
was reported to be associated with the T-allele among the patients which contra-
dicts our findings where we found no significance in the control and migraine 
with aura. In this study no significant differences were found when migraine pa-
tients were further stratified into migraine with aura and without aura and com-
pared to controls. In contrast higher frequency of variant genotypes was found 
more in controls as compared to migraine with aura as 33.3% versus 12% respec-
tively. Consistently, Bottini et al. [38] reported no association between this po-
lymorphism in MTHFR and migraine, or its sub-groups, in an Italian prospec-
tive study. More recently, a meta-analysis combining all studies assessing the as-
sociation of MTHFR C677T polymorphism with migraine further suggests that 
the TT-genotype is a genetic risk factor for migraine with aura, but not to mi-
graine overall [39]. Our results also show complete concordance with another 
report from Portuguese population, where no risk was found either in hetero-
zygous or homozygous MTHFR C677T carriers to migraine. The same study by 
Anabela Ferro et al. (2008) [40] did not show an increased risk when a stratified 
analysis into migraine with aura and migraine without aura sub-groups was 
performed and this in agreement with our study observed which depicted rather 
an inverse proportion of the risk with variant T-allele between the migraine 
sub-group and the controls, with lower frequency of the T-allele in both groups 
although it could not achieve statistical significance. The same trend has been 
observed by yet another study conducted by Todt et al. in the German popula-
tion [32]. 

Moreover, we compared migraine aura with without aura and independently 
against controls where genotype and per copy allele frequency were found to be 
almost in equal proportion and the difference between the two groups was in-
significant (p > 0.05). These results completely rule out the possibility of an as-
sociation between MTHFR 677TT genetic polymorphism and migraine in our 
population. This apparent contradiction envisaged by various studies may be 
due the complex migraine pathophysiology involving both neuronal and vascu-
lar dysfunctions [41]. We may thus infer that the TT genotype may slightly re-
duce the risk for migraine aura or without aura in our patients but these needs to 
be validated in a large series of samples. The present study evaluated a selected 
SNP from the MTHFR gene which although has been shown to play a vital role 
in predisposition of various diseases but limitation of our study was that there 
are other related sequence variations in same gene which can have a cumulative 
impact on the outcome of a disease when studied together. Therefore, other 
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SNPs in MTHFR need to be analyzed more in cohort studies in migraine pa-
tients. 

6. Conclusion 

We conclude that MTHFR 677TT is not associated with a risk for the develop-
ment of migraine in our group of patients from our population. It is assumed 
that MTHFR 677TT cannot serve as a predictive factor for the risk of migraine 
and/or to predict the clinical presentation of the patients with migraine. 
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