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Abstract: MTHFR gene C677T (rs1801133) and A1298C (rs1801131) polymorphisms are claimed to play a role in 
epileptogenesis. We aimed to define the prevalence of MTHFR gene C677T (rs1801133) and A1298C (rs1801131) 
polymorphisms in eastern Turkey and evaluated the possible relationships between polymorphism and epilepsy. A 
case-control study was conducted. Data for 81 adults diagnosed as epilepsy according to the International League 
Against Epilepsy (ILAE) criteria and were followed up in a neurology outpatient clinic of a tertiary hospital and 159 
healthy controls were analyzed. Of the patients diagnosed as epilepsy, 54.3% (n=44) were females, and 45.7% 
(n=37) were males. In contrast, 47.2% (n=75) of the control group were females, and 52.8% (n=84) were males. 
There was no statistically significant difference concerning sex between the groups (P=0.295). The genotype distri-
butions and allele frequencies of the MTHFR A1298C rs1801131 were statistically different between patients and 
the control group. A1298C rs1801131 polymorphism was significantly higher in patients with epilepsy. Additionally, 
the C allele in A1298C polymorphisms and T allele in C677T polymorphisms were also significantly higher in the 
patient group. However, there was no statistically significant difference concerning combined genotype analysis of 
MTHFR C677T and MTHFR A1298C polymorphisms or heterozygous/homozygous presentations. Polymorphism of 
MTHFR A1298C in eastern Turkey is higher in epileptic patients than in healthy controls. More studies are needed 
to investigate the significance of this condition in epilepsy.
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Introduction

Background/rationale

Epilepsy is a common neurological disease ch- 
aracterized by recurrent seizures resulting from 
increased excitability of nerve cells in the brain 
[1]. It is estimated that there are more than 65 
million epilepsy patients in the world, more 
than 80% of which are in low and middle-in- 
come countries [2].

Epileptogenesis, on the other hand, is a chron- 
ic condition that can be triggered by genetic or 
acquired factors. This term was previously us- 
ed to describe changes that occurred before 
the onset of the seizure. However, it refers to- 
day to a process that can continue even after 
the diagnosis of epilepsy [3, 4]. Epileptic sei-
zures are caused by increased, rapid, and lo- 
cal electrical discharges in neurons as a re- 
sult of changes in the ionotropic channels (Na, 

K, and Ca), as well as the inhibitor (GABA) and 
excitatory (AMPA, NMDA) receptors [5].

Studies in the literature claim that increased 
plasma homocysteine levels cause changes in 
these channels and receptors [6]. Lipton et al. 
[7] stated that homocysteine may cause excito-
toxicity in neurons as an agonist on the NMDA 
receptor’s glutamate site. Another study report-
ed that homocysteine reduced seizure thresh-
olds and could be used as a proconvulsant in 
experimental epilepsy models [8]. One reason 
for the increase in plasma homocysteine levels 
is MTHFR gene polymorphism in the first chro-
mosome, which encodes the MTHFR enzyme 
and plays an essential role in folate-homocys- 
teine metabolism [6].

In 2014, Yi-Le Wu and colleagues found a rela-
tionship between increased risk of epilepsy and 
MTHFR C677T polymorphism in a meta-analy-
sis [9]. There is no study investigating the rela-
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tionship between MTHFR polymorphisms and 
epilepsy in epileptic patient populations in Tur- 
key, to the best of our knowledge.

Objectives

There is no information on the distribution  
of MTHFR gene C677T (rs1801133), A1298C 
(rs1801131) polymorphisms in epileptic pati- 
ents in eastern Turkey. Therefore, we aimed to 
define the prevalence of these polymorphisms 
in our region and evaluated the possible rela-
tionships between polymorphism and epilepsy.

Methods

Study design

This research was designed as a case-control 
study. Study reporting was done per the STR- 
OBE guideline [10]. The study protocol was 
approved by the Local Ethics Committee at 
Kafkas University Faculty of Medicine (IRB 
number: 80576354-050-99/82, Date: 15 Oc- 
tober 2014).

Setting

This research was performed at Kafkas Uni- 
versity Health Research and Practice Hospital 
(Kars, Turkey), a tertiary-care reference center 
with 276 inpatient beds. The number of pati- 
ents who applied to the neurology outpatient 
clinic in 2019 was 6266. Kars has a populati- 
on of around 300 thousand inhabitants. How- 
ever, the hospital serves to a broad region, in- 
cluding Artvin, Ardahan, Iğdır, and Ağrı provinc- 
es.

Participants

This study enrolled 81 patients (44 (54.3%) 
women, 37 (45.7%) men). Inclusion criteria of 
the study group were; being diagnosed as ju- 
venile myoclonic epilepsy, focal epileptic syn-
drome, generalized tonic-clonic epilepsy, or se- 
condary generalized tonic-clonic epilepsy, ac- 
cording to the International League Against 
Epilepsy criteria and followed-up at the Ne- 
urology Polyclinic of Kafkas University Medical 
Faculty Research Hospital. Also included were 
159 healthy individuals (75 (47.1%) women, 84 
(52.9%) men) as a control group (Figure 1). The 
healthy controls were selected from the pa- 
tients’ family members or caregivers and un- 
derwent a neurological examination to exclude 
epilepsy. Two control individuals were aimed for 
each patient.

DNA extraction

Two ml of venous blood taken from participants 
were stored in EDTA tubes at -20°C until the 
analysis day. For DNA extraction, Turbo-24 Nu- 
cleic Acid isolation device (Taigen Lab, Taipei, 
Taiwan) and Lab Turbo (Taigen Lab, Taipei, Tai- 
wan) mini DNA isolation kit (Ct.No. LGD 480-
220) were used with the membrane-column 
method and silica-membrane technology.

Detection of MTHFR polymorphisms

SNP genotyping was performed per the manu-
facturer’s instructions, using the MassARRAY® 
system (Agena Bioscience, San Diego, Cali- 
fornia, USA) with the MALDI-ToF-MS method.

To detect rs1801133 and rs1801131, target 
pairs specific to target regions in genomic DNA 
and elongation probes for IPLEX Gold reaction 
(single base elongation reaction) were designed 

Figure 1. Participant flow diagram.
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using the Agena Bioscience’s Assay Designer 
software (Agena Bioscience, San Diego, Cali- 
fornia, USA).

The target region in DNA was reproduced using 
primer pairs obtained by multiplex PCR due to 
the design. The obtained amplicons were sub-
jected to SAP reaction and then hybridization  
of the probes, designed with the IPLEX Gold 
reaction with the target region. In the end, sin-
gle mass-modified nucleotide elongation was 
performed. IPLEX reaction products have been 
cleaned with a cationic exchange resin to mini-
mize background pollution by removing ions 
such as Na+, K+, and Mg+. After this stage, the 
products obtained were transferred to the ma- 
trix chip (384-element SpectroCHIP®) with na- 
no dispenser and simultaneous detection after 
ionization by MassARRAY® mass spectrometry 
(Agena, San Diego, CA, USA). MassARRAY® TY- 
PER 4.0 genotyping software was used to ana-
lyze the data obtained after the laser shot, to 
get the Spectro image and allele-specific pe- 
aks (IPLEX SpectroCHIP® II analysis).

Variables

The primary outcome variable of the study was 
“MTHFR C677T polymorphism”. Also, data we- 
re collected on MTHFR A1298C polymorphism, 
age, and sex.

Study size

To compare MTHFR C677T polymorphism ra- 
tios between epilepsy and control groups with 
the Chi-square analysis, taking the effect size 
as 0.20 (small), α error as 0.05, power as 85%, 
and the degree of freedom as 1, the total num-
ber of participants required was calculated as 
225 (G*Power, HHU, Düsseldorf, Germany).

Statistical analysis

The data were analyzed using the Statistical 
Package for the Social Sciences (SPSS) (SPSS 
for Windows, Version 15.0, Chicago, IC, USA). 
The study results were presented as frequen-
cies and percentages for categorical variables 
and as means and standard deviations for 
numerical variables. Chi-square test was used 
to compare categorical data, and independent 
sample t-test was done to compare groups of 
numerical variables. Odds ratio (OR) and 95% 
confidence intervals (CIs) were calculated. The 

statistical significance threshold was taken as 
P < 0.05.

Results

Of the patients diagnosed with epilepsy, 54.3% 
(n=44) were females, and 45.7% (n=37) were 
males. In contrast, 47.2% (n=75) of the control 
group were females, and 52.8% (n=84) were 
males. There was no statistically significant dif-
ference concerning sex between the groups 
(P=0.295). On the other hand, a statistically 
significant difference was found regarding age 
(P < 0.001). The mean age of the patient gro- 
up was 26.65±15.71 years, while the control 
group’s mean age was 37.83±17.21 years. Age 
was not considered as a potential confounder 
for genetic polymorphism.

Most of the patients (73.8%; n=45) were diag-
nosed as generalized tonic-clonic epilepsy, fol-
lowed by juvenile myoclonic epilepsy (13.1%, 
n=8), focal epileptic syndrome (11.5%, n=7), 
and secondary generalized tonic-clonic epilep-
sy (1.6%, n=1). The median duration of the dis-
ease in the study group was 4.0 years (min. 0, 
max. 40). Eight patients (13.1%) had a positive 
family history for epilepsy. On the other hand, 
the median number of seizures within the last 
year was 5 (min. 0, max. 120). Only 11 patients 
(18.0%) had no seizures within the last year. Of 
the patients, 45 (73.8%) were using single me- 
dications, while 16 (26.2%) were under com-
bined antiepileptic therapy. The most common-
ly used antiepileptic medication was valproa- 
te (32.8%, n=20), followed by levetiracetam 
(18.0%, n=11), and lamotrigine (14.8%, n=9).

The genotype distributions and allele frequen-
cies of the MTHFR A1298C rs1801131 were 
statistically different between the patients and 
the control group. A1298C rs1801131 poly-
morphism was significantly higher in patients 
with epilepsy (Table 1). Additionally, the C alle- 
le in A1298C polymorphisms and T allele in 
C677T polymorphisms were also considerably 
higher in the patient group (Table 2). However, 
there was no significant difference either con-
cerning combined genotype analysis of MTHFR 
C677T and MTHFR A1298C polymorphisms or hete- 
rozygous/homozygous presentation (Tables 3 
and 4, respectively).

DNA analysis for the MTHFR C677T polymor-
phism showed the CT genotype in 46%, CC in 
35%, and TT in 17.8% of the cases.
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Discussion

Key results

This study revealed two key findings: A129- 
8C rs1801131 polymorphism was statistically 
higher in the epileptic group. Besides, the C 
allele in A1298C polymorphisms was signifi-
cantly higher in the epileptic group.

On the other hand, the most common diagnosis 
of the patients was generalized tonic-clonic epi-
lepsy. Of the patients, 13.1% had a positive 
family history for epilepsy, and only 18.0% had 
their disease under control with medications, 

Interpretation

The prevalence of epilepsy varies widely bet- 
ween countries. In Turkey, the prevalence rate 
ranges from 0.08/1000 to 8.5/1000, while 
proportions of 0.9/1000 to 6.5/1000 were re- 
ported in Arab countries [11]. In 25% of all 
patients with seizures, the seizure type is to- 
nic-clonic, the most frequent type of general-
ized epilepsy in adults [12]. From this perspec-
tive, our findings are conforming with previous 
reports. Furthermore, as in most ailments, epi-
lepsy carries some familial risk too. Among re- 
latives of patients with epilepsy, the risk in- 

Table 1. Comparison of polymorphism presence in the patient and control groups
Patient n (%) Control n (%) χ2 p

C677T rs1801133 CC 55 (67.9) 88 (55.3) 5,598 0,061
CT 24 (29.6) 56 (35.2)
TT 2 (2.5) 15 (9.4)

A1298C rs1801131 AA 14 (17.3) 53 (33.3) 6,945 0,031
AC 50 (61.7) 81 (50.9)
CC 17 (21) 25 (15.7)

χ2: Chi-square test value.

Table 2. Comparison of MTHFR C677T and MTHFR A1298C allele frequencies in the patient and 
control groups

Absent n (%) Present n (%) χ2 p OR
95% CI

Lower Upper
C allel in 677 Patient 2 (1.5) 134 (98.5) 4.380 0.036 0.231 0.052 1.025

Control 15 (6.1) 232 (93.9)
T allel in 677 Patient 55 (66.3) 28 (33.7) 5.605 0.018 1.920 1.115 3.306

Control 88 (50.6) 86 (49.4)
A allel in 1298 Patient 17 (17.9) 78 (82.1) 2.069 0.150 1.630 0.834 3.187

Control 25 (11.8) 187 (88.2)
C allel in 1298 Patient 14 (14.3) 84 (85.7) 7.441 0.006 0.412 0.215 0.789

Control 53 (28.8) 131 (71.2)
χ2: Chi-square test value. OR: odds ratio. CI: confidence interval.

Table 3. Comparison of patient and control groups in terms 
of combined genotype alleles

Patient n 
(%)

Control n 
(%) χ2 p

Combined genotype CC/AA 6 (7.4) 20 (12.6) 9.403 0.094
CC/AC 32 (39.5) 43 (27.0)
CC/CC 17 (21.0) 25 (15.7)
CT/AA 6 (7.4) 18 (11.3)
CT/AC 18 (22.2) 38 (23.9)
TT/AA 2 (2.5) 15 (9.4)

χ2: Chi-square test value.

the most commonly used antiepilep-
tic medications being valproate, leve-
tiracetam, and lamotrigine.

Limitations

This was a hospital-based study en- 
rolling applicants in one hospital. Al- 
though we had a reasonable sample 
size, and the study center is the mo- 
st prominent health institution in the 
area, we cannot claim to represent 
the whole region. Also, the genetic 
background of the control group was 
unknown.
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creases by more than three times compared to 
the general population [13].

Although most of our patients were under mo- 
notherapy, a large-scale study from Italy report-
ed polytherapy in 79% of adults and 75% of 
children [14]. Also, the types of medications 
used vary between studies. As an example, 
phenobarbital (21.7%), valproate (17.5%), and 
tiagabine (16.4%) are common medications 
used in Saudi Arabia [11], while levetiracetam 
(35%), carbamazepine (34%), and lamotrigine 
(30%) are reported as frequent medications 
used in epileptic adults in Italy [14]. Monito- 
rization of antiepileptic drug consumption sh- 
ows increasing trends for the use of new medi-
cines [15].

The MTHFR gene is a functional gene that 
encodes the MTHFR enzyme, located in the 
telomere region (1p36.3) of chromosome 1 
[16]. Single nucleotide polymorphisms (SNP), 
C677T (rs1801133) and A1298C (rs1801131) 
in the MTHFR gene have been shown to cause 
decreased enzyme activity and increased plas-
ma homocysteine levels [17]. The methylene-
tetrahydrofolate reductase (MTHFR) gene C67- 
7T polymorphism is considered a risk factor 
because of its role in converting homocystei- 
ne to methionine in many diseases, including 
epilepsy [18, 19].

C677T polymorphism occurs in exon 4 of the 
MTHFR gene. This includes substitution from a 
C to T at position 677, which results from a  
conversion from a domain in the N-terminal 
catalytic domain to valine at codon 222. In- 
dividuals with a 677TT homozygous variant ha- 
ve up to 30% of the regular enzyme activity.  
On the other hand, the heterozygous CT geno-
type demonstrates 65% of the normal enzyme 
activity and increased thermal lability [20, 21]. 
In a meta-analysis made by Wu YL et al. [9], 
MTHFR C677T polymorphism was associated 

with an increased risk of epilepsy. However, the 
author noted that more studies were needed in 
various regions to confirm the findings.

MTHFR A1298C, another polymorphism, oc- 
curs in exon 7. This polymorphism reduces the 
enzyme activity in the codon’s C-terminal regu-
latory domain by changing from glutamic acid 
to alanine residue at codon 429 [22]. There are 
a 15% decrease in the enzymatic activity of het-
erozygous (AC) carriers and a 30% decrease in 
the enzymatic activity of homozygous (CC) car-
riers. Individuals with reduced MTHFR enzyme 
activity have been reported to have an incre- 
ased risk of diseases such as spontaneous 
abortion, kidney failure, cardiovascular disea- 
se, breast cancer, and chromosomal anomali- 
es [23, 24].

The distribution rates of the C677T and A129- 
8C (MTHFR) polymorphisms in our study dif-
fered from a similar study previously conduct- 
ed in Italy [25], which suggests that the gene- 
tic structure in epilepsy may be affected by re- 
gional differences. Similarly, our findings dif-
fered from a study where the relationship bet- 
ween homocysteine and epilepsy was confir- 
med [26]. In the DNA analysis for MTHFR C677T 
polymorphism, the CT genotype was shown in 
46%, CC in 35%, and TT in 17.8% of the cases.

Although there are inconsistencies among stu- 
dies investigating the relationship between epi-
lepsy and MTHFR C677T polymorphism in the 
literature, most previous studies have claimed 
that there may be a relationship between C6- 
77T polymorphism and epilepsy [27-30]. Alth- 
ough the T allele frequency in MTHFR C677T 
polymorphism was higher in the epilepsy gr- 
oup than in the control group, it was not stati- 
stically related to epilepsy. Factors such as the 
number of patients and heterogeneity of the 
group with epilepsy may have affected this out- 
come.

Table 4. Comparison of homozygous and heterozygous frequencies in the patient and control groups

Homozygous n (%) Heterozygous n (%) χ2 p OR
95% CI

Lower Upper
MTHFR C677T Patient 57 (70.4) 24 (29.6) 0.755 0.385 1.291 0.725 2.300

Control 103 (64.8) 56 (35.2)
MTHFR A1298C Patient 31 (38.3) 50 (61.7) 2.518 0.113 0.644 0.373 1.111

Control 78 (49.1) 81 (50.9)
χ2: Chi-square test value. OR: odds ratio. CI: confidence interval.
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In the current study, a significant p-value con-
cerning the C allele in C677T rs1801133 poly-
morphism was found when the patient group 
with epilepsy was compared to the control gro- 
up. However, this significance was not present 
regarding the odds ratio.

Another polymorphism that may be related to 
epilepsy is MTHFR A1298C. However, the find-
ings of the studies on this variant are inconsis-
tent [25, 27, 30]. The majority of previous stu- 
dies indicated no significant relationship be- 
tween MTHFR A1298C polymorphism and epi-
lepsy [27, 30]. In contrast, in our research, we 
found a substantial connection between epi-
lepsy and MTHFR A1298C polymorphism.

In a study on 95 cases with epilepsy and 98 
controls, Caccamo et al. [25] found that the fre-
quency of the C1298 polymorphic allele was 
significantly higher than the controls (30.5%  
vs. 19.4%, P < 0.05). In our study, we similarly 
determined the frequency of C1298 polymor-
phic alleles significantly higher in patients with 
epilepsy.

Conclusion

This study demonstrated for the first time that 
MTHFR A1298C polymorphism is higher in epi-
lepsy patients in eastern Turkey compared to 
the healthy population. MTHFR gene polymor-
phisms in epilepsy patients in the sample dif-
fered from the literature. More studies are ne- 
eded to investigate the significance of this con-
dition in epilepsy cases seen in this region.
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