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Abstract. The pathogenesis of Graves' ophthalmopathy (GO) 
remains to be entirely elucidated. The present study aimed to 
determine the association between phenotypic expression of 
the MTHFR gene and susceptibility to GO in patients with 
Graves' disease (GD). A prospective case-controlled study 
was conducted with 122 patients with GD and GO (n=72) or 
without GO (n=50) and 100 healthy controls in South Korea. 
Patient history, including smoking, nutritional status, thyroid 
function and antithyroid antibodies were investigated and clin-
ical activity score, VISA classification (which includes vision, 
inflammation, strabismus and appearance/exposure) and 
orbit computed tomography were evaluated. Fasting plasma 
total homocysteine (tHcy) concentration was measured, and 
genotype analysis of the MTHFR gene was conducted. The 
TT homozygous genotype was associated with a two-fold 
increased risk of GO [adjusted odds ratio (AOR), 2.19; 95% 
confidence interval (CI), 0.78‑6.14]. However, this result was 
not significant. The TT genotype significantly increased the 
risk of GO compared with that in healthy controls (AOR, 2.92; 
95% CI, 1.11-7.65). The MTHFR 677CT/1298AA genotype 
decreased the risk of GO in patients with GD (AOR, 0.26; 95% 
CI, 0.08-0.91). tHcy levels in patients with GD without GO 
were significantly higher than in patients with GO, however, 
they were within the normal limit. The current study identi-
fied an association between MTHFR polymorphisms and GO. 
These results will aid understanding of the pathogenesis of GO 
and facilitate development of genetic therapeutic strategies.

Introduction

Graves' disease (GD) is the most common organ-specific 
autoimmune disorder with 0.5% of the population affected. 
Patients are predominantly 40-60 years old, with a female to 
male ratio of 5:1 to 10:1 (1). Although the etiology remains to 
be elucidated, GD is hypothesized to be the result of a complex 
interaction between genetic and environmental factors (2).

A high prevalence of 5, 10-methylenetetrahydrofolate 
reductase (MTHFR) mutations and increased homocysteine 
(Hcy) levels have been reported in populations with autoim-
mune diseases, including multiple sclerosis, vasculitic lesions, 
and systemic lupus erythematosus, indicating a potential 
genetic association between MTHFR and autoimmune disor-
ders (3-6).

Mao et al (7) conducted a case-control study of 199 GD 
cases and 235 healthy controls to examine the associations 
between three common MTHFR polymorphisms (677C>T, 
1298A>C and 1793G>A) and GD in the Chinese population. 
Notably, a logistic regression analysis demonstrated that the 
MTHFR 677CT + TT genotypes are associated with ~42% 
reduced risk of GD in females [adjusted odds ratio (AOR), 
0.58; 95% confidence interval (CI), 0.3‑0.9], compared with 
the CC genotype, indicating a marked protective effect of the 
677CT + TT genotypes.

Graves' ophthalmopathy (GO) is an autoimmune 
inflammatory process of the orbit, which is associated with 
GD (8). The underlying etiology of GO remains to be eluci-
dated, however, previous studies have indicated genetic and 
environmental factors are likely to be important in the devel-
opment of GO (9,10).

Thus, the present study hypothesized there was an associa-
tion between genetic polymorphisms in the MTHFR gene and 
the risk of GO. MTHFR is a key enzyme in folate metabolism 
that catalyzes the reduction of 5, 10-methylenetetrahydrofolate, 
a thymidylate synthetase substrate, to 5-methyltetrahydrofolate, 
a Hcy substrate, for conversion to methionine by methionine 
synthase. Methionine is converted to S-adenosylmethionine, 
the universal methyl donor for methylation of a number of 
biological substrates. MTHFR is a central regulator of DNA 
synthesis, the methylation cycle, and blood Hcy level. Three 
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common non-synonymous single nucleotide polymorphisms 
(SNPs; 677C>T, 1298A>C, and 1793G>A) of the MTHFR 
gene have been demonstrated to result in altered enzymatic 
activity (7).

The present study aimed to investigate the importance of 
the MTHFR polymorphisms in susceptibility to GO in Korean 
patients.

Materials and methods

Patients. The study population comprised 122 patients with 
GO (n=72) or GD without GO (n=50), in addition to 100 control 
subjects. The patients were enrolled and recruited between 
December 2010 and February 2012 at CHA General Hospital 
(Seongnam, Korea).

All the subjects were unrelated ethnic Koreans from 
Seongnam and the surrounding regions. Patients were a 
consecutive series of cases at the Department of Endocri-
nology, CHA General Hospital, CHA University. The history 
included smoking, nutritional status, and thyroid function. 
The antithyroid antibody and clinical activity scores were 
measured, and the VISA classification (which includes vision, 
inflammation, strabismus and appearance/exposure), and orbit 
computed tomography (2-mm slice) were evaluated. GD was 
diagnosed by the presence of hyperthyroidism and serum 
antithyroid stimulating hormone receptor antibody and/or an 
increased radioactive 131I uptake ratio with diffuse uptake. GO 
was defined as class 3 or higher using the American Thyroid 
Association mnemonic NO SPECS scheme (11). Patients for 
the GD without GO group were selected from those who did 
not have any features of ophthalmopathy, including features 
of class 1-2. Control samples were from healthy individuals 
selected randomly from the same regions as the patients. All 
subject information was collected with informed consent from 
the participants and the approval of the appropriate institutional 
review board of the CHA Medical Center (Seongnam, Korea).

Genotype analysis. Blood samples were collected from 
anticoagulant tubes (EDTA‑tube) and stored at 4˚C. Centrifu-
gation at 1,500 x g for 15 min at room temperature was then 
used to separate leukocytes. Genomic DNA was extracted 
from leukocytes using a CpGenome™ DNA Modification 
kit (EMD Millipore, Billerica, MA, USA) according to 
the manufacturer's protocol. The MTHFR 677C>T and 
1298A>C genotypes were identified. Regions containing the 
two polymorphisms were amplified separately. The primers 
used were as follows: Forward, 5'-GCA CTT GAA GAG AAG 
GTG TC-3' and reverse, 5'-AGG ACG GTG CGG TGA GAG 
TG-3' for the nucleotide 677C>T polymorphism; and forward, 
5'-CTT TGG GGA GCT GAA GGA CTA CTA C-3' and reverse, 
5'-CAC TTT GTG ACC ATT CCG GTT TG-3' were used for the 
nucleotide 1298A>C polymorphism. Human genomic DNA 
(200 ng) was amplified with 100 pmol of each forward and 
reverse primer, 1.5 mM MgCl2, 0.2 M of each deoxynucleo-
tide triphosphate and 1 unit of Taq polymerase (Takara Bio, 
Inc., Otsu, Japan) in a total reaction volume of 100 µl. The 
polymerase chain reaction (PCR) conditions were as follows: 
Denaturation at 94˚C for 5 min; followed by 35 cycles at 94˚C 
for 30 sec, 51˚C for 30 sec, 72˚C for 30 sec; and a final terminal 
elongation at 72˚C for 5 min. PCR products were digested with 

HinfI (for nucleotide 677) or Fnu4HI (for nucleotide 1,298) for 
2 h at 37˚C.

Agarose (3%) gel electrophoresis was used to determine 
the success of the amplification. For the nucleotide 677C>T 
polymorphism, an undigested PCR product (203 bp) indicated 
a homozygous wild-type, three bands at 203, 173, and 30 bp 
indicated the heterozygous genotype, and two bands of 
170 and 30 bp indicated the homozygous genotype. For the 
nucleotide 1298A>C polymorphism, a single band of 138 bp 
indicated a wild type, and two fragments of 119 and 19 bp 
indicated the homozygous genotype.

All the blood samples were processed using a stan-
dard protocol. Overnight fasting (12 h) blood samples for 
plasma total Hcy (tHcy) and folate levels were collected in 
tubes containing trisodium EDTA, promptly centrifuged at 
1,500 x g for 15 min at room temperature, and stored at ‑20˚C 
until used in analysis. Plasma tHcy levels were determined 
using a fluorescence polarization immunoassay (IMx; Abbott 
Laboratories, Chicago, IL, USA).

Statistical analysis. Patients with GD with or without GO 
and the controls were compared according to plasma tHcy 
level and MTHFR 677C>T genotype and the MTHFR 
1298A>C genotype. For analysis of baseline characteristics, 
the χ2 test was used for categorical data and the two-sample 
t-test was used for continuous data. Genotype and allele 
frequencies were calculated by direct counting. Conformity 
to the Hardy-Weinberg equilibrium among each population 
was performed. AORs and 95% CIs were used to estimate 
relative risks of the plasma tHcy level and MTHFR genotype. 
All statistical analyses were performed using the SPSS 20.0 
package (IBM SPSS, Armonk, NY, USA). P<0.05 and false 
discovery rate (FDR)<0.05 was considered to indicate a 
statistically significant difference.

Results

Patient characteristics. A summary of selected characteristics, 
including age and gender of the patients with GO (n=72), those 
with GD without GO (n=50), and the 100 controls are presented 
in Table I. The frequency matching variables were compared 
between the cases and controls. All individuals belonged 
to the Korean population. The mean age of the GO group 
(39.11±13.23 years, mean ± standard deviation) was similar 
of that of the GD without GO group (38.84±13.99 years). 
However, the mean age of the GO group was slightly lower 
than that of the controls (53.54±9.48 years; P<0.001).

Matching of gender was imperfect, the cases had a markedly 
lower percentage of males (30.1%) than the controls (32.0%), 
due to GD predominantly affecting females. This variable 
was further adjusted by the AOR to balance the difference 
of gender. No significant differences in tHcy or folate levels 
between the controls and GO groups, or the controls and the 
GD without GO group were observed.

Serum tHcy concentration was significantly higher in 
patients with GO compared with those with GD but without 
GO (8.72±3.60 vs. 10.92±4.44 µmol/l; P=0.005). However, the 
two values were within normal limits. No significant differ-
ence in folate concentrations was observed between the GO 
and GD without GO groups.
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No significant differences in tHcy and folate levels were 
demonstrated between smokers and non-smokers.

Serum tHcy levels of patients with GO according to MTHFR 
polymorphism are presented in Table II. tHcy concentrations 

Table I. Characterization of the GO, GD without ophthalmopathy patients, and control groups.

 Control    
Parameter (n=100) GO (n=72) P-value GD (n=50) P-value

Male (%) 32 22 (30.1) >0.05 18 (36.0) >0.05
Age (years, means ± SD) 53.54±9.48 39.11±13.23 <0.0001 38.84±13.99 <0.001
Smokers (n (%)) 29 17 (23.9) >0.05 13 (26.0) >0.05
TFT status [hyper/euthyroidism (%)] 0/100 69.70/31.30 >0.05 61.0/39.0 >0.05
TSHR Ab (U/l) [0‑9]a 0 16.94±50.0 0.005 18.17±34.36 0.005
TSAb (%) [0‑140]a 0 314.14±211.91 <0.001 176.32±222.36 <0.001
tHcy (µmol/l) [5‑15]a 8.36±2.68 8.72±3.60 >0.05 10.92±4.44 >0.005
Folate (nmol/l) [3.45‑13.77]a 8.30±4.27 8.70±5.52 >0.05 6.83±4.01 >0.05

aNormal value range. Values are expressed as the mean ± SD. tHcy concentration was significantly higher in patients with GO compared to 
those with GD but without GO (8.72±3.60 vs. 10.92±4.44 µmol/l, P=0.005). GD, Grave's disease; GO, Grave's ophthamopathy; TSHR Ab, 
thyroid-stimulating hormone receptor antibody; TSAb, thyroid-stimulating antibody; SD, standard deviation; tHcy, total homocysteine.
 

Table II. tHcy and folate levels in Graves' ophthalmopathy patients with the MTHFR 677C>T and 1298A>C genotypes.

Parameter 677CC 677CT 677TT P-value  1298 AA 1298 AC P-value

tHcy (µmol/l) [5‑15]a 8.66±2.32 7.80±2.32 11.16±5.50 0.008 8.88±4.00 8.33±2.93 0.607
Folate (nmol/l) [3.45‑13.77]a 8.12±4.21 9.85±7.71 7.63±3.24 0.537 8.50±5.27 9.15±6.00 0.701

tHcy concentrations were significantly higher in the 677TT group than those in the CC or CT groups (P=0.008, Kruskal‑Wallis test). aNormal 
value. tHcy, total homocysteine.
 

Table III. MTHFR 677C>T and 1298A>C genotype frequencies in GO, GD without ophthalmopathy patients, and controls.

 Control  AORa  
Genotype (n=100) GO (n=72) (95% CI)a GD (n=50) AORa (95% CI)a

MTHFR 677C>T
  CC 35 (35.0) 25 (34.2) 1.00 (reference) 10 (20.0) 1.00 (reference)
  CT 53 (53.0) 30 (42.5) 0.67 (0.29-1.54) 25 (50.0) 1.96 (0.72-5.34)
  TT 12 (12.0) 17 (23.3) 2.19 (0.78‑6.14) 15 (30.0) 4.43 (1.23‑15.95)
Dominant (CC vs. CT + TT)   0.97 (0.45-2.06)  2.45 (0.93-6.48)
Recessive (CC + CT vs. TT)   2.92 (1.11‑7.65)  2.59 (0.94‑7.13)
MTHFR 1298A>C     
  AA 72 (72.0) 49 (68.1) 1.00 (reference) 39 (78.0) 1.00 (reference)
  AC 26 (26.0) 23 (31.9) 1.02 (0.46-2.29) 11 (22.0) 0.77 (0.30-1.94)
  CC 2 (2.0) 0 (0.0) NA 0 (0.0) NA
Dominant (AA vs. AC + CC)   0.97 (0.43-2.15)  0.73 (0.29-1.83)
Recessive (AA + AC vs. CC)   NA  NA

aAdjusted by age and gender. The TT homozygous genotype was associated with a two-fold increased risk of GO compared with the healthy 
controls (AOR, 2.19; 95% CI, 0.78‑6.14), however, this difference was not significant. The TT genotype significantly increased the risk of 
GO compared with that in the normal controls (AOR, 2.92; 95% CI, 1.11‑7.65) and it was associated with a significant four‑fold increased 
risk of GD without GO compared with the controls (AOR, 4.43; 95% CI, 1.23-15.95). The TT genotype increased the risk of GD without GO 
compared with the normal controls due to the recessive effect of the T allele (AOR, 2.59; 95% CI, 0.94-7.13). GO, Graves' ophthalmopathy; 
GD, Graves' disease; NA, not applicable; AOR, adjusted odds ratio; CI, confidence interval.
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were higher in the 677TT group than those in the CC or CT 
groups (P=0.008, Kruskal-Wallis test). No differences in 
folate or tHcy concentrations according to MTHFR 1298A>C 
polymorphism were observed.

Distribution of the MTHFR genotype. Table III presents the 
distributions of the MTHFR 677C>T and 1298A>C genotypes 
and allele frequencies. The genotype frequencies of MTHFR 
677C>T were 34.2% (CC), 42.5% (CT), and 23.3% (TT) in 
patients with GO, 20% (CC), 50% (CT) and 30% (TT) in 
patients with GD without GO, and 35% (CC), 53% (CT), and 
12% (TT) in the control subjects.

The AORs for the TT vs. CC genotypes of the MTHFR 
677C>T SNP and the AA vs. CC genotypes of the MTHFR 
1298A>C SNP in the case group are presented in Table IV. 
The AORs of the GO group in comparison with the healthy 
controls and the AORs of the GD without GO group compared 
with the healthy controls were calculated. The TT homozy-
gous genotype was associated with a two-fold increased risk 
of GO when the patients with GO were compared with the 
healthy controls (AOR, 2.19; 95% CI, 0.78-6.14); however, the 
difference was not significant.

In addition, the dominant (TT or CT) vs. CC and recessive 
TT vs. (CT or CC) effects of the allele were also compared. To 
investigate any dominant or recessive effects of the T allele, 
two further comparisons were performed.

Considering the dominant effect of the T allele, the CT 
or TT genotype did not significantly increase the risk of GO 
(AOR, 0.97; 95% CI, 0.45-2.06), whereas the TT genotype 
significantly increased the risk of GO compared with that in 
the healthy controls (AOR, 2.92; 95% CI, 1.11-7.65; P<0.001). 
The AA and CC genotypes of the MTHFR 1298 A>C SNP 
were compared, but no significant difference was found.

The TT homozygous genotype was associated with a 
significant four‑fold increased risk of GD without GO when 
the GD without GO group was compared with the controls 

(AOR, 4.43; 95% CI, 1.23-15.95; P<0.001). The TT genotype 
increased the risk of GD without GO compared with that in 
the healthy controls due to the recessive effect of the T allele 
(AOR, 2.59; 95% CI, 0.94‑7.13). No significant differences in 
the AOR of 1298 A>C were observed when the GO group was 
compared with the controls or the GD without GO group was 
compared with the controls.

The AORs for the TT vs. CC genotype of MTHFR 677C>T 
SNP and AA vs. CC genotype of MTHFR 1298 A>C SNP in 
the GO and GD without GO groups are presented in Table IV. 
No significant differences in AOR was detected between the 
GO and GD without GO groups.

A total of six combinations were possible (Table V). 
However, no individual with 677CC/1298CC occurred in the 
GD with or without GO groups. No significant differences in 
AOR were observed when the GO and control groups were 
compared (data not shown). The AORs for comparisons 
of the GO and GD without GO groups were calculated. 
The 677CT/1298AA compound genotype indicated a 74% 
decreased risk of GO (AOR, 0.26; 95% CI, 0.08-0.91).

In Table VI, MTHFR 677C>T and 1298A>C allele frequen-
cies in the three groups were described and analyzed. No 
significant differences in AOR were observed when the GO and 
control groups were compared. However there were significant 
differences in AOR when the GD and controls were compared 
(P<0.05). The T allele increased the risk of GD without ophthal-
mopathy by ~2 times compared with the controls (AOR, 1.95; 
95% CI, 1.20-3.18). The haplotype of MTHFR 677T/1298A also 
increased the risk of GD without ophthalmopathy by ~2 times 
compared with the controls (AOR, 1.95; 95% CI, 1.16-3.30).

Discussion

GO is the most common extrathyroid manifestation of GD and 
it affects 25-50% of patients with GD (12-14). GO is mani-
fested by proptosis, orbital inflammation, edema, strabismus 

Table IV. MTHFR 677C>T and 1298A>C genotype frequencies in GO and GD without ophthalmopathy patients.

   AORa

Genotype GO (n=72) GD (n=50) (95% CI)

MTHFR 677C>T
  CC 25 (34.2) 10 (20.0) 1.00 (reference) 
  CT 30 (42.5) 25 (50.0) 0.47 (0.19-1.18) 
  TT 17 (23.3) 15 (30.0) 0.43 (0.15-1.22) 
Dominant (CC vs. CT + TT)   0.48 (0.20-1.11)
Recessive (CC + CT vs. TT)   0.73 (0.32-1.65)
MTHFR 1298A>C   
  AA 49 (68.1) 39 (78.0) 1.00 (reference)
  AC 23 (31.9) 11 (22.0) 1.66 (0.72-3.83)
  CC 0 (0.0) 0 (0.0) NA
Dominant (AA vs. AC + CC)   1.66 (0.72-3.83)
Recessive (AA + AC vs. CC)   NA

aAdjusted by age and gender. GO, Graves' ophthalmopathy; GD, Graves' disease; NA, not applicable; AOR, adjusted odds ratio; CI, confidence 
interval.
 



MOLECULAR MEDICINE REPORTS  14:  2276-2282,  20162280

and optic neuropathy (15). The etiology of the disease requires 
further elucidation, however, genetic and environmental 
factors are likely to be involved (9,16).

Previous studies have also aimed to identify gene poly-
morphisms in patients with GO. Thyroid stimulating hormone 
receptor gene polymorphisms, for example, rs2268458 in 
intron 1, do not exhibit notable associations with GO suscepti-
bility (17,18). Similarly, polymorphisms of the protein tyrosine 
phosphatase non-receptor 22 gene, which encodes an impor-
tant negative regulator of T-cell activation, are not associated 
with GO (19). Previous studies into interleukin (IL)-12B, IL-13, 
and IL-18 have produced similar results (20-22). However, 
the results of previous studies into the association between 
cytotoxic T-lymphocyte-associated antigen-4 gene polymor-
phisms are conflicting, as positive results have been reported 
for the -318C/T polymorphism (23,24), however, other poly-
morphisms (for example, -1722A>G, -1661A>G, +49G>A, 
60C>T) do not appear to be associated with the development 

of GO (25). Khalilzadeh et al (26) investigated the association 
between GO with SNPs in the IL-1 family [IL-1a, IL-1b, IL-1 
receptor (IL‑1R) and IL‑1R antagonist (IL‑1RA)] and demon-
strated that polymorphisms in the IL-1a and IL-1RA genes are 
significantly associated with GO.

The present study investigated two common MTHFR gene 
polymorphisms to determine their association with suscepti-
bility to GO in patients with GD. The results suggest that the 
MTHFR 677 TT genotype is associated with a 292% increase 
in the risk of GO (AOR, 2.92; 95% CI, 1.11-7.65), compared 
with that of the CC + CT genotypes and healthy controls. The 
MTHFR 677CT/1298AA combination exerted a protective 
effect against GO (AOR, 0.26; 95% CI, 0.08-0.91). Furthermore, 
from the comparison of MTHFR 677C>T and 1298A>C allele 
frequencies in three groups, T allele increased the risk of GD 
without ophthalmopathy by ~2 times compared with the controls 
(AOR, 1.95; 95% CI, 1.20-3.18). The haplotype of MTHFR 
677T/1298A increased the risk of GD without ophthalmopathy 

Table V. Analysis of the MTHFR 677C>T and 1298A>C combination in GO and GD without ophthalmopathy patients.

Genotype GO (n=72) GD (n=50) AOR (95% CI)a

MTHFR 677/1298 
  CC/AA 16 (22.2) 5 (10.0) 1.00 (reference)
  CC/AC 9 (12.5) 5 (10.0) 0.52 (0.11-2.42)
  CC/CC 0 (0.0) 0 (0.0) NA
  CT/AA 16 (22.2) 19 (38.0) 0.26 (0.08‑0.91)
  CT/AC 14 (19.4) 6 (12.0) 0.68 (0.16-2.95)
  TT/AA 17 (23.6) 15 (30.0) 0.35 (0.10-1.20)

aAdjusted by age and gender. The 677CT/1298AA compound genotype indicated a 74% decreased risk of GO (AOR, 0.26; 95% CI, 0.08-0.91). 
GO, Graves' ophthalmopathy; GD, Graves' disease; NA, not applicable; AOR, adjusted odds ratio; CI, confidence interval.
 

Table VI. MTHFR 677C>T and 1298A>C allele frequencies in GO, GD without ophthalmopathy patients, and controls.

 Controls GO AOR GD AOR
Genotype (2n=200) (2n=144) (95% CI)a (2n=100) (95% CI)a

MTHFR 677C>T
  C allele 123 (61.5) 80 (55.6) 1.00 (reference) 45 (45.0) 1.00 (reference)
  T allele 77 (38.5) 64 (44.4) 1.28 (0.83-1.97) 55 (55.0) 1.95 (1.20‑3.18)
MTHFR 1298A>C
  A allele 170 (85.0) 121 (84.0) 1.00 (reference) 89 (89.0) 1.00 (reference)
  C allele 30 (15.0) 23 (16.0) 1.08 (0.60-1.95) 11 (11.0) 0.70 (0.34-1.46)
MTHFR 677/1298 haplotype 
  C-A 93 (46.5) 57 (39.6) 1.00 (reference) 34 (34.0) 1.00 (reference)
  C-C 30 (15.0) 23 (16.0) 1.25 (0.66-2.36) 11 (11.0) 1.00 (0.45-2.22)
  T-A 77 (38.5) 64 (44.4) 1.36 (0.85-2.17) 55 (55.0) 1.95 (1.16‑3.30)

aAdjusted by age and gender. MTHFR 677C>T and 1298A>C allele frequencies in three groups were described and analyzed. No significant 
differences in AOR were observed when the GO and control groups were compared. However there was significant diffreneces in AOR when 
the GD and controls were compared. T allele increased the risk of GD without ophthalmopathy by ~2 times the risk, when compared with the 
controls (AOR, 1.95; 95% CI, 1.20-3.18). The MTHFR 677T/1298A haplotype increased the risk of GD without ophthalmopathy by ~2 times, 
when compared with the controls (AOR, 1.95; 95% CI, 1.16-3.30). GO, Graves' ophthalmopathy; GD, Graves' disease; AOR, adjusted odds 
ratio; CI, confidence interval.
 



LEE et al:  MTHFR AND GRAVES' OPHTHALMOPATHY 2281

by ~2 times compared with the controls (AOR, 1.95; 95% CI, 
1.16-3.30).

tHcy levels in patients without GO were significantly 
higher than those in patients with GO. However, this result was 
not significant as the number of cases was too small and the 
two values were within normal limits.

No difference in tHcy levels between patients with GO and 
healthy controls was observed. Furthermore, no difference 
in folate levels was observed among the three groups, and no 
significant differences in genotype, and tHcy and folate levels 
between smokers and non-smokers were observed.

As smoking is a known important acquired factor associated 
with GO, the present study suggests that smoking is associated 
with genotype, tHcy, or folate. However, no significant results, 
suggesting that the small number of smokers in the current 
study and the background of the participants prevented identi-
fication of a significant difference. The majority of smokers in 
Korea are traditionally male, but the majority of participants 
in the present study were female due to the high prevalence of 
GD in females.

The majority of previous studies have focused on the 
MTHFR 677C>T polymorphisms associated with stroke, 
cancer, birth defects, recurrent abortion and cardiovascular 
disorders (27-32). However, fewer previous studies have 
assessed the association of a second common polymor-
phism, 1298A>C, with ischemic stroke, cancer, and heart 
disease (33,34).

To the best of our knowledge, the present study is the first 
case-control study to provide evidence for an association 
between MTHFR polymorphisms and GO. As genetic poly-
morphisms often vary among ethnic groups or geographic 
areas, further studies are required to further elucidate the 
association between MTHFR polymorphisms and GO in 
diverse ethnicities.

The present study had a number of limitations as it was 
conducted in a hospital-based population, and the patient and 
control groups were small. Other possible limitations are due to 
the difficulty of diagnosis of GO due to its continuous course. 
Indeed, patients without GO during the study may develop 
the condition at a later time. Thus, a large, community-based 
random population and long-term follow up is required to resolve 
these limitations in future studies. Furthermore, certain results 
were determined to be significant using the P‑values, however, 
following application of false discovery rate, the P-values were 
no longer considered to indicate a significant result, thus, careful 
interpretation of the results of the present study is required.

Despite these limitations, the current study was the first 
to focus on associations between the MTHFR 677C>T and 
1298A>C polymorphisms and GO in a Korean population. 
It demonstrates that 677TT is an independent risk factor for 
GO.

Thus, genotype screening of GD patients and special 
management of those with MTHFR 677TT is recommended. 
Physicians should explain the course of GO to patients, and 
close follow-up is required. These actions may facilitate early 
intervention in GO and make patients more comfortable.

In addition, combinations of the MTHFR 677/1298 
polymorphisms should be assessed in terms of their asso-
ciation with the risk of GO, as the risk is decreased by 
677CT/1298AA.

In conclusion, the present study observed an association 
between GO and MTHFR polymorphisms in Koreans. As this 
is the first study of the association between MTHFR and GO, 
additional investigations that include different and larger popu-
lations are required. The results of the current study provide 
novel insight into the genetic factors in GO, and may facilitate 
elucidation of the factors associated with its pathogenesis, and 
development of genetic therapeutic strategies.
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