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Abstract. The aim of the current study was to investigate 
the possible correlation between the C677T methylenetetra-
hydrofolate reductase (MTHFR) polymorphism and venous 
thromboembolism (VTE) in a population-based case-control 
study. Homocysteine (Hcy) was quantified by Abbott IMx 
immunoassay; screening for C677T MTHFR substitution was 
performed by polymerase chain reaction (PCR) and restriction 
analysis. The results from the two groups (440 patients and 
440 controls) revealed that the frequency of T alleles and TT 
carriers was significantly higher in patients compared with that 
of the healthy controls. The plasma levels of Hcy in the VTE 
group (13.05±2.37 µmol/l) were significantly higher compared 
with those in the control group (11.94±2.03 µmol/l, P<0.001). 
The C677T MTHFR polymorphism is suggested to be associ-
ated with the risk for VTE. Plasma levels of Hcy were raised in 
individuals with the homozygous MTHFR 677TT genotype. 
In conclusion, the results of the current study suggest that 
hyperhomocysteinemia and the homozygous 677TT MTHFR 
genotype are risk factors for VTE.

Introduction

Venous thromboembolism (VTE) is a major cause of morbidity 
and mortality. However, the mechanisms of the predisposition 
remain unclear. Mild or moderate hyperhomocysteinemia 
is a known risk factor for venous thrombophilia as a single 
disorder or in combined defects (1,2). Hyperhomocysteinemia 
occurs due to a combination of genetic and environmental 
factors (3,4). Several mutations or combined defects affecting 

the homocysteine (Hcy) pathway have been reported (5,6). 
A polymorphism, C677T, in the methylenetetrahydrofolate 
reductase (MTHFR) gene, is responsible for the Ala223Val 
substitution (7) in a highly conserved residue of the molecule. 
The substitution renders the enzyme thermolabile and has 
been recognized as a cause of intermediate hyperhomocyste-
inemia. Previous findings have revealed that subjects carrying 
the MTHFR mutation in a homozygous condition have 
significantly higher homocysteine levels than those of hetero-
zygotes or normal homozygotes, particularly when folate 
levels are in the low‑normal range (8). These subjects may be 
at increased risk of cardiovascular disease. However, not all 
previous studies have reported a direct association between 
the C677T mutation and VTE or arterial vascular disease. 
Therefore, the correlation between the C677T mutation and 
VTE or arterial vascular disease remains controversial. 
Moreover, the frequency of the mutated allele is high and 
the mutation has a significantly heterogeneous distribution 
among various ethnic groups. In the present population-based 
case-control study, we analyzed the frequency of the C677T 
polymorphism in the MTHFR gene of patients in China with 
VTE, in comparison with individuals without evidence of the 
disease. In addition, we evaluated the association between this 
polymorphism and plasma Hcy levels. The possible interactive 
effects of tobacco smoking with risk factors for VTE were also 
evaluated.

Patients and methods

Subjects. Between September 2008 and March 2010, 
440 patients (211 males and 229 females) were diagnosed with 
lower extremity deep venous thrombosis (DVT) by duplex 
ultrasonography at Shandong Provincial Hospital, Shandong 
University (Jinan, China) and were recruited into the VTE 
group. The mean age was 44.7±7.5 years (range, 28-90); 274 
(62.3%) were outpatients and 166 (37.7%) were hospitalized 
patients. Patients with hematological diseases, liver or kidney 
dysfunction, infections, autoimmune diseases, tumors or those 
receiving thrombolytic treatment or anticoagulant treatment 
were excluded from this study. Venous thrombosis was local-
ized to the left side in 298 patients (67.7%), the right side in 
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125 patients (28.4%) and both sides in 17 patients (3.9%). A 
total of 16 patients had pulmonary embolism (PE; 3.6%). A 
total of 440 healthy unrelated subjects who had no previous 
diagnoses of VTE or other associated diseases were recruited 
into the control group. The mean age of the control subjects 
was 46.3±7.6 years (range, 21-82); 236 (53.6%) of the healthy 
subjects were male and 204 (46.4%) were female. The charac-
teristics of the study population are shown in Table Ⅰ. Informed 
consent was obtained from all study subjects and the study 
was approved by the Shandong University Research Ethics 
Committee, China.

Hcy determination and genotyping. Peripheral venous blood 
was obtained from each subject and promptly centrifuged 
(1,500 rpm for 10 min) following collection. A DNA extrac-
tion kit (Qiagen, Crawley, UK) was used to extract genomic 
DNA, according to the manufacturer's instructions. The DNA 
was then stored at -70˚C until use. Total Hcy was quantified 
using the fluorescence polarization immunoassay (FPIA) on 
the IMx analyzer from Abbott Laboratories (Abbott Park, 
IL, USA). The IMx Hcy assay is based on the reduction of 
the plasma samples with dithiothreitol and the subsequent 
conversion of free Hcy to S-adenosyl Hcy by hydrolase in 
the presence of added adenosine. The sample and the tracer 
compete for binding to the monoclonal antibody. Following 
the reaction, the level of S-adenosyl Hcy was evaluated by 
a fluorescence polarization immunoassay. The intensity of 
the polarized light is inversely correlated with the plasma 
concentration of Hcy.

Genomic DNA was detected by real-time polymerase 
chain reaction (RT-PCR) amplification followed by diges-
tion with the restriction enzyme HinFI, as described by 
Frosst et al  (9). The primers were designed as previously 
reported  (10) with the following sequences for sense, 
5'-GCCCAGCCACTCACTGTTTTA-3'; and antisense, 
5'-AGGACGGTGCGGTGAGAGTG-3', used in a total volume 
of 25 µl for amplification. The cycling conditions for PCR 
were initiation for 5 min at 94˚C, followed by 30 cycles of 
40 sec denaturation at 94˚C, annealing at 56˚C for 4 sec and 
extension at 72˚C for 12 sec. A final extension step for 7 min at 
72˚C was also carried out. The amplified products were stored 
at 4˚C and were later mixed and buffered with restriction 
endonuclease HinFI. The products were then left overnight 

in a water bath kettle for digestion. Finally, all products were 
observed following the 8% polyacrylamide gel electrophoresis.

Statistical analysis. All statistical analyses were performed 
using SPSS 13.0 statistical software (SPSS Inc., Chicago, IL, 
USA) and data are presented as mean ± standard deviation. 
Comparisons between two groups were performed by an 
independent t-test; Chi-square analysis was applied to deter-
mine the difference in the genotype and gene frequency. Odds 
ratios (ORs) and 95% confidence intervals (95% CIs) were 
calculated from unconditional logistic regression models. 
A value of P<0.05 was considered to indicate a statistically 
significant result.

Results

TT genotype is significantly correlated with an increased risk 
of VTE. Subjects homozygous for the mutation exhibited two 
DNA fragments 175 and 23 bp in length in electrophoresis, 
whereas homozygous subjects without the mutation exhibited 
a DNA fragment of 198-bp. Heterozygous subjects exhibited 
three DNA fragments of 198, 175 and 23 bp. Fig. 1 shows 
the polyacrylamide gel electrophoresis with restriction endo-
nuclease HinFI. There were 3 genotypes, CC, CT and TT, in 
the MTHFR gene at position 677 in the two groups. Table II 
shows that the distribution of the MTHFR C677T gene poly-
morphisms in the controls were in a state of Hardy-Weinberg 
equilibrium. Table III shows the MTHFR C677T genotype 
frequencies and allele frequencies between the two groups. 
The frequencies of the C and T alleles were 47.4 and 52.6% 
in the VTE group and 63.1 and 36.9% in the controls, respec-
tively (χ2, 47.698; P<0.01). The MTHFR C677T frequencies of 
the CC, CT and TT genotypes were 38.5, 35.7 and 25.5% in the 
VTE group and 41.4, 43.2 and 15.5% in the controls, respec-
tively (χ2, 14.237; P=0.001). Table IV shows that, compared 
with the CC genotype, the TT genotype was significantly 
correlated with an increased risk of VTE (OR, 1.753; 95% CI, 
1.215-2.529; P=0.003).

Plasma levels of Hcy are increased in patients with VTE. The 
plasma level of Hcy in the VTE group (13.05±2.37 µmol/l) 
was significantly higher than that in the control group 
(11.94±2.03 µmol/l, P<0.001). Levels of Hcy among various 

Figure 1. MTHFR gene C677T enzyme-cut electrophoresis with restric-
tion endonuclease HinFI. M, DNA molecular weight marker. Lane 1, CC 
genotype; lanes 2 and 4, CT genotype; lane 3, TT genotype. MTHFR, methy-
lenetetrahydrofolate reductase.

Table I. Characteristics of participants.

	 Controls (n=440)	Cases(n=440)	
Characteristic	 n (%)	 n (%)	 χ2	 P-value

Age (years)
  >45	 193 (43.9)	 178 (40.5)	 1.049	 0.306
  ≥45	 247 (56.1)	 262 (59.5)		
Gender
  Male	 236 (53.6)	 211 (52.0)	 2.842	 0.092
  Female	 204 (46.4)	 229 (50.0)		

The two groups were matched in age and gender.
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genotypes are shown in Table Ⅴ. In the VTE group (F=106.051; 
P<0.001), the level of Hcy in subjects with the CT+TT geno-
type (14.49±2.51 µmol/l) was significantly higher than that in 
subjects with the CC genotype (11.35±1.57 µmol/l, P<0.001). 

In the control group (F=100.362; P<0.001), the level of Hcy in 
subjects with the CT+TT genotype (12.08±3.53 µmol/l) was 
significantly higher than that in subjects with the CC genotype 
(10.03±1.50 µmol/l, P<0.001). The plasma levels of Hcy in the 
two groups are illustrated in Fig. 2. Regression analysis was 
used to evaluate an environmental factor (tobacco smoking) 
and its possible interaction with the MTHFR gene C677T 
polymorphism in influencing venous thrombogenesis. No 
interaction was revealed between the MTHFR genotype and 
tobacco smoking. Table VI shows the logistic regression anal-
ysis of the interaction of tobacco smoking with the MTHFR 
C677T polymorphism in VTE.

Discussion

Thrombophilia is defined as a disorder of coagulation that 
contributes to a predisposition towards thrombosis  (11). 
Although the term thrombophilia has been used to describe 
arterial thrombosis, its most common usage has been in 
reference to VTE (12). Thrombophilia is a consequence of 
acquired and inherited or genetic causes. Acquired causes 
include conditions such as surgery, cancer and prolonged 
immobilization, while genetic causes have been linked to the 
inherited deficiencies of antithrombin (13), protein C (14,15) 
and protein S (14,16). The identification of the genetic basis 
of these inherited causes of thrombophilia has changed the 
way thrombosis and the importance of its genetic component 
are viewed. Interest in the genetic basis of VTE was acceler-
ated with the subsequent discovery of factor V Leiden (17), 
prothrombin G20210A (18) and MTHFR C677T (19). The 
identification of new genetic variants that may either directly 
or indirectly affect coagulation or the anticoagulant pathway 
may greatly advance the understanding and clinical manage-
ment of thrombophilia.

Hyperhomocysteinemia is associated with the occurrence 
of vascular complications. The significance of hyperhomo-
cysteinemia in predicting vascular complications in various 
locations has been highlighted by several studies  (20,21). 
The underlying mechanism by which Hcy affects thrombosis 
is unclear. Hcy, which is formed from methionine, is either 
remethylated into methionine or catabolized via the vitamin 
B6-dependent transsulfuration pathway  (22). Methionine 
synthase catalyzes the remethylation of Hcy and requires 
5-methyltetrahydrofolate, as a substrate, and vitamin B12, as 
a co-factor, to function. 5-Methyltetrahydrofolate is produced 
from the reduction of 5,10-methylenetetrahydrofolate by 
MTHFR, which is thereby a Hcy metabolism-regulator. 
However, in the absence of low serum folate, the presence of a 

Table II. MTHFR C677T genotype distribution in Hardy-Weinberg equilibrium.a

Gene	 Genotype	 Predicted value, n (%)	 Observed value, n (%)	 χ2	 P-value

MTHFRC677T	 CC	 175 (39.8)	 182 (41.4)	 1.207	 0.547
	 CT	 205 (46.6)	 190 (43.2)		
	 TT	   60 (13.6)	   68 (15.5)		

aData were tested in the control group. MTHFR, methylenetetrahydrofolate reductase.

Table III. MTHFR C677T genotype frequency and allele  
frequency between the two groups.

Genotypes	 Controls	 Cases		
and alleles	 n (%)	 n (%)	 χ2	 P-value

C	 557 (63.1)	 499 (47.4)	 47.698	 <0.001
T	 326 (36.9)	 554 (52.6)		
CC	 182 (41.4)	 171 (38.9)	 14.237	 0.001
CT	 190 (43.2)	 157 (35.7)		
TT	   68 (15.5)	 112 (25.5)		

Frequencies of T alleles and TT carriers was significantly higher in 
patients than among the healthy controls. MTHFR, methylenetetra-
hydrofolate reductase.

Figure 2. MTHFR C677T frequencies of CC, CT and TT genotypes were 
38.5, 35.7 and 25.5% in the VTE group and 41.4, 43.2 and 15.5% in the con-
trols, respectively. In the two groups, the level of Hcy in subjects with the 
TT genotype or CT genotype was higher than that in subjects with the CC 
genotype. The plasma level of Hcy in the VTE group (13.05±2.37 µmol/l) 
was significantly higher than that in the control group (11.94±2.03 µmol/l, 
P<0.001). MTHFR, methylenetetrahydrofolate reductase; VTE, venous 
thromboembolism; Hcy, homocysteine.
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mutation of the MTHFR gene which is responsible for hyper-
homocysteinemia has not been identified as a vascular risk 
factor (23). The MTHFR 677T allele codes for the thermolabile 
form of MTHFR, a key enzyme in the conversion pathway of 
Hcy to methionine. The C677T MTHFR mutation involves the 
substitution of an alanine residue for a valine, which results in 
a substantial reduction in its thermolabile enzymatic activity. 
The C677T MTHFR mutation is a possible genetic contributor 
to hyperhomocysteinemia.

Gemmati et al (24) reported that there was a high preva-
lence of homozygotes for the mutated MTHFR allele among 
cases with VTE disease, suggesting that in selected patients 
homozygosity for the MTHFR mutation increases the risk of 
arterial and venous thromboses and that differences in selection 

criteria for the patient group may be partly responsible for the 
controversial association of the MTHFR mutation and vascular 
disease. Couturaud et al (25) reported that the frequency of 
the C677T mutation MTHFR was 21.8% in its homozygous 
state and 34.5% in its heterozygous state. The OR for having 
VTE in the presence of the mutation in its homozygous state 
was 2.9 (95% CI, 1.0-8.6). Salomon et al (26) suggested that 
homozygous MTHFR C677T was an independent risk factor 
for VTE, with an OR of 2.1. Oger et al  (27) reported that 
mild hyperhomocysteinemia, low serum folates and vitamin 
B12 were associated with VTE independently of each other. 
In multivariate analysis, VTE was associated with mild 
hyperhomocysteinemia, low serum folates and vitamin B12. 
An MTHFR 677TT genotype was not significantly associated 

Table VI. Logistic regression analysis on tobacco usage and MTHFR C677T for interaction in VTE.

		  Cases	 Controls		
Smoking status	 Genotype	 n (%)	 n (%)	 OR (95% CI)	 P-value

Smoking	 CC	   66 (32.5)	   83 (46.9)	 1	 -
	 CT	   85 (41.9)	   56 (31.6)	 1.909 (1.196-3.046)	 0.009
	 TT	   52 (25.6)	   38 (21.5)	 1.721 (1.014-2.920)	 0.043
Non-smoking	 CC	 105 (44.3)	 109 (41.4)	 1	 -
	 CT	   72 (30.4)	 124 (47.1)	 0.603 (0.406-0.895)	 0.016
	 TT	   60 (25.3)	   30 (11.4)	 2.076 (1.242-3.470)	 0.007

MTHFR, methylenetetrahydrofolate reductase; VTE, venous thromboembolism; OR, odds ratio; CI, confidence interval.

Table Ⅴ. Plasma Hcy levels among different genotypes.

Genotype	 Cases	 Controls	 t	 P-value

CC	 11.35±1.57 	 10.03±1.50	 8.078	 <0.001
CT	 11.69±1.73	 10.58±2.05a	 5.469	 <0.001
TT	 15.87±2.83a,b	 13.92±2.54a,b	 4.656	 <0.001
CT+TT	 14.49±2.51a,b,c	 13.28±2.37a,b,c	 5.685	 <0.001
CC+CT+TT	 13.05±2.37a,b,c,d	 11.94±2.03a,b,c,d	 7.461	 <0.001
F	 106.051	 100.362	 -	 -
P-value	 <0.001	 <0.001	 -	 -

aP<0.05 vs. CC; bP<0.05 vs. CT; cP<0.05 vs. TT; dP<0.05 vs. CT+TT. Hcy, homocysteine.

Table IV. MTHFR C677T polymorphism and VTE risk.

	 Controls	 Cases		
Genotype	 n (%)	 n (%)	 OR (95% CI)	 P-value

CC	 182 (41.4)	 171 (38.9)	 1	 -
CT	 190 (43.2)	 157 (35.7)	 0.879 (0.653-1.184)	 0.440
TT	   68 (15.5)	 112 (25.5)	 1.753 (1.215-2.529)	 0.003
CT+TT	 258 (58.6)	 269 (61.1)	 1.110 (0.847-1.453)	 0.492

Compared with the CC genotype, the TT genotype was significantly correlated with an increased risk of VTE. MTHFR, methylenetetrahydro-
folate reductase; VTE, venous thromboembolism; OR, odds ratio; CI, confidence interval.
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with VTE (OR, 1.13; 95% CI, 0.70‑1.81). Ray et al (28) reported 
that the classic MTHFR C677T gene polymorphism is weakly 
associated with an increased risk of VTE. It is unlikely that 
the purported correlation between hyperhomocysteinemia and 
VTE is mediated by this gene defect to a substantial degree, 
although other unidentified gene polymorphisms may explain 
this association. The main finding of the present study was 
that high plasma levels of Hcy and the MTHFR C677T gene 
polymorphism are significantly associated with VTE patho-
genesis. By contrast, there were no significant differences in 
the frequency of the thermolabile form of MTHFR between 
diabetic patients and control subjects. Our data suggest an 
association between the TT genotype and an increased risk for 
VTE. In the present study, the VTE patients with the TT geno-
type had higher plasma Hcy levels compared with those with 
the CC or CT genotype. This result is consistent with those of 
previous studies and revealed the effect of the MTHFR gene 
C677T mutation on Hcy levels. The logistic regression analysis 
in this study demonstrated that the TT genotype was a signifi-
cant risk factor for VTE. The difference in Hcy levels among 
the MTHFR genotype implies that the Hcy levels account for 
the genotypic effect on venous thrombogenesis.

Notably, the majority of the aforemention studies are based 
are case‑control studies. The finding of an association between 
MTHFR homozygosity and any of these endpoints was not 
reproduced in the current population-based case-control study. 
There are several possible explanations for these differences 
in demographics and risk factor prevalence between previous 
studies and the present. Alternatively, differences in study 
design may account for the apparent discrepancy. Clustering 
of additional risk factors among cases in case-control studies 
may introduce bias toward a higher risk estimate than in 
population-based studies.

In conclusion, our data suggest an association between 
the TT genotype and an increased risk of VTE. The present 
observations suggest that the C677T mutation of the MTHFR 
gene, which is known to cause mild hyperhomocysteinemia, 
is one of the candidate genetic risk factors predisposing to the 
development of VTE. Whether genetic or environmental risk 
factors interact with hereditary conditions requires further 
investigation.
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