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ABSTRACT
Background: Methylenetetrahydrofolate reductase (MTHFR) polymorphisms have recently raised the interest as a possible thrombophilic factors.

Aims: We aimed to assess the frequency of the methylenetetrahydrofolate reductase (MTHFR) C677T and A1298C polymorphisms in idiopathic venous
thromboembolism (VTE) in a Romanian population and the associated risk of VTE.

Study Design: We performed a case-control transversal study including 90 patients diagnosed with VTE and 75 sex- and age-matched controls.
Methods: MTHFR C677T and A1298C polymorphisms were detected using PCR-RFLP method.

Results: The homozygous MTHFR 677TT genotype, present in 18.8% of patients with VTE versus 6.6% of controls, was significantly associated with VTE
(p=0.021, OR= 3.26, 95%Cl (1.141-9.313)). The heterozygous MTHFR A1298C genotype, presenting the highest prevalence in the VTE group (34.4%) as
well as in controls (37.3%), was not associated with VTE (p=0.7). No associations were found for heterozygous MTHFR C677T (with a frequency of 32.2% in
VTE and 37.3% in controls, p=0.492), respective homozygous MTHFR A1298C genotype (with a frequency of 1.1% in VTE and 2.6% in controls, p=0.456).

Conclusion: Among MTHFR polymorphisms, only homozygosity for MTHFR 677TT may be considered a risk factor for VTE; the MTHFR A1298C polymor-
phism is not significantly associated with an increased risk of VTE.
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Introduction

Venous thromboembolism (VTE) is a multifactorial dis-
ease, usually the result of the interaction between a genetic
background predisposing to hypercoagulability and acquired
risk factors. Although considered idiopathic in 25-50% of
cases, investigations may detect a cause in over 80% of the
patients with VTE (1). Previous studies have shown that an
underlying thrombophilia could be found in about half of pa-
tients with a first episode of idiopathic VTE (1, 2). Among the
“traditional” thrombophilia factors (such as protein C, pro-
tein S or antithrombin Ill deficiency, Factor V Leiden or Pro-
thrombin G20210A mutations), methylenetetrahydrofolate
reductase (MTHFR) polymorphisms associated with hyper-
homocysteinemia have recently raised interest. The MTHFR
gene encodes the enzyme MTHFR, which regulates the re-
duction of 5,10-methylenetetrahydrofolate to 5-methyltetra-
hydrofolate, the substrate for remethylation of homocysteine
to methionine. The MTHFR gene is located on the short (p)
arm of chromosome 1 at position 36.3. There are two com-
mon polymorphisms of the MTHFR gene: the MTHFR 677
C>T polymorphism resulting in the substitution of alanine
to valine at codon 222 (Ala>Val) and the MTHFR 1298 A>C

polymorphism, resulting in a glutamine to alanine substitu-
tion (Glu>Ala). The MTHFR C677T polymorphism, especially
in the homozygous state, leads to decreased enzyme activ-
ity and hyperhomocysteinemia, whereas the MTHFR A1298C
polymorphism presents a less well-defined effect, with a less-
er decrease of the enzyme function.

The prevalence of the T allele varies among races and eth-
nic groups: it is more common in Caucasians and Asians (30%)
compared to African Americans (11%) (3, 4). In Europe, the
lowest frequency is found in Finland (25.1%) and the Nether-
lands (27.4%) and the highest in Italy (45%; 47.3% in Sicily),
France (34%-36%), Hungary (33.7%) and Spain (33%) (5-7).
The incidence of the MTHFR C677T polymorphism in the
general population is about 45% and 15% for heterozygous
and homozygous genotypes, respectively. The prevalence of
homozygotes for the MTHFR 677TT polymorphism in Europe
varies between 5 and 15%; the heterozygous MTHFR C677T
genotype presents the highest prevalence in Italy (44%) and
the lowest in Norway (28%) (3, 4, 8, 9).

The role of MTHFR polymorphisms in VTE is controver-
sial: some authors have shown an association between the
MTHFR C677T polymorphism and VTE (10-14), whereas others
have proven the contrary (15-17). Considering the insufficient
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evidence, the professional guidelines do not recommend testing
for MTHFR polymorphisms when evaluating the aetiology of VTE
(College of American Pathologists, American College of Medical
Genetics, The British Committee for Standards in Haematology
and the British Society for Haematology); however, hyperhomo-
cysteinemia should be measured in those found to be positive for
factor V Leiden (18-20). The MTHFR C677T polymorphism is not
associated with recurrences of VTE; among the carriers of genetic
thrombophilic defects, only subjects presenting a positive family
history of VTE are predisposed to recurrent thrombosis (21, 22).

Several studies regarding MTHFR polymorphisms and VTE
were also performed in our geographic area, the Balkans and
Eastern Europe (10, 23-26), but as far as we know, no Roma-
nian data have been previously reported.

We aimed to detect the frequency of MTHFR C677T and
A1298C polymorphisms in Romanian patients with idiopathic
VTE and assess the association with the risk of VTE.

Material and Methods

We performed a case-control transversal study, includ-
ing 165 patients admitted to Medicala Il Department of the
University of Medicine and Pharmacy “luliu Hatieganu” Cluj-
Napoca, Romania. The patients were divided into 2 groups:
Group 1, consisting of 90 patients diagnosed with idiopathic
VTE, and Group 2: 75 sex- and age-matched healthy controls.
The patients were enrolled after written informed consent.
The study protocol was approved by the Ethic Committee of
the University. The diagnosis of VTE was based upon Wells
score, Doppler ultrasound and/or venography (for deep ve-
nous thrombosis) and pulmonary scintigraphy or CT angiogra-
phy (for pulmonary embolism).

Idiopathic (unprovoked) VTE was defined as VTE occurring
in the absence of major triggering risk factors (plaster cast im-
mobilisation and/or fracture of a lower limb or surgery under

Figure 1. MTHFR C677T- electrophoresis in agarose gel 2%

1. DNA marker 100bp

2. Heterozygous normal allele (265, 171, 94bp)

3. Homozygous normal allele (265bp)

4. Positive control homozygote mutant allele (171, 94bp)

5. Positive control heterozygote mutant allele (265, 171, 94bp)
6. Undigested amplification product (265bp)

7. Control

general anaesthesia lasting for more than 30 minutes, bed rest
for more than three days, occurring in three previous months
or active cancer in the two preceding years) or in the absence
of moderate/minor risk factors (pregnancy/post-partum, oral
contraception/hormone replacement therapy in the last year,
a journey lasting more than 6h) (27). Patients who presented
at least one of the risk factors mentioned above or other med-
ical conditions predisposing to VTE (congestive heart failure,
acute myocardial infarction, stroke, inflammatory bowel dis-
eases, acute infection, obesity, varicose veins) were excluded
from the study. Recurrent VTE was defined by the presence of
another episode of VTE in the medical history of the patients
confirmed by medical documents.

The MTHFR C677T and A1298C polymorphisms were de-
tected using PCR-RFLP method. The genomic DNA was ex-
tracted from 300 plL of peripheral blood collected in an EDTA
tube, using the commercial kit Wizard Genomic DNA Purifica-
tion Kit (Promega®, USA).

MTHFR polymorphisms were genotyped as previously
described. All PCR reactions were performed in 25 pL reac-
tion volume, containing 12.5 pL 2X PCR Master Mix (Fermen-
tas, Lithuania), 1 pL BSA solution (2 mg/mL Bovine Serum
Albumin, Fermentas, Lithuania), 6-10 pmol of each primer
(Eurogentec, Belgium) and 100 ng genomic DNA, in a ther-
mocycler, Mastercycler Personal (Eppendorf, Germany). The
amplification products were digested with specific restriction
enzymes (Fermentas, Lithuania), Hinfl for MTHFR C677T, and
Mboll for MTHFR A1298C. For the study of each mutation we
used 10 pL of amplification products for digestion; digestion
was performed at 37°C, for 8-12 hours. The digestion prod-
ucts were then electrophoresed using a 2% agarose gel for
MTHFR C677T, and a 3% gel for MTHFR A1298C (Agarose
LE, Analytical Grade, Promega, USA). DNA fragments were
stained with ethidium bromide 10 mg/mL (Ethidium Bromide,
Promega, USA) and then the gels were read with a UV transil-
lumination system coupled with a photo camera (Vilber Lour-
mat Imaging System®, France).

The MTHFR C677T polymorphism creates a restriction
site for enzyme Hinfl. Thus, after the digestion of 265bp
amplicons with the enzyme Hinfl, the homozygous normal
genotype presents the full fragment of 265bp, whereas the
heterozygous genotype MTHFR C677T presents 3 fragments
of 265, 171 and 94bp; the homozygous genotype MTHFR
677TT presents 2 fragments of 171 and 94bp, respectively
(Figure 1).

The MTHFR A1298C polymorphism abolishes a restriction
site of the enzyme Mboll. Thus, after digestion of the 163bp
amplicon with the enzyme Mboll, homozygous individuals
for the normal allele presented 5 fragments of 56, 30, 31, 28
and 18bp, whereas heterozygous individuals would present 6
fragments of 84, 56, 30, 31, 28 and 18bp; patients who were
homozygous for the mutant allele would present 4 fragments
of 84, 31, 30 and 18bp, respectively. In this case, only the frag-
ments of 84 and 56bp were clearly evident in a 3%agarose gel,
but this was sufficient for the molecular diagnosis (Figure 2).

We evaluated also the presence of the most common ge-
netic risk factors for VTE, associated with “gain-of-function”:
factor V Leiden and prothrombin G20210A, using the PCR-
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RFLP method; the amplicons were digested with the enzyme
Hindlll for prothrombin, and Mnl for factor V Leiden.

Fasting homocysteinemia was measured with reverse-
phase high-performance liquid chromatography (RP-HPLC);
the upper limit of the normal laboratory values is 12 pmol/L.

Descriptive statistics were used to determine the poly-
morphisms’ prevalence and bivariate inferential statistics
were used for the assessment of the association with VTE.
The frequency of the genotypes in patients and controls was
compared using a two-by-two contingency table, analysed
with chi-square 2 with Yates’ correction test, and Fisher's
exact test when the frequency was 5 or under in at least one
cell. Phi coefficient was used for the measure of the degree
of association between the frequencies of genotypes in VTE,
respective in controls. The association between genotype
and the risk of VTE was expressed as odds ratio (OR) with
95% confidence intervals (Cl). For the assessment of the in-
dependent association of MTHFR 677TT genotype with VTE,
a predictive model was used, applying binary logistic regres-
sion that included VTE as the dependent variable and the
MTHFR 677TT genotype, hyperhomocysteinemia, as covari-
ates. The B coefficient showed the independent effect of the
MTHFR 677TT genotype on VTE after adjusting for hyper-
homocysteinemia. The Wald test and the associated p-value
(Sig.) evaluated whether or not the logistic B coefficients of
covariates were different from zero in the model. The Sta-
tistical Package for the Social Sciences (SPSS) 16.0 for Win-
dows was used for the analysis. The criterion for statistical
significance was p<0.05.

Results

The mean age was 55.25 in VTE patients and 56.46 years
in controls. The VTE group included 52 men and 38 women,
with a sex ratio of 1.36; the control group included 44 men
and 31 women, and the sex ratio was 1.41 (p=1.00, no signifi-
cant difference between groups).

DVT involving the lower limbs was seen in the majority of
cases (93.33%); only 6 patients (6.66%) presented an unusual
location (in the upper limbs in 4 cases, and cerebral veins in
2 cases). Proximal DVT was present in 55 cases (61.11%) and
distal DVT in 29 patients (32.22%). Pulmonary embolism (PE)
complicated DVT in 6 patients (6.66%).

The presence of at least one mutant allele T was found in
46 VTE patients (51.1%) and in 33 controls (36.66%), showing
no significant association with VTE (p=0.362, OR=1.33, 95%Cl
[0.838-1.608)). The distribution of the MTFHR C677T polymor-
phism showed a similar proportion in both sexes, without a sig-
nificant difference between VTE and controls (p=0.8214: 25 men
(54.34%) and 21 women (45.66%), and 19 men (57.57%) and 14
women (42.42%), in patients with VTE and controls, respectively).

The homozygous MTHFR 677TT genotype was pre-
dominantly found in VTE patients: 17 patients (19%) ver-
sus 5 controls (7%); there was a significant association with
VTE (p=0.021, OR=3.26, 95%Cl (1.141-9.313), chi-square
%?=5.288, Phi=0.179).

The heterozygous MTHFR C677T genotype was identified
in 29 VTE patients (32%) and in 28 controls (37%), showing

Figure 2. MTHFR A1298C- electrophoresis in agarose gel 3%

1. DNA marker 50bp

2. Control

3 & 5. Homozygous normal allele (56, 31/30bp)

4. Heterozygous normal allele (84, 56, 31/30bp)

6. Positive control mutant heterozygote (84, 56, 31/30bp)
7. Undigested amplification product (163bp)

no association with VTE: p=0.492, OR=0.798, 95%Cl (0.410-
1.519), chi-square x?=0.437, Phi=-0.054.

MTHFR 677TT homozygotes presented a 2.9-fold in-
creased risk of thrombotic recurrence; at least 2 episodes of
documented VTE were found in 8 patients with this geno-
type: p=0.037, OR=2.939, 95%CIl [1.038-8.317], chi-square
x?=4.357, Phi=0.201. There was no association between het-
erozygous MTHFR C677T genotype and the recurrence of
VTE: p=0.056, chi-square %?=3.971, Phi (-1; 1)=-0.167.

We identified the MTHFR A1298C polymorphism in 32
VTE patients (35.5%) and in 30 controls (40%); no significant
association with VTE was found (p=0.559, OR=0.827, 95%Cl
(0.439-1.557), chi-square %?=0.34, Phi (-1; 1)=-0.05). The ho-
mozygous genotype was found only in one patient with VTE,
whereas the heterozygous genotype was present in 31 pa-
tients (34%), showing the highest prevalence among MTHFR
polymorphisms in VTE.

The sex distribution showed the presence of the MTFHR
A1298C polymorphism in 22 men and in 10 women in the VTE
group, and in 16 men and 14 women in the control group,
without a significant difference between groups, p=0.363.

The homozygous MTFHR 1298CC genotype was not asso-
ciated with VTE (p=0.456, OR=0.41, 95%CI (0.036-4.614), chi-
square %?=0.555, Phi (-1; 1)=-0.058). Also, no association with
VTE was found for the heterozygous genotype MTFHR A1298C:
p=0.7, 95%Cl (0.466-1.67), chi-square x?=0.148, Phi (-1; 1)=-0.3.

Patients with the MTHFR A1298C polymorphism did not
present an increased risk for VTE recurrences (p=0.088, chi-
square %2=1.29, Phi (-1; 1)=0.528).

None of the patients or controls carried the double ho-
mozygous genotype (MTHFR 677TT/1298CC). The combined
double heterozygous genotype MTHFR C677T/A1298C was
found only in 4 patients with VTE and 2 controls, showing no
significant association with VTE (p=0.689, OR=0.589, 95%Cl
(0.1049-3.3088), Phi (-1; 1)=-0.05).

The data regarding the frequency of the abnormal MTHFR
genotypes and the associated risk of VTE are shown in Table 1.
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Table 1. The frequency of abnormal MTHFR genotypes in VTE and the association with VTE

Number of cases in VTE 2 Phi p Odds Ratio Cl95%
Genotype Frequency in VTE % Lower limit  Upper limit
MTHFR 677TT Homozygous 17 5288 0.179 0.021 3.260 1.141 9.313
18.88%
MTHFR C677T Heterozygous 29 0.437 -0.054 0.492 0.798 0.419 1.519
32.22%
MTHFR 1298CC Homozygous 1 0555 0058 0456 0.410 0.036 4614
1.11%
MTHFR A1298C Heterozygous 31 0.148 0300 0.700 0.882 0.466 1.670"
34.44%

x?=chi square; Phi= Phi coefficient; Cl 95%= 95% confidence interval

Table 2. The frequency of Factor V Leiden, prothrombin G21210A polymorphism in VTE and the associated thrombotic risk

Polymorphism N= cases in VTE (frequency %) 2 Phi p Odds Ratio Cl 95%
Genotype Lower limit  Upper limit
Factor V Leiden 12(13.33%) 5.99 019 0.014 5.615 1.215 25.949
Homozygous 2(2.22%) 1.687 0.101 0.194 1.023 0.991 1.055
Heterozygous 10 (11.11%) 4326  0.162 0.038 4.563 0.967 21517
Prothrombin G21210A 3(3.33%) 173 01 0.189 0.396 0.095 1.643
Homozygous 0 2429 0.12 0119 0.973 0.938 1.01
Heterozygous 3(3.33%) 043 -0.04 0.526 0.612 0.133 2.825
Compound Factor V /MTHFR C677T 7 (7.77%) 3.68 0.15 0.056 6.241 0.7501 51.92
The unusual location of deep venous thrombosis (other Discussion

than at the lower limbs) was detected in 6 cases with at
least one mutant allele (T and/or C) and in 2 patients with
a normal genotype, showing no significant association with
MTHFR polymorphisms (p=0.994, OR=1.06, 95%CI (0.206-
5.463)).

Although pulmonary embolism was diagnosed in 6 VTE
patients, all with at least one MTHFR polymorphism, the as-
sociation was not statistically significant: p=0.205, chi-square
$2=1.61.

Homocysteinemia presented a mean value of 17.39 pmol/L
in VTE patients, which was significantly different to that found
in controls (14.15 pmol/L): p=0.025, 95%Cl (0.3846-5.5603).
However, the binary logistic regression did not show hyper-
homocysteinemia as an independent risk factor: p=0.558,
B=0.012, Wald=0.343, OR=1.012, 95%ClI (0.971-1.055); only
the homozygous MTHFR 677TT genotype was independently
associated with VTE: p (Sig.)=0.029, B=1.168, Wald=4.747,
OR=3.217, 95%Cl (1.125-9.201).

Among the other polymorphisms studied, only factor V
Leiden, which was present in 13.33% of VTE cases and 2.66%
of controls, was significantly associated with VTE. The con-
comitant presence of factor V Leiden and the MTHFR C677T
polymorphism (found in 7.77% of VTE and 1.33% of controls)
led to a 6.2-fold higher risk of VTE, corresponding to a 10.71%
increased risk compared to the effect of only factor V Leiden.
The frequency and the associated VTE risk of these factors are
shown in Table 2.

Our study shows a T allele frequency of 51.1% in VTE pa-
tients, which is similar to studies performed in South and East-
ern European countries on the same pathology: 54% in Croa-
tia, 52.6% in Russia, and 42.5% in Macedonia (23-25). It is well
known that the frequency of the T allele varies in the general
population as well as in VTE, concordant to geographical and
ethnic factors.

The prevalence of MTHFR 677TT homozygosity in East
European and Balkan populations are 7%, 7.5%, 8%, 11% for
Russia, Ukraine, Balkan immigrants in Turkey, and Hungary,
respectively (5, 26, 28). This pattern of distribution is accord-
ing to a geographical south to north decreased gradient of
MTHFR C677T polymorphism frequency, reflected in the high-
est prevalence of the homozygous genotype in VTE in Italy,
25.6%, and a lower frequency in Germany of 10.6% (29, 30).

The frequency of the homozygous MTHFR 677TT genotype
in our patients with VTE was 19%, which is concordant with
other studies performed in the South East Europe: 20% in Ser-
bia, among women with DVT during pregnancy or puerperium,
17.8% in Greece, and 16.4% in Macedonia (25, 31, 32). A simi-
lar frequency of the homozygous genotype in VTE was found
in Turkey (23.8%), Spain (23.7%), in Israel (22.8%) and France
(21.8%) (10, 33-35), concordant with the frequency peak in
Southern regions. A peculiar situation appears in Croatia, with
a 9% prevalence of the MTHFR 677TT genotype in VTE (23).

We found that the homozygous MTHFR 677TT genotype
was significantly associated with VTE: p=0.021, OR=3.26. The
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literature shows controversial data: several studies revealed
the homozygous MTHFR 677TT genotype as a risk factor for
VTE with OR of 3.11, 2.9, 2.1, 1.7, 1.2, respectively (24, 29, 33,
35, 36) and a 20% increased risk of VTE (37), whereas other
studies failed to reveal any significant association (25, 38-40).

Previous Romanian studies regarding thrombophilia in ob-
stetric cases detected frequencies of the homozygous MTHFR
677TT genotype of 19.4% and 19.56% in pregnant patients
with haemorrhagic complications and in patients with repeti-
tive spontaneous abortions; no significant associations were
found, except for a slightly increased risk for repetitive abor-
tions in the presence of this genotype (41, 42). Our result re-
garding the prevalence of MTHFR 677TT in VTE cases is con-
sistent with these studies.

We detected the heterozygous MTHFR C677T genotype
in 32% of VTE patients and in 37% of the controls, without a
significant difference. A similar prevalence in VTE was shown
in other studies: 36.1%, 34.5% (35, 43). The incidence of het-
erozygotes in the general population is about 45%, with geo-
graphical and ethnic variations (5). The prevalence in South-
eastern Europe countries are 45%, 43%, 40%, in Hungary,
Ukraine, Russia, respectively (5, 26). Although a study per-
formed in Germany showed a 2.12 increased risk of DVT for
individuals with the heterozygous genotype, found in 43.8%
of patients, the majority of studies showed no association with
VTE, concordant with our results (33, 35-40).

The MTHFR A1298C polymorphism presents a preva-
lence of 35.5% in VTE in our study, with the predominance
of the heterozygous genotype, found in 34% of patients.
None of the MTHFR A1298C genotypes, homozygous or
heterozygous, were associated with VTE risk. The MTHFR
A1298C polymorphism was less well-studied in relation to
VTE. A high prevalence of heterozygotes was found in the
healthy Irish population (46.7%), as well as in Macedonian
patients with VTE (44%) (25, 44). Several studies showed
similar results to ours, regarding the prevalence of hetero-
zygous MTHFR A1298C genotype in VTE: 36.9%, 37.4%,
37%, respectively (40, 45, 46). A higher frequency of het-
erozygotes was found in previous Romanian studies regard-
ing thrombophilia in selected groups of patients: 50.1%
and 47% in cases with bleeding in the first trimester of
pregnancy and repetitive abortions, respectively (41, 42).
All of the mentioned studies from the literature show the
preponderance of the heterozygous form of the MTHFR
A1298C polymorphism versus the homozygous form and
an absence of association with VTE.

We detected a 2.9 increased risk of VTE recurrence only
in association with the homozygous MTHFR 677TT genotype.
Although it is well known that genetic factors predispose to
thrombophilia manifested with repetitive thrombotic epi-
sodes, the majority of the authors have shown an absence of
the risk of recurrence in cases with MTHFR 677TT genotype
(21, 22, 47-49); however, a 1.4-fold mildly increased risk was
detected in one study (50).

Our results show that the MTHFR polymorphisms (C677T
and A1298C) are not particularly associated with an increased
risk of PE, which is similar to the results of some studies (13,
38), but in contrast to others (10, 24).

Although inherited thrombophilia may be associated with
an unusual location of thrombosis, we did not detect a signifi-
cant association in cases of MTHFR polymorphisms, concor-
dant with other studies (51-53).

The concomitant presence of factor V Leiden and the
MTHFR C677T polymorphism further increases the risk of VTE
comparatively to the singular action of factor V Leiden, show-
ing the importance of multiple risk factors for VTE (12, 33).

Our study included a small sample of patients and thus
the conclusions should be confirmed by future research in the
field. The study of other genetic factors, including “loss-of-
function” mutations such as antithrombin, and protein C and S
deficiencies (rare but strong risk factors), would provide more
information regarding the complexity of gene-gene interac-
tions in VTE.

We detected significant associations between the homozy-
gous MTHFR 677TT genotype and VTE, including recurrent ve-
nous thrombosis. The MTHFR A1209C polymorphism does not
represent a risk factor for VTE in Romanian patients. Among the
MTHFR polymorphisms, heterozygous MTHFR A1298C geno-
type presents the highest prevalence in our patients with VTE.
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