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Abstract

The Factor V Leiden (G1691A), Prothrombin gene (G20210A) and MTHFR (C677T) mutations are the significant biomarkers
for evaluation of tendency for venous thrombosis. The objective of our study was to assess the frequency of factor V Leiden
(G1691A), Prothrombin (G20210A) and MTHFR (C677T) variants in Yemeni subjects tested for thrombophilia. Methods: Our
study included 441 thrombophilia subjects (138 subjects for FVL (G1691A) mutation, 164 subjects for PT (G20210A)
mutation and 139 for MTHFR (C677T) mutation) who were genotyped by method of SNP Genotyping Assay (FVL, PT and
MTHEFR variants Real Time PCR Kits), and the allele frequencies of factor V Leiden (G1691A), prothrombin (G20210A), and
MTHFR (C677T) mutations were calculated. The laboratory data of patients tested were reviewed and analyzed in the Aulaqi
specialized medical laboratories. Results: Factor V Leiden (G1691A) mutation was present in 10% of all subjects
(heterozygotes: 10%, homozygotes mutant: 0%). Prothrombin (G20210A) mutation was found in 8.5% of subjects
(heterozygotes: 7.3%, homozygotes mutant: 1.2%) and MTHFR (C677T) mutation in 39.5% of subjects (heterozygotes:
34.5%, homozygotes mutant: 5%). Conclusion: This study reports high prevalence of FVL (G1691A), PT (G20210A) and
MTHFR (C677T) mutations among subjects with thrombophilia. Consequently, genotyping assay for of the three thrombotic
gene mutations have a priority in the evaluation of subjects with thrombophilia, as well as in the screening for additional clinical
conditions correlated with an elevated risk of thrombosis in Sana'a city-Yemen.
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1. Introduction

Thrombophilia is abnormal blood coagulation condition  with hypercoagulability have a higher risk of developing
leading to increased tendency to coagulation. Individuals  thrombosis, especially venous thromboembolic disorders
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(VTE) such as pulmonary embolism (PE) and deep vein
thrombosis (DVT). VTE is associated with considerable
morbidity and mortality [1, 2]. Positive family history for
VTE has been identified as a risk factor for VTE develop-
ment and increases the probability of having an inherited
thrombophilic defect [3-5].

The venous thrombosis risk factors can be classified into
two main groups as genetic factors, including genetic sus-
ceptibility, and acquired factors, which include surgery in-
terventions, immobilization, traumatic injuries, obesity,
pregnancy, hormone treatment, heparin administration, or the
use of contraceptives [6-8]. Protein C, protein S, and an-
tithrombin I1I abnormalities, either quantitative or qualitative,
are examples of genetic risk factors. Furthermore, there are
additional hereditary thrombophilic disorders characterized
by mutations in Factor V Leiden (FVL) (G1691A), pro-
thrombin (PT) (G20210A), and methylene tetrahydrofolate
reductase (MTHFR) (C677T), which have been extensively
recognized as significant genetic risk factors in individuals
with or without an apparent cause for developing VTE and
who have a tendency to recur [8-11].

The most significant genetic risk factor for inherited VTE is
the FVL (G1691A) mutation, which results in a modified
variant of coagulation factor V that remains unresponsive to
inactivation by activated protein C (APC), thereby precipi-
tating a condition of hypercoagulability referred to as acti-
vated protein C resistance (APCR). The FVL polymorphism
exhibits a higher prevalence in Arab and Caucasian popula-
tions, whereas it is infrequently observed in African and Asian
nations [8, 12-16].

The PT (G20210A) ranks as the second most prevalent
prothrombotic polymorphism. This mutation leads to a 150%
increase in Prothrombin level, resulting in a significant rise
in thrombin production. The PT (G20210A) variant is preva-
lent in southern and northern Europe, but it is very uncommon
in Asian and African countries [17-20].

The MTHFR (C677T) mutation leads to a 50% reduction
in enzyme activity and an increase in blood homocysteine
levels, raising the risk of thromboembolic events [21-23].
According to previous study, the MTHFR (C677T) allele is
more common in Europeans than in African and African
American populations [24]. We aimed to investigate the
prevalence of FVL (G1691A), PT (G20210A) and MTHFR
(C677T) mutations in Yemeni subjects tested for thrombo-
philia.

2. Materials and Methods

All Yemeni subjects, (ages of participants ranged from 1 to
60 years), referred to Aulaqi specialized medical laboratories
for thrombophilia assessment after an arterial stroke or VTE
event, for screening due to a positive family history, the
treatment of infertility or recurrent pregnancy loss or evalua-
tion for other clinical conditions linked to an elevated risk of
thrombosis from January 2018 to December 2024 were ana-
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lyzed and reviewed. The study will be conduct by review the
molecular tests from our Laboratory Information System for
subjects who tested positive for mutations in FVL (G1691A),
PT (G20210A) and MTHFR (C677T) mutations. The medi-
cal records of every participant sent to the laboratory were
reviewed and gather demographic and clinical data, such as
age, gender, laboratory results, and outcome. The findings for
the mutations in MTHFR (C677T), PT (G20210A), and FVL
(G1691A) will be compiled and presented as frequencies and
percentages.

2.1. Molecular Testing

Molecular testing for FVL (G1691A), PT (G20210A), and
MTHEFR (C677T) mutations was performed on blood samples
collected between January 2018 and December 2024. The
SNP Genotyping Assay (FVL, PT and MTHFR variants Real
Time PCR Kits, SNP Biotechnology R and D Ltd., Turkey)
was used for molecular analysis. A system condition includ-
ing wild type PCR master mix, mutant type PCR master mix
and DNA control reagents were used for each variant. Using
patented SNP analyses, the FVL, PT and MTHFR variants
real time PCR kit offers reagents in a ready to use master mix
format that has been specially optimized for 5nuclease PCR.
The test protocol was designed for use with specific primers
and probe sequences. Stage (1) of the instrument will operate
at 95°C for 3 minutes, followed by stage (2) at 95°C for 15
seconds and stage (3) at 60°C for 30 seconds. This cycle was
repeated 30 times. Genotypic and allelic frequencies of FVL,
PT and MTHFR variants will be conducted automatically.

2.2. Statistics

Genotypic frequency and percentage were performed by
SPSS version 26. The Allelic frequency was analyzed using
descriptive statistics (Allele Frequency online Calculator).
The Hardy-Weinberg equilibrium was assessed for each var-
iant genotypic distribution using Chi square (y2) test (Har-
dy-Weinberg online calculator).

3. Results

The study included all samples whose results were obtained
between January 2018 and December 2024. There were 441
subjects included 138 subjects (58 male and 80 female) for
FVL (G1691A) mutation, 164 subjects (78 male and 86 fe-
male) for PT (G20210A) mutation and 139 subjects (50 male
and 89 female) for MTHFR (C677T) mutation. The subjects
were between the ages of one and sixty years.

The single nucleotide polymorphism (SNP) Genotyping
Assay was carried out to detect the mutations and determine
genotypes of subjects for the three target genes. The geno-
typic distributions of FVL, PT and MTHFR variants were
consistent with the Hardy-Weinberg equilibrium (P>0.05).
The prevalence of mutations, genotypes distribution and al-
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lele frequencies of studied subjects were summarized in Ta-
bles 1 and 2. Prevalence of FVL (G1691A) mutation among
138 subjects was 10% (14 subjects), where all had G/A mu-
tant genotype (heterozygote individuals). The PT (G20210A)
mutation prevalence among 164 subjects was 8.5% (14 sub-
jects) of which 1.2% (2 subjects) had the A/A mutant allele
(homozygote mutant individuals) and 7.3% (12 subjects) had
G/A genotype (heterozygote individuals). Meanwhile, the

frequency of MTHFR (C677T) mutation was 39.5% (55
subjects), where 5% (7 subjects) and 34.5% (48 subjects) had
T/T mutant allele (homozygote mutant individuals) and C/T
allele (heterozygote individuals), respectively. The mutant
(risk) allele frequencies were 5.1% (A allele) for FVL
(G1691A) variant, 4.9% (A allele) for PT (G20210A) variant
and 22.3% (T allele) for MTHFR (C677T) variant.

Table 1. Prevalence of gene mutations.

Type of mutation

Factor V Leiden (G1691A) (Heterozygous and Homozygous Mutant)

Prothrombin (G20210A) (Heterozygous and Homozygous Mutant)
MTHEFR (C677T) (Heterozygous and Homozygous Mutant)

No. of subjects Positive subjects Positive subjects

(n=441) () (%)
138 14 10
164 14 8.5
139 55 39.5

Table 2. Genotypic and allelic frequencies observed in the studied population.

Factor V Leiden (G1691A),
rs6025 n=138

n (%)
Genotypic frequencies
Homozygous (Wild type) 124 (90%) (G/G)
Heterozygous 14 (10%) (G/A)
Homozygous (Mutant) 0 (0%) (A/A)
Allelic frequencies
Allele 1 (Wild) 94.9% (G)
Allele 2 (Mutant) 5.1% (A)

4. Discussion

Assessment of risk genetic factors has become essential in
diagnosing patients showing the signs and symptoms of ve-
nous thrombosis [25]. Deep vein thrombosis (DVT) and
pulmonary embolism (PE) are two different forms of venous
thromboembolism (VTE) disease. It ranks as the third most
common cardiovascular condition. DVT is the most common
of VTE disease [26]. The disorder known as thrombophilia,
which raises the risk of thrombosis, can be acquired or ge-
netic. It is a complex condition where the environment and
genes must interact for clinical symptoms to develop. This
condition is the main factor contributing venous thrombo-
embolism (VTE) [27, 28]. The prevalence of genetic muta-

Prothrombin (G20210A),

MTHEFR (C677T), rs1801133

rs1799963 n=164 n=139
n (%) n (%)
150 (91.5%) (G/G) 84 (60.4%) (C/C)

12 (7.3%) (G/A) 48 (34.5%) (C/T)
2 (1.2%) (A/A) 7 (5%) (T/T)
95.1% (G) 77.7% (C)

4.9% (A) 22.3% (T)
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tions in thrombophilia genes differs depending on popula-
tions and ethnic groups. Factor V Leiden (FVL), prothrom-
bin (PT) and methylene tetrahydrofolate reductase (MTHFR)
pathogenic variants are the major hereditary causes of inher-
ited thrombophilia and thrombosis [29].

The FVL (G1691A) mutation, regarded as the most sig-
nificant genetic contributor to inherited VTE, which involves
a single-nucleotide polymorphism of substitution of G (gua-
nine) to A (adenine) at nucleotide position 1691 in exon 10
of the factor V gene. This genetic alteration (FVL mutation)
leads to a modified form of coagulation factor V that is re-
sistant to inactivation by activated protein C, resulting in a
state of hypercoagulability or increased susceptibility to
thrombosis [30]. In the other words, FVL (G1691A) muta-
tion causes in a single amino acid substitution, where argi-
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nine is replaced by glutamine at amino acid 506 position.
This mutation removes the Arg506 cutting point within Fac-
tor V for activated protein C. FVL (G1691A) variant raises
the thrombosis risk as activated form of protein C (physio-
logical anticoagulant) is unable to bind and inactivate factor
V because the mutation alters the binding domain of activat-
ed protein C on factor V. Therefore, the factor V remains
active, which raises the risk of thrombosis [31, 32]. The most
prevalent inherited risk factor associated with venous
thrombosis is the FVL (G1691A) mutation. Among individ-
uals with thrombosis, this mutation is most common in Eu-
ropeans (15%), and is found in almost 5% of white Ameri-
cans and Canadians [33, 34]. In Asia, the healthy populations
of Saudi Arabia and northern India had a 2.5% and 1.9%
prevalence of this mutation, respectively [35].

In the clotting process, Prothrombin (PT), also known as
coagulation factor II undergoes proteolytic cleavage to gen-
erate thrombin, which then transforms fibrinogen into fibrin
and activates platelets. Elevated prothrombin levels and an
approximately three-fold increase in the risk of venous
thrombosis have been linked to the substitution of A for G at
position 20210, which is in the 3/UTR region of the pro-
thrombin gene [36]. The second most important genetic risk
factor for inherited VTE is the PT (G20210A) mutation of
the prothrombin gene. This mutation results in higher than
normal levels of plasma prothrombin (up to 25% increase)
without affecting the functional properties of the prothrom-
bin molecule. [18, 37]. The risk of pulmonary emboli (PE)
and deep vein thrombosis (DVT) is nearly doubled by this
mutation [38]. Although the PT (G20210A) mutation raises
the risk of deep venous thrombosis to a less than the FVL
(G1691A) mutation, it presents in around 2.3% of the
healthy population and approximately 6.2% of individuals
with venous thrombosis [39]. The PT (20210A) variant is
more prevalent among the healthy population of Southern
Europe (3%), then in Northern Europe (1.7%), but it is ex-
tremely rare in Asian and African populations (0%) [20].

Methylenetetrahydrofolate reductase (MTHFR) is enzyme
that catalyzes the formation of N-5-methyltetrahydrofolate
from N-5,10-methylenetetrahydrofolate, which is the donor of
methyl group in the methylation of homocysteine to methio-
nine, a common mutation in MTHFR gene, MTHFR (C677T)
variant, has been implicated with hyperhomocystinemia [40].
Elevated total homocysteine level has a toxic effect on the
vascular endothelium and clotting cascade, it has been corre-
lated with an increased risk of venous thrombosis [23]. The
MTHEFR (C677T) polymorphism mention to the substitution
of cytosine (C) to thymine (T) at nucleotide position 677 in the
gene of MTHFR, leading to the amino acid replacement of
valine to alanine at position 222. The mutant enzyme shows
reduced activity, and individuals who are MTHFR (C677T)
homozygous (mutant) have a threefold increased risk of de-
veloping cardiovascular diseases prematurely (cardiovascular
diseases before their time) [41]. The MTHFR (C677T) variant
is highly prevalent in healthy European populations; Finland
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and the Netherlands have the lowest allele frequencies (25.1%)
and (27.4%), respectively, in contrast, Italy exhibits the highest
frequency (45%), followed by France (34%-36%), Hungary
(33.7%), and Spain (33%). Compared to other ethnic groups,
the prevalence of MTHFR (C677T) mutation is markedly
lower in Africa and African Americans populations (3%) than
in other populations [24, 42]. The prevalence of MTHFR
(C677T) mutation among the vein thrombosis patients is 55.6%
[43], while it is 42% in patients with thrombophilia [44].

The prevalence of thrombophilia related with pathogenic
mutations in the FV, PT and MTHFR genes among Arabs has
not been well or extensively studied [15]. Our study is the
first to assess the prevalence of thrombophilia associated
with FVL (G1691A), PT (G20210A), and MTHFR (C677T)
mutations in Yemen.

In the present study involving subjects with thrombophilia,
the prevalence of MTHFR (C677T) mutation was higher
compared to FVL (G1691A) and PT (G20210A) mutations.
The prevalence of FVL (G1691A) mutation was also higher
than that of PT (G20210A) mutation which aligns with find-
ings from studies on healthy individuals in Saudi Arabia [45],
Turkish population [46] and Greek population [12], as well
as in subjects with thrombophilia or thrombosis in Saudi
Arabia [14], Lebanese [11], Kashmiri [8], Eastern Turkey [47]
and Black Sea area of Turkey [48]. In contrast, the preva-
lence of these pathogenic mutations differed from our find-
ings in Tunisian patients with cerebral venous thrombosis [49]
and Iranian Patients with venous thrombosis [50], where
FVL (G1691A) mutation was found to be more frequent than
PT (G20210A), and MTHFR (C677T) mutations.

The present study showed that 10% of study subjects were
positive for FVL (G1691A) mutation (10% heterozygous and
0% homozygous), this percentage is higher than that reported
in a previous study conducted in Saudi Arabia (5.9%) in
samples tested for subjects with thrombophilia [14], as well
as the 6.8% frequency observed in Kashmiri patients with
venous thromboembolism [8]. Our findings were consistent
with a study conducted in Eastern Turkey population which
found that, the prevalence of FVL (G1691A) mutation was
9.2% among patients with Venous Thromboembolism [47].
The pathogenic variant (G1691A) in the FVL gene was
found less frequently in our analyzed group compared to
previously published data form Lebanon [11], Tunisia [49]
and Turkey [26]. Various factors, such as study group selec-
tion, criteria of exclusion, regional conditions, or ultimately
the test method chosen, could contribute to discrepancies or
variations in the prevalence of the examined FVL variant
(G1691A) in our study compared to others.

In our study regarding the variant (G20210A) in the PT
gene which is the second most significant inherited pro-
thrombotic risk factor, we found that the frequency of this
mutation was 8.5% among 164 subjects with thrombophilia.
In comparison, among patients with thrombophilia in Saudi
Arabia, the PT (G20210A) variant was detected at a fre-
quency of 2.4%, while it was found in 11.8% in the Lebanese
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population, 2.8% in the Kashmiri subjects, 8.9% in subjects
from Iran and 4.6% in subjects from Eastern Turkey [8, 11,
47, 50]. The disparities in the prevalence of the PT
(G20210A) variant between our study and others may be
explained as discussed previously.

The prevalence of MTHFR (C677T) mutation observed in
this study was lower than that reported in Lebanese population
(83.3%), Black Sea region (Tokat) in Turkey (52.7%) and East-
ern Turkey (44.8%) [11, 47, 48]. Moreover, the present study
revealed that the frequency of MTHFR (C677T) mutation in the
subjects with thrombophilia was 32% which exceeds the rates
reported for this mutation in thrombophilia cases in Tunisia
(23.1%), Iran (17.9%) and Turkey (19%) [26, 49, 50].

In our study, the distribution of the A allele (mutant or risk
allele) of the FVL gene and PT gene were 5.1% and 4.9% re-
spectively. The distribution of the T allele (mutant or risk allele)
of the MTHFR gene was 22.3%. In comparison, previous study
conducted on patients with thrombophilia in Tunisia found that
the frequency of FVL (G1691A) A allele was 17.3%, the fre-
quency of PT (G20210A) A allele was 0% and the frequency of
MHTFR (C677T) T allele was 11.5% [49], The distribution of
the risk alleles in Kashmiri patients with thrombophilia was
3.8%, 1.4% and 11.6% for the A allele of FVL (G1691A), A
allele of PT (G20210A) and T allele of MTHFR (C677T) re-
spectively [8]. Similarly, in Croatia, the distribution of the risk
alleles were 8%, 2% and 32% for the A allele of FVL (G1691A),
A allele of PT (G20210A) and T allele of MTHFR (C677T)
respectively [51]. In Poland, the A allele frequencies were 7%
and 2.7% for FVL (G1691A) and PT (G20210A) respectively)
[27], while Turkey (Western Black Sea Region) had 11.7%,
3.6% and 29% for the A allele of FVL (G1691A), A allele of
PT (G20210A) and T allele of MTHFR (C677T) respectively
[52]. Finally, in Boshia and Herzegovina, the mutant alleles
frequencies were 10.5%, 1.4% and 33.8.% of A allele of FVL
(G1691A), A allele of PT (G20210A) and T allele of MTHFR
(C677T) respectively [53].

The MTHFR (C677T) mutation is found to have a higher
prevalence among healthy subjects, compared to FVL
(G1691A) and PT (G20210A), according to worldwide distri-
bution rates (6-32%, 3-10% and 1-2% for MTHFR (C677T),
FVL (G1691A) and PT (G20210A) mutations respectively)
[45]. Studies in Tunisians and Croatians have suggested that
the MTHFR (C677T) mutation is more common in healthy
individuals than in those with thrombophilia [49, 51]. There-
fore, the present study finds that the FVL (1691A) is more
prevalent than PT (G20210A) and is considered as the most
important genetic risk factor associated with thrombosis.

5. Conclusion

The prevalence of the three thrombotic gene mutations in
Yemeni subjects with thrombophilia is reported for the first
time in this study. In comparison to previously studied popu-
lations, Yemenis subjects tested for thrombophilia exhibit
high prevalence of FVL (G1691A), PT (G20210A), and
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MTHFR (C677T) genetic variants. This is an important
finding that should be closely monitored in regards to its
clinical significance. Based on this information, we recom-
mend that families of affected subjects to be genotyping and
counseling for appropriate preventive measures.

Abbreviations

FVL Factor V Leiden

PT Prothrombin

MTHFR Methylenetetrahydrofolate Reductase
VTE Venous Thromboembolism

DVT Deep Vein Thrombosis

PE Pulmonary Embolism

SNP Single Nucleotide Polymorphism
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