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ABSTRACT
Background. Prothrombin (PT) G20210A is one of the

genetic polymorphisms associated with thrombophilia. Studies
show a low prevalence for this polymorphism in Asian
populations with only one subject reported from India. We
studied the prevalence and association of this polymorphism
in patients with arterial and venous strokes and their matched
controls in south and north India.

Methods. We recruited patients with cerebral venous
thrombosis (mean age 37.2 years) and cryptogenic ischaemic
stroke (mean age 36.7 years), and age- and sex-matched
controls (mean age 37.6 years) from south and north India.
Genotyping was carried out using polymerase chain reaction
followed by restriction fragment length polymorphism, and
the prevalence of the variants among the patients and controls
was compared.

Results. The heterozygous allele of the polymorphism
was detected in both groups with significantly higher prevalence
among north Indians (5/154; 3.2%) compared with south
Indians (4/516; 0.8%; p=0.026). Thrombosis as a
manifestation of this polymorphism was more among north
Indians with 4/82 (4.9%) of patients with ischaemic stroke
and cerebral venous thrombosis having this polymorphism
compared with south Indian patients 1/72 (1.4%), p=0.003.

Conclusion. PT G20210A is prevalent in India, especially
among those from north India. Its role in predisposition to
thrombosis needs to be studied further along with other
known risk factors.
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INTRODUCTION
An underlying prothromobotic state can affect multiple vascular
beds and can cause arterial or venous thrombosis. The aetiology

can be either transient, physiological (such as pregnancy,
dehydration and infection), due to medications or a permanent
one due to an underlying genetic defect.1–5 Most often, a
combination of the underlying genetic risk and a transient risk
can cause symptomatic thrombosis.

Genetic predisposition resulting from polymorphisms in
coagulation factor genes is linked to an increased risk of
thrombosis6 and factor V Leiden, prothrombin (PT) G20210A
mutation and MTHFR C677T are some of the inherited
polymorphisms reported to have a risk of thrombosis.7,8 PT
G20210A, a mutation in the 3´ untranslated region of the PT
gene, possibly leads to higher translation efficiency and stability
of the mutated form of the PT mRNA resulting in elevated
plasma PT levels compared to the normal type, increasing the
generation of thrombin, platelet activation and also cell-
signalling effector molecules leading to a prothrombotic state.9,10

There is wide variation in the geographical distribution of
this mutation with an extremely low prevalence in the Asian
populations compared with western populations.11–14 None of
the studies on patients with venous and arterial thrombosis
could detect this mutation in the Indian population.15–18 India is
a vast country with wide variation in the genetic make-up of its
citizens, who can be broadly divided into three groups: the Indo
Aryans who reside largely in the northern parts of the country,
the Dravidians who live largely in the southern parts of the
country and the mongoloids who reside largely in the north-
eastern part of India. Although of late the distinction between
the groups is slowly decreasing, a considerable distinction is
still maintained.

We screened patients from north and south India with
cerebral venous thrombosis (CVT) and cryptogenic ischaemic
stroke (CIS) for the PT G20210A mutation and compared them
with matched controls to study its prevalence and its association
with thrombosis in these population groups.

METHODS
Eighty-two patients residing in north India (58 with CIS and 24
with CVT) and 310 patients residing in south India (105 with CIS
and 205 with CVT) were recruited for the study after taking
informed consent (mean age of CVT 37.2 years and of CIS 36.7
years). We also recruited 278 healthy, age- and sex-matched
controls (72 north Indians and 206 south Indians; mean age 37.6
years) without any known risk factors for thrombosis. All the
participants were above the age of 18 years and the study was
done over 18 months after approval from the institutional review
board.

Genomic DNA was isolated from peripheral blood samples
collected from the participants, using the QiaAmp Blood mini
kit (Qiagen). Genotyping for PT G20210A polymorphism was
done by the polymerase chain reaction (PCR)-restriction frag-
ment length polymorphism (RFLP) method using primers
5´-TCTAGAAACAGTTGCCTGGC-3´ and 5´-ATAGCA
CTGGGAGCATTGAA-3´ and Hind III restriction enzyme.9

The 345bp PCR product on digestion with Hind III resulted in
two fragments of 322bp and 23bp in the presence of A allele at
the PT G20210A site (Fig. 1). The genotype of some of the
heterozygous samples was further confirmed by sequencing
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the PCR product. The sequencing data of a heterozygous
sample are shown in Fig. 2. Patients with this polymorphism
were also screened for the presence of other predisposing
inherited gene variants (factor V Leiden mutation, MTHFR
C677T) and other known risk factors for arterial and venous
thrombosis (homocysteine levels in the blood, vitamin B12
deficiency, infection, malignancy, trauma and surgery). The
prevalence of the variants was compared between patients and

controls in both the ethnic groups using chi-square with Yates
correction.

RESULTS
Of a total of 670 patients and controls included in the study, 516
(77%) were from south and 154 (23%) were from north India.
Nine samples (1.3%) were heterozygous for the PT G20210A,
but none of the patients or controls had the homozygous AA
genotype. Table I shows data on the prevalence of the poly-
morphism in different groups in the study population.

Between groups, the overall prevalence was significantly
higher (p=0.026) in the north Indian (3.2%) than in the south
Indian population (0.8%), but there was no significant variation
in the groups when compared with controls. All 5 patients who
were heterozygous for this mutation, the only control among
north Indians and 1 of 3 controls among south Indians who had
this polymorphism were men. We also noted a significant
association of this polymorphism with thrombosis in general
(p=0.003) and with CVT alone (p=0.012) among patients from
north India compared with south India.

Among the 5 patients who were found to have this
polymorphism, none had thrombosis related to infection,
malignancy, trauma or surgical interventions. Among them, one
of the patients with CVT from north India had homozygous TT
genotype and one IS patient had heterozygous CT genotype for
the MTHFR C677T polymorphism. Three of these patients (2
with CVT and 1 with IS) from north India and 1 from south Indian
had elevated homocysteine levels (>15 µmol/L). One of the
patients with CVT from north India was deficient in vitamin B12.
All 4 patients from north India who had this polymorphism
consumed alcohol, and 3 of them were smokers, whereas the
only patient from south India neither consumed alcohol nor was
a smoker.

DISCUSSION
Except for the mention of one heterozygous subject in an
anthropological survey in 1999, this polymorphism has not
been reported in the Indian population.19 Our study shows that,
contrary to previous reports,15–17,20 the PT G20210A poly-
morphism is prevalent in the Indian population and, to the best
of our knowledge, this is the first report that attempted to study
the same in two major ethnic groups.

The manifestation of the effect of this polymorphism in terms
of either arterial or venous thrombosis (CVT±IS) was observed
in the north Indian group as inferred from the higher prevalence
of this mutation in the patients (4.9%) when compared with the
controls (1.4%) with the effect being more pronounced in the
patients with CVT where the prevalence is 8.3%. The fact that
all 4 thrombotic patients with a heterozygous variant of this
polymorphism are men, all consume alcohol and 3 of them had
hyperhomocysteinaemia might imply that the north Indian men

FIG 2. Sequencing report of a sample heterozygous for the
polymorphism showing the genetic algorithm genotype (marked
by an arrow) at the prothrombin G20210A polymorphic
position

FIG 1. Polymerase chain reaction-restriction fragment length
polymorphism analysis of prothrombin G20210A
polymorphism. Hind III digestion of the polymerase chain
reaction products yields either an undigested product of 345bp
fragment (G allele) or digested product of two bands of 322bp
and 23bp (A allele). Lane 5 shows a sample with heterozygous
genetic algorithm genotype and all other lanes show samples
with normal homozygous GG genotype. Lane 1 is the 100bp
DNA molecular marker
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TABLE I. Prevalence of prothrombin G20210A polymorphism in different Indian ethnic groups in
the study population

Ethnicity Cerebral venous Ischaemic Both Controls Total
thrombosis (%) stroke (%) (%) (%) (%)

All 3/229 (1.3) 2/163 (1.2) 5/392 (1.3) 4/278 (1.4) 9/670 (1.3)
South Indians 1/205* (0.5) 0/105 (0) 1/310† (0.3) 3/206 (1.5) 4/516‡ (0.8)
North Indians 2/24* (8.3) 2/58 (3.4) 4/82† (4.9) 1/72 (1.4) 5/154‡ (3.2)
*p=0.012  †p=0.003  ‡p=0.026
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with this polymorphism have a higher chance of developing
thrombosis in the presence of other risk factors such as elevated
homocysteine levels and alcohol. However, to establish the
risk, these associated factors should be studied in controls as
well.

Statistical relevance of this mutation in association with
thrombosis in other populations has been reported in the
literature.9,11,12,18 Although we could not find any such
association within the same ethnic group, we could note a
significant association of this polymorphism with thrombosis
in the north Indian patients when compared with the south
Indian patients. More north Indians having this polymorphism
ended with stroke and apart from known risk factors; this may
also partially be attributed to other unknown ethnicity-specific
factors. Although we found a significant association of this
polymorphism with CVT alone in the north Indian patients in our
study, since the sample size was small, we interpret this with
caution. We conclude that the role of this mutation in north
Indian patients with thrombosis, more specifically in the presence
of other known risk factors, deserves investigation in a larger
population.
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