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ABSTRACT
Background and Objectives. The prothrombin
G20210A mutation and factor V Leiden have been
found to be associated with an increased risk of
venous thrombosis, but the reported prevalences of
the prothrombin gene variant both in the normal population and in patients with deep venous thrombosis
(DVT) vary greatly in the literature. Moreover, the
influence of oral contraceptives (OC) on thrombotic
events in patients with the prothrombin G20210A variant has not been well established. In this study we
evaluate both circumstances.
Design and Methods. A case-control study was run
on 229 patients with DVT and 246 healthy controls.
The patients’ history of thrombosis and acquired
thrombotic risk factors, especially OC, were recorded. Prothrombin G20210A mutation, factor V Leiden,
antithrombin, heparin II cofactor, plasminogen and
proteins C and S were evaluated.
Results. Seven and a half percent of the patients and
2.9% of the controls were carriers of the prothrombin mutation, while 12.2% of the patients and 1.6% of
the controls had factor V Leiden. Among the 229 DVT
patients there were 130 patients with clinically suspected thrombophilia (first thrombotic event occurring before the age of 45 years or positive family history of thrombosis or recurrent venous thrombosis).
Ten percent of these 130 patients were carriers of the
prothrombin G20210A mutation and 18.5% had the
factor V Leiden mutation. The odds ratios (OR) for
DVT risk were: 2.4 (95% CI, 1.0-6.3) for the total DVT
patients and 5.2 (95% CI, 1.4-19.5) for the patients
with clinically suspected thrombophilia with the prothrombin mutation. The risk of thrombosis was 6.9
(95% CI, 2.3-20.6) for the DVT patients and 14.3
(95% CI, 3.3-64.6) for the patients with clinically suspected thrombophilia with factor V Leiden. Fifty-five
percent of the patients with combined congenital
defects (prothrombin mutation G20210A plus another congenital defect) had recurrent thrombosis. In
women receiving OC the risk of DVT was 3.5 (95% CI,
1.5-8.2) that of the patients not receiving OC. When
women with combined defects were also taking OC,
the risk of thrombosis increased significantly.
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Interpretation and Conclusions. The prevalence of the
prothrombin G20210A mutation in the healthy population in our study is similar to that observed in other
southern European countries. The prothrombin
G20210A mutation does not by itself seem to be a
high thrombotic risk factor. However, when it is present together with other thrombotic risk factors, the
predicted risk of thrombotic events increases. The
use of OC by women with the prothrombin G20210A
variant or FV Leiden, either alone or combined with
other thrombotic risk factors, was associated with a
significant increase in the risk of venous thrombosis.
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everal genetic defects have been identified as
venous thrombosis risk factors.1 A single G to
A nucleotide transition at position 20210 in
the 3’-untranslated region of the prothrombin
gene was found to be associated with an increased
prothrombin level and an increased risk of venous
thrombosis.2 This mutated allele has been identified in 0.7-6.5% of normal subjects,2-18 in 4.311.3% of unselected patients with a first episode of
deep venous thrombosis (DVT)2-7,13,16,18 and in 7.924.1% of patients with a personal or family history of venous thrombosis or thrombophilia.2,8-10,12,18
The increased risk of DVT in patients with the prothrombin G20210A mutation as compared to in
controls varies from an odds ratio (OR) of 2.0 to
6.6.2-6,13,16,18 As can be observed, these data indicate wide variations both in the prevalence and
risk of venous thrombosis in patients with the prothrombin G20210A variant. In fact, in a broad
study performed in 11 different centers and involving 5,527 patients19 the prevalence estimates varied from 0.7% to 4.0 %. In that study, the prevalence in southern Europe was higher than in northern Europe (2.3-3.7% vs 1.3-2.2%). These data
agree with those of other studies that give values
of 2.2% to 7% in northern European populations24,6,10,20 and 1.6% to 2.5% in the USA.1,15,21 Howev-
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er, the data from southern Europe are more heterogeneous, because some authors reported values similar to those of northern Europe (1.02.5%),7,12-14,16 while other reports gave higher prevalences (3.7%-6.5%).8,11,17,18 This variability may be
due to the heterogeneity of the groups studied
and/or to racial or geographic variations. At any
rate, it is evident that further studies are needed. In
relation to the risk of DVT in patients with prothrombin G20210A, recent reports have described
it to be enhanced in these patients when associated with factor V Leiden.22,23 In the present study we
examine the prevalence of the prothrombin mutation G20210A and factor V Leiden in 229 patients
with DVT and in 246 healthy blood donors from
the Mediterranean area. We also analyze other
congenital and acquired thrombotic risk factors,
especially oral contraceptives (OC), in order to
evaluate their influence on thrombotic events in
these patients.
Design and Methods
Clinical group

The total group included 229 patients [age at
first DVT: 44±18 years (mean ± SD), 42 (median)] with a confirmed diagnosis of DVT of the
lower limbs who were consecutively referred to
our Thrombosis Unit. Forty-two of the 229
patients with DVT had pulmonary embolism.
One hundred and thirty [age at first DVT: 33±12
years (mean ± SD), 32 (median)] of the 229 DVT
patients were selected according to the presence
of clinically suspected thrombophilia (first
thrombotic event occurring before the age of 45
years or positive family history of thrombosis or
recurrent venous thrombosis). Nineteen patients
had recurrences, seventy-six patients had thrombotic event before 45 years old, six patients had
a family history of thrombosis, and the rest of
the patients (n=29) had two clinical signs of
thrombophilia.
In all the patients the thrombosis location and
recognized predisposing risk factors (prolonged
immobilization, trauma or surgery within the
past three months), and prothrombotic medical
situations (varicose veins, congestive heart failure, obesity, chronic obstructive pulmonary disease, pregnancy and oral contraceptives) were
recorded. Malignancy was excluded. The episode
was considered spontaneous in the absence of
environmental risk factors. Objective procedures
for diagnosis of thrombosis were performed in
all patients. DVT of the lower limbs was established by ultrasonography or venography, and
pulmonary embolism was diagnosed by ventilation-perfusion lung scanning or pulmonary
angiography. The thrombophilic study done on
all the patients evaluated the following parameHaematologica vol. 85(12):December 2000

ters: antithrombin, protein C, protein S, plasminogen, heparin cofactor II (HCII), activated
protein C (APC) resistance, factor V Leiden and
the prothrombin G20210A mutation.
While patients were being recruited, a control
group of 246 healthy blood donors (40±13
years) from the same geographic area as the DVT
patients was studied. The control group was similar in sex and age to the patients. In all, the control group comprised 156 subjects younger than
45 years (32±8 years) who were compared with
the 130 selected patients with clinically suspected thrombophilia. The absence of thrombotic
events or a family history of thrombosis was verified by means of a validated questionnaire.24 All
the women in the patient and control groups
were asked about contraceptive use at the time of
the study. The thrombophilic study was also done
in the control group subjects. Informed consent
to participation in the study was obtained from
all the subjects examined.
Blood collection

Blood was collected at least 6 months after
the thrombotic event, and at least 15 days after
anticoagulant treatment had ended. Upon suspending anticoagulation, treatment with low
molecular weight heparin was applied when necessary.
Blood samples were collected into vacuum
tubes with 0.129 M trisodium citrate as anticoagulant. Samples were centrifuged at 1,500 g for
15 min to obtain platelet-poor plasma, which
was stored at –70º C until tested. For DNA studies, venous blood was collected in EDTA.
Laboratory methods

Antithrombin antigen was measured by radial immunodiffusion (Behringwerke AG, Marburg, Germany). Anti factor Xa activity was measured in the presence of heparin using the Coamatic Antithrombin Kit (Chromogenix AB, Mölndal, Sweden), and the assay was performed on
an ACL 7000 autoanalyzer (Instrumentation
Laboratory, Milan, Italy).
Protein C activity was analyzed by Coamate
PC (Chromogenix, Mölndal, Sweden). Total and
free protein S were evaluated by enzyme
immunoassay (Asserachrom Diagnostica, Stago, Asniéres, France). Protein S activity was measured with the IL test (Instrumentation Laboratory, Milan, Italy). The modified APC-resistance
assay was performed after diluting the patient’s
plasma with factor V-depleted plasma, as previously reported.25 DNA was extracted from whole
blood samples using the Genomic Purification
System (Promega, Madison, USA) following the
manufacturer’s protocol. The factor V Leiden
mutation was studied following the method
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described by Gandrille et al.26 The prothrombin
gene G20210A variant was detected using a previously described polymerase chain reaction
technique.2
HCII activity was determined quantitatively by
a chromogenic substrate method,27 using the
Stachrom HCII assay provided by Diagnostica
Stago (Asniéres, France). HCII antigen was measured by an ELISA (Enzyme Research Lab Ltd.,
Swansea, UK); a well established protocol was
used.28 Plasminogen activity was analyzed by
Coamate Plasminogen (Chromogenix, Mölndal,
Sweden).
Statistical analyses

All the assays were performed using the statistical package SPSS Release 6.0 for Windows
(SPSS Inc, Chicago, USA). Pearson’s χ2 test was
used to compare percentages. Differences
between the ages of the groups were compared
by the Mann-Whitney test. When the expected
frequencies were <5, Fisher’s exact test was
applied. Values of p<0.05 were considered to be
statistically significant.
Results
Among the 229 DVT patients the prevalence
of thrombophilic defects was 22.3% (n=51), and
among the 130 patients with clinically suspected thrombophilia, it was 32.3% (n=42) (Table
1). Seventeen patients (7.5 %) from the total
group of DVT patients were carriers of prothrombin G20210A, while 28 patients (12.2 %)
had factor V Leiden. Eight patients (3.5 %) had
other single defects (4 had protein S deficiency,
2 protein C deficiency, 1 antithrombin deficiency and 1 heparin cofactor II deficiency). Nine
patients (3.9%) showed combined defects (3
were carriers of prothrombin G20210A and FV
Leiden, 4 FV Leiden and another thrombophilic
deficiency, 1 protein C deficiency and prothrombin G20210A, and 1 antithrombin and
heparin cofactor II deficiencies). In the group of
246 healthy subjects (control group) the prevalence of the prothrombin G20210A mutation
was 2.9% (n=7) and that of factor V Leiden was
1.6% (n=4). The percentage of patients with single or combined thrombophilic defects among
the patients with clinically suspected thrombophilia was always higher than among the total
DVT patients. The risk of DVT when the prothrombin G20210A mutation was present gave
an OR of 2.4 (95% CI, 1.0-6.3) and for factor V
Leiden an OR of 6.9 (95% CI 2.3-20.6) among
the total DVT patients (Table 1). With the prothrombin mutation the OR was 5.2 (95% CI,
1.4-19.5) and with factor V Leiden it was 14.3
(95% CI, 3.3-64.6) among the patients with clinically suspected thrombophilia (Table 2).

Among the 178 patients with no recognized
thrombophilic defect who formed part of the
DVT group of 229 patients, 20.2% had two
(n=33) or three (n=3) thrombotic events. The
percentage of thrombotic recurrence was 19.0%
for patients with a single genetic risk factor and
55.5% for patients with combined genetic
defects. The time elapsed from the first event to
the referral of the patient to our Thrombosis
Center was quite similar in patients with a single genetic risk factor (mean=3.8 years) and in
patients wih combined defects (mean=3.6
years). The median age at the first DVT and at
the time of referral was 35 years and 40 years,
respectively, for the patients with a single genetic risk factor and 26 years and 34 years, respectively, for patients with combined defects.
When we compared the age at which DVT
appeared in the group of 229 patients, we found
(Table 3) that this disorder appeared at an earlier age in women than in men (p<0.05). When
all the DVT patients were divided into two
groups according to whether or not they had
thrombophilic defects, similar differences
between males and females were found in both
groups (Table 3), but these differences were not
statistically significant, probably because of the
limited number of cases.
When the risk of DVT was evaluated with
Table 1. Prevalence of thrombophilic defects and risk of
deep vein thrombosis.
Total DVT patients
Patients
(n=229)

Controls
(n=246)

Odds ratio
(95% CI)

No recognized
thrombophilic defect

178
(77.7 %)

235
(95.5 %)

1 (ref.)

With thrombophilic
defect

51
(22.3%)

11
(2.4%)

6.1
< 0.0001
(3.1-12.1)

17
(7.5%)
13
(5.7%)

7
(2.9%)
7
(2.9%)

2.4
(1.0-6.3)

28
(12.2%)
21
(9.2%)

4
(1.6%)
4
(1.6%)

6.9
< 0.0001
(2.3-20.6)

Other single defects

8
(3.5 %)

0
(0%)

< 0.002

Combined defects

9
(3.9%)

0
(0%)

< 0.002

3
(1.3%)
6
(2.6%)

0
(0%)
0
(0%)

NS

Prothrombin G20210A
alone or combined
alone
FV Leiden
alone or combined
alone

prothrombin G20210A
and FV Leiden
other combined defects

p
value

0.06

< 0.01
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Table 2. Prevalence of thrombophilic defects and risk of
deep vein thrombosis in DVT patients with and without clinically suspected thrombophilia.

DVT patients with clinically suspected thrombophilia
Patients
(n=130)

Controls
(n=156)

Odds ratio
(95% CI)

No recognized
thrombophilic defect

88
(67.7 %)

151
(96.8 %)

1 (ref)

With thrombophilic
defect

42
(32.3 %)

5
(3.2%)

14.4
< 0.0001
(5.5-37.8)

13
(10.0%)
9
(6.9%)

3
(1.9%)
3
(1.9%)

5.2
< 0.005
(1.4-19.5)

24
(18.5%)
17
(13.1%)

2
(1.3%)
2
(1.3%)

14.3
< 0.0001
(3.3-64.6)

Other single defects

7
(5.4 %)

0
(0%)

< 0.002

Combined defects

9
(6.9%)

0
(0%)

< 0.002

3
(2.3%)
6
(4.6%)

0
(0%)
0
(0%)

0.05

Prothrombin G20210A
alone or combined
alone
FV Leiden
alone or combined
alone

prothrombin G20210A
and FV Leiden
other combined defects

p
value

< 0.01

VT patients without clinically suspected thrombophilia
Patients
(n=99)

Controls
(n=90)

Odds ratio
(95% CI)

90
(90.9%)

84
(93.3%)

1 (ref)

9
(9.1%)

6
(6.7%)

1.4
(0.48-4.10)

4
(4.0%)
4
(4.0%)

4
(4.4%)
4
(4.4%)

0.9
(0.23-3.85)

4
(4.0%)
4
(4.0%)

2
(2.2%)
2
(2.2%)

1.87
(0.33-10.46)

Other single defects

1
(1.0%)

0
(0%)

NS

Combined defects

0
(0%)

0
(0%)

NS

0
(0%)
0
(0%)

0
(0%)
0
(0%)

NS

No recognized
thrombophilic defect
With thrombophilic
defect
Prothrombin G20210A
alone or combined
alone
FV Leiden
alone or combined
alone

prothrombin G20210A
and FV Leiden
other combined defects
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p value

NS

NS

respect to the use of OC and the presence or
absence of the prothrombin G20210A mutation
and/or factor V Leiden in 89 healthy women
from the control group and 84 women with DVT
from the DVT patient group, all of whom were
≤ 45 years of age, it was observed that in the 84
women with DVT, 19 (22.6%) used OC, while
among the 89 healthy women, 10 (11.2%) were
OC users (p<0.01). Therefore, the risk of DVT in
women using oral contraceptives had an OR of
3.5 (95% CI, 1.5-8.2) as compared with the risk
in non-users. As none of the controls was a carrier of both prothrombin mutation G20210A
and factor V Leiden and also a user of OC, the
risk of DVT in women who were double carriers
and users of OC could not be calculated. However, in the group of 84 patients there were nine
women (10.7%) who used OC and had factor V
Leiden, as compared with none in the control
group (p<0.005). These differences were not
significant for the prothrombin G20210A.
Discussion
Our data yield a prevalence of the prothrombin G20210A variant of 2.9% in the group of
healthy subjects, which is similar to the values
reported for the south of Europe by other
authors, and could suggest, as do Rosendaal et
al.,19 that the prevalence in southern Europe is a
little higher than in northern Europe and the
USA. In other geographic areas, such as Asia,
Africa and South America, the prevalence of the
prothrombin variant appears to be lower.5,19,29
The discrepancies in the prevalence of the prothrombin G20210A variant in patients with DVT
may also be due to the heterogeneity of the

Table 3. Deep venous thrombosis: patients’ age (in years)
at the time of the first thrombotic episode.
All patients

Men

44 ±18
42
(15-90)
(n=229)

46±16
46
(16-87)
(n=128)

41±19
36
(15-90)
(n=101)

<0.05

With no thrombophilic defect
Mean±SD
46 ±18
Median
45
Range
(16-90)
Nº patients
(n=178)

47±16
48
(16-87)
(n=99)

44±20
42
(16-90)
(n=79)

=0.058

With thrombophilic defect
Mean±SD
38±17
Median
34
Range
(15-74)
Nº patients
(n=51)

41±16
39
(16-72)
(n=29)

33±17
27
(15-74)
(n=22)

NS

Total patients
Mean±SD
Median
Range
Nº patients

Women Mann-Whitney test
men vs women

NS

NS
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groups studied. In consecutive patients with verified DVT, the prevalence varies from 5% to
11%.2,7,13,18 In our group of 229 DVT patients the
prevalence of the prothrombin variant was 7.5%.
In our patients with clinically suspected thrombophilia the prevalence was 10.0%. The results
given in the literature for patients with clinically
suspected thrombophilia vary from 7.9% to
24%.2,8-10,18,21
The prevalence of factor V Leiden in the group
of healthy subjects was 1.6%, while in the European population this value is about 5%,30,31 with
a range of 0.6% to 13.0%.31 The prevalence of
factor V Leiden in the group of 229 DVT patients
was 12.2%, and 18.5% in the group of patients
with clinically suspected thrombophilia. These
data agree with most of the previous results in
the literature. According to a recent review,31 the
prevalence of factor V Leiden carriers among
Caucasian patients with DVT oscillates between
11.2% and 37.0%.
There are few reports in the literature on
whether the presence of these risk factors
increases the probability of recurrent thrombosis.8,32,33 In our group of 229 patients a similar
recurrence rate was observed in subjects with no
recognized thrombophilic defect (20.2%) and in
the patients with a single genetic risk factor
(19.0%). However, in the patients with more
than one congenital defect the recurrence rate
was 55.5 %. These differences between the group
of patients with one thrombophilic defect and
that with more than one cannot be attributed to
the time elapsed from the first event to the referral to the our Thrombosis Center, for it was very
similar in the two groups. Two studies recently
published32,33 yielded results similar to the ones
we have obtained, and show that the risk of
recurrent DVT is similar among carriers of factor
V Leiden or prothrombin G20210A mutation
and patients without these mutations, but that
carriers of both factor V Leiden and the prothrombin G20210A variant have an increased
risk of recurrent DVT.
Our review of the relevant medical literature
turned up no reports on whether sex can influence the age at which a first thrombotic event
occurs. However, our results show (Table 3) that
DVT occurred earlier in women (41±19 years)
than in men (46±16 years) (p<0.05) in the DVT
group of 229 patients. This difference was also
seen in the group of 178 patients without thrombophilic defects (44±20 vs 47±16 years) and in
the group of 51 patients with thrombophilic
defects (33±17 vs 41±16 years). These differences in the age at which the first thrombotic
event occurs may be attributable to acquired risk
factors that are found only in women, such as
oral contraceptives and pregnancy. In our group,
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the OC users had an increased risk of thrombosis, and this increase was substantially larger
when the women taking OC also had combined
genetic thrombophilic defects.
All these data suggest that oral contraceptives
can be a circumstantial thrombotic risk factor
when combined with another congenital risk
factor, especially factor V Leiden. Martinelli et
al.34 also showed a high thrombotic risk factor in
heterozygous patients with the prothrombotic
mutation G20210A and/or factor V Leiden who
took OC.
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Potential implications for clinical practice
♦

The prothrombin G20210A mutation does not
by itself seem to be a strong risk factor for thrombosis. However, in the presence of additional
thrombotic risk factors the predicted risk of
thrombotic events increases.
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