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Background and Objectives. The G20210A polymor-
phism in the prothrombin gene is a common cause of
Inherited thrombophilia. Scarce information is available
about the circumstances of the heralding thrombotic man-
ifestation at different ages. The aim of this study was to
determine the risk of spontaneous or secondary venous
thromboembolism (VTE) among younger and older carri-
ers of the G20210A prothrombin polymorphism.

Design and Methods. We performed a case-control
study, investigating 650 patients with a first objectively
documented deep venous thrombosis of the legs or pul-
monary embolism and 703 individuals with no history of
vascular disease. In all of them we carried out laborato-
ry screening for antithrombin IlI, protein C and protein S
deficiencies, and for the presence of the factor V Leiden
and the G20210A prothrombin polymorphisms.

Results. After adjustment for other inherited causes of
thrombophilia (deficiency of antithrombin l1I, protein C or
S, factor V Leiden) the overall risk for VTE associated with
the prothrombin polymorphism was 3.4 times higher than
in the controls (95% Cl, 2.0 to 5.8). Stratification accord-
ing to the age and to the circumstances of the first event
revealed an increased risk of spontaneous VTE only among
the patients older than 45 years in comparison with age-
matched controls (odds ratio 4.4, 95% Cl 1.8 to 10.6);
among the younger individuals the risk was increased for
secondary VTE (odds ratio 4.8, 95% Cl, 2.3 to 9.8) but
not for spontaneous VTE.

Interpretation and Conclusions. The clinical pene-
trance of the thrombotic tendency associated with the
G20210A prothrombin polymorphism is more expressed
in the presence of a circumstantial risk factor (oral con-
traceptives, pregnancy, surgery, trauma) and in the pres-
ence of older age, which acts as an additional circum-
stantial risk factor. Accordingly, such situations should
not discourage from carrying out laboratory screening.

Key words: venous thromboembolism, inherited throm-
bophilia, prothrombin G20210A, age.

Haematologica 2003;88:61-66
http://www.haematologica.org/2003_01/88061.htm

©?2003, Ferrata Storti Foundation

From the Institute of Hematology (VDS, KP, GL, AD, ER), Department of
Cardiovascular Medicine (GC), Catholic University, Rome;
and Unit of Angiology, Sant’Eugenio Hospital, Rome;(EM, RP), Italy.

Correspondence: Prof. Valerio De Stefano, Istituto di Ematologia,
Universita Cattolica, largo Gemelli 8, 00168 Rome, Italy.
E-mail: v.destefano@eudoramail.com

the prothrombin gene is present in 2% of the gen-

eral populationtand is a common cause of venous
thromboembolism (VTE).2 A combined analysis of 14 case-
control studies,215 including 6,267 controls (3% het-
erozygous carriers of the mutant allele) and 3,356
patients with VTE (7.3% heterozygous carriers of the
mutant allele, p < 0.001) produced a pooled odds ratio of
2.5 (95% CI 2.1 to 3.1). In spite of the large number of
studies so far published, a thorough analysis of the clin-
ical characteristics of the venous thromboembolic
episodes occurring in the carriers of the prothrombin gene
polymorphism is lacking. In general, most investigations
were aimed to estimate the overall risk associated with
the prothrombin gene polymorphism and no study ana-
lyzed the circumstances of the first VTE after stratifica-
tion according to age at the time of the clinical event. In
order to investigate whether the age of the carriers of
the prothrombin gene polymorphism is relevant in pro-
ducing different clinical presentations of a first VTE, we
carried out a case-control study.

AGZOZlOA transition in the 3'-untranslated region of

Design and Methods

Patients

We investigated 650 unrelated Italian patients (297 men
and 353 women) who had previously had a deep vein
thrombosis of the legs or a pulmonary embolism. Two hun-
dred and seventy-two patients were consecutively admit-
ted to our hospital from the emergency ward for an acute
venous thrombotic event during the period November 1995
through February 2002; in the same period another 378
patients diagnosed in hospital by their physicians were
consecutively referred to our Thrombosis Center for inves-
tigation of possible causes of thrombophilia. All patients
were of Italian ancestry. A preliminary evaluation had ruled
out patients with overt forms of neoplasia, autoimmune
diseases (including primary antiphospholipid syndrome)
and overt myeloproliferative disorders. All patients were
interviewed by physicians who collected their medical his-
tory and evaluated the available objective documentation
before any laboratory investigation, so that a diagnosis of
VTE was recorded without knowledge of the results of the
thrombophilia screening. The presence of circumstantial
risk factors at the time of VTE, such as pregnancy or puer-
perium, oral contraceptive use, surgery, prolonged immo-
bilization (bed rest for at least ten days, or plastering of the
legs) and trauma was also recorded. A diagnosis of deep
vein thrombosis was accepted if it had been established by
objective methods such as phlebography or ultrasound
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examination; a diagnosis of pulmonary embolism
was accepted if proven by perfusion lung scanning,
computerized tomography, or nuclear magnetic res-
onance. Pulmonary embolism was diagnosed in 215
patients, 57 of whom were without objective evi-
dence of deep vein thrombosis of the legs.

A control group of 703 unrelated individuals with
Italian ancestry and with no history of previous
thromboembolism (410 men and 293 women) was
also investigated at the same time as the patients.
The control subjects were recruited from among
blood donors (n=330), members of the hospital staff
(n=139), and outpatients with diagnoses other than
malignant or autoimmune diseases (n=234). Their
mean age was 42 years (median 41, range 7 to 93).

Laboratory tests

Informed consent for laboratory screening was
given by all the individuals (or by their parents in
the case of children). The screening for throm-
bophilia has been previously described.1617 Anti-
thrombin heparin cofactor activity was measured
by an amidolytic assay (Coamate Antithrombin,
Chromogenix AB, Molndal, Sweden). Protein C
activity was assayed by an amidolytic assay (Coa-
matic Protein C, Chromogenix) after Protac® acti-
vation. Total protein S antigen was measured by
ELISA using polyclonal antibodies (Dako A/S,
Glostrup, Denmark), and free protein S was mea-
sured in the same way after precipitation of the
C4b-binding protein-protein S complex with poly-
ethyleneglycol 6000 (3.5% final concentration) or
directly by ELISA using a commercial kit with a spe-
cific monoclonal antibody (Asserachrom® Free Pro-
tein S, Stago, Asnieres, France). Diagnosis of anti-
thrombin, protein C or protein S inherited defi-
ciency was established if the plasma level was
below the normal lower limit (75 % for antithrom-
bin and 70 % for protein C and protein S) and at
least one other first-degree relative of the proband
had decreased plasma levels. DNA samples were
analyzed for the presence of factor V Leiden and
the G20210A prothrombin polymorphisms by spe-
cific amplification and digestion.218

Statistical analysis

Differences between groups were estimated by
Fisher’s exact test. Univariate odds ratios were cal-
culated as an approximation of the relative risk for
putative risk factors by simple cross-tabulation,
with 95 % confidence intervals.

Results

Control groups

Among the control individuals 21 were carriers of
factor V Leiden (20 heterozygotes, 15 men and 5
women, and 1 female homozygote) (3%) and 21
were heterozygous carriers of the G20210A poly-

morphism in the prothrombin gene (12 men and 9
women, 3%). No control individual was homozy-
gous for the prothrombin gene polymorphism or
carried both factor V Leiden and the prothrombin
gene polymorphisms.

Clinical and laboratory features of the
patients

The main clinical and laboratory features of the
population of patients are reported in Table 1. Thir-
ty-eight per cent of the first venous thromboembol-
ic episodes occurred spontaneously in the absence of
a circumstantial risk factor (pregnancy and puer-
perium, oral contraceptives, surgery, trauma, bed
rest). A condition associated with thrombophilia was
detected in 33% of the cases; heterozygosity for the
G20210A polymorphism in the prothrombin gene
was found in 63 patients (9.7%), 16 of them (2.5%)
carrying another thrombophilic trait (in 2 cases
antithrombin deficiency, in 1 case protein S defi-
ciency, in 1 case homozygosity for factor V Leiden
and in 12 cases heterozygosity for factor V Leiden).
These latter were excluded from further estimates
concerning the prothrombin polymorphism, since the
thrombotic risk could be attributed in part to the
associated abnormality. Among the consecutive
patients the percentage of patients with inherited
thrombophilia was 26%, and among the referred
patients it was 39% (p=0.001). This difference was
due to the higher percentage of patients with
antithrombin, protein C, protein S deficiency or fac-
tor V Leiden among the referred patients (31%) in
comparison with among the consecutive patients
(19%, p < 0.001), whereas the carriers of the
G20210A polymorphism in the prothrombin gene
without other plasma abnormalities were similarly
distributed between the two groups (7% among both
the consecutive and the referred patients, p= 1.00).

The overall risk of VTE estimated in the whole
patient cohort after adjustment for other causes of
inherited thrombophilia was 3.4 times higher than
that in controls (Table 2); the magnitude of the
increase in risk did not change substantially for
spontaneous VTE or for VTE associated with cir-
cumstantial risk factors (Table 2). The circumstan-
tial risk factors associated with VTE among the indi-
viduals carrying the prothrombin gene polymor-
phism were surgery (n= 11), prolonged bed immo-
bilization (n=5), a previous trauma (n= 4), plaster-
ing of the legs (n= 2), oral contraceptive use (n= 4),
puerperium (n= 4), and pregnancy (n= 1). One
patient had a popliteal (Baker’s) cyst in the leg with
venous thrombosis.

The first venous thromboembolic episode
occurred in 441 patients before 45 years of age
(180 males and 261 females, mean age at the first
thrombosis 30 years, median 31, range 1 to 45);
they were compared to the 422 controls younger
than 45 years (242 males and 180 females, mean
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Table 1. Clinical and laboratory characteristics of the
patients with venous thromboembolism (VTE).

Patients Consecutive Referred Overall
(n=272) (n=378)  (n=650)

Males/females (ratio) 128/144 169/209  297/353
(0.88) (0.80) (0.80)

Mean age (median, range) - yrs 43 37 39

at the first VTE (412-80)  (34.184) (37.1-84)
Mean age (median, range) - yrs 43 47 45

at observation (41.2-80)  (47.14-86)  (45.2-86)
Spontaneous first VTE, n (%) 104 (38) 143(38)  247(38)
Risk factors associated with first VTE, n (%):

pregnancy or puerperium * 29(20) 62 (30) 91 (26)

oral contraceptives * 36 (25) 38(18) 74(21)

surgery 39(14) 60 (16) 99 (15)

trauma and plastering of the legs 19(7) 39(10) 58(9)

bed rest 38(14) 30(8) 68 (10)

other causes 7(3) 6(2) 13(2)
Total secondary first VTE, n (%) 168 (62) 235(62)  403(62)
Antithrombin deficiency, n (%) 6(2) 2(1) 8(1)
Protein C deficiency, n (%) 8(3) 15(4) 23(4)
Protein S deficiency, n (%) 4(1) 7(2) 11(2)
Heterozygosity for factor V Leiden, n (%) 26 (10) 73(19) 99(15)
Homozygosity for factor V Leiden, n (%) 2(1) 5(2) 7(1)
Heterozygosity for 20(7) 27(7) 47(7)

prothrombin G20210A, n (%)
Combined defects, n (%) 5(2) 17(5) 22(3)

Total patients with thrombophilia, n (%) 71(26) 146(39)  217(33)

*percentage of female patients.

age 32 years, median 32, range 7 to 45). The
remaining 209 patients with a first VTE after 45
years (117 males and 92 females, mean age at the
first thrombosis 58 years, median 58, range 46 to
84) were compared to the 281 controls older than
45 years (168 males and 113 females, mean age 57
years, median 56, range 46 to 93). The overall
increase in risk of a first VTE associated with the
G20210A prothrombin gene polymorphism was
similar in both younger and older individuals (3.7-
fold and 3.1-fold, respectively) (Table 2).

Further stratification according to the circum-
stances of the first VTE among younger or older
patients in comparison with the respective age-
matched control groups revealed, among the
younger carriers of the G20210A prothrombin
polymorphism, a significant increase in the risk of
secondary VTE (odds ratio 4.8, 95% CI 2.3 to 9.8),
but not of spontaneous VTE (Table 2). In contrast,
the older individuals carrying the prothrombin
polymorphism had a significantly increased risk of
spontaneous VTE (odds ratio 4.4, 95% Cl 1.8 to
10.6) but not of secondary VTE (Table 2). Seventy-

Table 2. Relative risk for venous thromboembolism (VTE)
associated with the heterozygous G20210A polymorphism
in the prothrombin gene (odds ratio, OR, with 95% confi-
dence interval, Cl). The odds ratio was estimated after
exclusion of the subjects with other causes of inherited
thrombophilia.

All thrombotic episodes ~ Spontaneous VIE ~ Secondary VTE

All ages, 34(2.0-5.8) 31(15-6.1) 36(2.0-6.4)
OR (95% CI)

Age < 45 years, 3.7(1.8-7.6) 1.3(0.4-4.8) 48(2.3-9.8)
OR (95 % Cl)

Age > 45 years, 31(14-68) 4.4(1.8-10.6) 1.9(0.7-5.5)
OR (95% CI)

six patients had their first VTE after 60 years of age
and 87 controls were older than 60 years; among
them, there were, respectively, 7 (9.2%) and 1
(1.1%), heterozygotes for the prothrombin poly-
morphism; in this age subgroup the estimate of the
associated risk of spontaneous VTE rose to 19.6-
fold (95% CI 2.2 to 170.5). Among the 247 patients
having suffered from a spontaneous VTE as their
heralding manifestation, 93 (38%) carried a throm-
bophilic genetic trait; the median age of the first
spontaneous VTE was 33 years among the 23 car-
riers of deficiency of natural anticoagulants
(antithrombin, protein C, protein S), 33 years
among the 8 carriers of multiple abnormalities, 44
years among the 47 carriers of factor V Leiden, and
59 years among the 15 carriers of the G20210A
prothrombin gene polymorphism. The age of a first
spontaneous VTE was before 45 years in 74% of the
probands with deficiency of antithrombin, protein
C, or protein S, in 75% of the probands with mul-
tiple abnormalities, in 57% of the probands with
factor V Leiden, and in only 25% of the probands
with the G20210A prothrombin polymorphism.

Discussion

Conflicting data are available about the circum-
stance of the first VTE among heterozygous carri-
ers of the G20210A polymorphism in the pro-
thrombin gene. The risk of first VTE has been sug-
gested to be significant only in the elderly popula-
tion® but in other studies the risk associated with
the mutant genotype was increased in all age
groups?®1.13 or was marginally increased only in
the younger population.t> Analysis of the circum-
stances of the first VTE (spontaneous or secondary
to circumstantial risk situations such as pregnan-
cy, surgery, oral contraceptive use) did not show
any variation in the increased risk in two stud-
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ies, 113 whereas the risk was increased only for sec-
ondary thromboses and not for spontaneous ones
in another study.®

A reason for such discrepancies could be a dif-
ference in the selection procedures of the series of
patients, including patients referred for screening
to specialized Thrombosis Centers3791013 or con-
secutive patients,*5681112 or patients derived from
population-based studies.21415 Moreover, several
studies excluded individuals aged more than 60 to
70 years, so that their conclusions are biased as
regards the effect of thrombophilic traits among
the elderly population 211215

In our study the prevalence of inherited throm-
bophilia among the individuals referred to our
Thrombosis Center was higher than that among the
patients consecutively admitted to our hospital; yet
this difference was due to an overrepresentation of
individuals with deficiency in antithrombin, protein
C, protein S or resistance to activated protein C.
Such alterations can nowadays be easily diagnosed
by commercial kits and a number of patients had
been probably referred by their physicians not only
on the basis of the clinical history but also on the
basis of an abnormal preliminary plasma screening.
On the other hand the prevalence of the G20210A
polymorphism in the prothrombin gene was similar
among referred and consecutive patients; this might
be due to the fact that DNA analysis is available
only in specialized laboratories, so that a referral
bias related to preliminary laboratory results can be
excluded. Since the thrombotic risk associated with
the G20210A prothrombin polymorphism was esti-
mated after exclusion of all the individuals carrying
other plasma or gene abnormalities, the effect of
the aforementioned referral bias was considered
negligible.

Our findings fit with most previous reports, since
stratification for age or for the circumstances of
the first VTE did not produce any significant vari-
ation in the 3.4-fold increase in thrombotic risk
associated with the prothrombin polymorphism
(Table 2). Yet further stratification according to
both age and circumstances of the first VTE
revealed that among the younger carriers of the
prothrombin gene polymorphism, VTE is for the
most part associated with circumstantial risk fac-
tors, with a 4.8-fold increase in risk of secondary
events. This suggests that the G20210A polymor-
phism in the prothrombin gene is a relatively weak
risk factor which needs a concomitant acquired risk
circumstance for clinical expression. In contrast,
carriers of the prothrombin polymorphism are sig-
nificantly more prone to spontaneous VTE only in
an older age range, with a 4.4-fold increase in risk
after 45 years and 19.6-fold increase in risk after
60 years. The age at the first spontaneous VTE was
before 45 years in the large majority of patients

with deficiency of antithrombin, protein C or pro-
tein S; on the other hand, a substantial portion
(43%) of the carriers of factor V Leiden with spon-
taneous VTE had their first episode after 45 years.
This is in agreement with previous observations
that factor V Leiden is associated with a less severe
thrombotic risk than that due to deficiency of
antithrombin, protein C, or protein S.2° The first
spontaneous VTE occurred after 45 years in 75% of
the symptomatic carriers of the G20210A pro-
thrombin polymorphism. In the general population
the risk of VTE increases with age;2°2 accordingly,
in carriers of the prothrombin polymorphism,
advanced age (i.e. the prolonged exposure to the
mutant genotype) seems to acts as a concomitant
acquired risk circumstance, leading to an increased
risk of spontaneous VTE. A similar positive interac-
tion between age and a genetic risk factor has been
previously reported for factor V Leiden 2

Our findings contrast with those of two studies,
which reported only a marginally increased risk of
VTE associated with the prothrombin polymorphism.
The first, derived from the cohort enrolled in the
Physician's Health Study, found a modest increase in
risk of primary or secondary VTE among male indi-
viduals aged 40 to 84 years carrying the prothrom-
bin polymorphism.** The general design of this
investigation, enrolling a special group of male
physicians, who self-reported thrombotic events,
should induce caution when considering such neg-
ative results.22 Moreover, at variance with most
studies concerning this issue, cancer as a cause of
secondary VTE was not excluded, so that the impact
of the mutant genotype could have been reduced in
comparison with a strong prothrombotic factor such
as neoplasia; finally, the estimate of the relative risk
was not adjusted for other causes of inherited
thrombophilia, so that the ratio between the venous
thrombotic episodes occurring among the carriers of
the prothrombin polymorphism alone and those
occurring among the individuals with no detected
cause of thrombophilia was likely underestimated.
Another study was a cross-sectional investigation
on a large random population sample;5 only among
individuals younger than 45 years did the carriers of
the prothrombin polymorphism have a marginally
increased risk of spontaneous VTE. Yet this investi-
gation excluded all the inhabitants aged less than
18 years and more than 65 years, probably leading
to an underestimation of the role of the prothrom-
bin polymorphism among elderly individuals. In our
series, out of 47 heterozygotes for the prothrombin
polymorphism, 10 (21%) had a first VTE outside this
age range (4 before 18 years and 6 between 66 and
73 years of age).

In conclusion we confirmed that the G20210A
polymorphism in the prothrombin gene is associ-
ated with an increased risk of VTE; such a risk is rel-
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atively weak, so that the clinical penetrance of the
defect is fully expressed in the presence of a con-
comitant acquired risk circumstance, including old-
er age. Therefore laboratory screening should not
be selective, since exclusion of elderly patients may
lead to a significant part of subjects with inherit-
ed thrombophilia being overlooked. The finding of
a significant risk for VTE associated with exposure
to triggering situations in the young should prompt
family screening in order to identify the asympto-
matic carriers of the prothrombin polymorphism
and offer them short-term antithrombotic prophy-
laxis during risk situations.
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What is already known on this topic

The G20210A polymorphism of the prothrombin
gene has been associated with a thrombophilic sta-
tus. However, an accurate evaluation of risk of
venous thromboembolism among carriers of this
polymorphism has not been established.

What this study adds

This study confirms that the thrombotic risk asso-
ciated with the G20210A polymorphism is weak.
However, the clinical prenetrance of this polymor-
phism is clearly more relevant in the presence of con-
comitant acquired risk circumstances, such as oral
contraceptive use, pregnancy, surgery, and trauma,
especially in older patients.
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