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Abstract

Venous thromboembolism is a well-known complication
of oral contraception and hormonal replacement therapy.
Inherited thrombophilia is viewed as an important deter-
minant in modulating the effects of estrogens on throm-
botic risk. An increasing number of kits for thrombophilic
mutations wfactor V Leiden, G20210A prothrombin and
methylenetetrahydrofolate reductase (MTHFR) C677T
genesx are becoming commercially available, and
screening for inherited thrombotic risk is among the most
requested genetic tests in molecular diagnostic labora-
tories. However, the question of routine genetic screen-
ing for thrombophilia before prescribing hormones is still
a matter of debate. The purpose of this article is to dis-
cuss the usefulness and practical applications of throm-
botic genetic testing to identify which women should be
tested to improve both the safety and efficacy of individ-
ualized estrogen therapy.
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Zusammenfassung

Venenthrombosen sind eine bekannte Komplikation bei
oraler Kontrazeption und Hormonersatztherapie. Erbliche
Thrombophilie wird als wichtiger Faktor gesehen, der
Effekte von Östrogenen auf das Thromboserisiko beein-
flusst. Die Zahl kommerziell vertriebener Testkits für
Thrombophilie-Mutationen (Factor V Leiden, G20210A
Prothrombin und MTHFR C677T Gene) steigt und das
Screening auf erbliche Thrombose-Risikofaktoren gehört
zu den am häufigsten angeforderten Leistungen in mole-
kulardiagnostischen Labors. Die Frage nach der routi-
nemäßigen Durchführung von Sceenings auf solche
Risikofaktoren vor einer Verschreibung von Hormonprä-
paraten wird jedoch kontrovers diskutiert. In diesem
Artikel werden der Wert und die praktischen Anwen-
dungsmöglichkeiten von genetischen Tests auf Throm-
bose-Risikofaktoren diskutiert, um zu definieren, welche
Patientinnen im Interesse der Erhöhung von Sicherheit
und Effizienz einer individuellen Östrogentherapie getes-
tet werden sollten.

Schlüsselwörter: erbliche Thrombophilie; genetische
Tests; Hormonersatztherapie; orale Kontrazeption;
Thromboserisiko.

Introduction

Exogenous hormones are used worldwide by women as
oral contraceptives (OCs) and hormonal replacement
therapy (HRT). Epidemiologic studies have shown a two-
to six-fold increase in the relative risk of venous throm-
boembolism (VTE) with the use of either hormonal
contraception or postmenopausal treatment w1x. Recent-
ly, it has been suggested that the risk/benefit ratio could
be, in part, mediated by the genetic predisposition of
women w2, 3x. In particular, genetic thrombophilia might
be implicated in the risk of VTE in women who use exog-
enous hormones w2, 3x. The most common causes of
genetic hypercoagulability known today are factor V Lei-
den, G20210A prothrombin polymorphisms, and the
genetic variant C677T of the methylenetetrahydrofolate
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reductase (MTHFR) gene (where the association appears
to be much weaker) w4–6x. Indeed, diagnostic assays of
VTE predisposition are among the most requested genet-
ic tests in molecular diagnostic laboratories w7x. However,
the question as to whether it is beneficial to screen wom-
en for genetic thrombophilia before prescribing hor-
mones remains controversial. On the other hand, there is
considerable debate over the new ‘‘predictive medicine’’
that could generate serious ethical, social and psycho-
logical consequences. Receiving genetic risk information
may, therefore, be more harmful than positive by raising
unnecessary anxieties and providing a real prospect of
discrimination based on a person’s genetic make-up
w8, 9x.

Furthermore, genetic tests are generally time-consum-
ing and expensive, and they should not be used to
‘‘screen’’ the general population. However, testing for
inherited thrombophilia could have a positive impact on
the possibility of preventing VTE in high-risk women, as
well as for careful clinical surveillance. Both physicians
and women need to obtain accurate information con-
cerning the appropriate use of genetic thrombophilia
screening. The purpose of this article is to discuss the
usefulness and the practical applications of thrombotic
genetic testing to define which women should be tested
to improve both the safety and efficacy of individualized
estrogen therapy.

Hormone preparations and thrombotic risk

The first case of thrombosis associated with hormonal
contraception occurred in 1961, when a nurse developed
a pulmonary embolism shortly after starting a high-dose
estrogen pill w10x. These early reports seemed to suggest
that the thrombotic potential of OC use was related to its
relatively high estrogen content of 50 mg or higher w11x.
Subsequently, a number of European epidemiologic
studies confirmed the association between OC and an
increase in VTE, despite the lower overall estrogen con-
tent w12, 13x. The absolute risk of VTE is estimated at
one event per 10,000 individuals per year among non-
users and 3–6 events per 10,000 per person-year among
hormonal contraceptive users w12–14x.

As with hormonal contraception, a number of studies
have shown an increase in the risk of venous thrombosis
after postmenopausal estrogen therapy w15x. The risk of
VTE is 2.1- to 3.6-fold higher among users of oral or
transdermal preparations w15x. Recently, the Women’s
Health Initiative (WHI) reported 34 events of VTE annually
per 10,000 women treated with HRT vs. 16 VTE events
per 10,000 women who were non-HRT users w16x. Again,
the Heart and Estrogen/progestin Replacement Study
w17x and the Estrogen Replacement and Atherosclerosis
trial w18x found a 1.7% and 2.6% increase, respectively
in VTE in women on HRT. Furthermore, HRT may also be
associated with an early increase in the risk of coronary
thrombotic events w19x. Interestingly, the pattern of early
increased risk of arterial thrombosis mirrors the pattern

of excess risk for VTE, which was also significantly
increased during the first year w19x. Recently, it has been
suggested that the benefit of HRT could have been
obscured by an increased risk of cardiovascular disease
in a subset of women genetically predisposed to a throm-
botic complication w20x. In particular, genetic polymor-
phisms in genes regulating the coagulation and
fibrinolytic cascade may contribute to estrogen-associ-
ated increase in risk for thrombotic events observed in
the trials w2, 3x. During recent years, several studies have
found an association between candidate genetic poly-
morphisms (fibrinogen, plasminogen activator, factor XIII,
thrombin activatable fibrinolysis inhibitor, angiotensin-
converting enzyme genes) and venous thrombosis
w21–25x. In addition, the search for amino acid substitu-
tions in factor V, other than that causing factor V Leiden,
has identified some additional polymorphisms w26, 27x.
However, the association of these genetic variants with
thrombosis is still debated and definitive recommenda-
tions are not available as yet.

Conversely, there is clinical evidence that indicates a
strong association between increased risk of VTE and
factor V Leiden or prothrombin G20210A substitution.

Thrombosis gene polymorphisms
and risk with estrogen

Genetic risk factors for VTE have been known since
1965, when the first family with an identified hereditary
tendency caused by antithrombin deficiency to throm-
bosis was reported w28x. However, genetic defects in the
three principal anticoagulant proteins (antithrombin, pro-
tein C and protein S deficiencies) appear to be very rare
and extremely heterogeneous. More recently, researchers
have described new genetic abnormalities in the genes
encoding factor V and prothrombin w29, 30x. These
genetic disorders predispose to a hypercoagulable state
and are well-conserved mutations. Moreover, a genetic
polymorphism in the MTHFR gene has also been report-
ed as a risk factor for deep venous thrombosis w4–6x. The
relevance of these abnormalities lies in their high preva-
lence, which, contrary to deficiencies of natural antico-
agulants, affects a large number of people (Table 1).

Factor V Leiden

Activated factor V (factor Va) is an essential cofactor for
the conversion of prothrombin (factor II) to thrombin, and
factor Va is inactivated by activated protein C (APC). APC
cuts factor V into two parts. A common variation in the
factor V gene (G1691A or factor V Leiden) is responsible
for APC resistance. In fact, the resulting amino-acid sub-
stitution is located at one of the sites in factor V that is
recognized, cleaved and inactivated by APC w29x. The
lack of inactivation of factor V results in a predisposition
to thrombosis, which is caused by the hypercoagulable
condition. One copy of the mutated gene appears to be
present in approximately 17–20% of patients with
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Table 1 Prevalence of genetic defects for inherited thrombophilia.

Inherited defect Prevalence in patients with Prevalence in the general Risk of venous
thrombosis, % population, % thromboembolism, %

Antithrombin III ;1 0.02–0.04 ;20–50
Protein C ;2–5 0.2–0.5 7–10
Protein S ;1–3 0.1–1 ;2
Factor V Leiden ;20 (heterozygotes) 2–3 (heterozygotes) ;3–7 (heterozygotes)

50–100 (homozygotes)
Prothrombin G20210A 20 ;2–3 ;2–5 (heterozygotes)

;10 (homozygotes)
MTHFR C677T 15–20 5–15 (homozygotes) 2–3 (homozygotes)

venous thromboembolic events in the general Caucasian
population w31–33x. Heterozygous carriers of factor V
Leiden have a three- to seven-fold increased risk of VTE,
while homozygous subjects have a 50- to 100-fold
increased risk w6x.

Several studies have reported that the risk of VTE
associated with OC is 10- to 35-fold higher among factor
V Leiden carriers in comparison with the risk among non-
carriers and/or non-users w34–38x. The pooled odds ratio
estimated by a recent meta-analysis showed a 15.62-fold
increased risk w39x.

It is also relevant to note that women homozygous for
factor V manifested their first episode of VTE during OC
use in 80% of cases w40x.

This may be explained by the fact that estrogens
induce an increase in acquired resistance to APC, leading
to higher levels of activated factor V. Acquired APC resis-
tance seems to be related to estrogen-associated
increased levels of coagulation factors VII, VIII and
decreased levels of physiological inhibitors, antithrombin
and protein S w41x. Thus, mutation of factor V could fur-
ther enhance plasma resistance to APC w42x.

Like OCs, there are also data indicating a 13- to 16-
fold increased risk of VTE during HRT among women
with factor V Leiden w11, 43, 44x. Furthermore, women
with factor V Leiden have a substantially increased risk
of myocardial infarction or stroke on HRT compared to
women without this mutation on HRT w45x.

Prothrombin G20210A

A mutation in the prothrombin gene is the second most
common cause of inherited thrombophilia. This mutation
involves a single base-pair substitution (guanine™ade-
nine) at nucleotide 20210 in the 39-untranslated region of
the prothrombin gene w30x.

Carriers have higher prothrombin plasma levels, with
increased risk of thrombosis w46x. Heterozygous carriers
constitute approximately 2% of the general Caucasian
population, and reach 20% in the population with recur-
rent or familial thrombotic events w47, 48x. Heterozygous
subjects for the G20210A mutation carry an estimated
two- to five-fold increased risk of venous thrombosis
without other concomitant risk factors, and a more than
additive synergistic risk of VTE when other thrombophilic

risk factors, particularly factor V Leiden, are simultane-
ously present w47–49x. The risk of VTE is remarkably
increased in women heterozygous for prothrombin
G20210A polymorphism who are taking OC w37–39,
50–52x. For instance, a 150-fold increased risk of cere-
bral vein thrombosis has been reported in carriers of the
prothrombin mutation on OC w52x. The overall increase in
thrombotic risk for the combination of OC and G20210A
mutation ranges from 16- to 59-fold w37–39, 50–52x. Few
studies have investigated the relationship between pro-
thrombin G20210A mutation and VTE in users of HRT.

Recently, the Estrogen and Thromboembolism Risk
(ESTHER) study confirmed associations between
increased VTE risk in postmenopausal women and cur-
rent use of oral estrogen or the presence of either factor
V Leiden or prothrombin G20210A mutations w53x. In
women who both carry a prothrombotic mutation and
use oral estrogen, VTE risk is 25-fold increased com-
pared with non-users without mutation. However, women
using transdermal estrogen and carrying a prothrombotic
mutation have a VTE risk close to that of non-users with
a prothrombotic mutation (four-fold increased VTE risk
compared to controls).

In addition, several studies have also found an asso-
ciation between the presence of prothrombin G20210A
polymorphism and the risk of myocardial infarction or
stroke in women on HRT who were also carriers of the
allele A compared with the wild-type genotype w54, 55x.

Thermolabile MTHFR

Elevated levels of homocysteine (Hcy) have been rec-
ognized as an independent risk factor for venous throm-
bosis w56–58x. Women with hyperhomocysteinemia
during OC use had a 20-fold higher risk of cerebral vein
thrombosis compared with women without this risk fac-
tor w59x. Nutritional deficiencies of essential cofactors or
enzyme substrates in Hcy metabolism, including cobal-
amin (vitamin B12), folate, and pyridoxine (vitamin B6), are
the most common causes of hyperhomocysteinemia
w60x. Genetic defects in genes encoding enzymes and
cofactors involved in Hcy metabolism may result in ele-
vated plasma Hcy concentrations. In the last decade,
several studies have been conducted to elucidate the
Hcy-modifying impact of these polymorphisms w61x.
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Table 2 Risk of venous thromboembolism (VTE) associated with oral contraception (OC) and hormonal replacement therapy (HRT)
in women with thrombophilic defects.

Thrombophilic defect Relative risk, odds ratio

OC-associated VTE HRT-associated VTE

Factor V Leiden 10–35 13–16
Prothrombin G20210A 16–59 3–10
Factor V and prothrombin (double heterozygote) 17–86 NA
MTHFR C677T NA NA

NA, not available.

Figure 1 Graphic representation of individual thrombotic risk
over time. An underlying factor V Leiden mutation provides a
theoretically constant increased risk. The thrombotic risk
increases with age and acquired risk factors. This cumulative
risk may increase to the threshold for thrombosis and result in
deep venous thrombosis wmodified from Konkle et al. w77xx

However, the results do not allow firm conclusions to be
drawn. In contrast, the 677C)T mutation in the MTHFR
gene is a well-established genetic cause of mild hype-
rhomocysteinemia w61, 62x.

The MTHFR mutation is very common and is distrib-
uted in a heterogeneous manner; the homozygous form
is more common in North America and Europe than
among African Americans w63x. For instance, the homo-
zygous state has been reported in up to 23% of the Ital-
ian population w64x. Although the presence of two T
alleles appears to be a significant independent risk factor
for hyperhomocysteinemia, the association between this
homozygosity and clinical outcomes of thromboembo-
lism is still debated w65–70x. Indeed, the Copenhagen
City Heart Study demonstrated that while ischemic car-
diovascular disease or thromboembolism cases had
increased Hcy, MTHFR C677T homozygotes with genet-
ically elevated Hcy levels did not have increased disease
risk w71x. However, a recent meta-analysis of prospective
and retrospective studies demonstrated a modest asso-
ciation between Hcy and venous thrombosis, and the
677TT genotype was associated with a 20% increased
risk of venous thrombosis compared with the 677CC
genotype, providing some support for causality w72x.

At present, there is little information on the thrombotic
risk of both OC and HRT in women with MTHFR C677T
polymorphism. Sidney et al. reported that this polymor-
phism did not increase the risk of VTE in users of low-
estrogen OC formulations w73x. However, women with
MTHFR 677T variants did not show decreased Hcy in
response to HRT as demonstrated for the CC genotype,
suggesting that they may gain reduced cardiovascular
benefits from HRT w74x.

Finally, a recent investigation also reported a two-fold
increase in myocardial infarction in young women with
the TT genotype who had low folate levels compared
with the CC genotype w75x.

Combined defects

The risk of VTE can further increase in the presence of
combined defects. For instance, carriers of both C677T
MTHFR and factor V Leiden or the G20210A prothrombin
mutation have an increased risk of VTE w48x. As regards
OC, some evidence indicates that women carrying both

factor V Leiden and the prothrombin G20210A mutation
or other inherited thrombophilic conditions (antithrombin,
protein C, protein S deficiencies) show a further increase
in the risk of thrombotic events, particularly during the
first year of use w50, 76x. In particular, women on OC who
are double heterozygous for factor V Leiden and the pro-
thrombin G20210A mutation have a 17- to 86-fold
increase for thrombotic risk w50, 51x. In summary, the
data available indicate that women with thrombotic
mutations might be at high risk for an estrogen-associ-
ated VTE during hormonal contraception and HRT
(Table 2).

Candidates for screening

Venous thromboembolic disease is now recognized as
multicausal, resulting from gene-gene and gene-environ-
ment interactions w77x. Genetic testing for the identifi-
cation of heritable thrombophilia has become common
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Table 3 Candidate women for genetic screening for prothrom-
botic mutation before oral contraception, hormonal replacement
therapy, and pregnancy.

• All women with previous episodes of VTE or arterial
thrombosis

• Asymptomatic women who are first-degree relatives of
patients with inherited VTE

• Women with recurrent pregnancy loss or unexplained intrau-
terine fetal growth retardation or stillbirth

practice. Knowledge of a thrombotic mutation may allow
for appropriate prophylaxis on the occurrence of circum-
stantial risk factors, such as surgery, immobilization or
estrogen therapies (Figure 1).

However, the question as to whether it is beneficial to
screen women for thrombotic mutations before prescrib-
ing estrogen treatment remains controversial. In fact, the
American College of Medical Genetics stated that prac-
tices regarding testing for factor V Leiden vary consid-
erably, and no consensus has emerged w78x. Although
the presence of thrombotic mutations, in particular factor
V Leiden mutation, remarkably increases the risk during
OC therapy w13x, the absolute risk is believed to be mod-
est (2 extra VTEs per 10,000 OC users per year). How-
ever, because of the higher baseline incidence of VTE in
older postmenopausal women, the absolute risk is )20-
fold greater than in younger OC users w79x. In fact, it is
important to remember that age is an independent car-
diovascular risk factor that favors thrombotic events.
Thus, despite the lower estrogen dose and the use of
natural estrogen and progestogen, the excess number of
thrombotic events attributable to HRT is much higher (40
extra VTEs per 10,000 OC users per year) w17, 18, 79x.
Selective screening based on prior personal or family his-
tory has been recommended w80, 81x. In contrast, indis-
criminate thrombophilia screening could be inappropriate
and unjustified. On the one hand, there is considerable
debate over the psychological and social problems of
genetic testing in asymptomatic individuals w6, 80, 81x.
On the other hand, selective thrombophilia screening in
women with a personal and/or family history of VTE could
itself be considered a contraindication for OC, regardless
of any thrombophilic defect w82x. However, a recent anal-
ysis showed that selective history-based screening was
more cost-effective in all four different patient groups
considered: women prior to prescribing OC or HRT,
women at the onset of pregnancy, and patients prior to
major orthopedic surgery, compared with no screening
w83x.

Thrombophilia also increases the risk of pregnancy-
associated VTE, as well as the risk of poor pregnancy
outcome associated with uteroplacental thrombosis w79,
84–86x. However, thrombophilic defects are prevalent
and most carriers remain asymptomatic. General screen-
ing of all women before pregnancy is not justifiable. Until
more specific clinical guidelines are available, genetic
testing is recommended in high-risk subgroups of wom-
en (Table 3). Specifically, any woman with a personal or
family history of VTE or arterial thrombosis who is con-
templating starting OC, HRT or pregnancy should be
screened for possible hereditary thrombophilia.

Furthermore, potential candidates for genetic screen-
ing are women with recurrent complications of pregnancy
other than venous thromboembolism before starting
exogenous hormone therapy. In these situations, genetic
testing might offer important opportunities for patient

management, such as appropriate secondary prophylac-
tic antithrombotic therapy or avoidance of additional risk
factors. Moreover, molecular analysis may also help to
evaluate the need for primary prophylaxis in asympto-
matic family members exposed to high-risk acquired
situations.

Diagnostic tool for thrombophilia screening

Selected blood tests can be useful in the diagnosis of
venous thromboembolism w87x. Deficiencies of anti-
thrombin, protein C, and protein S can be caused by
many different genetic mutations. For this reason, molec-
ular tests for protein C, protein S and antithrombin III are
technically very complex and rarely performed in clinical
settings. More useful and largely applied are the immu-
nological or functional tests of coagulation, which allow
detection of the defects in the three principal anticoag-
ulant proteins. APC resistance can be assessed in plas-
ma with activated partial thromboplastin time
(APTT)-based methods with and without APC, as origi-
nally described by Dahlback et al. w88x. Another possi-
bility is offered by APTT-based methods in which test
plasma is prediluted with factor V-deficient plasma w89x.
The APTT-based test gives an estimation of the antico-
agulant function in vivo and provides information on the
thrombotic risk associated with inherited and acquired
APC resistance. Indeed, exogenous estrogen often pro-
duces acquired resistance to APC; consequently, this
serologic test can be abnormal even if the genotype is
normal. Therefore, in women on exogenous estrogen or
pregnant (physiologic hyperestrogenemia), only a poly-
merase chain reaction (PCR) test is appropriate for factor
V Leiden determination, since it is not affected by exog-
enous estrogen. In addition, testing for the factor V Lei-
den mutation has to be performed to confirm positive
and borderline cases by clotting assay.

There is no sensitive and specific test for the prothrom-
bin gene mutation, which requires a cDNA-PCR test. Hcy
measurement is recommended, while PCR analysis for
the C677T MTHFR polymorphism can be of limited
usefulness.

Until recently, the cost of DNA assays for gene poly-
morphism made screening impractical. However, these
costs are decreasing and genetic screening could be a
cost-effective strategy before use of OC or HRT. Indeed,
new DNA-based thrombotic risk kits have become widely
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Figure 2 Examples of molecular screening for factor V Leiden, prothrombin G20210A and MTHFR C677T mutations in candidate
women using a typical commercial kit. (A) Patient homozygous for factor V Leiden and heterozygous for MTHFR 677T variant. (B)
Patient heterozygous for prothrombin 20210A and MTHFR 677T mutation. (C) Patient heterozygous for factor V Leiden and homo-
zygous for MTHFR 677T variant. (D) Patient homozygous for MTHFR 677T variant.

used, since they allow simultaneous detection of throm-
botic mutations.

These kits involve simple and fast genotyping methods
based on PCR technology. In particular, the multiplex
allele-specific amplification (ASA-PCR) technology rep-
resents a valid alternative to standard protocols such as
restriction fragment length polymorphism-PCR or
sequencing, especially when simultaneous determination
of multiple genetic mutations is required (Figure 2). How-
ever, several additional commercial assays are available.
Using a commercial thrombotic risk kit, it is possible to
obtain all three genetic results within 5–8 h.

Conclusions

Inherited thrombophilia is viewed as an important deter-
minant in modulating the safety and efficacy of hormone
therapy. Genetic screening may provide a new tool to
improve both the safety and efficacy of individualized
estrogen therapy. Factor V Leiden and prothrombin
mutations increase the risk of VTE during OC use and
HRT. Current evidence indicates that screening for
thrombophilic defects might be advisable in women with
a personal or family history of VTE. Testing for inherited
thrombophilic disorders, to be used in decision-making
about HRT use, would be premature in unselected
patients. Therefore, it is crucial for physicians to develop
specific knowledge for appropriate practical use of

genetic tests, as well as for avoiding anxiety among
women.
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