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Demystifying two common genetic 
predispositions to venous thrombosis 

A B S T R A C T 

Two recently discovered genetic abnormalities substantially 
increase the risk of venous thromboembolism. Yet we do 
not advocate screening for these abnormalities except in 
cases in which the information gained would affect the 
course of action. 

KEY P O I N T S 

We recommend testing in cases of idiopathic venous 
thromboembolism, venous thromboembolism in unusual 
sites, recurrent venous thromboembolism, and venous 
thromboembolism plus a family history of thrombosis; and 
in relatives of patients wi th known mutations if the results 
wil l affect a decision to take oral contraceptives or hormone 
replacement therapy, become pregnant, or undergo elective 
surgery. 

The Leiden mutation in the gene for factor V renders factors 
V and Va more resistant to degradation by activated protein 
C. The G20210A mutation on the prothrombin gene results 
in increased prothrombin activity. Both have the end result 
of increasing thrombin generation. 

Approximately 5% of white Americans are heterozygous for 
the factor V Leiden mutation, and 2% are heterozygous for 
the prothrombin G20210A mutation. Both mutations are 
much less common in African Americans and are rare in 
persons of Asian descent. 

Persons who are heterozygous for either the factor V Leiden 
mutation or the prothrombin G20210A mutation have 
approximately a sevenfold increased risk of venous 
thromboembolism. 

UST BECAUSE a new test is available does 
not mean we should use it indiscrimi-

nately. A case in point is genetic testing for 
mutations that increase one's susceptibility to 
venous thromboembolism. 

T h e recently discovered G 1 6 9 1 A 
(Leiden) mutation in the gene for factor V and 
the G20210A mutation in the gene for pro-
thrombin substantially increase the risk of 
thromboembolism in persons who carry them. 
Yet, in most cases, the knowledge that a 
patient carries one of these mutations serves 
no useful purpose, as it does not affect his or 
her treatment. Pending the results of ongoing 
clinical trials, physicians should use testing for 
hypercoagulability less, and focus on effective 
prevention and treatment of venous throm-
boembolism more. 

This article addresses commonly asked 
questions about the factor V Leiden and pro-
thrombin G20210A mutations and outlines an 
evidence-based, practical approach to testing 
for them. 

11 WHAT ARE THE RISK FACTORS 
FOR VENOUS THROMBOEMBOLISM? 

There are three major categories of risk factor 
for venous thromboembolism: 
• Venous stasis, eg, due to prolonged immo-

bilization after surgery 
• Vascular endothelial cell injury, eg, due to 

trauma or cancer chemotherapy 
• Hypercoagulable states, which can be 

either acquired (eg, due to pregnancy or 
oral contraceptive use) or inherited. 
Venous thromboembolism can also arise 

without any identifiable precipitant, although 
research is revealing that most patients with 
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P r o t h r o m b i n 
Fac to r V 

Leiden m u t a t i o n i n 
f a c t o r V g e n e r e n d e r s 
f a c t o r V m o r e res i s tan t 
t o d e g r a d a t i o n by p r o t e i n C 

I n a c t i v e f a c t o r V 

Fac to r Va 

G 2 0 2 1 0 A m u t a t i o n 
i n p r o t h r o m b i n g e n e 
is assoc ia ted w i t h i nc reased 
p r o t h r o m b i n a c t i v i t y 

Fac to r X a 
P h o s p h o l i p i d 

' P r o t h r o m b i n a s e 
c o m p l e x " 

T h r o m b i n 

FIGURE 1. H o w g e n e t i c m u t a t i o n s can inc rease t h e r isk o f t h r o m b o e m b o l i s m . A key 
m o l e c u l e in t h e c o a g u l a t i o n cascade is t h r o m b i n , w h i c h ca ta l yzes t h e c o n v e r s i o n o f 
f i b r i n o g e n t o f i b r i n . T w o r e c e n t l y d i s c o v e r e d m u t a t i o n s inc rease t h e r isk o f 
t h r o m b o e m b o l i s m , a t least in p a r t , by l e a d i n g t o i nc reased a c t i v i t y o f t h r o m b i n . 

Most patients 
with 
"idiopathic" 
thrombo-
embolism have 
an inherited 
disorder 

"idiopathic" venous thromboembolism actual-
ly have an inherited prothrombotic disorder. 
Before 1993, laboratory evaluations for inher-
ited hypercoagulability consisted primarily of 
measurements of the functional activities of 
the natural anticoagulants ant i thrombin III, 
protein C, and protein S. Such an evaluation 
identified an underlying biochemical risk fac-
tor in only 15% to 20% of patients with idio-
pathic venous thromboembolism. The rela-
tively recent discovery of the factor V Leiden 
and prothrombin G20210A mutations has 
dramatically enhanced our ability to identify 
an abnormality in such patients: now, more 
than 50% can be found to have an identifiable 
risk factor. 

• HOW DO THESE MUTATIONS 
PREDISPOSE TO THROMBOSIS? 

To understand how the factor V Leiden and 
prothrombin G20210A mutations predispose 
to thrombosis, we must appreciate the pivotal 
role of thrombin in coagulation. Thrombin is 
generated from its precursor, prothrombin, by 
the "prothrombinase" complex of proteins. 

A n important cofactor in this conversion is 
factor Va ( F I G U R E 1 ) . 

Thrombin catalyzes the conversion of fib-
rinogen to fibrin. In addition, it activates 
platelets, factor VIII, factor V, and factor XIII. 
Therefore, any increase in the level or activi-
ty of thrombin tends to increase coagulation 
activation and the risk of thrombosis. 

T h e factor V Leiden and G2021 OA muta-
tions have effects that tend to increase throm-
bin activity, and carriers of these mutations as 
a group tend to have higher thrombin activity 
than do persons without these mutations. 
However, there is a great deal of overlap in 
thrombin levels between populations with and 
without these mutations. Therefore, it would 
be overly simplistic to ascribe the effects of 
these mutations solely to their effects on 
thrombin, although thrombin provides a use-
ful conceptual framework. 

W h a t are ac t iva ted prote in C resistance 
and the factor V Leiden muta t ion? 
Activated protein C, a natural anticoagulant, 
breaks down factor Va and factor Villa, result-
ing in less thrombin generation and less fibrin. 
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Conversely, anything that makes factor Va 
more resistant to being broken down by acti-
vated protein C will lead to more factor Va, 
more thrombin, and more fibrin. 

Factor V Leiden is a single point muta-
tion: a G- to-A substitution at nucleotide 1691 
(ie, G1691A in the shorthand of genetics) of 
the gene that codes for factor V. Inherited in 
an autosomal-dominant fashion, it has the 
effect of rendering factors V and Va resistant 
to degradation by activated protein C.1 

Activated protein C resistance, first 
described in 1993, is an umbrella term. More 
than 90% of cases are due to the factor V 
Leiden mutation, with the remaining 10% 
being due to pregnancy, oral contraceptive 
use, select antiphospholipid antibodies, and 
other factor V point mutations such as factor 
V Hong Kong and factor V Cambridge.2 It is 
defined as a decreased plasma anticoagulant 
response to activated protein C in v i t r o . I n 
selected populations, it is the most common 
inherited risk factor for venous thromboem-
bolism.5 

T h e terms "factor V Leiden" and "activat-
ed protein C resistance" should not be used 
synonymously—activated protein C resis-
tance in the -absence of the factor V Leiden 
mutation remains an independent risk factor 
for venous thromboembolism.6 

W h a t is the 
pro thrombin G 2 0 2 1 0 A mutat ion? 
G20210A is another single point mutation: a 
G-to-A substitution at nucleotide 20210 of 
the 3'-untranslated region in the gene that 
codes for prothrombin, the precursor of 
thrombin. Persons with this mutation tend to 
have increased plasma prothrombin activity 
and an increased risk of venous and arterial 
thrombosis.7 T h e increased plasma prothrom-
bin activity is believed to mediate the pro-
thrombotic effect: the more prothrombin, the 
more thrombin and the more fibrin. 

• HOW C O M M O N ARE THESE MUTATIONS? 

Activated protein C resistance has been 
found in approximately one third of patients 
with idiopathic venous thromboembolism 
referred for thrombotic tendency evaluation, 
and the prevalence may be as high as 60% in 

TABLE 1 
Prevalence of the factor V Leiden 
mutation in various ethnic groups 
in the United States 
E T H N I C G R O U P P R E V A L E N C E 

Whites 

Hispanics 

Native Americans 

African Americans 

Asian Americans 

5 . 2 7 % 

2.21% 

1 . 2 5 % 

1 . 2 3 % 

0 . 4 5 % 

Homozygosity 
for factor V 
Leiden imparts 
an 80-fold risk 

DATA FROM RIDKER PM, MILETICH JP, HENNEKENS CH. BURING JE. 
ETHNIC DISTRIBUTION OF FACTOR V LEIDEN IN 4047 MEN AND WOMEN. IMPLICATIONS FOR 

VENOUS THROMBOEMBOLISM SCREENING. JAMA 1997; 277:1305-1307. 

groups of highly selected thrombophi l ic 
patients.8-9 

Up to 5% of healthy Americans are het-
erozygous for the factor V Leiden mutation, ie, 
they carry one normal copy of the factor V 
gene and one copy with the mutation.1 0 This 
muta t ion seems to occur primarily in 
Caucasians but rarely in African Americans 
or Asians ( T A B L E 1 ) . 1 1 

Heterozygosity for prothrombin 
G20210A is found in 18% of probands of 
thrombophilic families, 6% of patients with 
deep vein thrombosis, and 2% of normal 
white persons.7 Like factor V Leiden, pro-
thrombin G20210A has a varied geographic 
distribution, being twice as common in south-
ern European populations as in nor thern 
European populations and uncommon in per-
sons of African or Asian descent.12 

• WHAT IS THE RISK? 

Persons heterozygous for the factor V Leiden 
mutation have a sevenfold increased lifetime 
risk of having a venous thromboembolic 
event1 5 ; persons homozygous for the mutation 
(ie, who have two abnormal copies) have an 
astounding 80-fold increased risk. 

W h e n factor V Leiden coexists with 
another prothrombotic stimulus, their com-
bined effect may exceed the sum of the sepa-
rate effects. For example, use of estrogen-con-
taining oral contraceptive pills in women 
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with the mutation increases the risk consider-
ably. Factor V Leiden alone has not been 
linked with an increased risk of recurrent 
venous thrombosis, but carriers of both the 
factor V Leiden mutation and the prothrom-
bin G 2 0 2 1 0 A muta t ion have a 2.6-fold 
increased risk of recurrent deep vein thrombo-
sis after a first episode.14 

Heterozygosity for prothrombin G20210A 
is associated with a twofold to sevenfold 
increased risk of venous thromboembolism.7 

Do these muta t ions increase the risk 
of ar ter ia l thrombosis? 
While one case-control study showed an asso-
ciation between factor V Leiden and an 
increased risk of myocardial infarction in 
young women smokers, and other small case-
control studies have suggested a link between 
arterial events and factor V Leiden, most 
available data indicate that activated protein 
C resistance and factor V Leiden are not asso-
ciated with an increased risk of arterial throm-
bosis such as myocardial infarction and 
stroke.15-16 

As for G20210A, a fourfold increased risk 
of myocardial infarction has been demonstrat-
ed particularly in young women carriers of this 
mutation.1 7 A large case-control study of over 
14,000 men, though, revealed no increased 
risk of stroke or myocardial infarction associ-
ated with G20210A. 1 8 N o clear explanation 
for this apparent male-female disparity is cur-
rently available. 

• WHAT IS THE RISK IN W O M E N ? 

Women with factor V Leiden who take estro-
gen-containing oral contraceptives or are 
pregnant (with or without obstetric complica-
tions) have an increased relative risk of 
venous thromboembol ism. For example, 
women without the mutation who take oral 
contraceptives have approximately a fourfold 
increased risk of venous thromboembolism 
compared with women not using oral contra-
ceptives, but women with the mutation who 
take oral contraceptives have approximately a 
35-fold increased risk.19 

Moreover, in small case series, 40% to 
60% of women with pregnancy-related venous 
thromboembolism had activated protein C 

resistance or factor V Leiden.20 Several recent 
studies identified factor V Leiden and other 
thrombophilic states as being associated with 
serious obstetric complications such as severe 
preeclampsia, abruptio placenta, fetal growth 
retardation, and stillbirth.21 '22 

O n the other hand, there is no consensus 
on whether factor V Leiden is associated with 
recurrent pregnancy loss.23.24 Furthermore, 
women carrying the factor V Leiden mutation 
have a low bleeding tendency following deliv-
ery, leading some investigators to suggest that 
the mutation provides a strong survival advan-
tage. 

Relat ive risk vs absolute risk 
Although the relative risk is useful in evaluat-
ing whether a factor is associated with an 
increased risk, it is not necessarily the best 
measure to assess the importance of a factor to 
an individual patient, for whom the absolute 
risk is more relevant. 

For example, Vandenbroucke et al25 

report that the background incidence of 
thromboembolism in women of childbearing 
age who do not carry the factor V Leiden 
mutation is extremely low at 0.8 per 10,000 
woman-years; among women with the muta-
tion the incidence is 5.7. With oral contra-
ceptive use, the incidence increases to 3.0 in 
women without the mutation and 28.5 in 
women with the mutation. 

In light of these numbers, should a woman 
with factor V Leiden take oral contraceptives? 
Her risk might be five times higher than it 
would be if she did not take contraceptives, 
and 36 times higher than for a woman without 
the mutation who does not take contracep-
tives. Yet her absolute risk of 28.5 events per 
10,000 woman-years is still fairly low. 
Furthermore, withholding oral contraceptives 
from all women with factor V Leiden would 
most likely result in an increased incidence of 
unwanted pregnancies, and pregnancy itself 
places a woman with this muta t ion at 
increased risk for venous thromboembolism. 

Hormone replacement therapy is similarly 
associated with a twofold to fourfold increased 
risk of venous thromboembolism, perhaps 
because both hormone replacement therapy 
and oral contraceptives are associated with an 
acquired, relative activated protein C resis-

Factor V 
Leiden alone 
does not 
rule out 
contraceptive 
use 
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G E N E T I C T H R O M B O S I S j D E I T C H E R A N D C O L L E A G U E S 

Test for 
activated 
protein C 
resistance 
before factor V 
Leiden 

tance.2 6 - 2 8 Because the baseline incidence of 
thrombosis is higher in postmenopausal 
women than in women of reproductive age, 
hormone replacement therapy results in a 
greater number of women developing throm-
bosis than does oral contraceptive use in 
younger women. 

This increase in absolute risk, however, is 
very likely to be outweighed by the many 
health benefits of hormone replacement ther-
apy, which include increased bone density and 
possible reduced risk of myocardial infarction 
and a reduced incidence of Alzheimer dis-
ease.29 Whether women with factor V Leiden 
or prothrombin G20210A or both have an 
even more accentuated risk for venous throm-
boembolism when they use hormone replace-
ment therapy has not been thoroughly stud-
ied. Unti l data are available that clarify this 
issue, we recommend that therapy be individ-
ualized on the basis of the woman's cardiovas-
cular risk factors and personal and family his-
tory of venous thromboembolism. 

Prothrombin G20210A is associated with 
a 10-fold increased risk of cerebral vein 
thrombosis and when combined with oral 
contraceptive use is associated with a 150-fold 
increased risk of this uncommon condition.3 0 

Women carriers of prothrombin G20210A 
have a 10-fold increased risk of venous throm-
boembolism during pregnancy and the post-
partum period. 

• W H O SHOULD BE TESTED? 

T h e appropriate use of testing should avoid 
unnecessary patient anxiety and the non-evi-
dence-based use of ant i thrombotic agents. 
Costly and specialized testing such as genetic 
analysis for the factor V Leiden and pro-
thrombin G20210A mutations should be lim-
ited to situations in which the results will 
have an impact on patient care. Clear goals of 
testing should be determined before testing is 
performed. Simply knowing that a patient has 
a mutation is not part of best medical practice. 

In general, testing should be done if the 
information gained will guide the type or 
intensity of anti thrombotic therapy, affect the 
duration of therapy, assist with assessing a 
patient's prognosis, or guide family screening. 

We feel that patients should be tested for 

activated protein C resistance and the pro-
thrombin G20210A mutation, as part of a 
comprehensive panel of tests designed to 
identify the most common and relevant 
acquired and inherited hypercoagulable states, 
if they have any of the following: 
• Idiopathic venous thromboembolism 
• Venous thromboembol ism in unusual 

sites 
• Recurrent venous thromboembol ism, 

even with a known risk factor such as 
venous insufficiency after deep venous 
thrombosis 

• Venous thromboembolism plus a family 
history of thrombosis. 
Family members of a patient with known 

activated prote in C resistance, factor V 
Leiden, or prothrombin G20210A may bene-
fit from screening if the results will affect a 
decision to take oral contraceptives or hor-
mone replacement therapy or to become preg-
nant . Family screening may affect an individ-
ual's decision to undergo elective surgery, 
because of a possible increased risk of postop-
erative venous thromboembolism in carriers 
of factor V Leiden or prothrombin G20210A 
or both. Widespread preoperative screening, 
though, is unlikely to be cost-effective. 

We do not advocate screening all preg-
nant women or patients with malignancy, as 
screening in these groups is unlikely to affect 
management. Pregnant women with a past 
history of venous thromboembolism require 
pharmacologic prophylaxis against venous 
thromboembolism during pregnancy regard-
less of the presence of factor V Leiden or pro-
thrombin G20210A. T h e future management 
of women with pregnancy-associated venous 
thromboembolism, oral contraceptive-associ-
ated venous thromboembolism, or complicat-
ed pregnancies is unlikely to be affected by 
testing for this mutation. 

• HOW SHOULD PATIENTS BE TESTED? 

Testing for activated protein C resis-
tance can serve as a screening test for the fac-
tor V Leiden mutation. This test is relatively 
inexpensive and has been automated in sever-
al special coagulation laboratories to provide a 
rapid turnaround time. Recent modifications 
to the test, including the predilution of 
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patient plasma with factor V-deficient plasma, 
have made it extremely sensitive and specific 
for factor V Leiden, and it can be performed in 
patients receiving full doses of anticoagulant 
agents.31 

T h e test results are often reported as the 
plasma clotting time measured in a sample 
supplemented with purified activated protein 
C, divided by the plasma clotting time mea-
sured without exogenous activated protein C. 
A normal ratio (in our laboratory 1.95 or 
higher) essentially rules out factor V Leiden. 

Factor Y gene analysis performed by 
polymerase chain reaction (PCR) and restric-
tion fragment length polymorphism (RFLP) 
analysis is more costly and time-consuming 
but is the sole means of truly differentiating 
between hetero;ygous and homozygous factor 
V Leiden. 

Factor V Leiden PCR should be per-
formed if the activated protein C ratio is 
equivocal or if the ratio is low and one wants 
to determine if the patient is heterozygous or 
homozygous for factor V Leiden. We also 
advocate screening first for activated protein 
C resistance instead of proceeding directly to 
factor V Leiden PCR analysis because of the 
importance of detecting non-factor V Leiden-
associated activated protein C resistance. 

T h e prothrombin G20210A mutat ion 
can only be reliably and routinely identified 
using molecular biological techniques . 
Measurements of funct ional p ro th rombin 
act ivi ty do not sufficiently d i f fe ren t ia te 
between carriers and noncarriers of this gene 
mutat ion. 7 The test is accurate even if the 
pat ient is taking heparin or warfarin. 

• HOW SHOULD AFFECTED 
PATIENTS BE M A N A G E D ? 

No evidence-based clinical guidelines exist for 
managing symptomatic or asymptomatic 
patients with activated protein C resistance, 
factor V Leiden, or prothrombin G20210A. 

Clinical experience dictates that asymp-
tomatic persons who are heterozygous for the 
factor V Leiden or prothrombin G20210A 
mutat ions receive prophylactic anticoagula-
tion only in situations known to predispose 
to venous thromboembolism. In an episode 
of acute thrombosis, they should be treated in 

a standard fashion. T h e presence of activated 
protein C resistance or p ro th rombin 
G 2 0 2 1 0 A plus ano the r hypercoagulable 
state, or homozygous factor V Leiden alone, 
should prompt the clinician to seriously con-
sider long-term anticoagulant therapy follow-
ing an initial episode of venous thromboem-
bolism. T h e presence of one of these muta-
tions alone is not an absolute contraindica-
t ion to oral contracept ive use, hormone 
replacement therapy, or pregnancy. T h e 
absolute risks and benefits of any interven-
tion must be carefully estimated and individ-
ualized for each patient. E5 
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