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An Insight into Thrombophilia: 
Factor V Leiden and Activated Protein C Resistance 

Venous thromboembolism (VTE) is the third lead ing cause of cardiovascu lar 
disease in the United States, trailing only myocardial infarction and stroke. Population 
based studies have estimated that the incidence of VTE is approximately 1 per 1000 
individuals, and accounts for 100,000- 150,000 deaths annual ly (1 ). 

VTE general ly occurs in the sett ing of an imbalance in hemostati c regulation 
favoring blood clot formation. The imbalance may be the result of an inherited disorder, 
an acquired disorder, or a combination of both . In 1993, investigators discovered a nove l 
mechanism of inherited thrombophilia termed activated protein C resistance (APC 
resistance) (2). Subsequent studies have shown that the majority of patients with APC 
resistance ca rry a single point mutation in the gene encod ing factor V, an important 
protein in the clotting cycle. The mutant protein was named factor V Leiden (FVLeiden). 
Clinica l stud ies on VTE patients have identified this mutation as the most common 
inherited thrombophili a in the Caucasian population. 

The Clotting Cycle 

The current concept of the clott ing cycle links the two arms of the original clotting 
cascade known as the intrinsic and extrin sic pathways. (Figure 1) 
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The clott ing proteins circu late as inactive enzymes (zymogens) in the blood . Under 
normal circumstances, the clotting pathways are inhibited : both by the relatively low 
concentrations of the clott ing cycle proteins in the blood , and also by the anticoagu lant 
properties of the vascular endothelium. Antithrombin. tissue factor pathway inhibitor. and 
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thrombomodulin are the major anticoagulant proteins expressed by the endothelium that 
suppress clot formation. 

Factor XII , kall ikrein , and high-molecular weight kininogen (HMWK) of the 
intrinsic system all contribute little to physiological clotting , since congenital absence of 
these factors are not associated with signifi cant hemorrhage. Clotting is initiated 
primarily via the extrinsic system when a break in the vessel wall occurs and blood is 
exposed to tissue factor (TF). Tissue factor is a transmembrane protein found on many 
cell types including fibroblasts and smooth muscle cells, but normally absent on vascu lar 
endothelial ce ll s and leukocytes. Small amounts of circulating factor VIla and 
membrane-bound TF form a complex th at converts inactive factors IX and X to 
(activated) factors IXa and Xa. Once activated , factors IXa and Xa feed back to generate 
more factor Vlla-TF complexes establishing a positive feedback loop that greatly 
amplifies the initial procoagulant reactions. Factor IXa , in the presence of factor VIlla , 
generates add itional factor Xa. Factor Xa, in the presence of factor Va (FVa) , calcium. 
and phospholipids, generates factor I Ia (thrombin) and factor I Ia feeds back to generate 
add itional factor Va and factor VIlla, forming add itional positive feedback loops. 
Thrombin cleaves fibrinogen into fibrin , forming the hemostati c plug. 

Although not shown as part of the cycle, platelets play a key ro le by providing an 
activated phospholipid membrane on which procoagulant react ions can occur and by 
releasing other procoagulant compounds (3). The presence of activated phospholipid 
membranes increases the binding affinities of th e clotting proteins by 103 (4) and 
patients who have impaired platelet membrane activation suffer from a bleeding disorder 
known as Scott's syndrome (5). 

The explosive increase in activated clotting factors at the site of vascular injury 
must be quickly contained to prevent propagation of clot into undamaged areas of the 
vascular tree. Two proteins regulate this containment process; antithrombin and 
activated protein C. Protein C circulates as an inactive enzyme in the blood similar to the 
clotting cycle proteins. Thrombin acts primarily to generate fibrin , but also plays a crucial 
role as an anticoagu lant. Thrombin can bind to thrombomodulin (TM ), a protein on the 
surface of vascu lar endothelial ce ll s. Thrombin-TM complexes convert protein C to 
activated protein C (APC). APC binds to and inactivates both factors Va and VIll a by 
proteolytic cleavage at specific sites on these molecules. The mutant factor V Leiden 
protein. has an amino acid substitution at one of these cleavage sites , and is therefore 
resistant to inactivation by APC. 

Structure and function relationships of factor V 

The structure of factor V is shown . (Figure 2) 
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Figure 2 
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Factor V has the basic domain structu re A 1-A2-B-A3-C1-C2. The A domains are 
homologous to regions of the copper binding protein ceruloplasmin, while the C domains 
belong to the discoidin family of phospholipid binding proteins. Normal activation of 
factor V to Va is the resu lt of enzymatic cleavages at Arg709, Arg101 8, and Arg1545 (by 
th rombin or factor Xa) with loss of the B domain of the molecule (Figure 2) . Factor Va is 
a heterodimer composed of the A 1-A2 domains linked non-covalently to the A3-C 1-C2 
domains. Inactivation of factor Va by APC is the result of enzymatic cleavage at 3 
residues in the A2 domain: Arg506, Arg306, and Arg679 (6) (F igure 3) . 
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Cleavage at Arg506 occurs first , leaving a molecule wi th no more than 40% cofactor 
activity with factor Xa. Subsequent cleavage at Arg306 results in complete loss of 
cofactor activity; cleavage at Arg679 occurs slowly and does not appear to play a 
significan t role in FVa down-regu lation (7). Protein S, a cofactor of protein C, enhances 
APC proteolysis at Arg306 by 20-fold (8). The importance of Arg506 was further 
enhanced by the discovery that inactive factor V is itself a substrate for APC. Following 
cleavage at Arg506, the resultant molecule (factor Vac) demonstrates anticoagu lant 
activity in vitro as a cofactor for APC in the inactivation of factor VIll a. The physiologica l 
ro le of factor Vac in vivo is unknown. Arg506 is a therefore key in the modulation of 
factor V activity; its presence allows factor Vac to be generated, functioning as a 
possible anticoagulant , and controls down-regu lation of factor Va. 

Because the targets of APC are factor Va and factor VIlla, it is reasonable to 
consider that resistance to APC is derived from a mutation in either factor V or factor VIII 
rendering the protein resistant to proteolytic inactivation . In 1993, Dahlb ck and 
colleagues reported a family with an impaired respon se to APC. Shortly thereafter, 
Bertina and colleagues discovered a sing le adenine for guanine missense point mutation 
in the factor V gene (G1691 A) that rep laces Arg506 with Gln506 in the factor V protein. 
This mutation was responsible for 80% of APC resistant venous thromboembol ism 
patients initiall y tested. The mutant factor V protein was given the name of Factor V 
Leiden. 

Biochemical studies on the mutant FVLeiden protein have shown that loss of the 
Arg506 cleavage site markedly impa irs APC mediated FVa inactivation . Inactivation of 
factor Va Leiden occurs only with cleavage at the Arg306 site , at a rate 1 0-fold slower 
than the wild-type protein (9) (Figure 4 ). 

Figure 4 
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In theory, resistance to APC proteolyt ic inactivat ion may also occur from a 
mutation at Arg306 in the factor V protein . Researchers have ana lyzed DNA from VTE 
patients to look for mutations in the DNA corresponding to the codon at Arg306. Two 
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mutations at Arg306 have been identified , named Factor V Cambridge (Arg306 
7 Thr306) and Factor V Hong Kong (Arg306 7 Gly306) , but neither appea rs to be a risk 
factor for VTE ( 1 0-1 2). 

The next log ica l step was to examine the APC cleavage sites on factor VIII for 
mutations as another possible cause for APC resistance. Two studies have found no 
factor VIII mutations that produce APC resistance in VTE populations (13).(14) One 
possible explanation for this negative finding is that under experimental cond it ions, a 
mutation at one of the two APC cleavage sites on factor VIII is insufficient to produce 
APC resistance. APC resistance developed only when both APC cleavage sites were 
mutated (15). 

Testing for APC Resistance and Factor V Leiden 

Functional vs . Genetic testing 

There are currently two types of tests that can be ordered to eva luate patients 
who are suspected of having the FVLeiden muta tion: the APC resistance assay and the 
geneti c FVLeiden assay. The APC res istance assay is a functional test that most 
common ly compares a mod ified activated partial thromboplastin time (aPTT) to a 
standard aPTT va lue and is expressed as a ratio. The genetic FVLeiden test directly 
ascertains the genotype of the patien t. Results are reported as homozygous normal. 
heterozygous FVLeiden, or homozygous FVLeiden. 

The most commonly used APC resistance test is a va riation of the standard 
aPTT. In normal subjects , adding purified APC prior to performing the aPTT prolongs the 
time to clot formation because the added APC inhibi ts factors Va and VIlla during the 
clotting reaction. Adding APC to plasma containing the FVLeiden mutation has a 
diminished effect because of the resistant FVLeiden protein . The aPTT of the sample in 
the presence of APC (aPTT +APC) is divided by a standard aPTT. The ratio of the 
aPTT +APC/aPTT is defined as the APC sensitivity ratio (APC-SR). There is va riability 
in reagents and methodolog ies in measuring aPTTs. Therefore, in order to standardize 
the resu lts , a 'normal ' APC-SR is obta ined from a 'normal' population. The APC-SR of 
the patient is divided by the APC-SR of the norm al group (APC-SRpatient I APC-SRnormal ) 
giving a normalized APC-SR (n-APC-SR). A different modifi cation of the APC-SR test 
has been developed in which the sample plasma is first diluted with factor V deficient 
plasma, followed by performing the APC-SR assay. This gives a modified APC-SR (m
APC-SR) , which improves upon the performance of the original APC-S R and can even 
be used to test pati ents taking warfarin . The m-APC-SR is the assay used here at the 
special hematology lab at Parkland Hospital. In all three tests , an arbitrary cutoff is used 
to differentiate a normal response to APC from an abnormal response. Thase with an 
abnormal response are said to show APC res istance. 

The estimated sensitivity and specificity of the two major functional (aPTT based) 
assays as a screening test for FVLeiden are shown in Table 1(16). 
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Table 1 

General VTE 
Test 1 Sensitivity Specificity population 1 population2 

PPV NPV PPV 
APC-SR 

94% 47% 13% 98% 31% (cutoff=< 3. 1) 
APC-SR 

52% 93% 40% 96% 62% 
(cutoff =< 2.0) 

m-APC-SR 97% 94% 57% 100% 79% 

0 Assuming 8 Yo FVLe1den prevalence 1n the general population 
2Assuming 20% FVLeiden prevalence in VTE populations 

NPV 

97% 

88% 

99% 

The (original) APC-SR can either be a sensitive or a specific test depending on what 
value is arbit ra ril y chosen as the cutoff, but not both. Further modification using then
APC-SR does not improve the diagnostic accuracy of the test (16). The m-APC-SR, 
however. represents a significant improvement over the original assay and is both 
sensitive and specific for the mutation . Other assays using Russell 's viper venom (16), 
factor Xa (17) , tissue factor (18), or thrombin (19) based clotting activation also have 
high sensitivi ty and specificity but are not widely used. 

The importance of disease prevalence in interpreting the usefuln ess of these 
tests is shown by the positive and negative predictive va lues of applying the tests in a 
general population with an estimated 8% preva lence of the FVLeiden mutation , and in a 
VTE population with an estimated 20% preva lence of the FVLeiden (Table 1 ). The APC
SR has a poor positive predictive value (PPV) at either cutoff point in either population , 
and even the much more sensitive and specifi c m-APC-SR has a PPV of only 79% in 
VTE patients . Thus, any positive test resu lt from the funct iona l assay shou ld be 
confirmed by the genetic test. 

The most commonly used genetic test for the presence of the FVLeiden mutation 
is based on PCR amplification of DNA followed by digestion wi th the restrict ion enzyme 
Mnl 1. Patients with FVLeiden mutation lose the restriction site and DNA fragment 
analysis after Mnl digestion allows genotyping of the sample. Recently, a real time PCR 
assay using fluorescence resonance energy transfer (20) has been developed and this 
technology has been adopted as the genetic assay here at the medical center. 

Deciding which test to run : 
Genetic FVLeiden analysis vs. APC resistancet 

A question that commonly arises is: which test shou ld be run- the genetic 
FVLeiden test, the APC resistance test, or both? 

First, it is necessary to understand that APC resistance and the presence of the 
FVLeiden mutation are not synonymous terms. The FVLeiden mutation represen ts a 
subset of conditions that can cause APC resi stance (Figure 5). 
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Figure 5 

APC Resistance 

• Genetic ca uses 
• Factor V HR2 

haplotype 
• Factor V deficiency 
•? Factor VIII 
mutation 

Acquired causes 
• Elevated factor VIII 
level 
• Lupus 
anticoagulants 

Other cond itions that have been shown to cause APC resistance include inherited 
conditions such as the factor V HR2 haplotype and factor V deficiency, and acqu ired 
condi tions such as elevated factor VIII levels and the presence of lupus anticoagulants 
(21 ). While FVLeiden has been shown to be a risk factor for VTE , the natural history of 
non-FVLeiden APC resistance is not as clear. A few stud ies have suggested that APC 
resistance in the absence of FVLeiden may also be a risk factor for VTE events (22 ,(22). 
However, patients with the factor V Leiden mutation have been more extensively studied 
and represent a more homogenous popu lation, wh ile patients exhibi ting non-FVLeiden 
APC resistance have been more diffi cu lt to characterize. 

The difficulty in characterizing non-FVLeiden APC resistance stems from three 
issues. First, there are various pathophysiologica l principles causing non-FVLeiden APC 
resistance. The natural history of such a heterogeneous group is difficu lt to stu dy, and 
meaningfu l clinical data are hard to gather. Second , APC resistance is in fact a 
continuous va riable. not a dichotomous variable. Defining APC resistance using an 
arbitrary cutoff va lue helps in using the test as a screen ing method for the FVLeiden 
mutation. However, the APC-SR of the general population varies widely among differen t 
individuals and different degrees of APC resistance exist. In one study of non-FVLeiden 
APC resistance, patients with a history of VTE appear to have a lower n-APC-SR 
compared to controls (Figure 6). 
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. By analyzing th e risk of VTE in relation to the n-APC-SR, the authors discovered 
that odds ratio of VTE increases with decreasing n-APC-SR (Figure 7) suggesting a 
graduated risk of VTE as APC resistance increases. 
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Even with the knowledge that increased APC resistance confers increased VTE 
risk , a th ird problem exists in applying this information. Not only does the APC-SR vary 
among individuals, but the APC-SR can va ry within an individual. Clinica l conditions, 
such as oral contraceptive use and pregnancy , decreases the APC-SR for an individual. 
As the APC-SR fluctuates, the risk for VTE may also fluctuate, and applying such 
information to a particu lar patient can be diffi cul t. 

The advantage of performing the functional (mod ified) APC resistance test f irst is 
that patients without the mutation are excluded with a high degree of confidence at a 
lesser cost than the genetic assay. As shown in Table 1, the negative predictive va lue of 
the m-APC-SR (the abi li ty of the test to exclude the presence of mutation when the 
result is nega tive) is 99% - 1 00%. Pati ents who exhibit APC resistance can then 
analyzed by the genetic assay for the presence of FVLeiden. In those who test positive, 
certa in clinical information is gained . However, some patients will be identified who 
exhibit non-FVLeiden APC resis tance and there is little clinical data that exists to guide 
management of these patients. 

In contrast, performing the genetic test first will give clinica lly useful information 
at a higher cost per test. Patients can be categorized as normal, heterozygous 
FVLeiden, or homozygous FVLeiden, and clinica l management may be guided by 
information that is already ava ilable. 

There is no advantage to running both the m-APC-SR and the geneti c FVLeiden 
assay simultaneously. It increases the cost of tes ting without providing additional clinica l 
information (Figure 8). 
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Method 1: 
Functional APC Assay First 

Method 2: 
Genetic Assay 

Method 3: 
Both Assays Concomitantly 

Figure 8 
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My recommendation is to run the genetic assay because it will provide an unambiguous 
resu lt. 

Clinical Aspects of the Factor V Leiden Mutation 

Ethnic Variability of FVLeiden 

The FVLeiden mutation is common in Caucasian popu lations. In Europe, 3 - 8% 
of the general population are carriers for the factor V Leiden mutation, with some 
geographic va ri abili ty (Table 2). 

Table 2 

Country 
General Population 

VTE Patient Prevalence 
Prevalence .. 

France 3.5% (23) 15% (23) 

Germany 7.5% (24) 27% (24) 

Greece 4.8% (25) 32% (25) 

Italy 3.2% (26) 21% (26) 

Spain 3.3% (27) 38% (27;28) 

Sweden 5.9% (29) 28% (29) 

United Kingdom 3% (30) 21%(30) 
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As a comparison , approximately 8% of African-Americans carry the hemoglobin S 
mutation. In a selected population of patients presenting with an idiopathic VTE , the 
preva lence is even higher (Table 2). Data from the orig inal Dutch cohort of VTE patients 
revealed that the factor V Leiden mutation was present in 22% of patients with a first 
VTE episode (31) and has been confirmed in other studies throughout Europe. The 
contribution of the FVLeiden mutation as a thrombophilic state in VTE patients dwarfs 
the contribution of the other known hereditary thrombophil ias (32) (Table 3). 

Table 3 

Defect 
Prevalence in the 

Prevalence in VTE Patients 
General Population 

Factor V Leiden 5% 20% 

Prothrombin G2021 OA 2% 6% 

AT Ill deficiency 0.02% 1% 

Protein C deficiency 0.2% 3% 

Protein S deficiency 0.1 % 1-2% 

Dysfibrinogenemia <0.0 1% <0.1% 

Homocystinuria <0.01% <0.1% 

Outside of Europe, however, the prevalence of factor V Leiden in the general 
population varies considerab ly with geographic location , as does the mutation 's 
prevalence in VTE patients (Table 4) . 

Table 4 

Country 
General Population 

Prevalence 

India 2.4% 

China 0% (33) 

Korea 0%(34) 

Japan 0% (35;36) 

Africa 1 0% 

Australia I Pac. ls.2 0% 

U.S. White 5.4% 

U.S. Hispanic 3.3% (37) 

U.S. Black 1.4% 
Subsaharan Afnca, Senegal, Zambia, and Kenya 

2 Aborig inal Australians and New Guinea 

VTE Patient Prevalence 

0% (33) 

0% (34) 

0% (35;36) 

t 

2.2% (38) 

For example, only 1 heterozygous factor V Leiden mutation was discovered in over 
3,000 random samples tested in China . Korea , Taiwan, and Japan (39-41) and factor V 
Leiden was absent in all 178 Japanese, Chinese , and Korean patients with VTE studied 
in five reports .(34-36;42) (40). In the United States, the frequency of the mutation was 
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5.3% in Caucasian participants of the Physician's Health Study, while in Afri can 
Ameri cans it appears to be only one-fourth as prevalent (43). 

Given th at the FVLeiden mutation ·is nearly entirely absen t from As ians, it may 
not be surprising that the reported incidence of DVT in Asian (Americans) is on ly 25% 
the reported incidence in whites (44 ). However, African-Americans appear to have equa l 
or higher incidence of DVTs compared to whites (44) , and yet only one-q uarter the 
frequency of the FVLeiden gene. Such a discrepancy reflects the current incomplete 
understanding of how inherited thromboph ilias combine with environmental factors to 
cause VTE , as well as the re lative scarcity of thrombophilia stud ies in non-white 
popu lations. 

Factor V Leiden and Risk of Venous Thromboembolism 

Based on the availab le data , it is estimated that the risk of a VTE event in 
heterozygous FVLeiden patients (carriers) is approximately 3-fold to 7-fold compared to 
individuals without the mutation , and increases to an estimated 80-fold in homozygous 
individuals (45). In add ition to the increased risk, homozygous individua ls tend to have 
VTE events 10 years younger than heterozygotes (mean age, 31 vs. 40) (47;48). There 
are likely to be other cl inical differences between heterozygotes and homozygotes with 
FVLeiden, but lack of data in homozygotes prevents accurate comparisons between the 
two groups. An increased VTE recurrence rate has been suggested in homozygotes 
compared with heterozygotes (46). Compared to the risk of VTE in patients with other 
inheri ted thrombophilias (deficiencies of A Till , protein C, or proteinS), heterozygosity for 
FVLeiden is one-quarter as thromboge nic as these other mutations based on event rates 
for VTE (47).(48) 

It is revea ling to examine data collected from the general popu lation. In a large 
census-based screen ing program in Italy, over 15,000 randomly selected subjects were 
tested for the presence of the FVLeiden mutation . All subjects were asked to report any 
history of VTE events, and the results are shown in table 5 (22). 

Table 5 

FVLeiden Normal Factor 
Carriers V Participants 

History of VTE 
10 100 

event 

No history of 
441 14467 

VTE event 

Only 10 out of 451 subjects with the FVLeiden mutation reported a history of VTE events 
(2.2%). In other words, nearly 98% of unselected subjects with the FVLeiden mutation 
do not report VTE events. Other studies report that between 7.6% (47) and 13.6% (49) 
of FVLeiden carriers reca ll a history of a VTE event. One possible explanation for the 
higher rates reported in these two studies is that subjects were recruited from the fam ily 
members of a FVLeiden carrier proband who presented with a VTE event. Since it is 
believed that VTE disease resu lts from comp lex interactions between genetic and 
acq uired hypercoagu lability, these families may harbor yet undiscovered thrombophilias. 
Alternative ly, they may have been exposed to acquired thrombophili c states that place 
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them at higher risk for VTE . Even in these fami lies, the majori ty (86%- 93%) of 
FVLeiden carriers is asymptomatic. 

Factor V Leiden and Risk of Recurrent Venous 
Thromboembolism 

The risk of recurrent thromboembolism is important in that it directly impacts 
anticoag ulation duration after a VTE event. Current gu idelines for the trea tment of a 
deep ve in thrombosis or pu lmonary embolism suggest a min imum of six months of oral 
anticoagu lation for an idiopathic VTE event (50) . Some studies have suggested a 
recurrence rate of 5-6% per year for idiopathic DVT (51 ;52). One study demonstrated a 
much higher annual recurrence rate of 27% fo llowing discontinutation of anticoagu lation 
(53). The duration of anticoagulation therapy is always a difficult decision because the 
risk for a recu rrent VTE event must be balanced by the risk of bleed ing complications 
from anticoagulation. If heterozygous FVLeiden carriers had a significantly greater risk 
for recurrent thromboembolism , a longer duration of anticoagulation could be 
considered. 

Resu lts from 9 studies including more than 600 patients show that FVLeiden 
carriers are at slightly increased risk for recurrence compared with patients without other 
known permanent thrombophi lic ri sk (53).(54-59) The results of the four largest studies 
including 450 patients (Figure 8) report similar odds ratios (around 1.3) and confidence 
intervals that range from 0.7 to 2.4 (55).(56;57;59) Because prospective data is lacking , 
the true thromboembolism recurrence risk for FVLeiden carriers is unknown. The VTE 
recurrence risk of FVLeiden homozygotes in also unknown but appears to be greater 
than heterozygotes (60). 

Figure 9 
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Factor V Leiden and Longevity 

VTE events cause signifi cant morbid ity and mortali ty. A recent retrospective review of 
VTE events showed that surv iva l after a pulmonary embolism was on ly 48% at 1 year and 
surviva l for deep venous thrombosis alone was 85% at 1 yea r, after which surviva l 
approximates that of the general population (61 ). Based on the increased risk of VTE events 
in individuals with the FVLeiden gene, one might assume that FVLeiden individuals have a 
shortened life expectancy compared to those without th e mutation. 

Studies on octogenarians and centenarians in Europe, however, suggest a normal life 
span for FVLeiden ca rriers (Figure 1 0). In three studies of people older than 80 years living in 
Denmark (62) , Italy (63}, and the United Kingdom (64) . the prevalence of the FVLeiden gene 
was similar to the general population prevalence. 

% Population 
with Mutation 

3 

2 

0 

Figure 10 

Denmark Italy United 
Kingdom 

OGeneral 
Population 

• Age >70 

If FVLeiden carriers were dying at a younger age from VTE events, then the expected 
preva lence of the FVLeiden gene in an older age group should be lower. Because no 
di fference in FVLeiden prevalence was detected, no significant increase in morta lity from 
carriers of the mutation is inferred . Additional supporting evidence comes from two studies. In 
a population-based morta lity study of octogenarians living in Leiden, 660 patients were 
followed for 1 0 years. The relative ri sk of morta li ty in FVLeiden carriers was identica l to non
carriers (RR=1 0, 95% Cl, 0. 7 - 1.5) (65) (Figure 11 ) A second stu dy followed 171 
heterozygous FVLeiden subjects for three years and found identica l standardized morta lity 
ratios between th e subjects and genera l population (SMR=1 .0, 95% Cl, 0.8-}.2) (66) . 
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Figure 11 
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Factor V Leiden and Arterial Thrombos is 

Coronary Artery Disease 

Although the basic pathophysiological mechanisms behind venous thrombosis and 
arterial th rombosis are thought to differ, several studies have suggested that increased 
coagulabil ity is a risk factor for coronary artery disease. In particular, elevated levels of 
fi bri nogen, factor VIII , and plasminogen activator inh ibitor-1 (PAI-1 ) are elevated in patients 
with symptomatic coronary artery disease (67).(68;69) The interest in hypercoagulabili ty as a 
risk factor for acu te coron ary events has led to the sea rch for an association between factor V 
Leiden in patients with documented co ronary disease. 

The major studies searching for an association between the presence of factor V 
Leiden and coronary artery disease are shown (Table 6). The bu lk of the evidence points 
aga inst an association of the factor V Leiden genotype with 1) myocardial infarction in case
control studies, and 2) angiographica lly demonstrated coronary artery disease. Furthermore, 
studies addressing mortality in carri ers of FVLeiden have shown no increased ri sk of death 
from ischemic heart disease (65 ) (66). Although it is not possible to completely exclude the 
FVLeiden mutation as a minor additive risk factor in patients with coronary aftery disease. the 
mutation itself does not appear to be a major risk factor. 
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Table 6 

Study 
M/F 

Age 
N~mber of Frequency of FVLeiden 

(%) patients Ml No Ml 
Ridker (70) 100/0 60 374 6. 1% 6.0% 
lnbal (71) 100/0 43 112 6.3% 6.4% 

Doqqen (72) 100/0 56 560 6.6% 5.0% 
Redondo (73) 87/13 57 177 6.2% 6.7% 
Ardess ino (7 4) 93/7 41 200 4.5% 4.0% 
Rosendaal (75) 0/100 40 84 9.5% 4.1% 
Amowitz (76) 0/100 39 36 2.7% 8.3% 
Cushman (77) 62/38 74 149 3.3% 7.1% 

Any angiographic No angiographic 
CAD CAD 

Gardemann (78) 100/0 62 2210 4.4% 5.8% 
Prohaska (79) 85/15 58 317 9. 1% (9 5)'% 

Wanq (80) 72/28 56 588 5.2% 3.5% 
Dunn (81) 82/18 N.R. 850 6.6% 7.4% 

0 1S1gnficant difference between Ml pat1ents and control group, OR 2.4, 95 Vo Cl 1.0 5.9 
'Control group was unscreened blood donors 

Stroke 

Similar to the studies with coronary artery disease. there appears to be a link between 
symptomatic cerebrovascular disease and coagulation markers, specifica lly elevated factor 
VIII and fibrinogen.(82;83). Multiple studies have assessed the preva lence of the FVLeiden 
gene in stroke patients (Table 7) . 

Table 7 

Average 
Frequency of 

Study N FVLeiden in CVA 
age 

patients 
Fisher (84) 63 57 0 
Ridker (70) 209 60 4.3% 
Press (85) 161 65 2.5% 

ln iesta (86) 125 69 3.2% 

Caito (87) 386 74 4.1 % 
Sanchez (88) 66 40 4.5% 

De Stefano (89) 72 34 5.5% 
Vander Bom (90) 112 N.R. 5% 
Lalouschek (91) 81 65 12% 

Kontu la (92) 236 48 4.5% 
Longstreth (75) 106 37 0.9% 
Cushman (93) 159 76 5.4% 

Margaglione (94) 202 39 14.9%* 
Strater 161 0- 18 11 .4%* 

McColl (95) 37 0- 14 5.7% 
Zenz (96) 33 0- 11 18%* . . S1gmficant difference between stroke population and control population 

1 Estimated population prevalence of FVLeiden 
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Frequency of FVLeiden in 
controls 

0 
6.0% 
3.7% 

3.9% 

5.6% 
4.5% 
2.5% 
6'lfo 
5% 

2.9% 
4.1% 
7. 1% 
4.2%* 
5%* 
2.2% 

(4.5%)* 



The majority of studies have failed to identify an increased preva lence of the FVLeiden 
gene in adult stroke patients. In ped iatric/neonatal stroke patients, the preva lence of the 
FVLeiden gene appears to be higher than .in controls. A subset of stroke patients deserves 
mention. Although cerebral vein thrombos is (CVT) is a relatively rare cause of stroke and not 
an arterial thrombotic event per se, the link between CVT and heredi ta ry thrombophilias is we ll 
established. In the stud ies of FVLeiden in CVT patients (Table 8) , the mutation is more 
prevalent than in contro l populations. In CVT patients, multiple pro-thromboti c ri sk factors are 
often present and now include FVLeiden among them. 

Table 8 

Study N 
Average Frequency of Frequency of FVLeiden in 

age FVLeiden in patients controls 
Martinell i (97) 40 31 15%* 3%* 

Ludemann (98) 55 40 14.5%* 6.3%* 
Deschiens (99 ) 36 36 10% 
De Bruijn (1 00) 34 12% 

*S1gn1f1cant difference between stroke popu lation and control popu lation 

Factor V Leiden and Pregnancy 

Pregnancy as a hypercoagu lable state 

It has been well established that pregnancy induces a period of hypercoagulability. 
Several recent stud ies have shown consistent pro-coag ulant changes that develop during 
normal pregnancy. First, levels of factors VII, VIII, and X all increase during pregnancy (Figure 
12). 

Figure 12 
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Second . markers for thrombin generation and fibrin degradation all increase during 
pregnancy, rising to peak levels in the third trimester (Figure 12). Third , protein S levels fa ll 
gradually, while protein C levels remain unchanged throughout pregnancy (Figure 13). 

Figure 13 
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Fina lly, pregnancy appears to cause an acquired APC resistance state as measured 
by the standard APC-SR assay. even in the absence of FVLeiden. APC-SR values fall by 15 -
30% in the third trimester compared to basel ine, correlating with the fall in protein S levels as 
well as the rise in factor Vllllevels.(1 01) (1 02) (1 03) (1 04) The m-APC-SR remains 
unchanged during pregnancy (Figure 13). 

FVLeiden and VTE during pregnancy 

The risk of venous thromboembolism during pregnancy is estimated to be 2- to 4-fold 
compared to non-pregnant women (105). The presence of the factor V Leiden gene appears 
to confer an approximate 8- to 1 0-fold increase in VTE risk during pregnancy compared with 
non-pregnant, non-FVLeiden women (Table 9). 

Table 9 

Prevalence of FVLeiden Prevalence of 
Study N mutation in pregnancy FVLeiden in 

associated VTE controls 
Gerhardt ( 1 06) 119 43.7% 7.7% 
Bokarewa (1 07) 70 46% 

McColl (108) 50 8% 
Hallak (109) 15 46.6% 

Grandone (11 0) 42 23.8% 1.91 

1 VTE (- ), non-pregnant, age-matched control s 

In the larg est case-control study, 44% of women with a VTE event during pregnancy 
carried the FVLeiden gene while the prevalence in the control population was 7.7% (1 06). 
Whi le these numbers are striking , most FVLeiden patients do not experience a VTE event 
during pregnancy. McColl estimated a pregnancy-related VTE event rate of 0.2% of FVLeiden 
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carriers in an English population, while Lindqvist estimated an event rate of 1.1% in a Swedish 
population ( 1 08) ( 111 ). Even more tel ling is the fact that none of the 7 identified homozygous 
FVLeiden patients in Lindqvist 's study had a VTE event during pregnancy. 

Pregnancy complications and FVLeiden 

Miscarriage 

Recurrent pregnancy loss (RPL, >3 spontaneous miscarriages) is a problem for 
approximately 3% of women in chi ldbearing age. After exclusion of established risk factors 
such as chromosomal abnormalities, endocrinologic abnormali ties, autoimmune processes, 
infections, and anatomical uterine abnormalities, a significant number of women have no 
identifiable risk factors . 

Ant iphospholipid syndrome, an acquired thrombophilic state, is a known risk for RPL. 
Attention has recently turned to analyzing possible links between inherited thrombophilias and 
RPL. Studies on factor V Leiden and recurrent miscarriages are shown in Table 10. 

Table 10 

Study N 
Pregnancy % FVLeiden in % FVLeiden in 

complication complicated pregnancy controls 

Kutteh (112) 42 
Recurrent 15 TM 

2.4% 4% 
miscarriage 

Dizon-Townson 
40 

Recurrent 151 TM 
0% 0% 

(113) miscarriage 

Balasch (114) 55 
Recurrent 15 TM 

1.8% 2.0% 
miscarriage 

Tal(115) 120 
15 or 2"0 TM 

14.4%* 5.6%* 
miscarriage 

Brenner (116) 76 Any miscarriage 32%* 10%* 

Ridker (117) 113 
15 or 2"0 TM 

8%* 3.7%* 
miscarriage 

Grandone (118) 43 
15 /2"0 or 3'0 TM 

7.4%/31.3% 4.2% 
miscarriage 

Tormene (1 19) 65 
2"0 or 3'0 TM 

13.1%*1 5.8%*1 

miscarriage 

Gris (120) 232 
Miscarriage after 

6.5%* 1.5%* 
22 wks 

# pregnancies 1n FVLe1den women vs. # pregnancies 1n normal women w1th m1scarnage 
*Signficant difference between miscarriage group and control group 

Some studies have shown an association between the presence of FVLeide~ and women with 
RPL while others have not. The timing of the miscarriage may be important in interpreting the 
data ; the stud ies by Kutteh , Dizon-Townson , and Balasch recruited women with first trimester 
losses and showed no link to FVLeiden status. The studies by Grandone. Gris, and Tormene 
found that women with 2nd or 3'd trimester losses had a higher prevalence of FVLeiden than 
the control women. Two large studies using retrospective self-reported data on pregnancy 
loss in FVLeiden women came to two different conclusions. Preston (121) reported an odds 
ratio of 1.0 for any spontaneous fetal loss in FVLeiden women compared with controls , while 
Meinardi (122) reported an odds ratio of 2.0 for the same comparison. A recent prospective 
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study confirmed a higher frequency of the FVLeiden mutat ion in women who miscarried after 
the first tri mester. ( 123) 

Preeclampsia 

Preeclamps ia and eclampsia ar characterized by the cl inica l triad of hypertension, 
proteinemia, and edema, and histolog ica lly by the abnormal development of the 
uteroplacental circulation. Risk to the mother and fetus are substantial, and antihypertensive 
treatment has yielded mixed outcome resu lts (124 ). Coagu lation abnormalities are associated 
with preeclampsia, particu larly low levels of protein C and anti thrombin (125) (126). 
Pathologica lly, a variety of placental abnormalities are seen with preeclampsia and a majority 
involve vascular or coagulation relation lesions (127). Attention has recently turned to 
eva luating hypercoagu labi lity in association with preeclampsia. 

The search for an association between FVLeiden and eclampsia has yielded mixed 
resul ts , although most studies have found a positive correlation between the presence of 
FVLeiden and preeclampti c or eclamptic women (Table 12). The next step will be to examine 
whether or not antithrombotic therapy in FVLeiden women with preeclampsia will improve 
pregnancy outcomes. 

Table 12 

Study N 
Pregnancy % FVLeiden in % FVLeiden in 

complication complicated pregnancy controls 
Lindoff (128) 50 PE 22%* 10%* 

Grandone (1 29) 140 PE / E 7.9%* 1.8%* 
Dizon-Townson (130) 158 PE 8.9%* 4.2%* 

De Groot (131) 163 PE 9.8% 9.2% 

Van Pampus (132) 345 PE 11 .3%* 1.5%* 

Nagy (133) 69 PE 18.8%* 5.0%* 

O'Shaughnessy(134) 283 PE 5.3% 5.5% 

Horstkamp (135) 70 PE 7. 1%* 3%* 

*S1gn1f1 cant difference between preeclamptic women and controls 

FVLeiden and Oral Contraceptive Use 

The association between oral contraceptive use and the development of VTE events 
has been known for 40 years (136) , yet the mechanism of hypercoagu labili ty remains unclear. 
The dose of estrogen in oral contraceptive pills (OCPs) correlates with VTE risk, as newer pill s 
conta ining less than 50 micrograms of ethinyl estrad iol are less thrombogenic than older pills 
containing mestranol or higher doses of estradiol ( 137). The relative risk for VTE using the 
newer pills is estimated to be 2- to 4-fold compared with non-OCP users (138) , although some 
believe that this is an overestimation (139). Levels of clotting factors increase during OCP 
use , in particu lar factor VII , factor VIII , and fibrinogen. These changes co rrelate to the amount 
of estrogen in the pill (140). A decrease in the levels of some anticoagulant proteins, A Till and 
protein S, has also been observed during OCP use (141) . 

Several studies have measured APC resistance in women taking OCPs. (142: 143) 
(Figure 14) 
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Figure 14 
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Women taking OCPs develop an acquired APC resistance state as measured by the 
APC-SR. The type of progesterone in the pill may be important in the development of APC 
resistance, as th ird-generation OCPs containing desogestrel or gestodene produce more APC 
resistance than second-generation pills containing levonorgestrel. Several large studies on the 
thrombophilic impact of OCPs have shown that use of third generation OCPs is associated 
with 2- to 3-fold increase in VTE events compared with second generation products (144-146). 

An additive risk for VTE events of factor V Leiden and OCP use was initially described 
in the Leiden Thrombophilia Study cohort of patients. The authors calcu lated that the increase 
in VTE was 4-fold for OCP use, 7 -fold for the FVLeiden mutation, and overall nearly 30-fold for 
both FVLeiden+OCP use (147) . Another recent case control study estimated a 20-fold risk for 
the same interaction (148) . The add itive increase in VTE event rate in FVLeiden patients who 
take OCPs is another illustration of the interaction between genetic and acquired risk factors 
that often play a ro le in the development of venous thromboembolism. 

Fortunately, the risk of venous thromboembolism in the age group of women who are 
eligible to take OCPs is low enough that the 30-fold increase in relative risk translates to a low 
increase in absolute risk . The incidence of VTE in women taking OCPs is estimated to be no 
more than 3 per 10,000 patient-years of use (144), which increases to 29 per 10,000 patient
years of use in women who carry the FVLeiden mutation (147) . In other words, a FVLeiden 
carrier wou ld have a VTE risk of 0.3% per year of use. 

Screening for FVLeiden 

With the wealth of new knowledge surround ing APC resistance and t~e FVLeiden 
mutation , issues concerning screening patients for the mutation have arisen. Heterozygous 
carriers for FVLeiden are common in Caucasian populations, placing a large number of 
people at risk. Fortunately, current data suggests that most carriers are asymptomatic in terms 
of VTE events and are not at increased risk for arteria l thrombotic events. Ava ilable 
information suggests that the FVLeiden mutation is clin ically important in two major disease 
states: venous thromboembolism and pregnancy complications. Screening could be 
considered to prevent these events. 

Screening for the FVLeiden mutation related to VTE risk 
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1) Screening asymptomatic women prior to prescribing oral contraceptives: 
A recent cost analysis of screening women for FVLeiden prior to OCP use estimates 

that the cost of such screening would be between 100 million - 300 million dollars per year of 
life saved (149). In comparison, the cost is $21,400 per year of life saved for annual screening 
mammograms in women between the ages of 50 - 69 (150). Furthermore, there are 
th eoretical concerns surrounding the 'cost' of unwanted pregnancies that result from 
withholding OCPs in women carrying the FVLeiden mutation. Because of the high cost of 
screening relative to benefit , screening women for FVLeiden prior to prescribing oral 
con traceptives is not recommended . 

2) Screening patients after a VTE event: 
The difficu lt issue in this scenario is the lack of clear information on the natu ra l history 

of VTE in FVLeiden patients. The avai lable evidence suggests tha t the natu ral history of 
FVLeiden carriers who develop VTE is not much different from the natural history of non
ca rriers with VTE. In other word s, th e ri sk of recurrent thromboemboli sm in ca rriers of the 
FVLeiden mutation is not kn own, but appears to be only slightly higher than the risk in non
ca rriers. A recent decision analysis model suggested that prolonged anticoagulation in 
FVLeiden VTE patients would do more harm (major hemorrh age from anticoagulation) th an 
good (prevention of recurrent VTE ) (153). If this is true, then knowing that a VTE patient 
ca rried FVLeiden would not benefi t the patient nor alter therapy, and possible harms resulting 
from such knowledge may not justi fy screening . 

Screen ing women w ith pregnancy compli cations 

Women may develop preeclampsia or recurrent miscarriages in association with the 
FVLeiden mutation, or in a broader sense, with any thrombophilia. However, a direct causal 
role of FVLeiden in the development of placenta l clots and infarcts is not established. It is 
interesting to consider anticoagulation in the treatment of thrombophilia-associated pregnancy 
complica ti ons, but whether or not antithrombotic therapy improves outcomes in these women 
is not known. Preliminary reports of low-molecular-weight heparin use in women with 
thrombophilia associated with preeclampsia and recurrent miscarriages appear promising, 
( 151; 152) but the results need to be confirmed in larger, randomized clinica l trials. Ongoing 
resea rch shou ld shed light on these questions in the near fu tu re. 

Screening non-Caucasian populations 

Screening for the presence of FVLeiden in non-Caucasian populations becomes even 
more diffi cul t to justify because of the low to non-existent preva lence of the mutation in other 
races . 
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Conclusion 

The discovery of APC resista~ce and the FVLeiden mutation has improved our 
current knowledge of thrombophilias. Factor V Leiden is the most common inherited 
thrombophilia in Caucasian popu lations and carriers of the mutation are at increased risk for 
VTE and possibly pregnancy complications. The majori ty of carriers appear to be 
asymptomatic and have normallifespans . Although screening for FVLeiden in certain 
popu lations has been suggested , unclear benefit to the patient and high costs relative to 
benefit demonstrate that more work must be done before considering widespread screening. If 
testing for FVLeiden is considered , the genetic assay will provide an unequivocal result. As 
our knowledge of thrombophilia and treatment options expand , improved recommendations 
for the management of FVLeiden patients and other thrombophilic patients can be provided. 
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