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Background and Objectives. Altered levels of coagu-
lation factors have been included among the abnormal-
ities that may increase the risk of venous thromboem-
bolism (VTE) in otherwise healthy subjects.

Information Sources. According to the studies that
have been carried to test this hypothesis only elevated
levels of factor VIII and fibrinogen emerged as indepen-
dent risk factors for VTE.

State of the Art and Perspectives. Although some
data indicate that elevated levels of factor XI or IX are also
determinants for VTE, this awaits confirmation.
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Levels of coagulation factors and venous thromboembolism
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the biological plausibility which is behind this concept is
worthy of exploration. The aim of this article is to review
the literature with respect to this issue and give guidance
to clinicians and laboratory workers on whether and, if
so, how they should embark on such investigations for
thrombophilic patients.

Coagulation factors of the contact system
Although the coagulation factors involved in the con-

tact system are known to help initiate coagulation in vit-
ro (Figure 1), their role in vivo has been negated by the
evidence that, with the notable exception of factor XI,
congenital deficiency of these molecules (pre-kallikrein,
high molecular weight kininogen and factor XII) is not
associated with clinical bleeding. However, the link
between the contact system and the activation of fibri-
nolysis made it plausible to surmise that low levels might
lead to hypofibrinolysis and hence increase the risk of
thrombosis. Among the contact factors, factor XII has
been extensively investigated in numerous studies,
whereas all the others, except factor XI, have received
very little attention.

Factor XII
Lammle et al. performed a retrospective analysis of 18

patients with homozygous factor XII deficiency, 45
patients with heterozygous factor XII deficiency and 11
non-deficient subjects.2 They recorded no bleeding
events; there were 2 episodes of VTE in patients with
homozygous deficiency and none in patients with het-
erozygous deficiency. Their conclusion of a possible asso-
ciation of factor XII deficiency and VTE is hampered by
the retrospective nature of their observation and by the
small numbers of patients investigated. Von Kanel et al.
measured factor XII levels in 200 patients with idiopathic
VTE and in 200 healthy controls.3 They found no differ-
ence (activity or antigen) between cases and controls.3
Zeerleder et al. investigated 15 severely- and 35 partial-
ly-factor XII-deficient subjects together with 11 healthy
subjects.4 Analysis of the Kaplan-Meier thrombosis-free
survival curves suggested that partial (and probably
severe) factor XII deficiency did not constitute a risk fac-
tor for VTE.4 Apparently, this was a re-evaluation of the
studies reported by Lammle et al.2 and by von Kanel et al.3
Halbmayer et al. investigated 103 patients who were on
oral anticoagulants because of a previous episode of VTE,
or arterial thrombosis and 50 healthy subjects.5 They
found that 8% of factor XII-deficient patients had VTE
and 20% had arterial thrombosis.5 They concluded that

The maintenance of blood fluidity within the vascu-
lar system is ensured by the balance between pro-
coagulant and anticoagulant forces, which operate

in plasma as well as in circulating and stationary cells.
The rapid expansion of knowledge during the last
decades has unraveled new mechanisms that regulate
thrombogenesis, and these have been successfully
exploited to investigate patients at increased risk of
developing venous thromboembolism (VTE). Many con-
ditions have been recognized to increase the risk of VTE.
The most frequent of these are congenital deficiencies or
abnormalities of naturally occurring anticoagulants
(antithrombin and protein C/S), the presence of common
polymorphisms in the genes of coagulation factors (fac-
tor V, prothrombin) and acquired conditions such as the
antiphospholipid antibody syndrome and moderate
hyperhomocysteinemia.1 More recently, it was postulat-
ed that even increased levels of procoagulant factors
may constitute a risk factor for VTE and this paved the
way to a number of studies designed to show whether
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low levels of factor XII should be considered as a risk
factor for thromboembolism.5 Koster et al. included
factor XII measurements in their population-based
case-control study for thrombophilia (the Leiden
Thrombophilia Study, LETS). The authors enrolled
consecutive patients (n=350) with at least one
episode of documented VTE and a population of
control subjects (n=350) matched for sex, age and
living conditions to the population of patients.6 The
frequency of moderate factor XII deficiency (<57%)
recorded for cases (6%) was not different from that
recorded for controls (5%). The odds ratio for venous
thrombosis was 1.6 (95% confidence interval, 0.6-
2.4).6 On the basis of the above studies one should
conclusively reject the role of low levels of factor XII
in VTE.

Factor XI
In the past, factor XI was thought to be activated

mainly by activated factor XII. More recently, it was
shown that the physiologic activation is mediated by
thrombin in conjunction with or without negative-
ly charged cellular surfaces.7,8 (Figure 1). Elevated
levels of factor XI have been surmised to be associ-
ated with thrombosis. The likely mechanism is
excessive thrombin generation, which may lead to
excessive deposition of the thrombin and downreg-
ulation of fibrinolysis through the activation of the
thrombin activatable fibrinolysis inhibitor (TAFI).9
Interestingly, elevated levels of TAFI emerged as an
independent risk factor for VTE in the LETS study.10

Indirect evidence for the association of elevated fac-
tor XI levels and thrombosis stems from the occur-

rence of activation of the coagulation cascade after
infusion of factor XI concentrates in congenitally
deficient patients.11,12 However, the most compelling
evidence comes from the LETS study. The authors
measured factor XI antigen in plasmas from 474
unselected patients with a first, objectively con-
firmed episode of deep vein thrombosis and in plas-
mas from an equal number of healthy controls.13

The odds ratio for deep vein thrombosis (DVT) for
patients with factor XI levels above the 90th per-
centile of the distribution of controls (121%) was
2.2 (95% confidence interval, 1.5-3.2).13 Adjustment
for other congenital or acquired risk factors for VTE
did not alter the results.13 Should these findings be
confirmed by other studies, one should accept that
high levels of factor XI play a role in VTE.

Factor IX
Activated factor IX is a key enzyme in the coagu-

lation cascade, serving as one of the activators for
factor X (Figure 1). Its importance for hemostasis in
vivo is clearly documented by the severity of hemo-
philia B secondary to its congenital deficiency.
Because of this, it was surmised that elevated lev-
els could be associated with VTE. To test this hypoth-
esis van Hylckama et al. included factor IX in the
LETS study and measured the antigen concentra-
tion in plasmas from 426 patients with a first, objec-
tively proven episode of DVT and in plasma from
473 healthy controls.14 The odds ratio for DVT for
patients with factor IX levels above the 90th per-
centile of the distribution of healthy controls
(129%) compared to those below this level was 2.3

Figure 1. Coagulation cascade.
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(95% confidence interval, 1.6-3.5).14 Adjustment for
other congenital or acquired risk factors did not
alter the results.14 Should these findings be con-
firmed by other studies, one should accept that high
levels of factor IX play a role in VTE.

Factor VIII
Activated factor VIII plays a crucial role as a co-

factor in the activation of factor X mediated by acti-
vated factor IX (Figure 1). The importance of factor
VIII in maintaining the integrity of the hemostatic
system parallels that of factor IX and is document-
ed by the severity of hemophilia A, which is sec-
ondary to congenital deficiency of factor VIII. Early
observations had shown that increased levels of fac-
tor VIII were able to shorten considerably the in vit-
ro clotting time measured by the activated partial
thromboplastin time (APTT), but it was not until
recently that the interplay between elevated factor
VIII levels and venous thrombosis was documented.
Indirect evidence for this interplay comes from a
new animal model of thrombophilia showing that
high plasma levels of factor VIII are indeed throm-
bogenic.15 Furthermore, marked elevation of throm-
bin generation has been found in patients with ele-
vated levels of factor VIII and VTE.16 In 1995 Koster
et al. measured factor VIII clotting activity as part of
the LETS study in plasma from 301 patients and 301
controls.17 The adjusted odds ratio for DVT in
patients with factor VIII levels above 150% com-
pared to those with levels below 100% was 4.8
(95% confidence interval, 2.3-10.0).17 These find-
ings were later confirmed and extended by Kraaijn-
hagen et al. who investigated 65 patients with a
proven single episode of VTE, 60 patients with
proven recurrent VTE and 60 patients with suspect-
ed, but not confirmed VTE.18 It was found that 19%
of patients who had had a single episode of VTE and
33% of patients who had had recurrent episodes
had factor VIII levels above the 90th percentile of
distribution of the control population (175%).18 Fur-
thermore, for each 10% increase in factor VIII, the
risk for a single and recurrent episode of venous
thrombosis increased by 10% (95% confidence
interval, 0.9-21.0) and 24% (95% confidence inter-
val, 1.1-38.0), respectively.18 More recently, Kyrle et
al. investigated the value of elevated factor VIII lev-
els as a risk factor for recurrent VTE.19 They prospec-
tively investigated 360 patients, the average follow-
up being 30 months after the first episode of VTE
and discontinuation of oral anticoagulation. Patients
with recurrences had mean factor VIII levels higher
(182±66) than those without (157±54).19 The
adjusted relative risk for recurrence in patient with
factor VIII levels above the 90th percentile was 6.7
(95% confidence interval, 3.0-14.8).19 In conclusion,
there is now convincing evidence that elevated fac-
tor VIII is a risk factor for recurrent VTE. 

Since factor VIII is a well-known acute phase

reactant, O’ Donnell and co-workers investigated
the role of increased factor VIII synthesis and the
relationship with the acute phase reaction.20 To this
end the authors studied 260 consecutive patients
who were referred for thrombophilia screening.
Twenty-five percent had elevated levels (>150%) of
factor VIII and the factor VIII levels were not corre-
lated with the levels of C reactive protein,20 which
is a well-known acute phase reactant. Kamphuisen
and co-workers, in a reappraisal of the LETS study,21

drew a similar conclusion. After adjustment for C
reactive protein, high factor VIII levels increased the
risk of thrombosis by 6-fold.21

A question of practical interest concerns the her-
itability of elevated factor VIII levels.22-24 Kam-
phuisen and co-workers investigated this issue as
part of the LETS study23 by analysis of the familial
influence of factor VIII levels (>150%) in 12 fami-
lies with thrombophilia. It emerged that blood group
was the main determinant of factor VIII levels (blood
group O, lower factor VIII levels than blood group
non-O). Furthermore, familial clustering of factor
VIII levels (>150%) was shown by the familial
aggregation test and this remained after adjustment
for the effect of blood group and age.23 Additional
studies on factor VIII heritability were carried out by
Schambeck and co-workers who also reported
familial clustering of high factor VIII levels in
patients with VTE.24 However, Mansvelt and co-
workers and Kamphuisen and co-workers failed to
identify any polymorphism in the promoter gene of

Table 1. Coagulation factor levels associated with venous
thromboembolism.

Coagulation factor Odds ratio Reference
(95% C.I.)

Factor XII (< 57 %) 1.2 (0.6-2.4) 6

Factor XI (> 121%) 2.2 (1.5-3.2) 13

Factor IX (> 129%) 2.3 (1.6-3.5) 14

Factor VIII (> 150%) 4.8 (2.3-10.0) 17-21

Factor X (> 126%) 1.6 (1.1-2.4)a 30

Factor V (> 150%) 1.3 (0.9-1.8) 29

Factor V (upper quintile) 11.5 (4.2-31.4)b 32

Factor II (> 115%) 2.1 (1.5-3.1) 33

Factor II (> 108%) 1.9 (1.1-3.2) 35

Fibrinogen  (> 500 mg/dL) 4.3 (1.7-10.5) 21

Factor VII (> 110%) 0.8 (0.4-1.5) 40

Factor XIII N.D.

aThe odds ratio was no longer significant after adjustment for other vitamin
K-dependent coagulation factors.
bThe odds ratio refers to the combination of elevated factor V levels and factor V
Leiden.
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factor VIII,25 or in the genes of factor VIII and von
Willebrand factor26 responsible for the heritability in
individuals with high factor VIII levels and venous
thrombosis.

A further question of practical importance con-
cerns how to measure factor VIII. Presently there
are three types of methods available: (i) the clotting
activity assay, which measures factor VIII clotting
activity through the APTT-based method and factor
VIII-deficient plasma;27 (ii) the ELISA, which mea-
sures factor VIII antigen using two monoclonal anti-
bodies directed against the light chain;26 (iii) the
amidolytic method, which measures the amount of
thrombin generated by plasma factor VIII in a puri-
fied system through a synthetic chromogenic sub-
strate.28 These three methods have been used in dif-
ferent studies on the epidemiology of factor
VIII.17,29,24 Their results should be regarded as equiv-
alent.

Factor X
Activated factor X represents the active enzyme of

the tenase complex and is able to convert pro-
thrombin to thrombin (Figure 1). The reaction is
mediated by activated factor V and takes place on
anionic phospholipids. De Visser and co-workers
included factor X measurement in their LETS study
by investigating 474 patients and 474 controls.30

The odds ratio for VTE in patients with factor X lev-
els above the 90th percentile (126%) was barely
significant (1.6; 95% confidence interval, 1.1-2.4)31

and, indeed, was no longer significant after adjust-
ment for the levels of the other vitamin K dependent
coagulation factors,30 indicating that the risk is
probably mediated by other factors. Based on the
present limited evidence one should conclude that
the levels of factor X do not play a role in VTE.

Factor V
Activated factor V is homologous to activated fac-

tor VIII in many respects. Both are activated by
thrombin; both are inhibited by activated protein C
and both act as co-factors in two crucial steps of the
coagulation cascade (Figure 1). Because of these
similarities it was surmised that even high levels of
factor V could be considered as a putative candidate
risk factor for VTE. Moreover, factor V acts in syner-
gy with protein S as the co-factor for activated pro-
tein C in the inhibition of factor VIII.31 Hence, even
low factor V could play a role in thrombogenesis.
Kamphuisen and co-workers included the measure-
ment of factor V in the LETS study and investigated
474 patients and 474 controls.29 Neither low nor
high levels of factor V were associated with VTE.29

Recently, Folsom and co-workers found that
increased levels of factor V were a risk factor for
venous thrombosis, but only in combination with
factor V Leiden (Odds ratio, 11.5; 95% confidence
interval, 4.2-31.4).32 Based on the present limited

evidence one should conclude that the levels of fac-
tor V do not play a role in VTE.

Factor II
Factor II (or prothrombin) is the precursor of

thrombin, the key enzyme in the coagulation cas-
cade (Figure 1). Its involvement in thrombogenesis,
though predictable, had never been documented
until 1996, when Poort and co-workers described a
polymorphism in the 3’ untranslated region of the
prothrombin gene, which involves the transition
G→A at position 20210.33 For reasons that have
been subsequently clarified,34 this polymorphism
results in a phenotype characterized by moderate
hyperprothrombinemia.33 Within the frame of the
LETS study, Poort and co-workers investigated this
polymorphism and prothrombinemia in 474 unse-
lected patients with a first, objectively confirmed
episode of DVT and in 474 controls. Carriers of the
polymorphism had a higher risk of developing
thrombosis than did non-carriers.33 Interestingly,
subjects with prothrombin levels greater than 115%
(90th percentile) also had a 2.1-fold increased risk
(95% confidence interval, 1.5-3.1) of VTE.33 Hyper-
prothrombinemia was also associated albeit weak-
ly with VTE (odds ratio, 1.9; 95% confidence inter-
val, 1.1-3.2) in a study by Cattaneo et al. of 118
patients and 416 controls.35 However, because of
the wide distribution of prothrombin levels in car-
riers and non-carriers of the polymorphism, pro-
thrombin measurement alone is not suitable for dis-
tinguishing carriers from non-carriers.36,37

Fibrinogen
Various studies have clearly shown that a high

level of fibrinogen is a good predictor of arterial
thrombosis in otherwise healthy subjects.38,39 Koster
and co-workers were among the first to investigate
the association between high fibrinogen and the risk
of VTE.40 As part of the LETS study they investigat-
ed 199 patients and 199 controls. The odds ratio for
VTE in subjects with a plasma fibrinogen level
exceeding 500 mg/dL was 3.7 (95% confidence
interval, 0.7-19.0).40 Although the odds ratio was
well above unity, the limited number of subjects
investigated resulted in a wide confidence interval.
A subsequent re-evaluation of the same issue was
attempted by Kamphuisen and co-workers who
increased the number of subjects belonging to the
same cohort of patients.21 They investigated 474
patients and 474 controls. The adjusted odds ratio
for VTE in subjects with a plasma fibrinogen level
exceeding 500 mg/dL was 4.3 (95% confidence
interval, 1.7-10.5).21 Furthermore, they concluded
that the increased levels were not due to the acute
phase reaction.21 In conclusion, the evidence sug-
gests that high fibrinogen is a risk factor for VTE.
Although numerous different methods are available,
the above studies measured the fibrinogen concen-
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tration according to the von Clauss (coagulation)
method.

Factor VII
Factor VII, in combination with its cell receptor

tissue factor, plays a pivotal role in the initiation of
coagulation in vivo (Figure 1). Earlier epidemiologi-
cal studies showed that moderately high factor VII
levels are a good predictor of arterial thrombosis.38

Subsequent studies failed to confirm these find-
ings.41,42 This discrepancy may be attributed to the
different properties of the thromboplastins used for
testing factor VII in different studies. The involve-
ment of factor VII in venous thrombosis was tested
by Koster and co-workers in the LETS study.40 They
investigated 199 patients and 199 controls. The
results were disappointing. The odds ratio for VTE in
subjects with plasma factor VII levels greater than
110% (90th percentile) was 0.8 (95% confidence
interval, 0.4-1.5) (40). The limits of confidence were
narrow and this suggests that increasing the num-
ber of subjects would not affect the conclusions.

Based on the present limited evidence one should
conclude that the levels of factor VII do not play a
role in VTE.

Factor XIII
Activated factor XIII catalyzes the covalent cross-

linking of α- and γ-fibrin chains, thus stabilizing
the fibrin clot and increasing its resistance to fibri-
nolysis (Figure 1). Its role in hemostasis is well doc-
umented by the rare, but severe hemorrhagic
diathesis that occurs in patients with deficiency of
this factor. Although factor XIII levels have never
been directly investigated for their association with
VTE, the factor XIII Val34Leu polymorphism of the A
sub-unit, apparently associated with enhanced acti-
vation of zymogenic factor XIII,43 was recently iden-
tified as a protective genetic factor for arterial44 and
venous45 thrombosis. The latter association has,
however, been disputed.46,47 Furthermore, the rela-
tionship between factor XIII levels as measured
either by activity or antigen and this polymorphism
remains unclear. In conclusion, the present limited
evidence is not such to suggest that factor XIII lev-
els play a role in VTE. 

Conclusive remarks and perspectives
Evidence accumulated during the last few years

and especially that from the well-designed, popula-
tion-based case-control LETS study, is such to sub-
stantiate the biologically plausible concept that an
imbalance in favor of procoagulant factors may be
considered as a possible triggering factor for VTE.
Even though not all coagulation factors have
emerged as risk factors for VTE, some of them (fac-
tor VIII and fibrinogen) are now well established to
be so (Table 1). This does not necessarily mean that
they should be included in the laboratory work-up to

investigate thrombophilic patients. As a matter of
fact, it should be recognized that the value of labo-
ratory investigations of thrombophilia is currently
being debated and there is no consensus on whether
or not other  well established genetic conditions
leading to thrombophilia should be investigated.48,49

The argument against is that the investigation does
not affect the management of patients with throm-
bosis.48 The arguments in favor are that the investi-
gation may be of help in preventing recurrences in
patients with previous events, or in preventing events
in asymptomatic family members of probands.49 Fur-
thermore, an additional argument in favor is that
the laboratory investigation (if comprehensive) may
help to identify patients bearing combined defects
who are at increased risk of developing thrombosis.
In this respect inclusion of factor VIII and fibrinogen
in the laboratory work-up may help to define the
risk profile in individual patients, especially if they
carry other prothrombotic mutations, or plasma
abnormalities known to trigger thrombosis.50,51

Therefore, it should be concluded that their inclusion
in the thrombophilia work-up is beneficial. 

On the other hand, it should be realized that
thrombophilia has contributed significantly to
increase the pressure on clinical laboratories and
demands for testing are rising dramatically. The cost
of testing for thrombophilia is also increasing, as
the current strategy is to perform individual mea-
surements rather than screening patients with glob-
al tests.1 Ideally, global tests should be responsive to
most of the prothrombotic factors (including the
defects of naturally-occurring anticoagulant mech-
anisms), but these tests are not yet available.

In principle, high levels of coagulation factors
could be detected by global tests such as the APTT,
which is sensitive to most of them. Although, no
data are presently available it can be expected that
this strategy would be of limited value.

The time-honored thrombin generation test52

could be a suitable alternative. This test has been
recently revisited by Hemker and Beguin and adapt-
ed to measure endogenous thrombin potential after
activation of plasma coagulation with tissue factor
or cephaline.53 Kyrle and co-workers employed this
test to show increased thrombin generation in plas-
ma from patients with hyperprothrombinemia.54

Activated protein C (APC) resistance, defined as a
defective prolongation of the plasma clotting time
upon addition of APC,55 could be another alternative.
The basic test described by Dahlback and co-work-
ers55 has been found to be responsive to increased
levels of factor VIII56,57 or prothrombin.58 This sug-
gests that an imbalance of the coagulation cascade
in favor of procoagulant factors may cause an
acquired resistance to APC. Since acquired APC
resistance (not due to factor V mutations) has
recently been described to be an independent risk
factor for VTE56,59 it could be surmised that sensitive
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assays for APC resistance are able to detect the pro-
coagulant imbalance leading to thrombosis. A
potential candidate to be explored is the APC resis-
tance test based on thrombin generation, recently
described by Rosing et al.60 The fact that this test
was able to detect the subtle difference of acquired
APC resistance secondary to oral contraceptive
(third- versus second-generation) intake60,61 is very
promising and deserves further investigation.
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