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Abstract 

Introduction: Despite knowledge of various inherited risk factors associated with 
venous thromboembolism (VTE), no definite cause can be found in about 50% of 
patients. The lack of an intermediate phenotype in VTE impedes the discovery of 
new familial risk factors. We set out to define an intermediate phenotype for VTE 
by performing global coagulation analyses in unexplained thrombophilic families. 
Methods: Families were selected through a proband with VTE but without one of the 
known thrombophilic defects and at least one 1st or two 2nd degree family members 
with VTE. Clinical data were collected using a standardized questionnaire. Blood 
samples were collected for overall haemostasis assays (i.e. thrombin generation time 
(TGT), endogenous thrombin potential (ETP), prothrombin fragment 1+2 (F1+2) 
and activated protein C-sensitivity ratio (APC-sr) and clot lysis time (CLT). Data 
were analyzed using logistic regression. Results: Coagulation assays were performed 
in 353 individuals of whom 41 (12%) had a history of VTE; these belonged to 17 
thrombophilic families. Of the tested variables only the ETP was associated with VTE 
(OR 1.03 for each % increase, 95% CI 1.01-1.05). However, the relatively low number 
of cases does not firmly exclude the other assays as candidate intermediate phenotypes 
for venous thrombosis. Conclusions: We found that an increased ETP may serve as 
an intermediate phenotype for VTE and may be used to discover novel inherited risk 
factors by genetic linkage analysis. 
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Introduction

Venous thromboembolism (VTE) is considered to be multicausal and polygenic.1 

Known hereditary thrombophilic factors include deficiencies of antithrombin, 
protein C and protein S, as well as gain-of-function point mutations in the genes 
of factor V and factor II (factor V Leiden, prothrombin G20210A). Interaction of 
these factors with environmental and other risk factors (e.g. surgery, immobilisation, 
mild hyperhomocysteinemia and elevated levels of clotting factors VIII, IX and XI) 
determines the risk of thrombosis. 2 The heritability for VTE, i.e. the proportion of 
variance attributable to genetic effects, has been estimated to be as high as 55-60%, 
whereas no defect can be found in several clinically thrombophilic families. 3;4 At 
present the known genetic thrombophilic factors can be detected in about 30-40% of 
patients with VTE. 5;6 Therefore, it is likely that other unidentified hereditary defects 
exist, that contribute to the thrombosis risk.
The investigation of new heritable risk factors has been impeded by the lack of an 
“intermediate phenotype” for VTE. Even in carriers of known thrombophilic factors, 
symptomatic thrombosis is rare and its clinical expression is dependent on age and 
exposure to other risk factors. An intermediate phenotype would help to distinguish 
individuals with a persistent (genetically determined) hypercoagulable state from 
those without. Furthermore, factors defining an intermediate phenotype are likely to 
be closer to gene action than the clinical phenotype and will generate less attenuated 
genetic signals in linkage analysis. 7

Elevated levels of prothrombin fragment1+2 (F1+2) are known to reflect a 
hypercoagulable state and can be detected in one third of the patients with protein C 
or protein S deficiency. 8;9 Moreover, it was shown that in 78% of the patients with high 
levels of FVIII, elevated levels of F1+2 fragments were present. 9;10 The same is true for 
patients with APC resistance due to factor V Leiden, who have higher levels of F1+2 
levels than non-affected individuals. 11 It has been shown that activation markers of 
coagulation such as F1+2 fragments are controlled to a substantial degree by genetic 
factors. 12 More sensitive methods to measure enhanced thrombin generation such as 
the endogenous thrombin potential were developed in the early 1990s. 13 Some years 
later this system was modified by adding activated protein C. 14 This test is very sensitive 



Chapter 2

22

for inherited APC resistance (i.e. factor V Leiden) and acquired risk factors such as 
oral anticonceptive use and pregnancy. 15 APC resistance in the absence of factor V 
Leiden is also a known risk factor for VTE. 16;17 Recently, it was shown that global 
fibrinolytic potential, as measured by a plasma-based assay constitutes a risk for the 
development of a first episode of venous thrombosis. This increased dose-dependently 
with decreasing overall plasma fibrinolytic potential. 18 We hypothesized that these 
tests could give an overall impression of a hypercoagulable or hypofibrinolytic state 
and that family studies allow for calculating the heritability of observed abnormalities. 
The ultimate goal of our study is to use an intermediate phenotype for VTE in order to 
identify novel inherited risk factors through genetic linkage analyses. 

Methods

Pedigrees
Probands with a personal and/or strong family history of VTE (defined as at least 
one first degree or two second degree relatives with VTE) but without one of the 
known thrombophilic defects and their extended pedigrees including spouses were 
identified. Probands were selected from the outpatient clinic of the Department of 
Vascular Medicine, where they had been referred to because of a suspected VTE or 
because they had a strong family history of VTE only. Written informed consent was 
obtained before inclusion. Individuals with a personal history of VTE were tested 
for factor V Leiden, deficiencies of protein C, of protein S and of antithrombin, the 
prothrombin G20210A mutation. The following thrombophilic risk factors were 
measured, although an abnormal result was not an exclusion criterium: factor 
VIII, IX and IX levels were measured in all cases, antiphospholipid antibodies and 
anticardiolipin antibodies were measured in all probands and homocystein levels were 
measured in part of the probands, since we excluded this test from the thrombophilia 
screening in 2004. A standardized history was taken using a validated questionnaire. 
19 Family members were defined as cases if they had had a history of symptomatic 
VTE. A thrombotic event was classified as “definite” if objectively diagnosed (use 
of compression ultrasonography, plethysmography, venography, (spiral) CT scan or 
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ventilation/perfusion scan) and treated with anticoagulant therapy. A VTE event was 
defined as “probable” if not objectively diagnosed or documentation on diagnostic 
tests used was unavailable. The asymptomatic individuals and spouses in these families 
served as the controls. 

Plasma collection 
Blood was collected at least 3 months after cessation of anticoagulant treatment for an 
acute VTE in tubes containing 0.106 mol L-1 trisodium citrate after overnight fasting 
and 12 hours cessation of smoking. Plasma was prepared by centrifugation at 2000 g 
for 20 min at room temperature and stored at -70ºC in suitable aliquots. 

Coagulation and fibrinolysis assays 
All commercially available assays were carried out according to the manufacturer’s 
instructions.
The test for F1+2 used was an ELISA-based and validated assay (Behring, Marburg, 
Germany). 
The thrombin generation time (TGT) was measured spectrophotometrically using the 
fibrin polymerization method. Thrombin generation was initiated by adding calcium 
and recombinant tissue factor (2500 x diluted prothrombin time reagent) and results 
were expressed as the percentage t 1/2max (time to reach the midpoint of clear to maximal 
turbid density) of normal (t 1/2max~160s in a pooled plasma of 150 healthy volunteers). A 
higher percentage TGT reflects less thrombin generation. 
The endogenous thrombin potential (ETP) was performed as previously described. 14 
Briefly, ETP was determined amidolytically at 37°C in defibrinated plasma containing 
phospholipids, tissue factor and calcium chloride, and the data were expressed as 
percentage of ETP determined in a pooled normal plasma (pool of more than 150 
healthy hospital workers). A higher ETP reflects more thrombin generation potential. 
APC sensitivity ratios (APC-sr) were determined by quantifying the effect of APC on 
thrombin generation as described before. 13;20 Increased levels of this ETP-based APC 
resistance test reflect a reduced sensitivity to APC. 
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The clot lysis time (CLT) was performed as described before. 18 Plasma was clotted by 
addition of tissue factor, phospholipids, and calcium chloride, and lysis was induced 
by addition of tissue plasminogen activator (tPA). Clot formation and subsequent lysis 
was monitored by turbidity measurements at 405nm. Clot lysis time defined as the 
time from the midpoint of the clear to maximum turbid transition, which characterizes 

clot formation, to the midpoint of the maximum turbid to clear transition, which 
represents clot lysis. A higher CLT reflects a reduced fibrinolytic capacity. All assays 
were performed without knowledge of whether the sample was from a symptomatic or 
asymptomatic individual. 

Statistical analysis
Tertiles of the ETP were calculated based on values of the unaffected relatives and 
spouses. Differences in categorical and continuous variables between affected and 
unaffected family members and heritabilities were estimated using the Sequential 
Oligogenic Linkage Analysis Routines (SOLAR) programme 21. In the analysis of 
the global haemostasis assays (e.g. ETP), age, sex and household were included as 
covariates and a proband ascertainment correction implemented in SOLAR was used 
to obtain unbiased parameter estimates relevant to the general population. 22;23 
To further examine the relationship between the probability of a VTE and the 
global haemostasis assays, univariate and multiple logistic regression analyses were 
performed using Generalized Estimation Equations (GEE) to correct for relatedness 
of the individuals 24 (Proc GENMOD, SAS 9.0, SAS Institute, Cary, NC, USA). P-values 
< 0.05 were regarded significant.

Results

Characteristics 
In total 351 individuals from 17 families with family sizes ranging from 4 to 81 
members were identified. The median age of the subjects under study was 43 years 
(Table 1). In total 41 (12%) had a history of VTE of whom 15 (37%) recurrently. 
Twenty-six of the 41 (75%) symptomatic individuals were women. Median age of a 
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first thrombotic event was 40 years for all cases, 31 years for women and 49 years for 
men. More than half of the first events (58%) had been preceded by known clinical 
risk factors, i.e. surgery, trauma, immobilization, pregnancy, postpartum period, use 
of oral contraceptives or hormonal replacement therapy. 
Thirteen individuals with a history of VTE and two controls were using anticoagulant 
therapy (i.e. vitamin K antagonists, low-molecular weight heparin) at the time of 
blood collection and were excluded from the analyses. Among the remaining 28 cases 
there were more women than among the 308 controls, i.e. 21 (75%) and 129 (42%) 
respectively (Table 1). Furthermore, cases were older (mean difference 13 years) and 
more often had a history of superficial thrombophlebitis than controls, i.e. 4 (14%) and 
7 (2%) respectively (Table 1).

Table 1. Baseline characteristics.
Characteristics of the pedigrees (N=351) N %

Age (median years; range) 43 (5-92)
Age<13 years 8 3
Age>35 years 200 57
Number of families/probands 17
Number of households 229
Mean number of individuals per household (range) 1.5 (1-6)
Spouses 44 13
Male spouses 22/44 50 
Personal history of venous thrombosis 41/351 12
(probable and definite events)
Personal history of venous thrombosis 35/351 10
(definite event) 
Age of onset of VTE (median; range) 40 (4-68)
Idiopathic first thrombotic events¶ 17/41 42 
Anticoagulation treatment 15/351 4

Characteristics of the study population (N=336) cases (N=28) controls (N=308) GEE 
household

(anticoagulant users excluded) N % N % p-value

Mean age (years;SD) 53 (17.2) 40 (17.6) 0.000
Female gender 21 75 129 42 0.000
Personal history of superficial vein thrombosis 4 14 7 2 0.003
Oral anticonceptive use*  2 10 33 22  0.127
Hormonal replacement therapy*   2 10 4 3 0.192
Pregnancy*   1 5 4  3 0.704
Smokers# 3 11 71 24 0.132

* Calculations made on number of women >13years with (N=150); # Age > 13 years (cases N=28; controls 
N=300); ¶ Idiopathic event is defined as a thrombotic event of unknown cause. 
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Coagulation assays
Mean levels and standard deviation or median levels and interquartile ranges among 
cases and controls were calculated for all assays (Table 2). Increases in the APC-sr, 
F1+2 and ETP reflect an increase in thrombin generation, whereas an increase in TGT 
reflects a decrease in thrombin generation. An increase in CLT reflects a decreased 
fibrinolytic potential. There was a difference in F1+2 levels and ETP percentages 
between cases and controls. However, after correction for age the difference in F1+2 
levels disappeared. No difference in mean or median values was seen for the other 
assays. 

The distribution of cases among tertiles of the different assays in comparison to controls 
is depicted in Table 3. More than half of the cases (16/41; 57%) had ETP values in the 
highest tertile; this was the case in 13/41 (46%) for the F1+2 and 11/41(39%) for all 
other assays. 
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Table 3. Number of definite, probable cases and controls for tertiles of TGT, ETP, F1+2, APC-sr 

and CLT. 
All cases Controls

Thrombin generation time (%) N % N %
<98 9 32 98 33
98-114 8 29 99 33
>114 11 39 99 33
Endogenous thrombin potential (%)
< 88 1 4 100 33
88-107 11 39 100 33
>107 16 57 99 33
Prothrombin fragment 1+2 (nmolL-1)
<0,59 3 11   97* 32
0,59-0,77 12 43 104 35
>0,77 13 46 99 33
Activated Protein C-sensitivity ratio
<0,53 10 36 99 33
0,53-1,04 7 25 100 33
>1,04                                                                                                                      11 39 100 33
Clot lysis test (min)
<57 9 32 102 33
57-71                                                                                                                        8 29 103 34
>71 11 39 102 33

* Number of controls is not distributed equally among the tertiles, since the same values were frequently 
represented. 

Univariate and multiple logistic regression analyses
Univariate logistic regression for VTE was performed for all variables with correction 
for age, sex, family correlations and household correlations (Table 4). No significant 
difference between the family and household correlations corrected OR was found 
(data not shown). Of the tested variables only an increased ETP was independently 
associated with VTE. For every % increase of the ETP the OR for VTE increased 1.03, 
i.e. the OR increased 1.35 for each 10% increase in ETP. F1+2 level was strongly related 
with VTE (OR 5.07, 95% CI 1.93-13.28) (data not shown). However, after correction 
for age the effect of F1+2 disappeared (OR 0.81, 95%CI 0.21-3.16). 
Results of the multiple logistic regressions for VTE were very similar to those of the 
univariate analysis (OR 1.04 (95% CI 1.02-1.06) for every percentage ETP increase). 
Age (1.05, 95% CI 1.02-1.08) and female sex (4.29, 95% CI 1.62-11.38) were associated 
with VTE.
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Table 4. Univariate logistic regression for VTE corrected for family correlations, age and gender. 
Variable OR (95% CI) § p-value
Thrombin generation time (%) 1.00 (0.99-1.01) 0.909
Endogenous thrombin potential (%) 1.03 (1.02-1.05) 0.000
Prothrombin fragment 1+2 (mmolL-1)# 0.76 (0.26-2.27) 0.627
Activated protein C-sensitivity ratio* 0.99 (0.37-2.64) 0.982
Clot lysis time (min)# 1.44 (0.23-9.17) 0.697

§ Odds ratio per unit increase, # log transformed; * square root transformed. All variables used were 
continuous.

Heritability and household effects
Heritability estimates were substantial for all assays, i.e. genetic associations were 
found, ranging from 26% to 40% (Table 5). The highest heritability estimate was found 
for the TGT (40%). Variance attributed to age and sex was high for F1+2 (48%) and 
ranged from 5 to 20% for all other assays. Only for the TGT and CLT a proportion 
of the variance could be explained by household effects, i.e. 18 and 17% respectively. 
The proportion of the variability of the ETP accounted for by age and sex (20%) was 
smaller than the genetic effects (32%), whereas the proportion of household variability 
was none. 
Exclusion of individuals with a probable thrombotic event did not have a major effect 
on the results of the heritability or household estimates (data not shown). 

Table 5. Proportion of variance of all coagulation assays attributed to covariates (age, sex), 

hereditability and household effects. 
Proportion of variance (% )
Covariates Heritability 

(h2)
Household 
effects (c2)

Variable h2 SE (h2) p (h2) c2 SE (c2) p (c2)
Thrombin generation time (%) 11 40 12 <0.001 18 9 0.020
Endogenous thrombin potential(%) 20 32 10 <0.001 0 NA NA
Prothrombin fragment 1+2 (mmolL-1) 48 32 17   0.023 0 NA NA
Activated Protein C-sensitivity ratio 5 37 15   0.000 6 10 0.281
Clot lysis time (min) 9 26 10   0.001 17 8 0.015

SE, standard error; Calculations were made with a proband ascertainment correction.
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Discussion 

Of all global coagulation and fibrinolysis assays tested in these selected families, an 
increase in ETP was associated with symptomatic VTE, and shown to have a high 
heritable component. This intermediate phenotype might therefore be useful to identify 
new candidate genes through genetic linkage analyses in large pedigrees. High and 
low ETP has been described to define hypo- or hypercoagulable states. For instance, 
haemophilia patients have a low ETP whereas women using oral anticonceptives and 
asymptomatic individuals with antithrombin deficiency or the prothrombin G20210A 
mutation have high ETP test results. 14;25 One study investigated the ETP-based APC 
sensitivity test and found that free protein S, free TFPI and oral contraceptive use were 
major determinants of the test. 16 Although the F1+2 seemed to be associated with the 
risk of thrombosis this effect was fully explained by increasing age. 
The results of the estimated heritability and household effects were positive for genetic 
effects for all coagulation assays, and tended to be considerably smaller or even absent 
for shared household effects. These findings are in line with studies showing that genes 
appear to be the largest identifiable determinant of variation among haemostatic 
variables in thrombophilic families. These studies have led to the identification of 
several candidate genes or potential gene locations for a prothrombotic state. 26-29 
Comparison of coagulation and fibrinolysis markers in homo- and dizygotic twins 
revealed that genes were important determinants. 3;12;30 
Some issues warrant comment. First, the sensitivity of our approach may be reduced 
because in the 17 pedigrees different underlying genetic mechanisms may play a role. 
While in our approach we have been focusing on defining a shared intermediate 
phenotype, it is interesting to note that among these families we found one large 
pedigree in which the variance attributed to genes for the ETP was estimated to be as 
high as 65% in comparison to the results found in the other families ranging from 0 to 
4.1%. The association of ETP with VTE remained after excluding this particular family 
in the univariate logistic regression analysis (OR 1.03 95% CI 1.01-1.04) corrected for 
age and sex). Second, the relatively low number of cases, some of whom had probable 
but not definite venous thromboembolism, does not firmly exclude the other assays as 
candidate intermediate phenotypes for venous thrombosis. Third, the fact that a large 
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proportion of the control group consisted of asymptomatic family members of the 
cases may have led to an underestimation, since misclassification may have occurred 
due to the low penetrance of venous thromboembolism. Finally, instead of assessing 
a genetic hypercoagulable state, an effect of the previous thrombotic event on overall 
coagulation and fibrinolysis may have been measured. 
Strengths of our study are the number of families without thrombophilia together 
with the size of the extended pedigrees, the ascertainment of cases, and standardized 
conditions of blood sampling. The next step will be to investigate whether known and 
potential determinants of ETP can be identified by measuring several clotting factors 
and anticoagulants in the large family with high heritability of ETP. 31 Furthermore, 
we are currently investigating other mechanisms outside the coagulation cascade by 
protein profiling in cases versus controls, as well as performing a whole genome scan 
for genetic linkage analysis. 32

In conclusion, in this study we were able to determine a shared intermediate phenotype 
for VTE, which provides optimism for future identification of new genetic defects in 
these thrombophilic families.  
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