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GENERAL INTRODUCTION
Venous thromboembolism (VTE) is a disease that is characterised by intravascular 
coagulation leading to spontaneous clot formation and obstruction within a vein 
(venous thrombosis) that can also dislodge and cause downstream occlusions (emboli). 
It has a wide clinical spectrum that ranges from deep venous thrombosis (DVT) of 
the leg to potentially fatal pulmonary embolism. The disease occurs frequently in the 
Western world with an annual incidence of 1.5 per 1,000 individuals 1-3. This increases 
with age, being very rare in children and adolescents (0.02 per 1,000 individuals) and 
fairly common in the elderly (8.1 events per 1,000 individuals over 80 years of age) 1. 
Even though treatment with anticoagulants is highly effective, treatment success is 
always counterbalanced by a 15% annual risk of any bleeding and a 3% annual risk 
of major bleeding, such as intracranial haemorrhage or gastro-intestinal bleeds 4. 
Furthermore, the risk of recurrence after cessation of anticoagulants is high: 6-18% 
in the first two years 5-7, rising to 17-30% after 7-8 years. Finally, 50% of patients with 
a DVT is left with varying complaints of the affected leg after treatment (i.e. the post-
thrombotic syndrome) 8. This disease burden emphasizes the necessity of prevention 
and identification of individuals at an increased risk of VTE.

It has been clear for many years that there are circumstances during which the risk 
of VTE is increased, such as the postoperative period, major trauma, immobilisation, 
malignancy, pregnancy and the postpartum period. Furthermore, women who use oral 
contraceptives or hormone replacement therapy are also at an increased risk. These 
clinical risk factors are found in only half of all patients with VTE, and therefore, the 
other half occurs spontaneously. 

The term thrombophilia refers to a disorder associated with an increased tendency 
to venous thromboembolism. The first case of inherited thrombophilia was reported 
by Egeberg in 1965 in a Norwegian family with a remarkable tendency to venous 
thromboembolism, which was shown to be due to a deficiency of the physiological 
anticoagulant antithrombin 9. The next inherited thrombophilias to be discovered 
were deficiencies of protein C and protein S, two other natural anticoagulants 10,11. A 
major breakthrough in the elucidation of hereditary thrombophilia came in the years 
1993-1996 with the discoveries of resistance to activated protein C (APC resistance) 
12, usually caused by a point mutation in the gene for coagulation factor V (factor V 
Leiden) 13, mild hyperhomocysteinemia 14, the prothrombin 20210A mutation 15, and 
persistently elevated levels of coagulation factor VIII 16. Together with the deficiencies 
of the natural anticoagulants, at least one of these thrombophilias can be identified in 
approximately 60% of patients with VTE, thereby offering an explanation for a poorly 
explained disease 17. 
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Over the last decade the role of these coagulation abnormalities has also been 
studied in other vascular emergencies such as arterial vascular disease 18 and obstetric 
complications, including (recurrent) pregnancy loss, pre-ecclampsia and the HELLP 
syndrome 19,20. 

Even though our insight into the relationship between thrombophilia and vascular 
disease has increased substantially over the last years, there are still many clinically 
relevant unanswered questions. The studies described in this thesis attempt to answer 
some of these questions and provide an overview of the current practise of and insights 
into thrombophilia.

OUTLINE OF THIS THESIS
Chapter 2 presents an overview of inherited thrombophilia. It describes the 
classification, pathophysiology and prevalence of the most common thrombophilias, 
the risks of both VTE and pregnancy related vascular complications, and the potential 
clinical implications for carriers of thrombophilia.

There is a continuous debate among specialists about which patients to test for 
inherited thrombophilia and on the possible management consequences of these test 
results. There is increasing opposition to testing, and those who do, generally argue that 
patients with thrombophilia do not have an increased risk of recurrence, and therefore, 
testing is not indicated 21. Still, how often and for what indications thrombophilia 
test are ordered in daily clinical practise is not known. Chapter 3 presents the results 
of a survey that was held among Dutch physicians who ordered thrombophilia tests 
in 2,000 consecutive patients. The tests were performed in a central laboratory that 
provides specialised diagnostic facilities throughout The Netherlands and this survey 
therefore most likely reflects testing behaviour of general practitioners and specialists 
working in non-academic hospitals. 

Many patients with a first VTE are tested for inherited thrombophilia with the aim 
to provide an explanation for their disease and to identify those who may be at highest 
risk of recurrence. Experts in favour of testing claim that patients who are found to have 
a thrombophilia may have an increased risk of recurrence, and therefore, testing can 
identify those that may benefit from more aggressive treatment with respect to either 
the duration of the initial anticoagulation period or intensified prophylaxis during 
high risk episodes 22. Thus, tested patients may have a reduced risk of recurrent events 
by virtue of this more aggressive management. Chapter 4 investigates this hypothesis 
in a nested case-cohort study of the Multiple Environmental and Genetic Assessment 
of risk factors for venous thrombosis (MEGA) study. It compared the prevalence of 
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thrombophilia testing in patients with a recurrent episode (cases) to the prevalence of 
performed tests in a frequency matched control cohort. 

Chapters 5, 6 and 7 address the absolute risks of first VTE and arterial vascular 
events in asymptomatic individuals with thrombophilia. Chapter 5 describes the 
results of the first and largest prospective cohort study in asymptomatic first degree 
relatives of consecutive patients with the prothrombin 20210A mutation and either 
VTE or arterial vascular events at a young age. In this study, the absolute incidence of 
first VTE and arterial cardiovascular risk was assessed in 236 carriers and 228 non-
carriers with a total follow-up duration of over 800 years per group. 

In a similar fashion, we investigate in chapter 6 the absolute risks of becoming 
symptomatic for relatives of patients with persistently elevated levels of coagulation 
factor VIII and either VTE or arterial vascular disease. In this study, the absolute 
incidences of venous and arterial vascular events were determined for 192 relatives 
with elevated levels of factor VIII and 340 relatives with normal levels. 

Chapter 7 details a retrospective cohort study of asymptomatic relatives of patients 
with VTE or premature arterial vascular events and mild hyperhomocysteinemia. 
The annual incidence of venous and arterial vascular disease of 183 relatives with 
mild hyperhomocysteinemia, with a total follow-up duration of over 6,000 years, was 
compared to that of 295 relatives with normal homocysteine levels.

Thrombophilia does not only increase the risk of VTE, but it is also associated with 
an increased risk of (recurrent) pregnancy loss. The prognosis after a single loss for 
women with thrombophilia is currently not sufficiently clear. In recent studies, it was 
suggested that women who have experienced a pregnancy loss and carry factor V 
Leiden or the prothrombin 20210A mutation are much less likely to have a successful 
subsequent pregnancy than women without thrombophilia 23,24. In chapter 8, the 
chance of having a living child after a previous pregnancy loss for women with either 
factor V Leiden or the prothrombin 20210A mutations is studied and compared to 
that of their female relatives with a normal genotype.

Whereas the previous chapters deal with the risks and clinical implications of 
established thrombophilia, chapter 9 focuses on a novel and potentially relevant risk 
factor for VTE. A new mutation in tyrosine kinase Janus-kinase-2 (JAK2 mutation or 
JAK2V617F) was discovered in 2005 25. This acquired mutation is present in up to 97% of 
patients with polycythemia vera and in 50% of patients with essential thrombocythemia 
and idiopathic myelofibrosis 26. Since patients with these myeloproliferative disorders 
often present with VTE, we postulated that presence of the JAK2 mutation is associated 
with an increased risk of VTE. Chapter 9 is a case-control study of patients who were 
referred to the Academic Medical Center for suspicion of deep venous thrombosis 
(DVT) of the leg. Prevalence of the JAK2 mutation was determined in patients with 
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objectively confirmed DVT (cases) and compared to the prevalence of those in whom 
DVT was objectively ruled out.

The discovery of various thrombophilias has led to an enormous amount of clinical 
studies that describe the relative and absolute risks of each of these thrombophilias, 
not only in venous thromboembolism, but also in other vascular conditions such as 
(premature) atherosclerosis, and pregnancy related complications such as (recurrent) 
pregnancy loss, stillbirth, (pre-)ecclampsia, HELLP syndrome (haemolysis, elevated 
liver enzymes and low platelets) and intrauterine growth retardation. No less than 
11,000 publications can be identified through a rough search in the Medline database 
with thrombophilia, introduced as a MeSH term in 1998, as a major topic heading. 
Some of these associations have been demonstrated to be statistically significant, but 
not all are clinically relevant. Furthermore, straightforward management studies in 
asymptomatic thrombophilic subjects or patients with thrombosis and thrombophilia 
are rare, hence the recommended treatment strategies in these patients are based 
on the interpretation of studies assessing risk and the efficacy/safety ratio of various 
interventions. This thesis offers a further elucidation of the risks of the most common 
thrombophilias in various clinical settings and it speculates on the usefulness of 
management consequences. 
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SUMMARY
The last decades, many inherited thrombophilias have been detected and the 
pathophysiological insight has increased tremendously. However, despite the 
overwhelming observational evidence on the association between inherited 
thrombophilia and several women’s health issues including VTE, thus far the 
implications for clinical practice are uncertain. Although there is firm epidemiological 
evidence that is helpful in counseling women with inherited thrombophilia in order 
to prevent a first or recurrent VTE, the uncertainty is particularly present for women 
who have other pregnancy complications such as recurrent pregnancy loss and pre-
ecclampsia. For this group, well-designed placebo-controlled trials to assess the 
harm-benefit ratio are urgently needed.
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INTRODUCTION
Thrombophilia is defined as a disorder associated with an increased tendency to 
venous thromboembolism, such as recurrent thrombosis, thrombosis at a young age 
or familial thrombosis. The first inherited thrombophilia was discovered by Egeberg 
in 1965 when he reported a Norwegian family with a remarkable tendency to venous 
thrombosis due to a deficiency in the natural anticoagulant antithrombin 1. At present, 
this term is generally used to describe a laboratory abnormality (most often in the 
coagulation system) that increases the tendency to venous thromboembolism (VTE; 
venous thrombosis in any site or pulmonary embolism). 

Thrombophilic abnormalities can be either acquired or inherited. An example 
of acquired thrombophilia is the antiphospholipid antibody syndrome which 
is characterised by a tendency toward venous or arterial thrombosis, recurrent 
pregnancy loss, in combination with persistent lupus anticoagulant or antiphospholipid 
antibodies. Furthermore, there are many acquired and/or transient conditions that lead 
to a prothrombotic state including cancer, surgery, strict immobilisation, pregnancy 
and the postpartum period, and use of estrogen-containing medication, such as oral 
contraceptives and hormone replacement therapy. Following Egeberg’s discovery of 
antithrombin deficiency, several inherited defects have been identified and studied to 
different extents in a large number of clinical studies. No less than 10,000 publications 
can be identified through a rough search in the Medline database with thrombophilia, 
introduced as a MeSH term in 1998, as a major topic heading.

Although the term thrombophilia traditionally used to apply to patients with 
unusual manifestations of VTE, such as recurrent spontaneous episodes, thrombosis 
at young age, a strong family history, or thrombosis in an unusual site, we now know 
that thrombophilia tends to increase the risk for any episode of venous thrombosis or 
pulmonary embolism. Approximately half of the patients with inherited thrombophia 
will develop their first VTE related to an acquired or transient prothrombotic risk 
situation. Furthermore, despite the fact that thrombosis at a young age was assumed 
to be a criterion for thrombophilia and the mean age at time of a first thrombotic 
age is approximately 10 years lower than in the general population, the vast majority 
of patients will have the first episode later in life 2. The theoretical concept is that 
patients with thrombophilia have an intrinsic prothrombotic state which in itself is 
insufficient to cause thrombosis, but may lead to an event when superimposed upon 
(clinical) risk factors, including increasing age 3.

As was already known for the aqcuired antiphospholipid antibody syndrome, 
most inherited thrombophilic disorders are also associated with pregnancy-related 
disorders such as (recurrent) fetal loss, stillbirth, intrauterine growth retardation, 
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pre-eclampsia and the hemolysis-elevated liver enzymes-low platelets (HELLP) 
syndrome of pregnancy 4,5. 

This review describes the currently accepted forms of inherited thrombophilia, 
the underlying pathophysiology and epidemiology, and its potential implications for 
women’s health issues. 

CLASSIFICATION, PATHOPHYSIOLOGY AND 
PREVALENCE OF INHERITED THROMBOPHILIA
An overview of the currently known abnormalities that cause inherited thrombophilia 
is shown in Table 1, and the mechanisms of action are depicted in Figure 1. 

Antithrombin, protein C, and protein S function as physiological inhibitors of the 
coagulation cascade and are therefore referred to as natural anticoagulants. Deficiencies 
of one of these proteins lead to an imbalance in basal coagulation activity toward a pro-

Figure 1. Regulation of blood coagulation

Coagulation is initiated by a tissue factor (TF)–factor VIIa complex that can activate factor IX or factor X. 
At high tissue factor concentrations, factor X is activated primarily by the TF-VIIa complex, whereas at 
low tissue factor concentrations the contribution of the factor IXa–factor VIIIa complex to the activation 
of factor X becomes more pronounced. Coagulation is maintained through the activation by thrombin 
of factor XI. The coagulation system is regulated by the protein C pathway. Thrombin activates protein 
C. Together with protein S, activated protein C (APC) is capable of inactivating factors Va and VIIIa, 
which results in a down-regulation of thrombin generation and consequently in an up-regulation of the 
fibrinolytic system. The activity of thrombin is controlled by the inhibitor antithrombin. The solid arrows 
indicate activation and the broken arrows inhibition.
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thrombotic state, which has been confirmed in studies showing increased markers of 
thrombin generation in subjects with one of these deficiencies 6,7. For antithrombin 
and protein C, two types of deficiencies are distinguished. In type I deficiency, levels 
of both antigen and activity are reduced and in type II, antigen levels are normal, but 
one or more functional defects in the molecule lead to a decreased activity. Protein S 
circulates in two forms: the active free protein S (approximately 40-50%) and protein 
S bound to complement component C4b-binding protein. In type I deficiency, total 
and free antigen levels and activity are reduced, in type II deficiency, both total and 
free antigen are normal, but activity is reduced and in type III deficiency, total antigen 
is normal, but free antigen and activity are reduced. Whether this classification into 
various types is of clinical significance, is largely unknown. These different types of 
deficiencies are caused by a large number of mutations, that are recorded in occasionally 
updated databases 8-10.

The factor V Leiden mutation is the most common inherited thrombophilic defect, 
and is found in approximately 20% of patients with VTE, and in 5% of Caucasian 
populations (Table 2). It is a point mutation in the gene coding for clotting factor 
V (G1691A), causing a replacement of arginine by glutamine in the cleavage site for 
activated protein C (APC, Q506), thereby making activated factor V more resistant to 
inactivation by  this physiological anticoagulant (APC resistance)(Figure 2b) 11,12. 

The prothrombin 20210A mutation is a point mutation that leads to a normal protein 
but higher average levels of inactive factor II (prothrombin) compared to the wildtype 
genotype, which is the presumed mechanism of the prothrombotic phenotype 13.

Increased levels of clotting factor VIII:c at various cut-off levels of at least the 
75th percentile of normal pooled plasma have been shown to be a risk factor for 
VTE 14. The mechanism by which individuals tend to have elevated levels of factor 
VIII:c remains largely unknown. However, it has been shown that elevated levels are 
persistent over time and tend to cluster within families, indicating at least a partial 
genetic etiology 15-18. 

Mild hyperhomocysteinemia has been associated with an increased risk of VTE 19. 
A homozygous mutation in the gene coding for methylenetetrahydrofolate reductase 

Table 1. Causes of inherited thrombophilia

Definitely inherited Multifactorial (and at least partly inherited)
Antithrombin deficiency Elevated factor VIII:c levels*
Protein C deficiency Mild hyperhomocysteinemia†
Protein S deficiency
Factor V Leiden (V:Q506)
Prothrombin 20210A mutation
* Above the 75th percentile † Above the 95th percentile
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(MTHFR) causes an approximate 25% increase in average fasting homocysteine levels 
and is therefore often considered as a hereditary risk factor for thrombosis20. However, 
although hyperhomocysteinemia is clearly associated with thrombosis, this association 
is less clear for the MTHFR-mutation per se 21. Therefore, we will not further discuss 
the MTHFR mutation in this chapter, but rather focus on mild hyperhomocysteinemia 
regardless of the presence of an underlying genetic polymorphism.

Figure 2. Pathophysiology of the factor V Leiden mutation

Activated protein C inactivates factor Va by cleaving the protein at the Arginine506 cleavage site (Figure 
2a). In carriers of the factor V Leiden mutation, a point mutation in the gene coding for factor V, causes 
replacement of the amino acid Arginine by Glutamine at position 506 of the protein, making factor Va 
resistant to inactivation by activated protein C (i.e. APC-resistance; Figure 2b).
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Deficiencies of one of the natural anticoagulants are found in less than 10% of 
consecutive patients with VTE 22, which is the main reason why thrombophilia tests 
were reserved to clinically severe cases of VTE in the past. Since the nineties of the 
last century however, after the discovery of the factor V Leiden and the prothrombin 
mutation, the diagnostic yield increased tremendously which has resulted in widespread 
testing for thrombophilia. The prevalences of the currently known inherited defects in 
both the general population and in patients with VTE are summarised in Table 2. 

Table 2. Prevalence of inherited thrombophilia

General population Patients with VTE
Antithrombin, protein S, or Protein C deficiency 1% 26,27,82 7% 22

Factor V Leiden Caucasians 4-7% 83,84 21% 11

non-Caucasians 0-1%
Prothrombin 20210A Caucasians 2-3% 85,86 6% 87

non-Caucasians 0-1%
Elevated F.VIII:c levels 11% 14 25% 14
Mild hyperhomocysteinemia 5% 88 10% 88

INHERITED THROMBOPHILIA AND THE RISK OF VTE
While well-performed case-control studies quantify associations between 
thrombophilic defects and VTE, the absolute risk in patients with thrombophilia 
cannot be directly concluded from this type of studies. There remains uncertainty in 
a risk estimate derived by multiplying the observed odds ratio’s with baseline risks in 
specific populations since a baseline risk may not be valid for an individual patient. 
Knowledge of absolute risks for VTE as well as the bleeding risk of anticoagulants is 
necessary to make rational management decisions, and several available cohort studies 
give clinically relevant information 15,23-25. It is important to note that these studies 
have been mainly performed in relatives of (consecutive) patients with a particular 
thrombophilic defect. Therefore, the overall absolute annual incidences of various 
forms of inherited thrombophilia depicted in Table 3 reflect risks for individuals with 
some degree of a family history of VTE, and may be much lower in healthy individuals 
in whom a defect is detected because of mass-screening or for scientific research 
purposes 26-28. Table 3 also lists the absolute risks during and shortly after transient 
high risk situations. The risk for a spontaneous episode of VTE is approximately half 
of the overall risk.

From a pathophysiological and epidemiological point of view it is interesting to 
note that often there is interaction between inherited thrombophilia and acquired 
prothrombotic states, most notably oral contraceptive use and hormone replacement 
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therapy. For example, in carriers of the factor V Leiden mutation who use oral 
contraceptives, the relative risk of developing VTE is the product instead of the 
sum of the individual relative risks 29. Whether a thrombophilic defect interacts 
in a multiplicative or additive manner with a specific transient risk factor has not 
been investigated systematically, but when considering preventive measures in 
thrombophilic individuals, the focus should again be on the absolute incidence in 
patients exposed to these transient risk factors rather than on relative risks. 

Patients with VTE are at a high risk of recurrent events. This risk is estimated 
to be 4.5%/year in the first two years after the initial event 30. Whether presence 
of a thrombophilic defect superimposes an additional risk upon the already high 
recurrence rate is a matter of continuing debate. Various studies examined the 
relationship between hereditary thrombophilia and recurrent venous thrombosis, and 
although results have been conflicting, potentially due to differences in selection of 
the studied population, the pooled hazard ratio is around 1.4 for all thrombophilic 
defects 31. The absence of transient risk factors eliciting the first thromboembolic 
event appears to be a much stronger predictor of recurrence than the presence of 
hereditary thrombophilia 32.

INHERITED THROMBOPHILIA AND PREGNANCY 
ASSOCIATED COMPLICATIONS
Pregnancy-associated complications including recurrent pregnancy loss, as well as 
venous or arterial thrombosis are potential clinical manifestations of the acquired 
antiphospholipid antibody syndrome (APLS). This has led to investigations into 
the association of inherited thrombophilia with pregnancy loss as well as other, 
presumably vascular, pregnancy complications. It was first demonstrated that women 
with most forms of inherited thrombophilia have a slightly higher risk for pregnancy 

Table 3. Incidences of first VTE in individuals with inherited thrombophilia

Antithrombin, 
protein S or protein C 
deficiency

Factor V Leiden Prothrombin 
20210A

Elevated FVIII:c 
levels

Mild hyperhomo-
cysteinemia

Overall (%/year) 1.5 (0.7-2.8) 89 0.5 (0.1-1.3) 24,90 0.4 (0.1-1.1) 91 1.3 (0.5-2.7) 92 0.2 (0.1-0.3) 93

Surgery/trauma/immobilization (%/
episode)

8.1 (4.5-13.2) 24 1.8 (0.7-4.0) 23,24 1.6 (0.5-3.8) 25 1.2 (0.4-2.8) 15 0.9 (0.1-3.4) 93

Pregnancy (%/pregnancy) 4.1 (1.7-8.3) 24 2.1 (0.7-4.9) 23,24 2.3 (0.8-5.3) 25 1.3 (0.4-3.4) 15 0.5 (0.0-2.6) 93

l during pregnancy 1.2 (0.3-4.2) 0.4 (0.1-2.4) 0.5 (0.1-2.6) 0.3 (0.1-1.8) 0.0 (0.0-1.8)
l puerperium 3.0 (1.3-6.7) 1.7 (0.7-4.3) 1.9 (0.7-4.7) 1.0 (0.3-2.9) 0.5 (0.0-2.6)
Oral contraceptive use (%/year of use) 4.3 (1.4-9.7) 24 0.5 (0.1-1.4) 23,24 0.2 (0.0-0.9) 25 0.6 (0.2-1.5) 15 0.1 (0.0-0.7) 93
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complications than their relatives without 
thrombophilia 25,33-35. Furthermore, case-
control studies showed that thrombophilia 
is present more often in women with 
obstetric complications than in women 
who have had uncomplicated pregnancies. 
However, to date the pathophysiological 
mechanisms underlying these associations 
are not at all clear.

Approximately 3% of all women trying 
to conceive will experience recurrent 

pregnancy loss 36. Various descriptions have been used for recurrent pregnancy loss, 
with the most common definitions being  either at least two or three pregnancy losses 
which may or may not be consecutive 37. Early pregnancy loss is usually defined as a 
miscarriage in the first 12 weeks of pregnancy, whereas late pregnancy loss concerns 
pregnancies that unintentionally ended after a gestational age of 12 weeks and 
implies loss of fetal heart activity on ultrasound 38. Some studies include stillbirth 
or intra-uterine fetal death, usually defined as fetal death occurring after 20 weeks 
of gestation, in the category of late pregnancy loss. Established causes of recurrent 
pregnancy loss are structural chromosomal abnormalities in either the woman or the 
male partner, fetal chromosomal abnormalities, and the antiphospholipid antibody 
syndrome. However, in more than half of the couples with recurrent pregnancy loss 
no cause can be identified. Several meta-analyses have summarised the available case-
control studies on the association between (recurrent) pregnancy loss and inherited 
thrombophilia 5,39-41.  The pooled odds ratios are summarised in Table 4. It has 
become increasingly clear that there seems to be a distinction between early and late 
pregnancy loss when considering the relation with inherited thrombophilia. However 
it should be noted that studies vary considerably in defining early and late pregnancy 
loss. There appears to be no statistically significant association between factor V 
Leiden and early non-recurrent pregnancy loss, whereas there is a 2-fold risk increase 
for early recurrent miscarriages in carriers of the factor V Leiden or prothrombin 
mutation. The data on protein C, protein S, and antithrombin deficiency are limited 
by numbers. As can be observed from Table 4, the overall impression is that the 
association between pregnancy loss and inherited thrombophilia becomes stronger 
with increasing numbers of pregnancy losses a woman has experienced as well as the 
occurrence at a later gestational age. One study reported a 4-fold increased risk of 
early recurrent pregnancy loss in 51 women with elevated factor VIII:c levels (above 
the 90th percentile) as compared to 51 women with normal FVIII:c levels 42. This 
finding could not be confirmed in a family study in which 117 women with FVIII:c 

Table 3. Incidences of first VTE in individuals with inherited thrombophilia

Antithrombin, 
protein S or protein C 
deficiency

Factor V Leiden Prothrombin 
20210A

Elevated FVIII:c 
levels

Mild hyperhomo-
cysteinemia

Overall (%/year) 1.5 (0.7-2.8) 89 0.5 (0.1-1.3) 24,90 0.4 (0.1-1.1) 91 1.3 (0.5-2.7) 92 0.2 (0.1-0.3) 93

Surgery/trauma/immobilization (%/
episode)

8.1 (4.5-13.2) 24 1.8 (0.7-4.0) 23,24 1.6 (0.5-3.8) 25 1.2 (0.4-2.8) 15 0.9 (0.1-3.4) 93

Pregnancy (%/pregnancy) 4.1 (1.7-8.3) 24 2.1 (0.7-4.9) 23,24 2.3 (0.8-5.3) 25 1.3 (0.4-3.4) 15 0.5 (0.0-2.6) 93

l during pregnancy 1.2 (0.3-4.2) 0.4 (0.1-2.4) 0.5 (0.1-2.6) 0.3 (0.1-1.8) 0.0 (0.0-1.8)
l puerperium 3.0 (1.3-6.7) 1.7 (0.7-4.3) 1.9 (0.7-4.7) 1.0 (0.3-2.9) 0.5 (0.0-2.6)
Oral contraceptive use (%/year of use) 4.3 (1.4-9.7) 24 0.5 (0.1-1.4) 23,24 0.2 (0.0-0.9) 25 0.6 (0.2-1.5) 15 0.1 (0.0-0.7) 93
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levels above the 75th percentile were compared to their 143 relatives with lower 
FVIII:c levels 43. Finally, although hyperhomocysteinemia was found to increase the 
risk for recurrent early pregnancy loss 2- to 4-fold, depending on the definition, in a 
meta analysis of a limited number of case-control studies 44, in the same family study 
mild hyperhomocysteinemia could not be confirmed as risk factor 43.

Pre-ecclampsia, proteinuric hypertension in the second half of pregnancy, intra-uterine 
growth restriction (defined as estimated growth less than 10th percentile for gestational 
age), placental abruption and the HELLP syndrome are other pregnancy related 
complications that have been claimed to be associated with inherited thrombophilia. 
In the last decade case-control studies on pregnancy related complications have shown 
inconsistent results regarding the association with various inherited thrombophilias. 
Similar to the problems encountered in studies about pregnancy loss, the definitions of 
the pregnancy complications used differ substantially between studies. In a systematic 
review of 25 studies on both inherited and acquired thrombophilia, there was wide 
heterogeneity in the prevalence of thrombophilia among the studies, making firm 
conclusions difficult. Considering only inherited thrombophilia, women with pre-
eclampsia were more likely to have the factor V Leiden or prothrombin mutation, or 

Table 4. Association between inherited thrombohilias and pregnancy loss

Inherited Thrombophilias Meta-analysis / 
systematic reviews

Early non-recurrent 
pregnancy loss
OR (CI)

Early recurrent 
pregnancy loss
OR (CI)

Late non-recurrent 
pregnancy loss
OR (CI)

Late recurrent 
pregnancy loss
OR (CI)

Factor V Leiden Rey 5 1.40 (0.66-2.97) 2.01 (1.13-3.58) 3.26 (1.82-5.83) 7.83 (2.83-21.67)
Dudding 40 2.8 (1.3-6.2) 10.7 (4.0-28.5)
Kovalesky 41 2.0 (1.5-2.7)
Alfirevic 39 6.1 (2.8-13.2)

Prothrombin 20210A Rey 5 2.32 (1.12-4.79) 2.30 (1.09-4.87)
Kovalesky 41 2.0 (1.0-4.0)
Alfirevic 39

APC-resistance Rey 5 2.07 (0.40-10.67) 3.48 (1.58-7.69)
Alfirevic 39 5.0 (2.0-12.4)

Protein C deficiency Rey 5 (recurrent fetal loss) 1.57 (0.23-10.54) (non recurrent fetal loss) 1.41 (0.96-2.07)
Alfirevic 39

Protein S deficiency Rey 5 7.39 (1.28-42.83)
Alfirevic 39 16.2 (5.0-52.3)

Antitrombin deficiency Rey 5 (recurrent fetal loss) 0.88 (0.17-4.48) (non recurrent fetal loss) 1.54 (0.97-2.45)
Alfirevic 39

Rey 5: early pregnancy loss defined as <13 weeks gestation; for protein C and antithrombin deficiency no 
distinction 
Kovalevsky 41: recurrent pregnancy loss defined as ³ 2 losses in the first or second trimester
Alfirevic 39: late pregnancy loss defined as > 20 weeks gestation
Dudding 40: late pregnancy loss defined as third trimester
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protein C or protein S deficiency. Women with unexplained stillbirth or intrauterine 
growth restriction, more often had the factor V Leiden mutation or protein S deficiency. 
The factor V Leiden and prothrombin mutation as well as mild hyperhomocysteinaemia 
were more often found in women with placental abruption, as compared with controls 
39. In another systematic review that considered only gene mutations (factor V Leiden 
and the prothrombin mutation) combined with a population-based study of 404 women 
with preeclampsia, no association with factor V Leiden mutation or the prothrombin 
mutation could be demonstrated, and the authors concluded that the sole association 
found was for the factor V Leiden mutation with severe preeclampsia 45. Finally, there 
seems to be no relationship between elevated FVIII:c levels and preeclampsia, HELLP 
syndrome, and IUGR 46.

CLINICAL IMPLICATIONS OF HEREDITARY 
THROMBOPHILIA

Prophylaxis of VTE - general considerations

Management studies in asymptomatic individuals with thrombophilia or in patients 
with thrombosis and thrombophilia 
are rare, and therefore, recommended 
strategies in these patients are usually 
based on the interpretation of studies 
assessing risk and the efficacy/safety 
ratio of various interventions. As stated 
before, absolute rather than relative risks 
are important and need to be balanced 
against the absolute risks of the considered 
prophylactic measures in a patient known 
to have inherited thrombophilia.

Preventive strategies can consist 
of avoidance of additional transient 
risk factors, like withholding oral 
contraceptives, or it can involve prophylaxis 
with anticoagulants such as vitamin K 
antagonists or heparin (unfractionated 
or low-molecular-weight). Anticoagulant 
prophylaxis can be either recommended 
continuously or be restricted to periods 

Table 4. Association between inherited thrombohilias and pregnancy loss

Inherited Thrombophilias Meta-analysis / 
systematic reviews

Early non-recurrent 
pregnancy loss
OR (CI)

Early recurrent 
pregnancy loss
OR (CI)

Late non-recurrent 
pregnancy loss
OR (CI)

Late recurrent 
pregnancy loss
OR (CI)

Factor V Leiden Rey 5 1.40 (0.66-2.97) 2.01 (1.13-3.58) 3.26 (1.82-5.83) 7.83 (2.83-21.67)
Dudding 40 2.8 (1.3-6.2) 10.7 (4.0-28.5)
Kovalesky 41 2.0 (1.5-2.7)
Alfirevic 39 6.1 (2.8-13.2)

Prothrombin 20210A Rey 5 2.32 (1.12-4.79) 2.30 (1.09-4.87)
Kovalesky 41 2.0 (1.0-4.0)
Alfirevic 39

APC-resistance Rey 5 2.07 (0.40-10.67) 3.48 (1.58-7.69)
Alfirevic 39 5.0 (2.0-12.4)

Protein C deficiency Rey 5 (recurrent fetal loss) 1.57 (0.23-10.54) (non recurrent fetal loss) 1.41 (0.96-2.07)
Alfirevic 39

Protein S deficiency Rey 5 7.39 (1.28-42.83)
Alfirevic 39 16.2 (5.0-52.3)

Antitrombin deficiency Rey 5 (recurrent fetal loss) 0.88 (0.17-4.48) (non recurrent fetal loss) 1.54 (0.97-2.45)
Alfirevic 39

Rey 5: early pregnancy loss defined as <13 weeks gestation; for protein C and antithrombin deficiency no 
distinction 
Kovalevsky 41: recurrent pregnancy loss defined as ³ 2 losses in the first or second trimester
Alfirevic 39: late pregnancy loss defined as > 20 weeks gestation
Dudding 40: late pregnancy loss defined as third trimester
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of a perceived high risk of thrombosis. In the latter case it should be realised that 
approximately half of the episodes in thrombophilic patients will occur spontaneously 
and will not be prevented by such an approach 23,47,48. Lifelong anticoagulant prophylaxis 
with vitamin K antagonists reduces the risk for VTE by more than 90% 49 which is 
also the case in patients with thrombophilia 50. However, this type of intervention is 
associated with an annual incidence of major bleeding of about 2-3%, and the rates of 
life-threatening or fatal bleeding are 1.0% and 0.25%, respectively 51,52.

Since a previous episode of VTE is a major risk factor for recurrence, regardless of the 
presence of thrombophilia, recommendations are distinctly different for prevention of 
VTE between asymptomatic thrombophilic patients and those with a history of VTE 47.

Prophylaxis of VTE for asymptomatic individuals with thrombophilia

The incidence of spontaneous VTE is approximately half the overall incidence. For 
all forms of inherited thrombophilia, the risk of a spontaneous VTE in asymptomatic 
individuals (Table 3) does not outweigh the bleeding risk induced by primary 
prevention with vitamin K antagonists, and such a preventive measure will therefore 
do more harm than good.

The risk of VTE after surgery remains elevated for a period of about two to four 
weeks 53,54. Therefore, extending the period of post-operative prophylaxis after hospital 
discharge may be justified in individuals with a deficiency of antithrombin, protein S 
or C who seem to be at highest risk of the inherited thrombophilias (Table 3). For 
carriers of the factor V Leiden or prothrombin mutation and individuals with elevated 
levels of factor VIII:c or mild hyperhomocysteinemia, who seem to have a lower risk 
of post-operative thrombosis, a more vigorous approach than routine peri-operative 
prophylaxis may be superfluous.

The optimal management for asymptomatic pregnant women with inherited 
thrombophilia is uncertain and depends strongly on how the absolute risk of VTE 
is perceived by an individual woman and her treating physician. From retrospective 
family studies estimates of the risk of VTE during pregnancy are available and in 
absolute terms this risk is fairly low for all inherited thrombophilias (0.3-1.2%, Table 
3). Therefore, it seems generally justified to withhold anticoagulant prophylaxis 55. In 
the puerperium the risk of thrombosis is higher (1.0-3.0%, Table 3), so treatment with 
anticoagulants (either vitamin K antagonists or low molecular weight heparin) for 4-6 
weeks should be considered, in particular for women with one of the deficiencies of 
the natural anticoagulants or combined thrombophilic defects 55.

The incidence of VTE during use of oral contraceptives in asymptomatic women 
with a deficiency of antithrombin, protein S or C who have a positive family history 
for VTE is about 4.0% per year 24, which is much higher than the risk of about 4 per 
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10,000 pill-years in young users in the general population 56. Given this high risk the 
use of oral contraceptives and hormone replacement therapy is generally considered 
contraindicated. The risk for women with the factor V Leiden or the prothrombin 
mutation is considerably lower (0.2-0.5% per year, Table 3), and this probably allows 
for a more patient-tailored advice in which the woman’s preference and the risk of an 
unwanted pregnancy should be taken into consideration. For women with elevated 
levels of factor VIII:c or mild hyperhomocysteinemia less data are available but the 
risks seem to be in the same range as of the mutations (Table 3). If an oral contraceptive 
is prescribed, levonorgestrel containing pills (second generation) are preferred because 
of a 50% lower risk of thrombosis than oral contraceptives containing desogestrel or 
gestodene (third generation) 56-58. 

Prophylaxis of VTE for patients with thrombophilia and a history of VTE

The 7th ACCP guidelines for antithrombotic therapy for venous thromboembolic 
disease give evidence-based recommendations about prevention of VTE and detail 
which patients are eligible for prolonged anticoagulant treatment 59. In these patients 
the risk of thrombosis outweighs the risk of bleeding in everyday life. 

However, secondary prophylaxis for patients who are considered to have a lower risk 
for recurrent VTE and have thus discontinued anticoagulant treatment needs special 
consideration. Although there is no equivocal evidence that patients with thrombophilia 
have a clearly higher recurrence rate than patients without thrombophilia 32,50,60, the 
absolute incidence of recurrence is fairly high and this justifies a cautious approach 
during high risk situations.

Prolonged postoperative prophylaxis should be considered in any patient with 
thrombophilia and a history of thrombosis, because the risk of VTE remains increased 
for a period of 2-4 weeks 53,54.

There are no management studies for prophylaxis in pregnant women with 
thrombophilic defects and a history of deep-venous thrombosis. In two observational 
studies the risk of antepartum recurrent VTE in women with a history of VTE 
ranged between 2.4 and 6.2%.61,62 In the first prospective study, an idiopathic first 
thromboembolic event as well as thrombophilia appeared to be risk factors for 
recurrence during the subsequent pregnancy 61, whereas this could not be confirmed 
in the second retrospective study 62. In view of the high risk of recurrence, which was 
constant during all trimesters of pregnancy, anticoagulant prophylaxis throughout 
the entire pregnancy should be considered. Vitamin K antagonists are strictly 
contraindicated during the first and third trimester; for the first trimester, this is 
due to the teratogenicity, in the third trimester, the vitamin K antagonists (which 
cross the placenta) induce an increased risk of fetal intracranial haemorrhage during 
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birth 55. Furthermore, a recent study has shown that in utero exposure to vitamin K 
antagonists, also during the second trimester of pregnancy, has a negative effect on 
neurologic, behavioural and cognitive functions, measured at the age of 9-14 years 
63-65. Therefore, low molecular weight heparin (which does not cross the placenta 
and consequently does not affect the fetus) is the drug of choice. Studies with low 
molecular weight heparin prophylaxis in pregnant women have shown that recurrent 
venous thromboembolic events tend to occur most often in those treated with lower 
doses 66,67. This finding suggests that intermediate dosages (75-150 anti-Xa units/kg/
day) or even therapeutic dosages, aimed at anti-Xa-levels of at least 0.3 units/ml, might 
be preferred. Of note, since bioavailability and distribution volume of heparin may 
change in pregnancy, periodic measurement of anti-Xa plasma levels is advocated. 
Heparins should be discontinued at least 12 hours before delivery and restarted 
afterwards to avoid peripartum haemorrhage 55.

In women with mild hyperhomocysteinemia, the use of folic acid, pyridoxine and 
cyanocobalamin (vitamins B11, B6 and B12 respectively) beyond the 10th week of 
gestation can be considered. Although the strategy has shown to reduce homocysteine 
levels, a recent randomised controlled trial showed that 2.5 years of oral vitamin B 
suppletion did not reduce the risk of recurrence in patients with an idiopathic VTE 68.

Use of oral contraceptives or hormone replacement therapy after discontinuation of 
anticoagulant treatment for a first VTE is associated with a higher risk of recurrence 
60,69,70, so that this is strongly discouraged in all women with a history of VTE 
regardless of the presence of inherited thrombophilia. Pre-menopausal women should 
be counselled about alternative methods of contraception.

Implications for women with inherited thrombophilia and recurrent 
pregnancy loss

With the hypercoagulable state present in inherited thrombophilia which possibly 
induces thrombosis of the placental vessels it is attractive to hypothesise that 
anticoagulants may have a beneficial effect on pregnancy outcome in women with 
thrombophilia and pregnancy loss. An impressively good result of a combination 
of aspirin and unfractionated subcutaneous heparin as compared to aspirin alone 
was found in one randomised controlled trial in women with such a history and the 
antiphospholipid antibody syndrome 71, although this result was not consistent across 
the scarse studies in this patient group 72. A number of studies aimed to investigate the 
effect of antithrombotic therapy in women with inherited thrombophilia and pregnancy 
loss using various therapy schemes 73-75. The results were inconsistent and it should 
be emphasised that none of these studies were randomised controlled trials and had 
several methodological limitations. For a Cochrane review on anticoagulant treatment 
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for women with recurrent or late pregnancy loss only two randomised controlled trials 
could be identified 76. Only in one trial women with  inherited thrombophilia were 
considered 77. It should be noted that these women were only included if they had had 
one pregnancy loss after 10 weeks of gestation, and that there was no placebo-arm. 
The live-birth rate for the low-molecular-weight heparin group and aspirin groups 
were 86% and 26 % respectively. Thus far these results have not been confirmed by 
other studies. Recently, a randomised controlled trial between two doses of enoxaparin 
did not demonstrate a difference in live birth rate women with a history of recurrent 
pregnancy loss and inherited thrombophilia 78. Unfortunately, also this study did not 
have a placebo-arm 79.

Implications for women with inherited thrombophilia and other pregnancy 
complications

The same therapeutic uncertainty exists for women with other pregnancy complications 
and inherited thrombophilia. Although aspirin has been suggested to be beneficial 
for the prevention of severe pre-ecclampsia, the largest study on primary prevention 
did not find an effect so that the beneficial findings from a Cochrane review may 
be the consequence of publication bias of small, positive studies 80,81. Evidence on 
therapeutic and prophylactic management for women with inherited thrombophilia 
and pregnancy complications is limited which has led to recommendations made by 
the ACCP guidelines that all have a grade 2C level, meaning that the risk-benefit ratio 
is unclear and the recommendations are weak 55.

CONCLUSIONS
The last decades, many inherited thrombophilias have been detected and the 
pathophysiological insight has increased tremendously. However, despite the 
overwhelming observational evidence on the association between inherited 
thrombophilia and several women’s health issues including VTE, thus far the 
implications for clinical practice are uncertain. Although there is firm epidemiological 
evidence that is helpful in counseling women with inherited thrombophilia in order 
to prevent a first or recurrent VTE, the uncertainty is particularly present for women 
who have other pregnancy complications such as recurrent pregnancy loss and pre-
ecclampsia. For this group, well-designed placebo-controlled trials to assess the 
harm-benefit ratio are urgently needed.
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SUMMARY
Background: 
The usefulness of testing for inherited thrombophilia is subject to debate and it is 
unknown how contradicting opinions influence the daily practice. 

Methods: 
We have performed a survey among physicians that ordered 2000 consecutive 
thrombophilia tests in the Netherlands. 

Results: 
Thrombophilia tests were ordered for numerous indications by medical doctors from 
various disciplines. Venous thromboembolism was the reason for testing in 58% of all 
ordered tests; other indications were arterial thrombotic disease (23%) and pregnancy 
related vascular complications (17%). The physicians who ordered the tests admitted 
that a large proportion (77%) of the tests had not led to management decisions in that 
particular patient. 

Discussion: 
The absence of management studies for individuals with thrombophilia has probably 
led to widespread testing in numerous clinical settings, in which a large proportion of 
these costly tests have no management consequences.
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INTRODUCTION
About half of all episodes of venous thromboembolism (VTE, i.e. deep-vein 
thrombosis and pulmonary embolism) is elicited by an acquired clinical risk 
factor, such as recent surgery, immobilisation or pregnancy 1. Before the discovery 
of antithrombin deficiency in 1965, the other half remained unexplained 2. In the 
decades thereafter, we have witnessed the emergence of numerous mainly inherited 
coagulation abnormalities, such as deficiencies of protein S and protein C, the factor 
V Leiden mutation (APC resistance), the prothrombin 20210A mutation and elevated 
levels of clotting factor VIII 3. These thrombophilias can be identified in at least 50% 
of cases with idiopathic VTE, thereby providing an explanation for a previously poorly 
explained disease 3. However, despite strong associations between thrombophilia and 
a first VTE, thrombophilia is, at best, a weak predictor for recurrent VTE 4.

Probably encouraged by the high prevalence in VTE, testing for inherited 
thrombophilia was also performed in many studies on arterial thrombosis such 
as myocardial infarction and ischemic stroke. Although some studies have found 
associations between thrombophilia and arterial events at younger age 5,  thrombophilia 
was not associated with these diseases in unselected patient groups 6.

Finally, the hypercoagulable state induced by inherited thrombophilia, has been 
linked to an increased risk of unexplained recurrent miscarriage, stillbirth and other 
pregnancy related vascular complications such as preeclampsia and the HELLP 
syndrome 7,8.

At present, there are no clinical trials that compare different management strategies 
for patients with thrombophilia and vascular events or an estimated high risk of 
vascular events. Therefore, management recommendations for patients with inherited 
thrombophilia, such as in the 7th ACCP Guideline for Antithrombotic Therapy 
for Venous Thromboembolic Disease 9, are usually graded level 2, meaning that 
individual patients’ (or physicians’) values may lead to different choices. This can lead 
to different and, not rarely, contradicting hospital guidelines on who to test and on 
the management consequences of the test results. In this study, we have investigated 
the current practise of testing for inherited thrombophilia in the Netherlands; in 
particular, who orders the tests, what are the reasons for testing, and what are the 
management decisions made on the basis of the test results?

METHODS
Two thousand consecutive patients were identified in whom tests for APC resistance, 
factor V Leiden, prothrombin 20210A mutation, antithrombin, protein C or protein 
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S activity were ordered between November 2003 and March 2004. These tests were 
performed in the laboratory of a non-profit organisation that provides nationwide 
specialised diagnostic facilities for regional or hospital laboratories (Sanquin Diagnostic 
Services, Amsterdam, The Netherlands). The tests of the selected patients originated 
from 61 mainly non-academic hospitals or regional diagnostic centres throughout the 
Netherlands. For each patient, a short multiple-choice questionnaire was sent to the 
ordering physicians that included questions regarding their medical specialty, reasons 
for testing and presence and nature of management decisions made in that particular 
individual. The study was approved by the institutional Medical Ethics Committee. 

RESULTS
Of a total of 2000 sent questionnaires, 63% was returned. One hundred thirty-five 
returned questionnaires could not be analysed, because it was unclear which physician 
had actually ordered the tests or because only antithrombin was determined as a 
measure of liver synthesis capacity. Of the remaining 1134 tested patients, 64% were 
women (median age 38 years, inter-quartile range (IQR) 30-50) and 36% were men 
(median age 51 years, IQR 41-59).

Venous thromboembolism was the reason for testing in 42% of patients; 20% had 
had a single episode of deep-vein thrombosis or pulmonary embolism, 4% had had a 
single episode in combination with a familial thrombotic predisposition and 8% had 
had recurrent venous thromboembolism (Table). Twenty-three percent of patients 
were tested because of a history of arterial thrombotic disease. Of those, 46% were 
aged over 50 years at time of testing. Pregnancy related vascular events and a familial 
predisposition for VTE in asymptomatic patients was the reason for testing in 17 and 
16%, respectively. The table provides further details on the reasons for testing.

Internists requested testing in 37% of the patients, followed by gynaecologists (20%), 
neurologists (15%) and general practitioners (13%). In the group of asymptomatic 
patients with a familial predisposition, 65% of tests were ordered by general 
practitioners. Neurologists requested 58% of tests in the group with arterial thrombotic 
disease, while 95% of the tests in patients with obstetrical complications were ordered 
by obstetricians.

The physicians that ordered the tests responded that in 23% of patients, the tests had 
directly altered patient management (Table). In another 48% of patients, the tests would 
have influenced patient management if thrombophilia would have been present. The 
tests had had no influence in 24% of patients and in 5% it was uncertain whether or 
not the test would have altered the physician’s policy if thrombophilia would have been 
present. The observed and intended management decisions are specified in the Table. 
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DISCUSSION
In this survey, 60% of the tests for inherited thrombophilia were performed because 
of venous thromboembolism, either in the tested patient (42%) or in a relative of the 
tested patient (16%). The remainder of tests were performed in patients with other 

Table: Reasons for testing for inherited thrombophilia and therapeutic consequences as indicated by the 
ordering physician in 1134 patients.
Reasons for testing % Management consequences %
Patients with VTE 41.7 Patient management influenced by 

tests
71

Single VTE 20.2 Managment implications present in 
this patient

23

Single VTE + familial predisposition 4.1 Management implications only if 
thrombophilia would have been 
present

48

Recurrent VTE 8.3 Nature of management decisions 
(> 1 answer possible)

VTE at unusual location 3.7 Altered duration of anticoagulant 
treatment

10

Calf vein thrombosis or thrombophlebitis 0.8 Intensified prophylaxis in high-risk 
episodes

12

Suspected VTE (before objective testing) 0.8 Life style changes (including 
withholding oral contraceptives)

11

VTE + arterial CVD 2.7 Frequency of patient contact 2
VTE + pregnancy related vascular events 1.1 Additional testing in family members 6

Patients with arterial CVD 23.2 Not specified 43
Only arterial cardiovascular event 22.6 No influence on patient management 24
Art CVD + familial predisposition 0.4 Uncertain 5
Arterial CVD + pregnancy related vascular 
event

0.2

Patients with pregnancy related vascular 
events

17.0

Pregnancy loss (single or recurrent) 8.7
Stillbirth 5.6
Pre-ecclampsia or HELLP syndrome 2.2
Intrauterine growth retardation 0.5

Asymptomatic individuals with familial 
predisposition

16.0

Known family carrier 9.5
Only familial thrombotic disease 6.5

Reason not remembered 2.0
VTE: venous thromboembolism; CVD: cardiovascular disease; HELLP: haemolysis, elevated liver 
enzymes, low platelets.
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vascular conditions in which the association with inherited thrombophilia is either 
weaker or questionable. More striking is the finding that in 77% of tested patients, the 
thrombophilia tests did not alter management of that particular patient, which raises 
concern regarding the necessity of these costly tests. We cannot exclude the possibility 
that physicians felt inclined to justify the testing by expanding the consequences 
further than they originally had. If so, the proportion of tests that would not alter 
management would probably have been even larger.

A limitation of this survey is its retrospective nature. Even though we sent out the 
questionnaires within 6 months after the tests were performed, some recall bias may 
have been present. The tests originated mainly from general (non-academic) hospitals 
and general practitioners throughout all parts of The Netherlands. As academic 
hospitals perform these tests in their own laboratories, our findings do not reflect 
academic testing practise. However, since only 8 out of 104 Dutch hospitals are 
academic hospitals, we believe that the present study provides an accurate insight into 
the current practise of testing for inherited thrombophilia and it is plausible that these 
results can be extrapolated to many other countries.

Even when thrombophilia tests do change patient management, it is debatable 
whether or not these decisions are rational. Ideally, diagnostic and management 
strategies should be tested in randomised controlled trials in order to ascertain their 
validity. Unfortunately, in the field of inherited thrombophilia no such trials exist. 
Therefore, management guidelines are generally based on decision models that 
extrapolate estimated risks and risk-benefit ratios of various interventions 10, and 
therefore, management and testing guidelines will remain open to debate. 

How this debate influences physicians that are confronted with patients in whom 
they consider to test is uncertain. We feel that the results of this survey indicate that 
testing for inherited thrombophilia is widespread, is performed in numerous different 
clinical settings and remains without consequences in a large proportion of tested 
patients. At present, we believe that when thrombophilia testing is considered in a 
patient, management decisions based on the results of the test should at least be clear 
before the tests are performed. 
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ABSTRACT
Background: 
Inherited thrombophilia is only weakly associated with recurrence in patients with a 
first venous thrombosis (VT). In spite of this, thrombophilia testing is often performed 
in these patients. Positive results may influence patient management such as prolonged 
anticoagulant treatment or intensified prophylaxis in high risk situations. Therefore, 
thrombophilia testing may reduce the risk of recurrent thrombosis as a consequence 
of these management alterations. 

Methods: 
From a large case-control study of patients (MEGA study), aged 18-70, with a first 
VT between 1999-2004, we included 197 patients who had had a recurrence during 
follow-up. We compared the prevalence of thrombophilia testing to that of a control 
cohort of 324 patients without recurrence after a first event. We calculated the odds 
ratio (OR) for recurrent thrombosis in tested versus non-tested patients. Only patients 
who were tested before a recurrence were regarded as tested. All first and recurrent 
events were objectively confirmed.

Results: 
Thrombophilia tests were performed in 35% of cases and in 30% of controls. Odds 
ratio for recurrence was 1.2 (95%CI 0.9-1.8) for tested versus non-tested patients. After 
adjustment for age, sex, family history, geographical region, presence of clinical risk 
factors and years of first VT, the odds ratio remained unchanged.

Discussion: 
Thrombophilia testing in patients with a first VT does not reduce the incidence of 
recurrence.
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INTRODUCTION
Clinical risk factors for venous thrombosis (VT) such as recent surgery, immobilisation, 
malignancy or pregnancy are present in only half of all cases 1. The other half, so 
called unprovoked or idiopathic VT, remained unexplained until the discoveries of 
various inherited thrombophilias, such as deficiencies of antithrombin, protein S 
and C, and the factor V Leiden and prothrombin 20210A mutations. These inherited 
thrombophilias are found in at least 50% of patients with idiopathic VT  2, and testing 
for thrombophilia is often performed 3. Its use, however, is widely debated 4-7. 

The presence of inherited thrombophilia is, at best, a weak predictor of recurrence 
in patients with a first episode of VT  8,9. There are currently no clinical trials that 
compare different management strategies for patients with thrombophilia who had a 
first VT. Management recommendations for patients with inherited thrombophilia, 
such as those in the 7th ACCP Guideline for Antithrombotic Therapy for Venous 
Thromboembolic Disease, are therefore graded level 2, meaning that individual 
patients’ or physicians’ values may lead to different choices 10. This may lead to different 
hospital or regional guidelines on who to test for thrombophilia and on the treatment 
of patients who had these tests.

Potential consequences of identifying a thrombophilic defect in a patient with a 
first VT include prolonging the initial anticoagulation period beyond 3-6 months, 
adopting a more vigorous prophylactic regime in high-risk situations such as surgery, 
immobilisation, pregnancy, or the postpartum period. In this study, we hypothesised 
that thrombophilia testing reduces the risk of recurrent thrombosis as a consequence 
of such management alterations.

METHODS
The Multiple Environmental and Genetic Assessment of risk factors for venous 
thrombosis (MEGA) is a large population-based case-control study that includes 
5051 patients, aged 18-70, with a first episode of VT between 1999-2004 11. In the 
current case-cohort study, we selected participants who were referred to either one 
of three anticoagulation clinics for a second episode of treatment for VT during the 
follow-up period until July 2007 (potential cases). We randomly sampled 385 patients 
who were enrolled into the MEGA study. These patients were frequency matched 
on the potential cases for age, sex, year of thrombotic event and geographical region 
(potential controls). Patients with deep venous thrombosis of the upper extremity or 
with a malignancy were excluded.
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Confirmation of recurrent episodes was retrieved from the patients’ treating 
physician and hospital records. We excluded potential cases in whom recurrence was 
not confirmed by objective tests. All charts were reviewed for presence of tests for 
APC resistance, factor V Leiden or prothrombin 20210A mutations and antithrombin, 
protein C and S levels. If any of these tests were performed within a year after the first 
event, we regarded patients as tested. Presence of risk factors during the first venous 
thrombosis was assessed with structured questionnaires. Family history was regarded 
positive when one or more first-degree relatives had ever experienced VT.

Multivariate logistic regression was used to calculate the odds ratio (OR) for recurrent 
VT in tested versus non-tested patients. We adjusted for age (continuous variable), sex, 
year of thrombotic event, geographical region, family history and presence of a clinical 
risk factor that provoked the first VT (surgery, immobilisation or trauma, pregnancy, 
postpartum period until 6 weeks, and use of an oral contraceptive pill (OCP) or 
hormone replacement therapy (HRT)). A sample size of 200 patients per group would 
suffice to detect an odds ratio of 0.5 with a type I error of 0.05 (significance level) and 
a type II error of 0.20 (power 80%), assuming that approximately 30% of patients with 
a first episode of VT are tested for inherited thrombophilia.

All participants provided written informed consent and this study was approved by 
the institution’s Medical Ethics Committee. All analyses were performed using SPSS 
statistical software (version 12.0.2, SPSS inc., Chicago, IL, USA).

RESULTS
In total, 277 participants from the original MEGA study were referred to one of the 
three selected anticoagulation clinics for a second episode of venous thrombosis. The 
medical records of 258 of these 277 potential cases (93%) and of 361 of 385 potential 
controls (94%) were available for review. Twenty-seven cases and 37 controls were 
excluded because of a known malignancy. An additional 34 of the potential cases 
were excluded, because the diagnosis of recurrent thrombosis could not be confirmed. 
Thus, 197 cases and 324 controls were included in this analysis. Characteristics of 
these patients are depicted in Table 1.

Thrombophilia tests after the first episode of VT were performed in 68 (35%) cases 
and in 97 (30%) controls. Three cases, for whom it could not be determined whether 
or not they were tested, were regarded as not-tested. The odds ratio for recurrence in 
tested versus non-tested patients was 1.2 (95% confidence interval: 0.9-1.8). Adjustment 
for age, sex and presence of a clinical risk factor before the first thrombotic episode 
did not affect the odds ratio (1.2, 95%CI: 0.8-1.9).
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Women were more often tested than men (35% versus 26%), as were patients with 
a positive family history for venous thrombosis (39 versus 26%), younger patients 
(39% versus 18% for first versus fourth quartile of age) and patients with idiopathic 
or hormone-related venous thrombosis (32% for OCP/HRT provoked VT, 33% for 
idiopathic VT and 21% for VT provoked by surgery, trauma or immobilization; Table 
2). Odds ratios for recurrent thrombosis in tested versus non-tested individuals in 
these subgroups are given in Table 2.

DISCUSSION
We hypothesised that patients with a first venous thrombosis who are tested for 
inherited thrombophilia have a reduced risk of recurrence by virtue of management 
alterations, such as prolongation of initial anticoagulant treatment or intensified 
prophylaxis during high risk situations. In this study, however, we found that tested 
patients have the same recurrence risk as non-tested patients. A possible explanation 
may be that in clinical practise, thrombophilia tests are regularly performed, but its 
results are often left without management decisions in that particular patient. This 
was confirmed in a recent survey among Dutch physicians who ordered tests for 
inherited thrombophilia 3.

Table 1: Patient characteristics
Patients with 

recurrence (cases)
Patients without 

recurrence
(controls)

No. of patients 197 324
Men, n (%) 120 (61) 179 (55)
Mean age, years (SD) 50 (13) 49 (13)
Treatment duration of first venous thrombosis (%*)

l  1-3 months 27 28
l  4-6 months 62 66
l  7-12 months 6 4
l  >12 months 5 3

Risk factors for first venous thrombosis, n (%)
l  Surgery/trauma/immobilization 48 (24) 100 (31)
l  Pregnancy/postpartum period 3 (2) 15 (5)
l  OCP/HRT 40 (20) 79 (24)
l  Idiopathic 106 (54) 130 (40)

Positive family history of venous thrombosis 62 (32) 79 (24)
OCP: oral contraceptive pill. HRT: hormone replacement therapy. * Percentage of the number of patients 
for whom the initial treatment duration was retrievable.
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Strikingly, we found that in the subgroup of women with an OCP- or HRT-provoked 
venous thrombosis, testing for thrombophilia was associated with an increased risk 
of recurrence. We postulate that an explanation, besides chance variation, could be 
that women who have had an OCP/HRT-provoked VT do not discontinue its use 
after they are found to have no thrombophilia. However, after further exploration, the 
percentages of women who continued oral contraceptive use after their VT was the 
same for tested and non-tested women (18 and 17%, respectively). Therefore, we were 
not able to explain the cause of the increased recurrence risk in tested women with an 
OCP/HRT-provoked venous thrombosis.

In spite of our efforts to collect data for each individual patient of this large cohort, 
some information was not retrievable. Although we have established whether or not 
patients were tested, we could not analyse the effects of the results of these tests, nor 
have we investigated in how many patients the test results actually led to management 
alterations and what these consequences were. This implies that our results are 
‘diluted’, since management alterations are expected mainly in those tested positive, 
and a beneficial effect would have been underestimated. Since we found no beneficial 
effect at all of testing, this dilution is irrelevant. This is also a major strength, since the 

Table 2: Prevalence of thrombophilia tests in cases and controls and odds ratios for recurrent venous 
thrombosis in tested versus non-tested patients
Subgroups % tested Odds ratios for recurrence 

(tested versus non-tested)*cases controls
All 35 30 1.2 (0.8-1.8)
Quartiles of age (in years):

l  18.3-40.1 (n=130) 51 39 1.9 (0.8-4.6)
l  40.1-50.9 (n=130) 39 35 1.1 (0.4-2.5)
l  51.1-60.9 (n=131) 26 29 0.9 (0.4-2.2)
l  61.0-69.8 (n=130) 24 18 1.0 (0.4-2.9)

Sex:
l  men 31 26 1.1 (0.6-2.0)
l  women 41 35 1.4 (0.7-2.9)

Risk factors for first venous thrombosis:
l  Surgery/trauma/immobilization 23 21 1.2 (0.5-3.1)
l  OCP/HRT 60 32 3.4 (1.3-8.6)
l  None/Idiopathic 30 33 0.8 (0.5-1.6)

Family history of venous thrombosis:
l  Present 47 39 1.5 (0.7-3.1)
l  Absent 29 26 1.1 (0.7-1.9)

OCP: oral contraceptive pill; HRT: hormone replacement therapy. * Adjusted for sex, age, year of first 
thrombotic event, presence of clinical risk factor that provoked the first thrombotic event, positive family 
history, whenever applicable. 
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difference in observed recurrent venous thrombosis between tested and non-tested 
patients reflects current clinical practise of thrombophilia testing. Finally, we can not 
rule out the presence of unknown patient-specific factors, associated with an increased 
risk of recurrent events, that lead physicians to order tests in these patients. This is not 
a likely explanation for the absence of a positive effect of testing, as we can not think 
of any other factors, others than those we have corrected for, that can influence the 
individual physician’s decision to test for thrombophilia. Furthermore, if such residual 
confounding would exist, it would have led to an underestimation of the beneficial 
effect of testing, and since we have found no effect at all, residual confounding is not 
likely to be present.

Strengths include the few patients lost to follow-up (7%) and the objective 
confirmation of first and recurrent venous thrombotic events, as well as thrombophilia 
tests, through source data verification. Furthermore, the patients originated from three 
different geographical regions in the Netherlands, and since we found no regional 
differences, it is likely that these results apply to the entire country. 

We conclude that thrombophilia testing in patients with a first venous thrombosis 
does not reduce the incidence of recurrence. It is of interest to know if testing may be 
useful, when the tests have clear and uniform consequences. This is currently under 
investigation in a randomised trial (Dutch trial register, trial no. NTR784; www.
trialregister.nl). Until results from this or other intervention studies become available, 
the value of routine testing of patients with a first venous thrombosis remains 
questionable, and may even lead to unnecessary concern in those tested positive 12.
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SUMMARY
The prothrombin 20210A mutation has been associated with an increased risk 
for venous thromboembolism and arterial cardiovascular disease. The risks for 
asymptomatic carriers of this mutation have thus far only been studied in case-control 
and retrospective cohort studies. Here we present the results of the first prospective 
observational study in asymptomatic first degree family members of patients with 
either VTE or premature atherosclerosis and the prothrombin 20210A mutation. We 
included 464 individuals (236 carriers) with a total follow-up duration of 1816 years 
(943 years for the carriers). The annual incidence of a first VTE was 0.37% (95%CI: 
0.08-1.08) for carriers and 0.12% (95%CI 0.00-0.69) for non-carriers (HR 3.1; 95%CI 
0.3-29.6). The annual incidence of a first arterial cardiovascular event was 0.56% 
(95%CI 0.18-1.31) for carriers and 0.73% (95%CI 0.27-1.58) for non-carriers (adjusted 
HR 0.7, 95% CI 0.2-2.5). We conclude that the absolute incidence of a first VTE or 
arterial cardiovascular event is low; therefore, the clinical implications of carrier ship 
of the prothrombin 20210A mutation are limited and routinely testing all first degree 
relatives of probands with this mutation does not appear to be justified.
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INTRODUCTION
After its discovery in 1996, the prothrombin 20210A mutation has become a well 
established risk factor for venous thromboembolism (VTE) 1-5. Its role in arterial 
cardiovascular disease (CVD) however, has been a matter of debate. Meta-analyses 
have shown increased risks for myocardial infarction, ischemic stroke and peripheral 
arterial disease at young ages and smaller, non-significant increases for overall arterial 
events 6-8. 

The majority of the evidence on the risk increases in carriers of the prothrombin 
20210A mutation is based on case-control studies 1-5. Although this type of study is an 
effective means of detecting associations between risk factors and disease, it may be 
less reliable to multiply these odds ratios by baseline risks in the general population in 
order to estimate absolute incidences in individuals with the risk factor of interest. Yet, 
these absolute incidences are much needed, first of all for counseling individual patients 
about their risk. Secondly, these incidences will add evidence to the debate if there is 
any indication to test for this mutation in asymptomatic individuals in general or in 
specific risk groups such as women with upcoming pregnancies or oral contraceptive 
use. We studied first degree relatives of consecutive patients with the prothrombin 
20210A mutation and either VTE or premature atherosclerosis. In our previously 
reported retrospective analysis of this cohort we found an annual incidence of first 
VTE and arterial CVD of 0.35% (95% CI 0.21-0.53) and 0.22% (0.11-0.34) respectively 9. 
Here we present the results of the prospective cohort study on the absolute incidence of 
first VTE and arterial CVD for carriers of the prothrombin 20210A mutation.

METHODS

Participants

First degree relatives, over 14 years of age, of consecutive patients with objectively 
documented VTE or premature atherosclerosis (any arterial cardiovascular event 
before the age of 50 years) and the prothrombin 20210A mutation were enrolled in a 
multi-center study9.  Of this cohort, all asymptomatic participants were included in 
the prospective study. Participants with previous VTE were considered asymptomatic 
with regard to a first arterial cardiovascular event and vice versa. The last follow-up 
contact for all participants was scheduled in October 2004; the minimum duration 
of follow-up was 6 months. The study was approved by the local medical ethics 
committees and participants provided written informed consent. All participating 
centers are university hospitals serving their regions as well as function as tertiary 
referral centers for patients with VTE and/or premature atherosclerosis.

Proefschrift.indb   55 4-1-2008   14:22:08



56

Mutation analysis

At time of inclusion, DNA analysis was performed for presence of the prothrombin 
20210A mutation by polymerase chain reaction of genomic DNA extracted from 
peripheral leukocytes by standard methods, followed by digestion with the restriction 
enzyme HindIII to identify the variant allele 1.

Follow-up

Participants were instructed to seek immediate medical attention in case of symptoms 
of venous or arterial thromboembolism in order to undergo appropriate objective 
testing. Additionally, participants were contacted for follow-up every 6-12 months 
by means of structured questionnaires to identify occurrence of VTE or arterial 
cardiovascular events, exposure to risk factors, and use of medication including 
anticoagulants. All reported events were cross checked with medical records and/or 
treating physicians.

Definitions of events

Occurrence of VTE had to be confirmed by compression ultrasonography or 
venography in case of deep venous thrombosis and by ventilation-perfusion lung 
scanning, angiography or computed tomography in case of pulmonary embolism.

Coronary and peripheral arterial disease had to be symptomatic and angiographically 
proven, while myocardial infarction had to be diagnosed according to clinical, 
enzymatic and electrocardiographical criteria. Ischemic stroke was defined as the 
sudden onset of symptoms and signs of loss of cerebral function lasting at least 24 
hours without any apparent nonvascular cause. Furthermore, it had to be confirmed 
by means of computed tomography or magnetic resonance imaging. If a cerebral event 
resolved completely within 24 hours without signs of cerebral lesions on scanning 
results, it was classified as a transient ischemic attack if considered as such by a 
neurologist. 

Episodes of increased VTE risk included recent surgery, trauma, immobilisation 
for more than 7 days, active malignancy, pregnancy, post partum period, and use of 
oral contraceptives or hormone replacement therapy. Venous thromboembolism was 
classified as related to such an episode if it occurred within 3 months. A relationship 
with hormone-containing preparations was defined as occurring during exposure.
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Statistical analysis

Incidence rates and 95% confidence intervals of first episodes of venous and arterial 
thromboembolic events for carriers (hetero- and homozygous) and non-carriers were 
calculated by dividing the number of events by the number of observation years. 
Observation years were defined as years since inclusion date until the date of the end 
of follow-up, or until the date of the first thromboembolic event or death, in case it had 
taken place. If a participant experienced both an arterial and venous event, separate 
observation years were calculated for event analysis. Comparison between carriers 
and non-carriers was quantified by a hazard ratio with 95% confidence interval using 
Cox regression. The hazard ratio for arterial cardiovascular disease was corrected for 
age, gender, smoking, hypertension, dyslipidemia and diabetes mellitus by multivariate 
Cox regression.

For the sample size calculation we concluded that a minimum of 600 prospective 
follow-up years were needed for both carriers and non-carriers to detect an incidence 
of approximately 0.5% per year with an upper limit of the 95% confidence interval of 
1.5%. All analyses were performed using SPSS statistical software (version 11.5.2, SPSS 
inc., Chicago, IL, USA)

RESULTS

Participants

Follow-up was complete for all 464 relatives that were included in the study (Table 1). 
DNA analysis revealed 230 heterozygous and 6 homozygous carriers, and 228 had the 
wild type gene. The participants were first degree family members of 134 probands 9. 

Table 1: Clinical characteristics of participants
Wild type Prothrombin 20210A

n (%) 228 (49) 236* (51) 
Men (%) 46 46
Mean age at inclusion (yrs) [range] 46 [15-87] 45 [15-91]
Mean follow-up duration (months) [range] 46 [7-84] 48 [7-84]
Previous VTE (%) 7.9† 13.6†
Previous arterial cardiovascular events (%) 5.7‡ 5.5‡
Smoking (%) 31.1 33.1
Hypertension (%) 28.1 26.3
Dyslipidemia (%) 18.9 12.7
Diabetes mellitus (%) 6.1 3.0
* including 6 homozygous carriers; † participants were only included in the analysis for arterial 
cardiovascular events; ‡ participants were only included in the analysis for VTE
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Fifty relatives had a history of VTE and were therefore excluded from the prospective 
analysis on VTE incidence, but were still at risk for a first arterial cardiovascular event. 
Twenty-six relatives had a history of an arterial cardiovascular disease and were only 
included in the prospective analysis for first VTE. The overall number of follow-up 
years was 1816; 943 years for the carriers and 874 years for the non-carriers.

A total of 4 venous thromboembolic and 11 arterial cardiovascular events were 
recorded (Table 2). No events occurred in the 6 homozygous carriers. The absolute 
annual incidence of first VTE was 0.37% (95% CI: 0.08-1.08) for carriers and 0.12% 
(95% CI 0.00-0.69) for non-carriers. The hazard ratio for carriers versus non-carriers 
was 3.1 (95% CI 0.3-29.6). 

For a first arterial cardiovascular event the annual incidence was 0.56% (95% CI 
0.18-1.31) in carriers and 0.73% (95% CI 0.27-1.58) in non-carriers (hazard ratio 0.8, 
95% CI 0.2-2.6). Detailed incidences are shown in Table 3. Multivariate correction 
for age, male sex, smoking, hypertension, dyslipidemia and diabetes mellitus did not 
materially alter the hazard ratio (0.7, 95% CI 0.2-2.5). Thirteen carriers and seven non-
carriers had used aspirin during the follow-up period, all for primary prevention of 
arterial cardiovascular disease. None of these relatives experienced a cardiovascular 

Table 2: Venous thromboembolic and arterial cardiovascular events during follow-up
Relative Sex Age at event Event Risk Factors
Carriers (all heterozygous)
1 M 50 Portal vein thrombosis Inflammatory bowel disease
2 F 57 Pulmonary embolism none
3 M 60 DVT none
4 M 49 Myocardial infarction Hypertension
5 M 55 Myocardial infarction Smoking, hypertension, 

dyslipidemia
6 M 58 Transient ischemic attack none
7 M 73 Ischemic stroke Hypertension, dyslipidemia
8 F 85 Myocardial infarction and ischemic 

stroke*
Hypertension

Wild type
1 M 18 DVT none
2 M 47 Myocardial infarction Smoking, dyslipidemia
3 M 50 Intermittent claudication and 

angina pectoris
Smoking, hypertension, 
dyslipidemia

4 F 56 Myocardial infarction Hypertension, dyslipidemia
5 M 63 Type A aortic dissection / type II 

thoracoabdominal aneurysm
Smoking, hypertension

6 M 72 Ischemic stroke Smoking, dyslipidemia
7 F 81 Transient ischemic attack Hypertension
* stroke in border-zone region, indicating a secondary event due to hypo perfusion due to MI
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event. Excluding the users of aspirin from the analysis only marginally affected the 
annual incidences (0.60% for carriers and 0.76% for non-carriers) and the hazard ratio 
between carriers and non-carriers remained the same. 

Nine participants died during the follow-up period. In one patient death was related 
to an arterial event: post-operative sepsis after surgery for aortic dissection. Three 
participants died at high age at home without a known cause, 3 other relatives died, 
because of end stage malignant diseases, and another 2 because of fatal infectious 
diseases. Of the deceased, 4 were heterozygous carriers and 5 were non-carriers; the 
mean age of death was 80 (range 69-93) in the carriers and 71 (range 54-88) in the 
non-carriers.

Risk episodes

We recorded a total of 159 high risk episodes for VTE. Sixty-three heterozygous carriers 
had 92 episodes (43 surgical procedures, 19 traumas, 13 periods of immobilisation 
> 7 days, 4 malignancies and 13 pregnancies) and 46% had received thrombosis 
prophylaxis. Sixty-seven episodes were recorded in 54 non-carriers (29 surgical 
procedures, 11 traumas, 10 periods of immobilisation > 7 days, 4 malignancies and 13 

Table 3: Absolute annual incidence of first venous thromboembolism and arterial cardiovascular 
disease

Follow-up 
years (n)

Individuals 
with event

absolute incidence/
year (%) (95%CI)

Hazard ratio 
(95%CI)

VTE
Wild type 806 1 0.12 (0.00-0.69)
Carrier 810 3 0.37 (0.08-1.08) 3.1 (0.3-29.7)
Idiopathic VTE

Wild type 806 1 0.12 (0.00-0.69)
Carrier 810 2 0.24 (0.03-0.89) 2.1 (0.2-22.6)
Any arterial cardiovascular event
Wild type 828 6 0.73 (0.27-1.58)
Carrier 888 5 0.56 (0.18-1.31) 0.8 (0.2-2.6)
Myocardial infarction

Wild type 867 3 0.35 (0.07-1.01)
Carrier 917 3 0.33 (0.07-0.96) 0.9 (0.2-4.6)
Ischemic stroke / TIA

Wild type 863 2 0.23 (0.03-0.84)
Carrier 918 3 0.33 (0.07-0.96) 1.4 (0.2-8.5)
Other arterial events

Wild type 832 2 0.24 (0.03-0.87)
Carrier 896 0 0.00 (0.00-0.41) -
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pregnancies) and standard thrombosis prophylaxis was given in 32%. None of these 
high risk episodes resulted in a VTE.

Sixty-five women had a total of 171 years of oral contraceptive use or hormone 
replacement therapy; 84 years in the carriers and 87 years in the non-carriers. None of 
these women had a VTE, resulting in incidence rates of  0.0% (0.0-4.4) in carriers and 
0.0% (0.0-4.2) in non-carriers.

DISCUSSION
In this prospective family study of asymptomatic carriers of the prothrombin 20210A 
mutation, we were able to confirm the findings of our retrospective analysis.9 The 
incidence of VTE in asymptomatic carriers of the prothrombin 20210A mutation seems 
to be in the same range as those found in prospective studies in carriers of the factor 
V Leiden mutation, but somewhat lower than the risks observed in asymptomatic 
individuals with deficiencies of the natural anticoagulants (antithrombin, protein C, 
protein S) 9-14 or elevated levels of clotting factor VIII:c 15. 

The prospectively observed annual incidences of a first arterial cardiovascular event 
in both carriers and non-carriers were somewhat higher than in our retrospective 
analysis. This can probably be explained by the fact that in this prospective follow-up 
study, only current years contributed to the analysis, which by definition was different 
in the retrospective study, in which all patient years from the age of 15 contributed. 
Since increasing age is a major risk factor for atherosclerotic disease, this might well 
explain the difference in the observed incidences.

The strengths of this study of asymptomatic carriers of the prothrombin 20210A 
mutation are its size and the fact that it is the first cohort that was followed prospectively. 
This has the advantage that all VTE episodes and arterial cardiovascular events were 
confirmed by objective testing.

Some potential limitations warrant comment. First, the relatively short duration of 
follow-up with a fairly low number of events hampers comparison of carriers and non-
carriers by means of hazard ratios, the estimates of risk episode-related VTE, as well 
as correction for unequally distributed characteristics of the participants. However, 
the purpose of this study was to obtain reliable estimates of absolute incidences for 
carriers, and the upper limit of the 95%CI (1.08%) well excludes the a priori defined 
1.5% per year. Given the confirmative findings of this prospective study, we are 
confident that estimates of hazard ratios as well as the relationship between VTE, 
arterial cardiovascular events and other risk factors can also be taken into account 
from retrospective studies 9,16. 
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Second, some characteristics of our cohort could potentially lead to an overestimation 
of the observed incidences. We studied first degree relatives of patients with either VTE 
or premature atherosclerosis and therefore other inherited risk factors may be present. 
Also, the centers that included the probands were all university hospitals, implying 
a potential for referral bias. The majority of probands, however, were consecutive 
patients diagnosed with either VTE or premature atherosclerosis in these university 
hospitals. It is noteworthy that the incidence of VTE in non-carriers does not exceed 
the incidence in the general population, making such a bias unlikely 17. Furthermore, 
the participants in this study reflect the clinical reality in which, if testing is performed 
at all, this is most often done in the setting of a positive family history. 

Finally, excluding symptomatic relatives from this analysis might bias the results 
towards a lower incidence of events. However, in our retrospective analysis the 
symptomatic relatives were included and contributed to the outcome, and the observed 
incidences in that analysis were similar for VTE and lower for arterial cardiovascular 
events 9. Thus, we do not assume that this limits our findings. 

We conclude that even though our and previous studies indicate an association 
between the prothrombin 20210A mutation and VTE 1-4, arterial thromboembolism 
in the young 6-8, the absolute incidence of these events in asymptomatic carriers is low. 
Therefore, the clinical implications of carrier ship of the prothrombin 20210A mutation 
are limited and therefore routinely testing all first degree relatives of probands with 
this mutation does not appear to be justified.
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SUMMARY
Elevated levels of factor VIII:c (elevated FVIII:c) are associated with an increased risk 
for venous thromboembolism (VTE) and arterial vascular events, and are at least in 
part determined genetically.

We prospectively followed 192 asymptomatic individuals with elevated FVIII:c 
(>150%) and 340 with normal levels for an average duration of 31 months (range 7 to 
56 months) to investigate the risk of VTE and arterial vascular events. Participants 
were first degree relatives of consecutive patients with elevated FVIII:c  and VTE or 
arterial vascular events before the age of 50 years.

The incidences of VTE were 1.25% (0.46-2.73) per year in the subjects with elevated 
FVIII:c, versus 0.23% (0.03-0.82) in those with normal levels (OR 5.5 (1.1-27.3)). 
The annual incidences of arterial vascular events were 1.04% (0.34-2.42) and 0.23% 
(0.03-0.82) in relatives with and without elevated levels of FVIII:c, respectively 
(OR: 4.5 (0.9-23.5)). After adjustment for age, smoking, known diabetes mellitus, 
hyperlipidemia, and hypertension, the odds ratio for any event was 3.7 (1.1-13.1).

In conclusion, asymptomatic individuals with elevated FVIII:c levels and a positive 
family history of VTE or arterial vascular events before the age of 50 years  appear 
to have a high annual incidence of first VTE and arterial vascular events. Elevated 
FVIII:c may be a common risk factor for both clinical entities.

 

Proefschrift.indb   64 4-1-2008   14:22:08



C
hapter 6

Elevated FV
III:c and 1st Venous and A

rterial Events

65

INTRODUCTION
Persistent elevation of the level of clotting factor VIII (FVIII:c) increases the risk for 
venous thromboembolism (VTE) and arterial vascular events 1-6. Patients with elevated 
FVIII:c levels (elevated FVIII:c) and VTE also have a higher risk for recurrence than 
patients with normal levels 6,7. The levels of FVIII:c are at least in part determined 
genetically 6,8-10, and its associated risk increase is independent of acute phase proteins 
such as CRP 3. In a retrospective study, we have demonstrated that over one-third of 
first degree relatives of probands with elevated FVIII:c also have increased plasma 
concentrations 11. These relatives with elevated FVIII:c had a 3 to 8-fold higher risk 
for both VTE and arterial vascular events as compared to their relatives with normal 
levels. Here we present the results of a prospective family study in a large cohort of 
asymptomatic individuals with elevated FVIII:c in order to determine their absolute 
risk for VTE and arterial vascular events.

METHODS

Participants

First degree relatives (i.e. brothers, sisters, parents and / or children) of consecutive 
patients with objectively documented VTE or arterial vascular events before the age 
of 50 years and persistently elevated FVIII:c above 150 IU/dl (probands) were enrolled 
in a multi-center study 11. Participants with a minimum age of 15 who had never 
experienced symptomatic VTE or arterial vascular events and who were identified 
between January 2000 and June 2004 were included in the prospective part of the 
study. The last follow-up contact was set for December 2004 for all participants; the 
minimum duration of follow-up was 6 months. 

The study was approved by the institutional review boards and participants gave 
written informed consent. All participating centers are academic hospitals serving 
their regions as well as function as tertiary referral centers for patients with VTE and/
or arterial vascular events before the age of 50 years.

Determination of FVIII:c levels

FVIII:c was measured by a one-stage clotting assay with factor-VIII-deficient plasma 
(Pathromtin SL, Dade Behring, Marburg). All measurements were performed in 
duplicate while the mean value was considered to be the final result. Pooled normal 
plasma from 99 volunteers was used as a reference. In our laboratory, an a priori defined 
level of FVIII:c above the 75th percentile of the normal Dutch population was considered 
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elevated (FVIII:c levels above 150 IU/dl) 11. In the participants, levels were measured 
once. Blood withdrawal was not performed during transient illnesses or pregnancy.

Follow-up

Participants were instructed to report any symptom or sign indicating the possible 
presence of VTE or an arterial vascular event in order to perform appropriate 
objective testing. We a priori considered VTE events to include thrombosis at unusual 
sites including retinal vein thrombosis and superficial thrombophlebitis. There was a 
follow-up contact every 6 to 12 months, using a structured questionnaire to identify 
the occurrence of events, the exposure to risk factors, and the use of medication 
including anticoagulants and platelet aggregation inhibitors. For women, the use of 
oral contraceptives, hormone replacement therapy, and details about pregnancy were 
documented. All participants and their general practitioners were informed about 
their FVIII:c status (dichotomised as normal or elevated) by letter. When appropriate, 
patient’s charts were reviewed, or treating physicians were contacted. All outcomes 
were centrally adjudicated by assessors who were blinded for the level of FVIII:c. 

Definitions

VTE was defined as any thrombotic event at a venous site. This was considered to have 
occurred if it had been confirmed by venography or compression ultrasonography 
in case of deep venous thrombosis (DVT), and ventilation-perfusion lung scanning, 
angiography or computerised tomography in case of pulmonary embolism. Retinal 
vein thrombosis needed to be diagnosed by fluorescein angiography. Superficial 
thrombophlebitis was diagnosed clinically and thrombosis in a superficial vein 
needed to be confirmed by ultrasound. Coronary and peripheral arterial disease had 
to be symptomatic and angiographically proven, while myocardial infarction had to 
be diagnosed according to clinical, enzymatic and electrocardiographic criteria.

Ischemic stroke was defined as the onset of rapidly developing symptoms and signs 
of loss of cerebral function that lasted at least 24 hours and had no apparent non-
vascular cause. Furthermore, stroke had to be confirmed by means of computed 
tomography or magnetic resonance imaging. If a cerebral event resolved completely 
within 24 hours without signs of cerebral lesions on scanning, it was classified as a 
transient ischemic attack if considered as such by a neurologist.

Risk factors for VTE included recent surgery, trauma, immobilisation for more 
than 7 days, active malignant disease, pregnancy, postpartum period and use of oral 
contraception or hormone replacement therapy. VTE was considered to be related 
to any of these risk factors when it occurred within 3 months. A relation with use of 
hormone-containing preparations was defined as an event occurring during exposure. 
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Risk factors for arterial vascular events included past and current smoking, known 
diabetes mellitus, hyperlipidemia and hypertension.

Observation years were defined as the sum of years from inclusion until the date of 
the end of follow-up or until the date of the first event. 

Statistical analysis

Absolute annual incidences of first events were calculated in relatives with normal and 
elevated levels of FVIII:c by dividing the number of events by the number of observation 
years. We adjusted for differences in baseline characteristics as well as for risk factors 
for arterial cardiovascular disease (age, sex, smoking, hypertension, hyperlipidemia, 
diabetes mellitus) between the relatives with normal and elevated levels of FVIII:c.

The 95% confidence intervals (95%CI) were calculated according to normal 
approximation of the binomial distribution. Statistical significance was determined 
by Chi-square test and Students’ t-test.

Two-tailed p-values of less than 0.05 were regarded as statistically significant. 
Analyses were performed with statistical software (SPSS; version 9.0). 

RESULTS
Follow-up was complete for all 532 asymptomatic relatives that were included in the 
study; the average duration of follow-up was 31 months (range 7 to 56 months). 192 
participants had elevated FVIII:c (36.1%)(Table 1). The participants were relatives of 
177 probands 11.Of all participants with elevated levels of FVIII:c, 175 (91%) had a 
positive family history of VTE. Eight participants with elevated FVIII:c (4%) were 
using vitamin K antagonists because of atrial fibrillation or mechanic heart valves.

A total of 15 first venous thromboembolic events and arterial vascular events  were 
observed (Table 2). The absolute annual incidence of a first episode of any event was 
2.33% (95% CI: 1.16-4.17) in individuals with elevated FVIII:c and 0.46% (0.12-1.17) in 
relatives with normal concentrations FVIII:c (OR 5.1 (95% CI: 1.6-16.3) (Table 2). For 
VTE, the rate was 1.25% (0.46-2.73) in the individuals with elevated levels of FVIII:c, 
as compared to 0.23% (0.03-0.82) in those with normal levels (OR 5.5, (1.1-27.3). If the 
events of superficial thrombophlebitis and retinal vein thrombosis are excluded, the 
annual incidence of a first episode of VTE is 0.82% (OR compared to relatives with 
normal levels: 3.6 (0.7-19.8). 

For any arterial vascular event, the incidence was 1.04% (0.34-2.42) in individuals 
with elevated FVIII:c and 0.23% (0.03-0.82) in those with normal levels (OR 4.5, 
0.9-23.5). After adjustment for the difference in age between participants with normal 
and elevated FVIII:c the odds ratio for any event was 3.7 (1.1-12.4), and for VTE 3.8 
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(0.71-20.1). Adjustment for smoking did not materially change our findings (Table 
3). After adjustment for age, smoking, known diabetes mellitus, hyperlipidemia, and 
hypertension, the odds ratio for any event was 3.7 (1.1-13.1).

Six relatives died during follow-up (4 participants with elevated FVIII:c). One 
participant, a man with normal FVIII:c, died because of a vascular event. 

Mean levels of FVIII:c appeared somewhat higher in relatives with arterial vascular 
events (165%), as compared to relatives without events (141%) or relatives experiencing 
VTE (149%), although this difference did not reach statistical significance. A dose-
response effect for the risk of any event was not observed (data not shown). Finally, the 
inclusion criterion of the proband (VTE or arterial vascular events before the age of 50 
years) neither his or her age at time of event did not influence the risk of any of those 
conditions in the relatives.

Exposure to risk factors

Participants with elevated FVIII:c were exposed to 37 risk episodes for VTE (i.e. surgery, 
immobilisation, trauma, and pregnancy), during which prophylaxis was installed in 
approximately half of the episodes. None were complicated with VTE. In relatives 
with normal FVIII:c, 65 episodes were encountered. One woman with a normal level 
of FVIII:c who was on chemotherapy for leukemia had pulmonary embolism within 1 
month of this diagnosis; she also used a third generation oral contraceptive. A total of 
65 years of use of oral contraceptives was observed in relatives with elevated FVIII:c 
(28 women) and 154 years in those with normal levels (77 women).

Table 1. Baseline characteristics of participants
Normal FVIII:c Elevated FVIII:c

Number (%) 340 (64) 192 (36)
Age,
        mean (years) 42 49
        range (years) 15 - 78 15 - 88
Male sex, (n, %) 138 (41) 60 (31)
Smoking, (n, %) 99 (29) 96 (49)
Hypertension, (n, %) 53 (16) 39 (20)
Diabetes, (n, %) 17 (5) 7 (4)
Hyperlipidemia, (n, %) 32 (9) 27 (14)
Use of NSAID*, (n, %) 8 (3) 7 (3)
Use of Aspirin, (n, %) 5 (1) 3 (2)
Use of VKA† (n, %) 4 (1) 8 (4)
Use of SSRI ‡, (n, %) 9 (3) 6 (3)
* Nonsteroidal anti-inflammatory drug; † Vitamin K antagonists; ‡ Specific serotonine reuptake inhibitor
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The prevalence of classical risk factors for arterial vascular events is presented in 
Table 1. Individuals with elevated FVIII:c were older than their relatives with normal 
levels (p<0.001). Any event occurred also more often in older individuals (57 years 
versus 44 years; p=0.003). Of all classical risk factors for arterial vascular events, 
only hypertension was significantly associated with these events (OR: 6.6, 1.5-30.0). 
Individuals with hypertension were older than their relatives with normal blood 
pressure (54 years vs 42 years; p<0.001). However, elevated FVIII:c was not associated 
with hypertension (p=0.24).

Table 2. Characteristics of participants with a first VTE or arterial vascular events
Relative Sex Age at 

event
Event Risk factors Other medical 

history
Normal FVIII:c
1 female 30 pulmonary embolism oral contraception -

leukemia, chemotherapy
smoking

2 male 62 DVT smoking -
3 male 49 myocardial infarction smoking -

hypertension
4 male 64 myocardial infarction smoking -

hypertension
Elevated FVIII:c
5 male 37 DVT - -
6 female 76 superficial thrombophlebitis hypertension hypothyreoidism

hyperlipidemia
7 male 70 DVT smoking -
8 male 62 DVT smoking -

hypertension
9 female 59 DVT - -
10 female 74 retinal vein thrombosis smoking mood disorder
11 female 25 transient ischemic attack oral contraception -
12 male 49 unstable angina smoking -

hypertension
hyperlipidemia

13 female 54 unstable angina smoking -
hypertension
hyperlipidemia

14 female 73 ischemic stroke hormone replacement 
therapy

asthma

15 female 80 ischemic stroke - atrial fibrillation
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DISCUSSION
This prospective cohort study demonstrates that individuals with elevated FVIII:c, 
determined in the context of family screening of symptomatic probands, appear to 
have a relatively high absolute risk for both VTE and arterial vascular events. This 
study further strengthens the concept that there is an association between arterial 
and venous thromboembolic disease 12,13. Our findings as well as the results from 
previous cross-sectional studies suggest that elevated levels of FVIII:c might be one of 
the common risk factors for the two conditions. An association between FVIII:c levels 
and atherosclerosis that was independent of classical risk factors has been shown in 
various populations before 1,4,5,14.

The absolute annual incidence of a first event of VTE found in individuals with 
elevated levels of FVIII:c is within the range of that of asymptomatic individuals with 
inherited deficiencies of antithrombin, protein C and protein S deficiency, and appears 
to be higher than in heterozygous carriers of the factor V Leiden or the prothrombin 

Table 3. Incidences of VTE and arterial vascular events
Individuals with  

event, n 
Observation 

years
Absolute incidence  

% / year  (95%CI)
OR (95%CI) OR adjusted for age

(95%CI)
OR adjusted for 

smoking (95%CI)
Any event
Normal FVIII:c 4 870 0.46 (0.12 - 1.17) - - -
Elevated FVIII:c 11 472 2.33 (1.16 - 4.17) 5.1 (1.6 - 16.3) 3.7 (1.1 - 12.4) 5.4 (1.7 - 17.3)
VTE
Normal FVIII:c 2 876 0.23 (0.03 - 0.82) - - -
Elevated FVIII:c 6 479 1.25 (0.46 - 2.73) 5.5 (1.1 - 27.3) 3.8 (0.7 - 20.1) 5.7 (1.1 - 28.5)
Any arterial vascular event
Normal FVIII:c 2 874 0.23 (0.03 - 0.82) - - -
Elevated FVIII:c 5 482 1.04 (0.34 - 2.42) 4.5 (0.9 - 23.5)# 3.5 (0.6 - 19.3) 4.9 (0.9 - 25.4)
Myocardial infarction
Normal FVIII:c 2 874 0.23 (0.03 - 0.82) - - -
Elevated FVIII:c 0 489 0 (0 - 0.75) - - -
Ischaemic stroke
Normal FVIII:c 0 877 0 (0 - 0.42) - - -
Elevated FVIII:c 2 487 0.41 (0.05 - 1.48) - - -
Transient ischemic attack
Normal FVIII:c 0 877 0 (0 - 0.42) - - -
Elevated FVIII:c 1 488 0.20 (0.01 - 1.14) - - -
Unstable angina
Normal FVIII:c 0 877 0 (0 - 0.42) - - -
Elevated FVIII:c 2 485 0.41 (0.05 - 1.49) - - -
# p=0.05
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20210A mutation taking data from other 
family cohort studies into account 15-17. 
Furthermore, as compared to individuals 
without thrombophilic disorders who 
have been studied recently in the context 
of thrombophilic families, the currently 
investigated asymptomatic individuals with 
elevated levels of FVIII:c also have a high 
annual incidence for any first atherosclerotic 
event 18.

Strengths of our study are its prospective 
design and the prior defined strict criteria 
for endpoints. However, the corresponding 
limitation is the fact that relatively few 
events have occurred during follow-up, 
which hampers the interpretation of sub 
analyses and the comparison between the 
relatives with elevated and normal levels 
of FVIII:c. Nevertheless, our aim was to 
obtain absolute annual incidences of VTE 
and arterial vascular events, which may have 
implications for daily clinical practice. In the 
present prospective study we have confirmed 
that the annual incidences are indeed high, 
and we confirm our retrospective findings11.

Some other issues warrant comment. First, it could be argued that retinal vein 
thrombosis and superficial thrombophlebitis are not generally accepted VTE 
endpoints. Leaving out the 2 episodes from the analysis, the annual incidence of a first 
episode of VTE was still as high as 0.82% in individuals with elevated levels of FVIII:c 
and the OR remained within the same range (OR compared to relatives with normal 
levels: 3.6 (0.7-19.8).

Second, because levels of FVIII:c were measured only once, it is possible that 
misclassification has occurred due to a transient rise of FVIII:c as an acute phase 
reaction. However, our observations are likely to reflect daily clinical practice of testing 
of families for hereditary thrombophilia including elevated levels of FVIII:c. ABO 
bloodgroups and von Willebrand factor levels were not determined because it was 
previously shown that the association between FVIII:c and VTE remains unchanged 
after adjustment for these factors, suggesting that elevated FVIII:c is a cause rather 
than a consequence of vascular events. 2,3,19,20.

Table 3. Incidences of VTE and arterial vascular events
Individuals with  

event, n 
Observation 

years
Absolute incidence  

% / year  (95%CI)
OR (95%CI) OR adjusted for age

(95%CI)
OR adjusted for 

smoking (95%CI)
Any event
Normal FVIII:c 4 870 0.46 (0.12 - 1.17) - - -
Elevated FVIII:c 11 472 2.33 (1.16 - 4.17) 5.1 (1.6 - 16.3) 3.7 (1.1 - 12.4) 5.4 (1.7 - 17.3)
VTE
Normal FVIII:c 2 876 0.23 (0.03 - 0.82) - - -
Elevated FVIII:c 6 479 1.25 (0.46 - 2.73) 5.5 (1.1 - 27.3) 3.8 (0.7 - 20.1) 5.7 (1.1 - 28.5)
Any arterial vascular event
Normal FVIII:c 2 874 0.23 (0.03 - 0.82) - - -
Elevated FVIII:c 5 482 1.04 (0.34 - 2.42) 4.5 (0.9 - 23.5)# 3.5 (0.6 - 19.3) 4.9 (0.9 - 25.4)
Myocardial infarction
Normal FVIII:c 2 874 0.23 (0.03 - 0.82) - - -
Elevated FVIII:c 0 489 0 (0 - 0.75) - - -
Ischaemic stroke
Normal FVIII:c 0 877 0 (0 - 0.42) - - -
Elevated FVIII:c 2 487 0.41 (0.05 - 1.48) - - -
Transient ischemic attack
Normal FVIII:c 0 877 0 (0 - 0.42) - - -
Elevated FVIII:c 1 488 0.20 (0.01 - 1.14) - - -
Unstable angina
Normal FVIII:c 0 877 0 (0 - 0.42) - - -
Elevated FVIII:c 2 485 0.41 (0.05 - 1.49) - - -
# p=0.05
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Finally, the relatives with elevated factor VIII:c levels were older than those with 
normal levels. Both the levels of FVIII:c as well as the risk of events are known to 
increase with age, but the odds ratio after adjustment for age was still high as 3.5 to 3.8 
for any arterial, any venous, or any event.

How may our results be translated into clinical practice? Determination of FVIII:c 
levels within families of symptomatic probands with VTE or arterial vascular events 
may be useful, if balanced against the side effects of testing or subsequent preventive 
strategies. Paying special attention to classical risk factors for atherosclerosis and 
subsequent targeted prophylaxis in relatives with elevated levels of FVIII:c warrants 
further investigation in management studies.

In conclusion, the findings from this prospective cohort study are consistent with 
our previous findings in a retrospective family cohort. Asymptomatic individuals 
with elevated FVIII:c diagnosed in the context of family screening have an absolute 
annual incidence of 0.8% to develop a proximal DVT or pulmonary embolism, and an 
absolute annual incidence of 1.0% to develop an arterial vascular event.
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SUMMARY
As homocysteine-lowering treatment has not reduced the risk of recurrent thrombosis 
in recent clinical trials, we hypothesised that mild hyperhomocysteinemia is an 
epiphenomenon or associated with a low absolute risk of thrombosis. In this retrospective 
study, we enrolled 478 evaluable first degree relatives of consecutive patients with 
venous thrombosis or premature atherosclerosis, and hyperhomocysteinemia. 
Absolute risks of thrombosis and effects of concomitant thrombophilic defects 
were compared. Relative risks were adjusted for clustering in families, age, sex, and 
atherosclerotic risk factors, where appropriate. Annual incidence of venous thrombosis 
was 0.16% (95% confidence interval [CI], 0.08-0.30) in hyperhomocysteinemic relatives 
versus 0.11% (CI, 0.05-0.20) in normohomocysteinemic relatives; adjusted relative risk 
1.6 (CI, 0.6-4.5). Annual incidences of arterial thrombosis were 0.34% (CI, 0.21-0.52) 
and 0.24% (CI, 0.15-0.37) in hyperhomocysteinemic and normohomocysteinemic 
relatives, respectively; adjusted relative risk 1.5 (CI, 0.6-3.5). Concomitance of 
multiple thrombophilic risk factors increased the risk of venous thrombosis in 
hyperhomocysteinemic relatives 20 fold, but a comparable effect was demonstrated 
in normohomocysteinemic relatives. We conclude that hyperhomocysteinemia is 
associated with a low absolute risk of venous and arterial thrombosis. Concomitant 
thrombophilic defects are probably main determinants on the risk of venous 
thrombosis, rather than hyperhomocysteinemia itself.
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INTRODUCTION
Homocystinuria is a rare autosomal recessive inborn error of metabolism that 
results in homocysteine plasma levels often exceeding 400 μmol/L. It is associated 
with a high risk of venous and arterial thrombosis 1. Since the early 1990’s mild 
hyperhomocysteinemia has been identified as a risk factor for venous thrombosis, 
as well as arterial thrombotic events 2-5. As vitamin B6, vitamin B12 and folic acid 
can decrease homocysteine plasma levels 6, this has lead to a straightforward view 
that treatment with these supplements would reduce the risk of venous and arterial 
thrombosis. Recently, however, large prospective clinical trials that reported on the 
effects of lowering homocysteine levels with vitamin B6, vitamin B12 or folic acid 
therapy showed no improved clinical outcome in patients with prior ischemic stroke 7, 
myocardial infarction 8 or venous thrombosis 9. Other clinical trials to obtain evidence 
that this treatment of hyperhomocysteinemia is clinically beneficial are still awaited. 

We hypothesise that the risk of venous thrombosis in hyperhomocysteinemic 
subjects predominantly depends on coexistence with other thrombophilic defects. 
Hyperhomocysteinemia itself might be an epiphenomenon rather than a risk factor. 
Alternatively, the negative results of above mentioned clinical trials may be due to a low 
absolute risk of thrombosis in these subjects. Data on the absolute risk of thrombosis 
associated with hyperhomocysteinemia has not been reported previously. 

Therefore, we performed a large retrospective family cohort study to assess the 
absolute risk of venous and arterial thrombosis in hyperhomocysteinemic subjects, 
and considering the multicausality of thrombosis.

METHODS

Subjects

Between January 2000 and January 2004 first-degree relatives, who were 15 years 
of age or older, of consecutive patients (probands) with documented venous 
thrombosis or any documented arterial thrombotic event before the age of 50 years 
and hyperhomocysteinemia were enrolled in the study. Patients were referred by 
their general physicians to the thrombosis outpatient clinics of three participating 
university hospitals, either to confirm clinically suspected venous thrombosis, or 
to evaluate symptomatic premature atherosclerosis. Relatives were enrolled after 
informed consent was obtained. Detailed information about previous episodes of 
venous and arterial thrombosis, exposure to exogenous risk factors for thrombosis and 
anticoagulant treatment was collected by physicians at the outpatient clinics, using a 
validated questionnaire 10 and reviewing medical records. Clinical data was collected 
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prior to laboratory testing. Additional thrombophilia tests included deficiencies of 
antithrombin, protein C and protein S, factor V Leiden, the prothrombin G20210A 
mutation, and increased plasma levels of factor VIII. The study was approved by the 
institutional review boards of the participating hospitals.

Laboratory studies

Levels of homocysteine were measured by high-performance liquid chromatography 
after overnight fasting and 6 h after an oral methionine-load of 0.1 g/kg bodyweight, 
during a low-protein diet (minimum, 5 g and maximum, 10 g) 11. Hyperhomocysteinemia 
was defined as a fasting homocysteine level > 18 μmol/L or as a postload homocysteine 
level > 48 μmol/L, which are above the 95th percentile of normal in the Dutch 
population 12. Activity of antithrombin (Coatest, Chromogenix, Mölndal, Sweden) 
and protein C (Berichrom Protein C; Behring, Marburg, Germany) were measured 
by chromogenic substrate assays, protein C and protein S antigen levels by Enzyme 
Linked Immuno Sorbent Assay (ELISA) (DAKO, Glostrup, Denmark). Antithrombin 
deficiency was defined by decreased levels of antithrombin activity (< 65 IU/dL), 
protein C deficiency by decreased levels of either protein C antigen (< 65 IU/dL) and/
or activity (< 65 IU/dL) and protein S deficiency by decreased total protein S antigen 
levels (< 65 IU/dL), corresponding with plasma levels below the under limit of their 
normal ranges. Factor V Leiden and prothrombin G20210A were demonstrated by 
polymerase chain reactions 13,14. Factor VIII:C was measured by one-stage clotting 
assays (Amelung GmBH, Lemgo, Germany) and was increased at levels above the 75th 
percentile in the Dutch population (150 IU/dL) 15. These levels have been identified 
to give an increased risk of both venous and arterial thrombosis 15,16. If relatives were 
on long-term anticoagulant treatment with acenocoumarol, a short acting vitamin K 
antagonist, blood samples were taken after treatment had been interrupted for at least 
two weeks; in the meantime nadroparin was given subcutaneously.

Definitions

Venous thrombosis was considered established if deep vein thrombosis was confirmed 
by compression ultrasound or venography, and pulmonary embolism by ventilation and 
perfusion lung scanning, spiral CT scanning or pulmonary angiography, or when the 
patient had received full dose heparin and a vitamin K antagonist for at least 3 months 
without objective testing at a time when these techniques were not yet available. 
Secondary venous thrombosis was defined if it had occurred at or within 3 months 
after exposure to exogenous risk factors including surgery, trauma, immobilisation 
for more than 7 days, pregnancy, post-delivery period, the use of oral contraceptives 
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or hormonal replacement therapy, or malignancy. In the absence of these risk factors 
venous thrombosis was considered to be primary. 

Coronary and peripheral arterial disease had to be symptomatic and angiographically 
proven, while myocardial infarction was diagnosed according to clinical, enzymatic 
and electrocardiographic criteria. Ischemic stroke was defined as the onset of rapidly 
developing symptoms and signs of loss of cerebral function which lasted at least 
24h and had an apparent vascular cause, as demonstrated by computed tomography 
(CT) or magnetic resonance imaging (MRI). If a cerebral event completely resolved 
within 24h without cerebral lesions at scanning, it was classified as transient ischemic 
attack (TIA). Risk factors for atherosclerosis included known diabetes mellitus, 
hyperlipidemia, hypertension and active smoking.

Statistical analysis

We analysed the absolute risk of first venous and arterial thrombosis in relatives, 
comparing those who did or did not have hyperhomocysteinemia. Probands were 
excluded from analysis to avoid bias. Observation time was defined as the period from 
the age of 15 years until the first thrombotic episode or until the end of the observation 
period, i.e. the day when hyperhomocysteinemia was established or withdrawn. 
Annual incidences of venous and arterial thrombosis were calculated by dividing the 
number of events by the number of observation years. When calculating the annual 
incidence of venous thrombosis, the occurrence of arterial thrombosis was ignored 
and vice versa. Assuming an annual incidence of thrombosis of 0.5% in relatives with 
hyperhomocysteinemia, the sample size was calculated to be 15000 observation years 
to demonstrate a difference, compared to normohomocysteinemic relatives with 95% 
probability. 

With a Cox proportional hazards regression model we adjusted relative risks for 
clinically relevant covariates, including age and sex, and for arterial thrombosis also 
for hypertension, hyperlipidemia, active smoking, and diabetes mellitus. To account 
for clustering within families, outcome rates were analyzed by using random-effects 
logistic regression with Gaussian distribution in Stata, version 9.1 (Stata Corp., College 
Station, Texas). 

Continuous variables were expressed as median values and ranges; categorical data 
as counts and percentages. Differences between groups were evaluated by the Student 
t test or Mann-Whitney U test, depending on the normality of data for continuous 
data and by Fisher exact test for categorical data. A two-tailed p-value of less than 0.05 
indicated statistical significance. The 95% confidence intervals (95% CI) around the 
incidence rates were calculated under the Poisson distribution assumption. 
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Table 1. Characteristics of 478 relatives of probands with hyperhomocysteinemia.
Hyperhomocysteinaemia

Present (n=183) Absent (n=295) P
Male 84 (46) 136 (46) 1.00
Homocysteine levels (µmol/l)

Fasting 16.8 (8.6-91.0) 11.3 (0.8-17.9)
Loading 61.0 (11.5-248.9) 36.5 (11.8-47.9)

Age at enrollment (years) 48 (15-82) 44 (15-80) < 0.001
15-30 years 17 (9) 59 (20)
30-45 years 59 (32) 98 (34)
45-60 years 60 (33) 83 (28)
Older than 60 years 47 (26) 53 (18)

Concomitant thrombophilic defects
Antithrombin deficiency 2 (1) 2 (1) 0.64
Protein C deficiency 2 (1) 7 (2) 0.49
Protein S deficiency 5 (3) 4 (1) 0.31
Factor V Leiden 25 (14) 31 (11) 0.31
Prothrombin G20210A 5 (3) 8 (3) 1.00
Factor VIII > 150 IU/dL 48 (27) 67 (23) 0.38

Venous thrombosis 10 (5) 9 (3) 0.23
Age at onset (years) 51 (26-61) 41 (17-70) 0.65
Classification

Deep venous thrombosis 5 (50) 7 (78)
Pulmonary embolism 5 (50) 2 (22)

Primary 6 (60) 5 (56) 0.74
Secondary to

Surgery, trauma, immobilisation 2 (20) 3 (33)
Oral contraception 1 (10) 0 0
Pregnancy, puerperium 1 (10) 1 (11)
Malignancy 0 0 0 0

Arterial thrombosis 21 (11) 20 (7) 0.09
Age at onset (years) 63 (36-80) 56 (25-79) 0.18
Classification

Myocardial infarction 9 (43) 12 (60)
Ischaemic stroke or TIA 7 (33) 4 (20)
Peripheral arterial thrombotic event (24) 4 (20)

Risk factors
Active smoking 73 (40) 126 (43) 0.57
Hyperlipidemia 36 (20) 40 (14) 0.09
Hypertension 49 (27) 51 (17) 0.02
Diabetes mellitus 10 (5) 13 (4) 0.66

Continuous variables denoted as median (range), categorical variables as number (%).

Proefschrift.indb   80 4-1-2008   14:22:10



C
hapter 7

M
ild H

yperhom
ocysteinem

ia and 1st Venous and A
rterial Events

81

Statistical analyses were performed using SAS software, version 9.1 (SAS-Institute 
inc., Cary, North Carolina).

RESULTS
Our family cohort contained 170 probands, with a total number of 1125 relatives, 
identified by pedigree analysis, who were 15 years of age or older. Of these relatives, 
242 had died before the start of this study. Another 382 relatives did not participate 
because of various reasons, including refusal or inability to give informed consent 
and residence outside the Netherlands. Twenty three relatives were not evaluable 
because of missing laboratory data. The remaining 478 relatives were analysed. 
Median follow up time was 30 years (range, 0-67). Their clinical characteristics are 
summarised in Table 1. Males and females were equally distributed. The median age 
at enrollment in hyperhomocysteinemic relatives was 48 years (range, 15-82) and was 
higher than in normohomocysteinemic relatives (44 years; range 15-80, P< 0.001). 
Concomitant thrombophilic defects were demonstrated in 42% of relatives with 
hyperhomocysteinemia and in 34% of relatives with normohomocysteinemia (P= 0.08). 
Of these, factor V Leiden was more often demonstrated in both groups than expected 
from its prevalence in the general population (i.e. 5%) 17. Venous thrombosis had occurred 
in ten hyperhomocysteinemic relatives (5%) and in nine normohomocysteinemic 
relatives (3%, P= 0.23). Median age at onset of the first episode of venous thrombosis 
was 51 years (range, 26-61) in relatives with hyperhomocysteinemia and 41 years (range, 
17-70) in relatives with normohomocysteinemia (P=0.65). First arterial thrombotic 
events were documented in 21 relatives (11%) with hyperhomocysteinemia and in 20 
relatives (7%) with normohomocysteinemia (P= 0.09). Hypertension was more common 
in hyperhomocysteinemic relatives (27%) versus normohomocysteinemic relatives 

Table 2. Annual incidences and relative risks of venous and arterial thrombosis in 478 relatives.
Observation

Years
Relatives

with
event

Annual
incidence,%

(95% CI)

Crude
relative risk

(95% CI)

Adjusted*
relative risk

(95% CI)
Venous thrombosis
Hyperhomocysteinemia absent 8413 9 0.11 (0.05-0.20) Reference Reference
Hyperhomocysteinemia present 6172 10 0.16 (0.08-0.30) 1.5 (0.7-3.8) 1.6 (0.6-4.5)
Arterial thrombosis
Hyperhomocysteinemia absent 8418 20 0.24 (0.15-0.37) Reference Reference
Hyperhomocysteinemia present 6132 21 0.34 (0.21-0.52) 1.4 (0.8-2.9) 1.5 (0.6-3.5)
* Adjusted for clustering in families, age and sex, and, for arterial thrombosis, also for hypertension, 
hyperlipidemia, active smoking, and diabetes mellitus.
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(17%, P= 0.02). Hyperlipidemia tended to be more common in hyperhomocysteinemic 
relatives (20%) than in normohomocysteinemic relatives (14%, P=0.09). Other 
characteristics were not statistically different in both groups.

Annual incidences of venous thrombosis were 0.16% (95% CI, 0.05-0.20) in relatives 
with hyperhomocysteinemia and 0.11% (95% CI, 0.05-0.20) in relatives without 
hyperhomocysteinemia; adjusted relative risk 1.6 (95% CI, 0.6-4.5) (Table 2). In 

Table 3. Annual incidences of venous and arterial thrombosis in relatives of probands with 
hyperhomocysteinemia, stratified in quartiles of homocysteine levels.
Homocysteine levels (μmol/l) Relatives

with event
Annual incidence, %

(95% CI)
Venous thrombosis
Fasting < 10.5 2 0.06 (0.08-0.23)

10.5-12.9 8 0.21 (0.09-0.42)
12.9-16.4 3 0.07 (0.02-0.22)
>16.4 6 0.15 (0.06-0.33)

Loading < 34.8 2 0.06 (0.01-0.22)
34.8-42.0 6 0.19 (0.07-0.41)
42.0-55.3 2 0.05 (0.01-0.18)
> 55.3 9 0.22 (0.10-0.43)

Arterial Thrombosis
Fasting < 10.5 5 0.16 (0.05-0.37)

10.5-12.9 9 0.23 (0.11-0.44)
12.9-16.4 12 0.30 (0.16-0.52)
>16.4 16 0.41 (0.23-0.66)

Loading < 34.8 8 0.25 (0.11-0.49)
34.8-42.0 7 0.22 (0.09-0.45)
42.0-55.3 12 0.31 (0.16-0.55)
> 55.3 12 0.30 (0.15-0.52)

There were no statistically significant differences between quartiles.

Table 4. The contribution of concomitance of thrombophilic factors to the risk of venous thrombosis in 
relatives of probands with hyperhomocysteinemia.

Hyperhomocysteinemia absent Hyperhomocysteinemia present
Number of concomitant
thrombophilic defects*

Observation
Years

Relatives
with event

Annual
incidence,%

(95% CI)

Crude
relative risk

(95% CI)

Observation
Years

Relatives
with event

Annual
incidence,%

(95% CI)

Crude
relative risk

(95% CI)
0 5438 2 0.04 (0.005-0.13) Reference 3008 3 0.10 (0.02-0.29) 2.7(0.4-22.8)
1 2280 4 0.18 (0.05-0.45) 4.8 (0.8-37.2) 2610 4 0.15 (0.04-0.39) 4.2 (0.7-32.5)
> 2 594 3 0.51 (0.10-1.48) 13.7 (2.0-115.5) 407 3 0.74 (0.15-2.15) 20.0 (3.0-168.5)

* Including antithrombin, protein C and protein S deficiency, factor V Leiden, prothrombin G20210A, 
and elevated levels of factor VIII
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Table 4. The contribution of concomitance of thrombophilic factors to the risk of venous thrombosis in 
relatives of probands with hyperhomocysteinemia.

Hyperhomocysteinemia absent Hyperhomocysteinemia present
Number of concomitant
thrombophilic defects*

Observation
Years

Relatives
with event

Annual
incidence,%

(95% CI)

Crude
relative risk

(95% CI)

Observation
Years

Relatives
with event

Annual
incidence,%

(95% CI)

Crude
relative risk

(95% CI)
0 5438 2 0.04 (0.005-0.13) Reference 3008 3 0.10 (0.02-0.29) 2.7(0.4-22.8)
1 2280 4 0.18 (0.05-0.45) 4.8 (0.8-37.2) 2610 4 0.15 (0.04-0.39) 4.2 (0.7-32.5)
> 2 594 3 0.51 (0.10-1.48) 13.7 (2.0-115.5) 407 3 0.74 (0.15-2.15) 20.0 (3.0-168.5)

* Including antithrombin, protein C and protein S deficiency, factor V Leiden, prothrombin G20210A, 
and elevated levels of factor VIII

hyperhomocysteinemic relatives, annual incidence of arterial thrombosis was 0.34% 
(95% CI, 0.21-0.52) compared to 0.24% (95% CI, 0.15-0.37) in normohomocysteinemic 
relatives; adjusted relative risk 1.6 (95% CI, 0.6-4.5). 

In Table 3, annual incidences of venous and arterial thrombosis are shown for both 
fasting and methionine-loading homocysteine levels, each stratified into quartiles. No 
clear relationship between annual incidence of venous thrombosis and height of fasting 
and methionine-loading homocysteine levels, respectively, was seen. The lowest annual 
incidence of venous thrombosis was observed in relatives with fasting homocysteine 
levels lower than 10.5 μmol/L; 0.06% (95% CI, 0.08-0.23). The highest annual incidence 
of venous thrombosis was observed in relatives with methionine-loading homocysteine 
levels above 55.3 μmol/L; 0.22% (95% CI, 0.10-0.43). For arterial thrombosis, there was 
a tendency of increasing annual incidences with increasing fasting and methionine-
loading homocysteine levels, ranging from 0.16% (95% CI, 0.05-0.37) in relatives with 
fasting homocysteine levels lower than 10.5 μmol/L, to 0.41% (95% CI, 0.23-0.66) in 
relatives with fasting homocysteine levels above 16.4 μmol/L (crude relative risk 2.6; 
95% CI, 0.9-6.6), and from 0.25% (95% CI, 0.11-0.49) to 0.30% (95% CI, 0.15-0.52) in 
relatives with methionine-loading levels lower than 34.8 μmol/L and higher than 55.3 
μmol/L, respectively (crude relative risk 1.2; 95% CI, 0.5-3.1).

Annual incidence of venous thrombosis was 0.10% (95% CI, 0.02-0.29) in relatives 
who had hyperhomocysteinemia without concomitant thrombophilic defects, 0.15% 
(95% CI, 0.04-0.39) in combination with one thrombophilic defect, and 0.74% (95% 
CI, 0.15-2.15) in the presence of two or more concomitant defects (Table 4). In 
normohomocysteinemic relatives, annual incidences of venous thrombosis were 0.04% 
(95% CI, 0.005-0.13), 0.18% (95% CI, 0.05-0.45) and 0.51% (95% CI, 0.10-1.48), respectively. 
Only the concomitance of two or more thrombophilic defects was associated with an 
increased risk of venous thrombosis in both hyperhomocysteinemic relatives (crude 
relative risk 20.0; 95% CI, 3.0-168.5) and normohomocysteinemic relatives (crude 
relative risk 13.7; 95% CI, 2.0-115.5). Differences between hyperhomocysteinemic and 
normohomocysteinemic relatives were not significant, comparing relatives with one 
thrombophilic defect (crude relative risk 0.9; 95% CI, 0.2-3.5) or with two or more 
thrombophilic defects (crude relative risk 1.5; 95% CI, 0.3-7.2). 
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DISCUSSION
Although the risk of venous thrombosis in hyperhomocysteinemic relatives was 1.6 fold 
higher than in normohomocysteinemic relatives, the difference was not statistically 
significant. More important, the absolute risk in hyperhomocysteinemia was low and 
comparable with the annual incidence of venous thrombosis in the general population 
(i.e. 0.1-0.3%) 18,19. Only concomitance of two or more thrombophilic defects revealed 
an increased absolute risk of venous thrombosis in hyperhomocysteinemic relatives, 
but a similar association was demonstrated in normohomocysteinemic relatives. Our 
findings seem inconsistent with those from a previous case-control study that suggested 
that hyperhomocysteinemia was an independent risk factor for venous thrombosis 
20. However, in that study hyperhomocysteinemic patients who had an episode of 
venous thrombosis were in 4% of the cases also antithrombin deficient, in 6% protein 
C deficient, and in 3% protein S deficient, which is far more prevalent than reported 
in the general population (i.e. 0.02-0.4%, each) 21. Moreover, hyperhomocysteinemia 
was associated with factor V Leiden, but this result was not further analysed because 
of small numbers. Thus, the increased risk of venous thrombosis in that study was 
possibly influenced by concomitance of these thrombophilic defects. Patients were not 
screened for other thrombophilic defects such as prothrombin G20210A and elevated 
levels of factor VIII, as we did in our study. 

Our observed adjusted relative risk for venous thrombosis in relatives with 
hyperhomocysteinemia of 1.6 is lower than reported in previous studies. Two meta-
analyses found overall odds ratios of 2.5 and 2.9 for the risk of venous thrombosis in 
hyperhomocysteinemic subjects, respectively, which were statistically significant 2,5. 
However, these studies did not exclude publication bias by funnel plot analysis, which 
could have resulted in a higher relative risk compared to our study. Furthermore, 
although both studies used a clear definition for hyperhomocysteinemia (i.e. 
homocysteine levels above the 95th percentile or mean plus two standard deviations 
calculated from the distribution in control groups), fasting hyperhomocysteinemia 
(when mentioned) ranged as homocysteine levels between > 14.1 μmol/L and > 22.2 
μmol/L and methionine-loading hyperhomocysteinemia between > 29.9 μmol/L and 
> 79.0 μmol/L. Although this was insurmountable, as no definition has ever been 
postulated of which homocysteine levels are considered as hyperhomocysteinemia, a 
meta-analysis may not be a proper statistical tool to identify hyperhomocysteinemia as 
a risk factor for venous or arterial thrombosis. In our study, we had the same difficulty 
to define a cut-off level for hyperhomocysteinemia. Therefore, we stratified relatives 
into quartiles according to increasing homocysteine levels. For venous thrombosis, 
we did not find a relationship between annual incidence and increasing homocysteine 
levels. Apparently, there is no sharp cut-off point for homocysteine levels to identify 
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subjects at risk of venous thrombosis. On the other hand, for arterial thrombosis we 
did see an increasing annual incidence with increasing fasting or methionine-loading 
homocysteine levels. Nevertheless, the annual incidence of arterial thrombosis 
remained low, even in the highest quartiles of fasting and methionine-loading 
homocysteine levels, i.e. 0.41 and 0.30%, respectively. These annual incidences are 
comparable with the annual incidence of arterial thrombosis in the Framingham 
study (i.e. 0.1-0.4%) 22. Thus, the absolute risk of arterial thrombosis at highest 
homocysteine levels did not exceed the risk in the normal population. Although there 
is evidence that homocysteine influences the development of atherosclerosis 23-26, this 
effect may be too small in subjects with mild hyperhomocysteinemia to result in a 
clinically relevant increase in risk of arterial thrombotic events. As a consequence of 
the low absolute risk of arterial thrombosis, as well as venous thrombosis, it will be 
difficult to demonstrate a benefit of homocysteine lowering treatment with vitamin 
B6, vitamin B12 and folic acid on clinical outcome 7-9. Possible clinical implications 
of our findings may be that there is no need to screen patients with venous or arterial 
thrombosis for mild hyperhomocysteinemia, nor the relatives of patients in whom mild 
hyperhomocysteinemia has been demonstrated. Homocysteine lowering treatment 
seems not to be justified, as the potential absolute risk reduction with this treatment is 
small and might, according to other studies, even be harmful 8,27.

Some aspects of our study warrant comment. First, the centres that included 
probands were all university hospitals, implying a potential for bias. Also, due to 
the retrospective design of the study, a number of relatives had venous thrombosis 
which were not established by objective techniques because these were not available 
yet. This implies the possibility of overtreatment which might have overestimated 
our annual incidences. However, the annual incidences of both venous and arterial 
thrombosis did not exceed the incidences in the general population, making such bias 
less likely 18,19,22. Second, the response rate of living relatives was not optimal, despite 
maximum efforts to include as many first degree relatives as possible. This does clearly 
demonstrate the intricacy of performing homocysteine tests in which individuals 
have to return to a clinic after fasting in a procedure that takes approximately 6 hours, 
whereas the methionine-loading test may have side effects, such as nausea and malaise 
28. As it is likely that asymptomatic subjects are less willing to undergo these tests, 
this would have resulted in an overestimation of annual incidences of thrombosis 
in our study cohort. Still, annual incidences of venous and arterial thrombosis in 
hyperhomocysteinemic subjects were low and comparable to normohomocysteinemic 
subjects. Third, we assessed the effects of the number of concomitant thrombophilic 
defects, assuming that the venous thrombotic potency of individual thrombophilic 
defects was equal. It might have been more appropriate to weigh defects according to 
predefined risk estimates, but this could not be done as many combinations were found 
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and the numbers of subjects with specific combinations were too small. Fourth, factor 
V Leiden was more often observed in the study cohort than in the general population. 
Because we studied first degree relatives of patients with either venous thrombosis 
or premature atherosclerosis with hyperhomocysteinemia, we might hereby have 
introduced selection bias. Relatives could be a priori at higher risk of venous thrombosis 
because factor V Leiden is more frequently found in patients with venous thrombosis 21. 
For this reason, we used a random-effects model to adjust for clustering in families. 
Therefore, our results can be extrapolated to the general population. Finally, it could 
be argued that our study was underpowered to detect differences in risk of thrombosis 
that were observed. In our sample size calculation, annual incidences of venous and 
arterial thrombosis in hyperhomocysteinemic subjects were presumed to amount 
0.5% each. As these were actually lower and even were within the ranges of the normal 
population, a larger size of the study population might reveal statistical significance, 
but differences would not become clinically relevant.

We conclude that the absolute risk of venous and arterial thrombosis in subjects with 
hyperhomocysteinemia is low. For venous thrombosis, concomitant thrombophilic 
defects are probably main determinants of this risk, rather than hyperhomocysteinemia 
itself.
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SUMMARY
Background: 
The factor V Leiden (FVL) and prothrombin 20210A (PTm) mutations are associated 
with single late pregnancy loss and recurrent early pregnancy loss. The prognosis after 
an initial loss in women with thrombophilia is uncertain. 
Objective: To assess the pregnancy outcome of the second pregnancy after a first loss 
in women with and without either FVL or PTm.

Methods: 
We selected women with a first pregnancy loss out of two family cohorts of first 
degree relatives of probands with FVL or PTm and a history of documented venous 
thromboembolism or premature atherosclerosis. 

Results: 
93 women had had a first pregnancy loss and became pregnant a second time. Their risk 
of loss of the subsequent pregnancy was higher than in 825 women with a successful 
first pregnancy (25 vs. 12%, RR 2.0, 95%CI 1.4-3.0). The live-birth rate of the second 
pregnancy after an early first loss (≤12 weeks of gestation) was 77% (95%CI 62-87%) for 
carriers and 76% (95%CI 57-89%) for non-carriers (RR 1.0, 95%CI 0.8-1.3). After a late 
first loss (>12 weeks), the live-birth rates were 68% (95%CI 46-85%) and 80% (95%CI 
49-94%) for carriers and non-carriers, respectively (RR 0.9, 95%CI 0.5-1.3).

Conclusions: 
Women with a first pregnancy loss have a twofold increased risk of loss of the 
subsequent pregnancy, regardless of their carrier status. More importantly, the 
outcome of the second pregnancy is rather favourable in absolute terms, even for 
those with thrombophilia and a late loss, which raises concern regarding the risks and 
presumed benefits of anticoagulant therapy in these women.
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Introduction
Unwanted pregnancy loss is the most common gestational complication. Of all 
clinically recognised pregnancies, 12-15% will result in a pregnancy loss 1. The actual 
percentage is believed to be even higher, because many losses remain unreported or 
unrecognised. Early loss is usually defined as a occurring during the first 12 weeks 
of gestation, whereas late pregnancy loss concerns pregnancies that ended after a 
gestational age of 12 weeks and implies loss of fetal heart activity on ultrasound 2. The 
vast majority of pregnancy loss occurs early and only 1-2% of pregnancies are lost after 
12 weeks 3.

Structural chromosomal abnormalities in either the parents or fetus and the 
antiphospholipid antibody syndrome can be found in approximately 50% of couples 
with (recurrent) pregnancy loss, in the remaining part, pregnancy loss is unexplained 
3. Inherited thrombophilia was first associated with pregnancy loss by Sanson et al in 
1996 in a family study on patients with venous thrombosis and a deficiency of one of 
the natural anticoagulants 4. The general concept is that the presence of thrombophilia 
together with the pregnancy itself causes a hypercoagulable state, which may lead to 
thrombosis in the placental microvessels. In a meta-analysis of case-control studies 
on inherited thrombophilia and pregnancy loss by Rey et al, factor V Leiden and the 
prothrombin 20210A mutation, the most common inherited thrombophilias,  were 
significantly associated with recurrent early pregnancy loss and non-recurrent late 
pregnancy loss (odds ratio’s 2.0-3.3) 5.

Despite these associations, there is controversy regarding the absolute risk of 
recurrence in subsequent pregnancies, especially after a late pregnancy loss. The live 
birth rate of the subsequent pregnancy after a late pregnancy loss was 27% in a study 
by Frias et al in which the presence of thrombophilia was not determined 6. In two 
other studies, the live birth rate after a single late pregnancy loss was 11% and 23% for 
carriers of either the factor V Leiden or prothrombin 20210A mutation and 49% and 
40% for women without these mutations 7,8. Contrary to these low live birth rates, 
Lindqvist et al recently reported that in their population based cohort the live birth 
rate after a late pregnancy loss was as high as 98% for women with a single late loss 
and 80% for women with two or more late pregnancy losses 9.

The actual live birth rate after a late pregnancy loss and the question whether 
thrombophilia substantially lowers this prognosis, is vital information for counseling 
affected women. Furthermore, it adds to the discussion about the tendency to prescribe 
potentially harmful drugs that have not yet proven to be beneficial 10.

In this study we set out to determine the incidence of a successful pregnancy outcome 
in carriers and non-carriers of either the factor V Leiden or prothrombin 20210A 
mutations after a single unexplained pregnancy loss. An additional objective was to 
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ascertain if this incidence is lower after a late pregnancy loss in the first pregnancy as 
compared to an early loss.

METHODS
We previously collected a full medical history of families with various thrombophilic 
abnormalities in two large multicentre studies. In the first study we included first 
degree relatives, over 14 years of age, of probands with the factor V Leiden mutation 
and documented venous thromboembolism (VTE) 11. In the second study we included  
the first degree relatives of probands with the prothrombin 20210A mutation, 
persisting elevated levels of clotting factor VIII or mild hyperhomocysteinemia and 
either VTE or premature atherosclerosis 12-14. In this study, all participants were also 
tested for the presence of the factor V Leiden mutation. All data were obtained through 
structured questionnaires including detailed questions on previous pregnancies and 
anticoagulant use. Both studies were approved by the Institutional Ethics Committee 
and written informed consent was obtained from all study participants.

For the present analysis we divided the female participants of these studies into 
carriers and non-carriers. The carrier group consisted of all homo- and heterozygotes 
and compound heterozygotes of the factor V Leiden and prothrombin 20210A 
mutations. The non-carrier group consisted of women with the wildtype gene for both 
mutations. 

We excluded all ectopic and terminated pregnancies and pregnancies lost due to 
known chromosomal abnormalities or the HELLP syndrome. Also, pregnancies 
during which anticoagulants were used were excluded, because of their potential 
influence on pregnancy outcome. We attempted to complete missing data regarding 
pregnancy outcome, duration and medication use by contacting the treating 
physician. If important missing data could not be retrieved, the concerning pregnancy 
was excluded. Early pregnancy loss was defined as pregnancy loss occurring within 
12 weeks of gestation based on the last menstrual period. Late pregnancy loss was 
defined as occurring after 12 weeks.

Live birth rates and concomitant 95% confidence intervals (95%CI) were calculated 
by dividing the number of women with a successful pregnancy by the total number of 
pregnant women. The relative ‘risk’ (RR) of a live birth was used to compare live birth 
rates of the carrier to the non-carrier group. All data was analyzed using the SPSS 
statistical software (version 11.5.2, SPSS inc., Chicago IL, USA) and the Confidence 
Interval Analysis program (version 2.0, University of Southampton, UK).
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RESULTS
Of the 1512 women that were included in both studies, 1049 had had a clinically 
recognised pregnancy at least once. Forty-nine women (4.7%) were excluded because 
all their pregnancies met one of the exclusion criteria, and seven (0.7%) were excluded 
because of irretrievable missing data with regard to pregnancy outcome. Reasons 
for exclusion were terminated pregnancies only (21 women; 12 carriers), ectopic 
pregnancy (1 woman, non-carrier), pregnancy lost to HELLP syndrome (1 woman, 
non-carrier at 40 weeks of gestation). Twenty-six women were excluded because they 
used anticoagulants during all pregnancies, because of VTE prior to this pregnancy. 
Of those, 20 women were carrier and 6 were non-carrier. In the end, the obstetric 
histories of 993 women were analyzed; 498 were carrier of the factor V Leiden or 
prothrombin 20210A mutation, 495 women were carrier of the wild type genes. In 
the carrier group 69% had the factor V Leiden mutation, 24% had the prothrombin 
20210A mutation and 6% had both (Table 1). Seventy-five women (19 carriers) could 
not be included in the analysis of the subsequent pregnancy, because they had been 
pregnant just once (Figure 1). The mean age at time of the first pregnancy was 25.0 
years (standard deviation [SD] 3.8 years) for carriers and 25.1 years (SD 4.4 years) for 
non-carriers (Table 1).

Figure 1: Flowchart of studied women
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During the first pregnancy, 67 carriers had had a pregnancy loss during their first 
pregnancy (13%); 46 were early pregnancy losses (9%) and 21 were late losses (4%). In 
the non-carrier group, 43 women had a pregnancy loss during their first pregnancy 
(9%); 33 were early losses (7%) and 10 were late losses (2%; Table 2). Live birth rate of 
a first pregnancy was therefore 87% (95%CI 83-89) for the carriers and 91% (95%CI 
89-94) for the non-carriers (RR 0.9, 95%CI 0.9-1.0; Table 2). Live birth rates for carriers 
of the factor V Leiden or prothrombin 20210A mutation were similar (87 and 84%, 
respectively).

Ninety-three women (58 carriers) with a pregnancy loss in their first pregnancy 
became pregnant a second time. The live birth rate of the second pregnancy in these 
women was 74% (95%CI 62-84) for carriers, and 77% (95%CI 61-88) for non-carriers 
(RR 1.0, 95%CI 0.8-1.2; Table 3). Of the 15 women in the carrier group who had a 
pregnancy loss, 10 were early losses. In the non-carrier group, 6 out of 8 pregnancy 
losses were early losses. The live birth rates of the second pregnancy after a successful 

Table 1: Characteristics of the two study groups.
Carriers Non-Carriers

n 498 495
Pregnancies 1420 1389
Age (years ± SD) 25.0 ± 3.8 25.1 ± 4.4
Factor V Leiden
Heterozygous 343 (68.9%) n.a.
Homozygous 2 (0.4%) n.a.
Prothrombin 20210A n.a.
Heterozygous 118 (23.7%) n.a.
Homozygous 4 (0.8%) n.a.
Compound heterozygous 31 (6.2%)* n.a.
* 27 double heterozygous, 4 prothrombin mutation heterozygous and factor V Leiden homozygous; n.a.: 
not applicable

Table 2: Outcome of 1st pregnancy in carriers and non-carriers of the Factor V Leiden or Prothrombin 
20210A mutation

Carriers Non-carriers RR (95%CI)*

No. women (n) 498 495
Pregnancy loss (n, %) 67 (13%) 43 (9%) 1.5 (1.1-2.2)
Early (n, %) 46 (9%) 33 (7%) 1.4 (0.9-2.1)
Late (n, %) 21 (4%) 10 (2%) 2.1 (1.0-4.4)
Live birth rate 1st pregnancy (95%CI) 87% (83-89) 91% (89-94) 0.9 (0.9-1.0)
RR: relative risk; 95%CI: 95% confidence interval; Early pregnancy loss: ≤12 weeks of gestation; Late 
pregnancy loss: >12 weeks of gestation
* RR for carriers vs. non-carriers
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first pregnancy were 86% (95%CI: 82-89) for carriers and 90% (95%CI: 86-92) for non-
carriers (RR 1.0, 95%CI: 0.9-1.0, Table 3). Regardless of the carrier status, the rate of 
pregnancy loss after a loss in the first pregnancy was 25% (95%CI 17-34%), as compared 
to 12% (95%CI 10-15%) after a successful pregnancy (RR 2.0, 95%CI 1.4-3.0).

For women with an early pregnancy loss in their first pregnancy, the live birth rates 
of the second pregnancy were 77% (95%CI 62-87) for carriers and 76% (95%CI 57-89) 
for non-carriers (RR 1.0; 95%CI 0.8-1.3). For women with a late pregnancy loss in their 
first pregnancy, live birth rates of the second pregnancies were 68% (95%CI 46-85) for 
carriers and 80% (95%CI 49-94) for non-carriers (RR 0.9; 95%CI 0.5-1.3; Table 3).

Three out of 15 (20%) women in the carrier group who had a pregnancy loss in their 
first two pregnancies remained childless. Two had had no subsequent pregnancies, one 

Table 3: Outcome of 2nd pregnancy in carriers and non-carriers of the Factor V Leiden or Prothrombin 
20210A mutation after a live birth or an early or late pregnancy loss in the 1st pregnancy

All Carriers Non-carriers RR (95%CI)*

Live birth in the 1st pregnancy
No. women (n) 825 421 404
Pregnancy loss in 2nd pregnancy (n, %) 101 59 (14%) 42 (10%)
Early (n, %) 68 36 (9%) 32 (8%)
Late (n, %) 33 23 (5%) 10 (2%)
Live birth rate 2nd pregnancy (95% CI) 88% (85-90) 86% (82-89) 90% (86-92) 1.0 (0.9-1.0)
Pregnancy loss in the 1st pregnancy
No. women (n) 93 58 35
Pregnancy loss in 2nd pregnancy (n, %) 23 (25%) 15 (26%) 8 (23%)
Early (n, %) 16 (17%) 10 (17%) 6 (17%)
Late (n, %) 7 (8%) 5 (9%) 2 (6%)
Live birth rate 2nd pregnancy (95%CI) 75% (66-83) 74% (62-84) 77% (61-88) 1.0 (0.8-1.2)
Early pregnancy loss in 1st pregnancy
No. women (n) 64 39 25
Pregnancy loss (n, %) 15 (23%) 9 (23%) 6 (24%)
Early (n, %) 12 (19%) 7 (18%) 5 (20%)
Late (n, %) 3 (5%) 2 (5%) 1 (4%)
Live birth rate 2nd pregnancy (95%CI) 77% (65-85) 77% (62-87) 76% (57-89) 1.0 (0.8-1.3)
Late pregnancy loss in 1st pregnancy
No. women (n) 29 19 10
Pregnancy loss (n, %) 8 (28%) 6 (32%) 2 (20%)
Early (n, %) 4 (14%) 3 (16%) 1 (10%)
Late (n, %) 4 (14%) 3 (16%) 1 (10%)
Live birth rate 2nd pregnancy (95%CI) 72% (54-85) 68% (46-85) 80% (49-94) 0.9 (0.5-1.3)
RR: relative risk; 95%CI: 95% confidence interval; Early pregnancy loss: ≤12 weeks of gestation; Late 
pregnancy loss: >12 weeks of gestation
* RR for carriers vs. non-carriers
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had another recurrent pregnancy loss at 8 weeks of gestation. In the non-carrier group, 
two out of eight (25%) women with a pregnancy loss in their first two pregnancies, 
remained childless. One had no further pregnancies and the other had had three more 
recurrent pregnancy losses, all of which occurred early.

DISCUSSION
In this study we found that the chance of a successful second pregnancy in women 
with either factor V Leiden or the prothrombin 20210A mutation is comparable to the 
outcome in women without these mutations. Although we found that the live birth 
rate in the second pregnancy was lower after a pregnancy loss in the first pregnancy 
than after a successful first pregnancy, we did not observe a difference between carriers 
and non-carriers (Table 3). However, if we analysed data after a late pregnancy loss 
in the first pregnancy separately, the live birth rate in the second pregnancy tended 
to be lower for carriers than for non-carriers (68% vs. 80%, Table 3). Unfortunately, 
the limited number of women with a second pregnancy after a first late loss prevents 
us from detecting small differences, even though a 12% difference may be clinically 
relevant. However, we feel that the most important observation in our study is that 
74% of women with these thrombophilias and a first pregnancy loss have a successful 
second pregnancy, which is much higher than some previous reports 6-8.

Women with either factor V Leiden or the prothrombin 20210A mutation had an 
increased risk of pregnancy loss in the first pregnancy as compared to non-carriers, 
which was accounted for by the difference in late losses (Table 2). This is in line with 
meta-analysed prior studies on this subject 5.

An important issue is the way women were selected. Women were included 
because they either had a family or personal history of venous thromboembolism 
or premature atherosclerosis. This could introduce a selection bias, if this familial 
thrombotic tendency influences the live-birth rate. However, we do not think this 
is the case and this is supported by the comparison of 184 women who eventually 
developed VTE after their pregnancies to the 809 who have not developed VTE. 
The live-birth rates of the first pregnancies were 89.7% (95%CI 84.4-93.3) and 88.9% 
(95%CI 86.5-90.9), respectively. We conclude that venous thromboembolism is not a 
confounder for assessment of risk of pregnancy loss and that therefore, no selection 
bias was introduced in this study.

Whether women with thrombophilia and pregnancy loss, either early, late or 
recurrent, should receive medication to improve live birth rate continues to be a matter 
of debate 15,16, with some authors indicating that performing placebo controlled trials 
are ‘not ethical’ 17. We disagree, and are strengthened in this opinion by the present 
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data and those of Lindqvist et al, that show favourable birth rates in factor V Leiden 
or prothrombin 20210A carriers 9. Although one trial found that prophylaxis with 
enoxaparin resulted in a substantially better live birth rate as compared to aspirin in 
women with specific forms of inherited thrombophilia and a single pregnancy loss 
after 10 weeks of gestation 17, these results need to be confirmed and the intervention 
should be compared to the current standard, i.e. no treatment or placebo 18. 

We conclude that the live birth rates in women with or without the factor V Leiden or 
prothrombin 20210A mutation are comparable and that the success rate of the second 
pregnancy in women with these mutations and a first loss is still high in absolute 
terms. Whether anticoagulants are indicated for women with any form of pregnancy 
loss, in the presence or even in the absence of inherited thrombophilia is unclear and 
should be answered in future trials. The favourable prognosis without treatment in 
this study implies that a placebo arm should be included in the design. Several such 
trials are ongoing (clinical trial register) and should provide solid answers within the 
next years. Until then, installing anticoagulants to improve pregnancy outcome seems 
premature.
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ABSTRACT
Background:
In 30-50% of patients with venous thromboembolism (VTE), no acquired or genetic 
risk factors can be identified. Recently, a somatic gain-of-function mutation associated 
with the group of myeloproliferative disorders (MPDs) was found in the JAK2 gene. 
Previous studies demonstrated high prevalence of JAK2V617F in patients with 
splanchnic vein thrombosis. 

Objective:
To evaluate whether JAK2V617F is a risk factor for deep-vein thrombosis (DVT) of 
the leg, we determined prevalence of this mutation in unselected patients who were 
primarily evaluated for DVT.

Methods:
Presence of JAK2V617F was determined in 188 patients with objectively diagnosed 
DVT (cases) and in 200 patients in whom DVT was objectively ruled out (controls), 
using allele-specific real-time quantitative TaqMan PCR.

Results:
Of 188 cases, 180 (96%) DNA samples could be tested for presence of JAK2V617F. In 6 
samples (3.3%; 95%CI 1.5-7.0) the V617F mutation was demonstrated in 0.18% of cells 
(range 0.09%-1.03%). Of 200 controls, 197 (98.5%) DNA samples could be tested for 
presence of JAK2V617F; in none of these samples positive signals were observed. Odds 
ratio (OR) for DVT in carriers of JAK2V617F was ∞ (95%CI 1.32-∞).

Conclusion:
Our results suggest that JAK2V617F can be considered a risk factor for DVT and may 
represent the first symptom of an underlying MPD. 
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INTRODUCTION
Venous thrombosis is a common disease with an incidence of 1-3 per 1000 per year that 
is strongly age-dependent, with an incidence of up to 1% per year in elderly 1. Acquired 
(environmental) and genetic causes play an important role in the pathogenesis of 
venous thrombosis and are present in the majority of patients diagnosed with venous 
thromboembolic disease (VTE). However, in approximately 30-50% of patients with 
VTE, no acquired or genetic risk factor for thrombosis can be identified 1.

Polycythemia vera (PV) is a chronic disorder characterised by a clonal proliferation 
of hematopoietic precursors with chronic hyperproliferation of leukocytes, 
thrombocytes and most prominently erythrocytes with relatively normal maturation. 
PV belongs to the group of myeloproliferative disorders (MPDs) together with essential 
thrombocytopenia (ET) and idiopathic myelofibrosis (IMF). Thromboembolic 
complications such as transient ischemic attack, cerebral vascular accident, 
myocardial infarction or VTE, are major causes of morbidity and mortality in MPDs 
2. These complications appear to be related to leukocytosis 3,4. Moreover, in 12-49% 
of patients with PV or ET, VTE is the first presenting symptom of the underlying 
disease 2,4. Besides deep-vein thrombosis (DVT) or pulmonary embolism (PE), MPD-
related venous thrombosis characteristically concerns thrombotic occlusion of the 
cerebral veins and large intra-abdominal veins such as the hepatic veins (Budd-Chiari 
syndrome), hepatic portal vein, splenic vein or the mesenteric veins 2.

Recently, a somatic gain-of-function mutation that is associated with the group of 
MPDs was found in exon 14 of the JAK2 gene 5-9. The JAK2 gene encodes Janus-kinase-2, 
a tyrosine kinase involved in the signal transduction of several hematopoietic cytokine 
receptors. JAK2V617F represents a somatic G to T mutation at nucleotide 1849 of 
the JAK2 gene, resulting in the alteration of a valine into a phenylalanine at codon 
617 (V617F). The mutated kinase promotes cytokine-independent and erythropoietin 
(Epo) or interleukin-3 (IL-3)-hypersensitive growth of hematopoietic precursor cells 
due to loss of auto-inhibition 6-9. The JAK2V617F mutation is found in up to 97% of 
patients with PV and in 50% of patients with ET and IMF 5-9. The mutation is not 
found in DNA of non-hematopoietic tissue, showing that it is a somatic mutation of 
a hematopoietic stem cell. As JAK2V617F has also been demonstrated rarely in other 
myeloid disorders like acute (myeloid) leukemia, atypical MPDs and myelodysplastic 
syndromes (MDS) 10-12, JAK2V617F solely cannot be regarded as an unique pathogenic 
or diagnostic marker of PV or one of the other classic MPDs. Nonetheless, the mutation 
appears to be absent in the healthy population 13,14 although some reports in which 
highly sensitive PCR measurements were used contradict this 15-17.

The recent finding of the JAK2V617F mutation in up to 97% of patients with PV and 
in 50% of patients with ET or IMF has simplified the diagnosis of MPDs significantly. 
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It has provided the opportunity to diagnose these disorders in an early phase before 
the classic criteria of diagnosis are reached. Since MPD-patients are at increased risk 
for VTE, the discovery of the JAK2V617F mutation has stimulated researchers to 
focus on a possible association between the JAK2 mutation and VTE. Recent studies 
indeed demonstrated presence of the JAK2V617F mutation in patients with Budd-
Chiari syndrome 18,19. Furthermore, patients with idiopathic large abdominal vein 
thrombosis appeared to be JAK2V617F positive in 25 to 40% of the cases 20,21. Limited 
studies have assessed the prevalence of the JAK2V617F mutation in patients with 
thrombosis at others sites, such as the splanchnic and cerebral veins 22,23.

In order to evaluate whether the JAK2V617F mutation is also a risk factor for the 
most common manifestation of venous thrombo-embolic disease, i.e. DVT of the 
leg, we determined the prevalence of this mutation in unselected patients who were 
primarily evaluated for and diagnosed with DVT (cases), and compared this with 
patients in whom the diagnosis of DVT was ruled out (controls).

METHODS

Identification of patients and controls

DNA samples were obtained from a biobank retrieved from consecutive patients of 
at least 18 years of age who were referred to the Department of Vascular Medicine of 
the Academic Medical Center in Amsterdam, The Netherlands, from September 1999 
until May 2006, primarily for the suspicion of acute symptomatic DVT. Blood samples 
and medical history were taken after written informed consent and the presence 
of clinical risk factors for VTE was assessed using a structured questionnaire. We 
randomly selected 188 DNA samples of patients with objectively diagnosed DVT 
(VTE+ group, cases) and 200 DNA samples of patients without previous VTE in 
whom DVT was objectively excluded (VTE group, controls). The groups were 
matched according to age at the time of collection of the blood samples. Patients were 
selected irrespective of previous VTE and presence of acquired or genetic risk factors 
for VTE. Hematological parameters at the time of blood collection were analysed 
retrospectively using available medical records in the patient charts of the Academic 
Medical Center, Amsterdam, The Netherlands.

The criteria for DVT were either a proximal leg vein that was not compressible on 
ultrasonography or the presence of an intraluminal filling defect on venography 24. 
Proximal DVT was defined as a thrombus in either the popliteal vein, superficial 
femoral vein or common femoral vein. If compression ultrasonography showed 
no venous thrombosis and D-dimer plasma level was ≥ 0.5 mg/L, compression 
ultrasonography was repeated after seven days. DVT was ruled out in case of a Well’s 
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score ≤ 1 25 in combination with a low D-dimer plasma level (< 0.5 mg/L). DVT was 
also ruled out in case of a normal venography or a negative compression ultrasound 
in combination with a low D-dimer plasma level (< 0.5 mg/L), and after a repeated 
negative compression ultrasound. Personal data and DNA codes of patients found 
positive or negative for the presence of DVT were registered into a database. Patients 
who used low-molecular-weight heparin or vitamin K antagonists at the time of 
diagnosis were excluded.

DNA was isolated from peripheral blood and stored in refrigerated cabinets under 
anonymous codes. The collection of DNA was approved by the Medical Ethical 
Committee of the Academic Medical Center, Amsterdam, The Netherlands, for the 
prospective exploration of unknown risk factors of VTE. 

Real-Time quantitative TaqMan PCR

The presence of the JAK2V617F mutation was assessed using an allele-specific real-
time quantitative TaqMan PCR. Real-time quantitative PCR was performed on an 
ABI 7900HT Fast Real-Time PCR System (Applied Biosystems, Foster City, CA, USA). 
After initial denaturation (20 sec at 95°C) PCR was carried out for 50 Cycles at fast 
conditions (1 sec 95°C, 20 sec 60°C). TaqMan Fast Universal Master Mix (Applied 
Biosystems, Foster City, CA, USA) was used, primers (300nM each) and probe (200nM) 
were as designed by Kröger et al 26 and purchased from Eurogentec (Liege, Belgium). 
Final concentration is 300 nM for the primers and 200 nM for the probe. DNA input 
is 100 ng. Samples were run in duplicate. As described by Quentmeier et al 27 the 
HEL-cell line (derived from a patient with AML M6) is positive for the JAK2V617F 
mutation but has an 8-fold tandem duplication of the JAK2-gen. A 10-fold dilution of 
this HEL-cell line DNA is set at 100%. Serial dilution into buffy-coat derived MNC 
from a pool of 10 healthy donors was used as standard curve (100%, 10%, 1%, 0.1% and 
0.01%) for quantification. An RQ-PCR of albumin was performed to calibrate.

DNA samples were considered positive for presence of the JAK2V617F mutation if 
they demonstrated duplicate positive signals on PCR. Samples demonstrating a single 
positive signal with Ct > 40 on PCR were considered negative for presence of the 
JAK2V617F mutation.

Statistical analysis

Statistical analyses were performed using SPSS software version 12.0.2 for Windows. 
Patient characteristics and hematological parameters are presented as medians ± 
interquartile ranges. Differences between medians of hematological parameters of 
JAK2V617F positive and JAK2V617F negative cases were compared using the non-
parametric Mann-Whitney U-test. All reported P-values are two-sided and P < 0.05 
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is considered significant. Odds ratios and their 95% confidence intervals (CIs) were 
calculated according to the exact method 28 using Statcalc software (EpiInfo 3.4.1, 
1993; Centers for Disease Control and Prevention, Atlanta, GA, USA).

RESULTS

Patient characteristics

Of the 188 patients with objectively diagnosed DVT (cases), 8 DNA samples did not 
yield sufficient DNA, leaving 180 (96%) that were tested for presence of the JAK2V617F 
mutation. Of the 200 patients with a clinical suspicion of VTE but in whom DVT was 
objectively excluded (controls), 3 DNA samples did not yield sufficient DNA, leaving 
197 (98.5%) that were tested for presence of the JAK2V617F mutation. The clinical 
characteristics of tested cases and controls are shown in Table 1.

In the cases, 25.6% of the patients had experienced a previous episode of VTE. Of 
the venous thromboembolic events, 54 (30.0%) occurred in patients without acquired 
or genetic risk factors. In 85 (47.2%) events, patients had a genetic risk factor for VTE 
(factor V Leiden heterozygosity (n=29), deficient protein C or S (n=4 and 2, respectively), 
hyperhomocysteinemia (n=13) or antiphospholipids syndrome (n=14), elevated factor 
VIII (n=34), other (n=7)). In 30 patients (16.7%) an acquired risk factor such as trauma, 
operation, infection or cancer (treatment) at the time of VTE diagnosis was found. In 
11 (6.1%) cases, a combination of an acquired (cancer) and a genetic risk factor was 
identified. 

Table 1 – Patient characteristics
Patients Patients VTE+ group 

(cases)
Patients VTE- group 

(controls)
Number of patients 180 197
Male, n (%) 91 (50.6) 74 (37.6)
Female, n (%) 89 (49.4) 123 (62.4)
Median age at blood collection in years (IQR) 58 (46-71) 58 (47-70)
Prior VTE, n (%) 46 (25.6) 0 (0.0)
JAK2V617F mutation, n (%) 6 (3.3) 0 (0.0)
Odds ratio for VTE in JAK2V617F mutation 
positive patients (95%CI)

∞ (1.32-∞)

VTE: venous thromboembolism; IQR: inter-quartile range.
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JAK2V617F mutation 

In 6 of the 180 (3.3%; 95%CI 1.5-7.0) patients with objectively diagnosed VTE a positive 
signal for the JAK2V617F mutation was demonstrated (Table 1). Quantitative analysis 
using the RQ-PCR albumin calibrations revealed that 0.09% to 1.03% of the evaluated 
cells were V617F mutation positive in these patients. In none of the 197 patients 
without VTE a positive signal for the JAK2V617F mutation was found. Hence, the 
presence of the JAK2V617F mutation yields an infinite odds ratio (OR) for VTE, with 
a 95%CI that was statistically significant (1.32-∞).

The median age of the JAK2V617F mutation positive patients with VTE at the time of 
blood sample collection was 67.2 years (interquartile range (IQR) 43-84) as compared 
to 57.8 years (IQR 46-71) in the JAK2V617F mutation negative patients with VTE 
(p=0.39). Four of the six JAK2V617F mutation positive patients were female (66.7%). 
None of the JAK2 mutation positive patients had experienced a previous episode 
of VTE, and in four of the six JAK2V617F positive patients DVT occurred without 
known acquired or genetic risk factors. None of the V617F positive patients fulfilled 
the diagnostic criteria of an MPD. However, hematological parameters in at least one 
of the patients who carried the JAK2V617F mutation in more than 1% of the cells 
(DNA sample ID 18039) suggest a possible underlying MPD. Medians of hematological 
parameters of the six patients who were found positive for the JAK2 mutation did 
not differ significantly from those of the JAK2 mutation negative patients with DVT 
according to the Mann-Whitney U-test and are presented in Table 2. 

DISCUSSION
In our study we observed that 3.3% of the patients with objectively diagnosed 
DVT carried the JAK2V617F mutation whereas none of these patients fulfilled the 
diagnostic criteria of an MPD. However, hematological parameters in at least one of 
the V617F positive patients suggest a possible underlying MPD. Our study therefore 
indicates that DVT may represent the first symptom of an occult myeloproliferative 
syndrome, in particular considering that the JAK2V617F mutation was not found in 
the controls of our study and can accordingly be regarded as absent in the healthy 
population. In some studies using highly sensitive quantitative allele-specific PCR 
measurements (sensitivity of 0.01%), the JAK2V617F mutation has been demonstrated 
in healthy individuals as an incidental circumstance 15-17. No conclusive agreements 
exist yet on the relevance of these findings. However, our study and others 13,14 suggest 
that demonstration of the V617F mutation could be an indication of an underlying 
developing MPD. Follow-up on healthy JAK2V617F-positive individuals should provide 
more definitive evidence on the relevance of their mutational status.
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Recently, more studies have investigated the possible association between JAK2V617F 
and DVT 29,30. Remacha et al. 30 demonstrated only 1 patient with a JAK2V617F 
mutation (0.3%) in a cohort of 295 cases of thrombosis at common localisations, 
whereas Pardanani et al. 29 recently reported 4 JAK2V617F positive patients (2%) in a 
cohort of 210 patients that were screened for thrombophilia following non-splanchnic 
VTE. The lower prevalence of the JAK2V617F mutation in the study of Remacha et al. 
as compared to our study and the study of Pardanani et al. may be explained by the 
use of a less sensitive qualitative allele-specific PCR as opposed to quantitative allele-
specific PCR.

More investigation is necessary into the mechanism of thrombosis in MPDs and the 
role of the JAK2V617F mutation in the formation of thrombosis. At this moment, no 
consensus has yet been formed whether the JAK2V617F mutation itself is associated 
with thrombosis in patients diagnosed with MPDs 4,7,31,32. Previous studies on the 
relative contribution of the JAK2V617F mutation on the risk of VTE in patients with 
ET resulted in different conclusions 4,12.

It is possible that there is a common causal pathway for the JAK2V617F mutation 
and MPDs in the development of thrombosis. If this is the case, all patients who are 
positive for JAK2V617F should develop an MPD in due course and DVT may represent 
the first symptom of the underlying MPD. On the other hand, our study demonstrated 
the JAK2V617F mutation in patients with DVT who did not fulfill diagnostic criteria 
of an MPD. Therefore, JAK2V617F could also be considered an independent risk factor 
for VTE with a frequency similar to established genetic risk factors such as protein 

Table 2 – Characteristics of patients positive for JAK2V617F mutation
DNA sample ID VTE+ group patients (cases) p-value*

1 2 3 4 5 6 JAK2 +
median (IQR)

JAK2 -
median (IQR)

Age (years) 40 83 69 43 64 85 67.2 (43-84) 57.8 (46-71) 0.39
Sex (M/F) F F M M F F 2/4 89/85 ND
Hb (mmol/L) 8.8 9.8 7.9 10.1 9.6 NA 9.6 (8.4-10.0) 8.5 (7.7-9.1) 0.07
Ht (L/L) NA 0.51 0.37 NA NA NA 0.44 (0.37-0.51) 0.41 (0.38-0.44) 0.62
WBC (109/L) 9.4 13.6 9.6 5.5 6.7 NA 9.4 (6.1-11.6) 8.3 (6.8-10.7) 0.93
Platelets (109/L) 294 897 175 277 233 NA 277 (204-596) 258 (207-322) 0.68
V617F (% of cells) 0.24 1.03 0.12 0.09 0.12 0.87 0.18 (0.11-0.91)
Additional ND
risk factors (Yes/No) Yes1 Yes2 No No No No 2/4 123/51
* Mann-Whitney U-test was used to calculate significance of differences in median hematological 
parameters; p < 0.05 is considered significant. 
Additional risk factors: 1trauma; 2factor V Leiden. VTE: venous thromboembolism; Hb: haemoglobin; 
Ht: haematocrit; WBC: white blood cell count; NA: not available; ND: not determined
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C and protein S deficiency 33. As an independent risk factor, it could consequently 
explain the risk of thrombosis in patients with an MPD. 

A limitation of our study is that no informed consent was obtained for active clinical 
follow-up based on research findings. Therefore, no information can be retrieved with 
respect to natural history and, in particular, the development of MPDs for the six 
JAK2V617F mutation positive patients of our study. It thus remains unclear whether 
JAK2V617F mutation positivity in our study is in fact an indication of an underlying 
developing MPD, which would consequently explain the occurrence of DVT in the six 
V617F positive patients, or whether there is an indication for the mutation to be a true 
independent risk factor for DVT. 

It is questionable whether all patients with (idiopathic) DVT should be tested for 
the JAK2V617F mutation. Screening for this mutation may be of more significance in 
patients presenting with VTE at uncommon sites such as abdominal and splanchnic 
vein thrombosis, given the high prevalence of the JAK2 mutation and MPD in these 
patients 20-23. More investigation into the relationship between the JAK2V617F 
mutation and thrombosis in patients with MPDs, as well as into the association 
between VTE and the V617F mutation in unselected patients with VTE, is necessary 
to confirm the strength of the relationship we found in this study. In this regard, 
application and consensus of precise and uniform diagnostic criteria and standardised 
PCR techniques and assay sensitivity for measurement of JAK2V617F mutant allele 
burden are needed to allow a valid interpretation of future study results.

In conclusion, JAK2V617F is a risk factor for VTE in patients presenting with 
DVT. Whether DVT represents the first symptom of an underlying MPD or is an 
independent risk factor for venous thrombosis, remains to be determined.

Table 2 – Characteristics of patients positive for JAK2V617F mutation
DNA sample ID VTE+ group patients (cases) p-value*

1 2 3 4 5 6 JAK2 +
median (IQR)

JAK2 -
median (IQR)

Age (years) 40 83 69 43 64 85 67.2 (43-84) 57.8 (46-71) 0.39
Sex (M/F) F F M M F F 2/4 89/85 ND
Hb (mmol/L) 8.8 9.8 7.9 10.1 9.6 NA 9.6 (8.4-10.0) 8.5 (7.7-9.1) 0.07
Ht (L/L) NA 0.51 0.37 NA NA NA 0.44 (0.37-0.51) 0.41 (0.38-0.44) 0.62
WBC (109/L) 9.4 13.6 9.6 5.5 6.7 NA 9.4 (6.1-11.6) 8.3 (6.8-10.7) 0.93
Platelets (109/L) 294 897 175 277 233 NA 277 (204-596) 258 (207-322) 0.68
V617F (% of cells) 0.24 1.03 0.12 0.09 0.12 0.87 0.18 (0.11-0.91)
Additional ND
risk factors (Yes/No) Yes1 Yes2 No No No No 2/4 123/51
* Mann-Whitney U-test was used to calculate significance of differences in median hematological 
parameters; p < 0.05 is considered significant. 
Additional risk factors: 1trauma; 2factor V Leiden. VTE: venous thromboembolism; Hb: haemoglobin; 
Ht: haematocrit; WBC: white blood cell count; NA: not available; ND: not determined
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The term thrombophilia was initially used to describe an unusual tendency to 
venous thromboembolism, such as recurrent thrombosis, thrombosis at a young 
age or thrombosis at unusual sites (cerebral venous sinus, or splanchnic veins). 
However, nowadays this term is mainly used for laboratory abnormalities - usually 
in the blood coagulation system - that increase the risk of venous thromboembolism. 
The most common thrombophilias are deficiencies of the natural anticoagulants 
(antithrombin, protein C and protein S), the factor V Leiden and prothrombin 
20210A mutations, persistently elevated levels of coagulation factor VIII and mild 
hyperhomocysteinaemia. Aside from venous thromboembolism, these thrombophilias 
have also been associated with (premature) arterial vascular events and obstetrical 
complication, such as (recurrent) pregnancy loss and pre-ecclampsia. As most of 
these thrombophilias are (at least partly) inherited, identification of these coagulation 
defects does not only involve patients with vascular disease, but also their - often 
asymptomatic - relatives. This thesis offers an overview of the current insights into 
thrombophilia. It deals with the current clinical practise of thrombophilia testing, 
and its use in preventing recurrent thrombosis. It further deals with the absolute risks 
of venous thromboembolism, arterial vascular events and recurrent pregnancy loss 
for carriers of specific thrombophilias. Finally, a mutation causing myeloproliferative 
disorders is studied as a new risk factor for venous thromboembolism.

Chapter 1 serves as an introduction to thrombophilia and provides an outline of 
the studies in this thesis.

Chapter 2 is a review that describes the background, prevalence and risks of the most 
common thrombophilias. It further deals with potential management consequences of 
identifying individuals with one of these inherited thrombophilias with an emphasis 
on women’s health issues.

Chapter 3 evaluates the current practise of thrombophilia testing in the 
Netherlands. Through a survey among the physicians of 2,000 consecutive patients 
in whom thrombophilias tests were ordered, the indications for testing and the 
management consequences of the tests were analysed. These tests were ordered in 
a central laboratory that provides nationwide diagnostic facilities for mainly non-
academic hospitals and general practitioners. Its main findings are that only 42% of 
tested patients had experienced venous thromboembolism themselves. Twenty-three 
percent of tested patients had had arterial vascular events and 17% were women with 
obstetric vascular events. Finally, 16% of tested individuals had never had any vascular 
events, but were tested because of a family member with thrombophilia or venous 
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thromboembolism. The most striking finding of this study is that only in 23% of tested 
patients, the tests had altered patient management. 

Chapter 4 investigates whether, in daily practise, thrombophilia testing helps to 
prevent recurrent thrombosis in patients with a first deep venous thrombosis of the 
leg or pulmonary embolism. Despite that thrombophilia is only a weak predictor of 
recurrence, these test are often ordered in patients with thrombosis. Positive test results 
may lead to management alterations in the individual patient, such as prolongation 
of the initial anticoagulant treatment or intensified prophylaxis during high-risk 
situations (e.g. pregnancy, the postpartum, or the postoperative period). This study 
hypothesised that thrombophilia testing may reduce the risk of recurrence by virtue of 
these management alterations. From a large case-control study of patients with a first 
deep venous thrombosis of the leg or pulmonary embolism, 197 patients who had had 
a recurrence during follow-up (cases) were identified and another 324 patients were 
randomly selected as a control cohort. Thrombophilia tests were ordered in 35% of 
cases and in 30% of controls. The odds ratio for recurrence in tested versus non-tested 
patients was 1.2 (95%CI 0.8-1.8). This means that in clinical practise, thrombophilia 
testing does not reduce the burden of recurrent venous thromboembolism.

Chapter 5 presents the results of the first prospective observational study 
in asymptomatic first-degree family members of patients with either venous 
thromboembolism or premature atherosclerosis and the prothrombin 20210A 
mutation. In this study, 464 individuals (236 carriers) were included with a total follow-
up duration of 1816 years (943 years for the carriers). The annual incidence of a first 
venous thrombosis was 0.37% for carriers and 0.12% for non-carriers (hazard ratio 
3.1; 95% CI, 0.3-29.6). The annual incidence of a first arterial vascular event was 0.56% 
for carriers and 0.73% for non-carriers (adjusted hazard ratio 0.7; 95% CI, 0.2-2.5). In 
conclusion, the absolute incidences of both first venous and arterial vascular events 
are low; and therefore, the clinical implications of carriership of the prothrombin 
20210A mutation are limited. Routinely testing all first degree relatives of probands 
with this mutation does not appear to be justified.

Chapter 6 is the second prospective family cohort study of this thesis. In a similar 
fashion as chapter 5, this study prospectively followed 192 asymptomatic individuals 
with elevated factor (F) VIII levels and 340 with normal levels for an mean duration 
of 31 months to determine the absolute risk of venous and arterial vascular events. 
The annual incidence of venous thrombosis was 1.25% in subjects with elevated FVIII 
versus 0.23% in those with normal levels; odds ratio 5.5 (95%CI 1.1-27.3). The annual 
incidence of arterial vascular events was 1.04% and 0.23% in relatives with and without 
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elevated levels of FVIII, respectively (odds ratio 4.5 (95%CI 0.9-23.5)). In conclusion, 
asymptomatic individuals with elevated FVIII levels who are tested in the setting of 
familial venous thrombosis or premature atherosclerosis have a high annual incidence 
of first venous thrombosis and arterial vascular events. Elevated factor VIII levels be 
may in part explain the association between venous and arterial vascular disease.

Chapter 7 is a retrospective study, in which 478 first-degree relatives of 
consecutive patients with venous thrombosis or premature atherosclerosis, and 
hyperhomocysteinemia were enrolled. The absolute annual risks of venous and arterial 
vascular events were determined in relatives with and without hyperhomocysteinemia. 
In hyperhomocysteinemic relatives, the annual incidence of venous thrombosis was 
0.16% versus 0.11% in normohomocysteinemic relatives; relative risk 1.6 (95%CI, 
0.6–4.5). The annual incidence of arterial vascular events was 0.34% and 0.24% in 
hyperhomocysteinemic and normohomocysteinemic relatives, respectively; relative 
risk 1.5 (95%CI, 0.6–3.5). Concomitance of multiple thrombophilic risk factors 
increased the risk of venous thrombosis in hyperhomocysteinemic relatives, but a 
comparable effect was demonstrated in normohomocysteinemic relatives. The annual 
incidence of both venous and arterial vascular disease was slightly increased for 
relatives with mild hyperhomocysteinemia, as compared to those with normal plasma 
levels. However, both absolute incidences were low, which trivialises the role of mild 
hyperhomocysteinemia as a risk factor for venous and arterial events.

Chapter 8 studies the prognosis after an initial pregnancy loss in women with 
either factor V Leiden or the prothrombin 20210A mutation. These thrombophilias 
have been associated with single late pregnancy loss and recurrent early pregnancy 
loss. In spite of these associations, the prognosis after an initial loss is uncertain. From 
two family cohorts of first degree relatives of probands with factor V Leiden or the 
prothrombin mutation and a history of documented venous thromboembolism or 
premature atherosclerosis, 93 women with a first pregnancy loss became pregnant 
a second time. Their risk of loss of the subsequent pregnancy was higher than in 
825 women with a successful first pregnancy (25 versus 12%, relative risk 2.0, 95%CI 
1.4-3.0). The live birth rate of the second pregnancy after an early first loss (≤ 12 weeks 
of gestation) was 77% for carriers and 76% for non-carriers (relative risk 1.0, 95% CI 
0.8–1.3). After a late first loss (> 12 weeks), the live birth rates were 68% and 80% for 
carriers and non-carriers, respectively (relative risk 0.9, 95% CI 0.5–1.3). This study 
concludes that women with a first pregnancy loss have a twofold increased risk of 
loss of the subsequent pregnancy, regardless of their carrier status. More importantly, 
the outcome of the second pregnancy is rather favourable in absolute terms, even for 
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those with thrombophilia and a late loss, which raises concern regarding the risks and 
presumed benefits of anticoagulant therapy in these women.

Chapter 9 studies the role of a novel and potentially relevant risk factor for deep 
venous thrombosis. Recently, a somatic gain-of-function mutation was found in the 
JAK2 gene that is associated with the group of myeloproliferative disorders. This JAK2 
mutation (or JAK2V617F) is present in up to 97% of patients with polycythemia vera 
and in 50% of patients with essential thrombocythemia or idiopathic myelofibrosis. 
Since patients with these myeloproliferative disorders often present with venous 
thromboembolism, the presence of the JAK2 mutation may be associated with an 
increased thrombosis risk. Therefore, the presence of this mutation was determined in 
a case-control study of patients who were referred to the Academic Medical Center for 
suspicion of deep venous thrombosis (DVT) of the leg. The JAK2 mutation was present 
in 3.2% of patients with confirmed DVT (cases) and in none of patients in whom DVT 
was objectively ruled out (odds ratio for DVT in carriers: ∞; 95%CI 1.23-∞). None 
of the JAK2 positive patients fulfilled the diagnostic criteria of a myeloproliferative 
disorder, and therefore, this study indicates that DVT may represent the first symptom 
of an occult myeloproliferative syndrome.

Over this last decade the insight into thrombophilia has increased substantially. The 
absolute and relative risks of venous, arterial and obstetrical events for most forms 
of thrombophilia are now at the disposal of the physician who is confronted with 
these patients. The most relevant remaining question is whether or not, and in which 
specific patients, presence of thrombophilia should lead to management alterations. 
In general, the absolute or relative risks of thrombophilia carriers is too low to justify 
different patient management. However, some issues, e.g. the efficacy and safety of 
anticoagulant treatment in women with recurrent pregnancy loss and thrombophilia, 
are still insufficiently answered. The challenge of the next years will be to provide 
solid answers that will disclose the risk-benefit ratios of treatment interventions in 
patients with thrombophilia. This will eventually help to determine what patients 
groups will benefit from thrombophilia testing. Until that time, the ongoing debates 
on thrombophilia testing are not likely to subside.
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De term trombofilie werd aanvankelijk gebruikt voor een ongewoon sterke 
tromboseneiging, zoals recidiverende trombose, trombose op jongere leeftijd of 
trombose op een ongebruikelijk plek (sinus venosus cerebri, splanchnische venen). 
Tegenwoordig echter, wordt deze term vooral gebruikt voor laboratoriumafwijkingen, 
veelal in het bloedstollingssysteem, die het risico op veneuze trombo-embolie 
verhogen. De meest bekende vormen van trombofilie zijn de deficiënties van de 
natuurlijke anticoagulantia (antitrombine, proteïne C en proteïne S), de factor 
V Leiden en protrombine 20210A mutaties, persisterend verhoogde spiegels van 
stollingsfactor VIII en milde hyperhomocysteïnaemie. Hiernaast is trombofilie 
ook geassocieerd met premature atherosclerose en obstetrische complicaties zoals 
(habitueel) zwangerschapsverlies en pre-ecclampsie. Het feit dat de meeste vormen 
van trombofilie (minstens ten dele) overerfbaar zijn, betekent dat het vaststellen van 
deze stollingsafwijkingen niet alleen gevolgen heeft voor mensen met vasculaire 
aandoeningen, maar ook voor hun, veelal asymptomatische, familieleden. Dit 
proefschrift geeft een overzicht van de huidige inzichten in trombofilie. Het behandelt 
de huidige klinische praktijk van trombofilie testen en het gebruik hiervan in het 
voorkomen van recidief trombose. Verder beschrijft het de absolute risico’s op veneuze 
en arteriële trombose, alsmede obstetrische complicaties voor dragers van een 
specifieke trombofilie. Tenslotte wordt de rol als risicofactor voor veneuze trombose 
beschreven van een mutatie die myeloproliferatieve ziektes veroorzaakt. 

Hoofdstuk 1 dient ter inleiding en geeft een overzicht van de studies in dit 
proefschrift. 

Hoofdstuk 2 is een overzichtsartikel waarin de achtergrond, de prevalentie en 
risico’s van de meest bekende vormen van trombofilie beschreven worden. Tevens 
worden hierin de potentiële beleidsconsequenties besproken voor personen bij wie een 
trombofilie is vastgesteld met een nadruk op vrouw-specifieke trombose-aspecten. 

Hoofstuk 3 beschrijft de huidige Nederlandse praktijk van het testen op trombofilie. 
De indicaties en beleidsconsequenties van testen werd geanalyseerd door middel van 
een enquête onder de artsen van 2.000 opeenvolgende patiënten bij wie trombofilie 
onderzoek verricht werd. Deze testen werden uitgevoerd in een centraal laboratorium 
met landelijke diagnostische faciliteiten voor voornamelijk niet-academische 
ziekenhuizen en huisartsen. De belangrijkste bevindingen zijn dat slechts 42% van de 
geteste patiënten zelf een veneuze trombo-embolie heeft doorgemaakt. Bij 23% van de 
geteste personen was sprake van een arteriële trombose en 17% betrof vrouwen met 
obstetrische complicaties. Tenslotte had 16% van de geteste personen zelf nooit enige 
vasculaire aandoening gehad, maar waren getest in verband met een familielid met 
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trombofilie of veneuze trombose. De meest opvallende bevinding van deze studie is 
het feit dat de testuitslagen slechts in 23% van de geteste patiënten geleid hebben tot 
een beleidswijziging. 

Hoofdstuk 4 onderzoekt of het testen op trombofilie in de dagelijkse praktijk helpt 
bij het voorkomen van recidieftrombose in patiënten met een eerste diep veneuze 
trombose van het been of een longembolie. Trombofilie tests worden vaak verricht 
bij patiënten met trombose, ondanks dat trombofilie slechts een zwakke voorspeller 
is voor recidief. Positieve testuitslagen kunnen leiden tot beleidsaanpassingen zoals 
het verlengen van de initiële antistollingsbehandeling of intensievere profylaxe tijdens 
omstandigheden waaronder de kans op trombose vergroot is (bv. zwangerschap, 
post-partum of postoperatieve periode). De hypothese van deze studie is dat testen 
op trombofilie het risico op recidief trombose kan verlagen door middel van deze 
beleidsaanpassingen. Vanuit een groot patiënt-controle onderzoek van personen met 
een eerste diep veneuze trombose van het been of longembolie werden 197 personen 
opgespoord die een recidief gehad hebben tijdens de observatieperiode (patiënten) 
en 324 personen werden willekeurig geselecteerd als controle cohort. Trombofilie 
onderzoek werd verricht in 35% van de patiënten en in 30% van het controle cohort. 
De odds ratio voor recidief trombose in geteste versus niet-geteste personen was 1,2 
(95% betrouwbaarheidsinterval [BI ] 0,8-1,8). Dit betekent dat de kans op recidief 
veneuze trombo-embolie, in de klinische praktijk, niet verkleind wordt door het testen 
op trombofilie.

Hoofdstuk 5  beschrijft de resultaten van de eerste prospectieve observationele 
studie onder eerstegraads familieleden van patiënten met veneuze trombo-embolie of 
premature atherosclerose en de protrombine 20210A mutatie. In deze studie werden 
464 personen (236 dragers) geïncludeerd met een totale observatieduur van 1.816 
jaar (943 jaar voor de dragers). De jaarlijkse incidentie van eerste veneuze trombo-
embolie bedroeg 0,37% voor dragers en 0,12% voor niet-dragers (relatief risico 3,1; 
95%BI 0,3-29,6). De jaarlijkse incidentie van eerste arteriële trombose bedroeg 0,56% 
voor dragers en 0,73% voor niet-dragers (gecorrigeerd relatief risico 0,7; 95%BI 0,2-2,5). 
Concluderend zijn de absolute incidenties van zowel veneuze als arteriële trombose 
laag en derhalve zijn de klinische consequenties van dragerschap van de protrombine 
20210A mutatie beperkt. Het routinematig testen van alle eerstegraads familieleden 
van patiënten met deze mutatie lijkt niet te rechtvaardigen.

Hoofdstuk 6 is de tweede prospectieve familie cohortstudie van dit proefschrift. 
Op vergelijkbare wijze als in hoofdstuk 5, worden in deze studie 192 asymptomatische 
personen met verhoogde factor (F) VIII spiegels en 240 personen met normale spiegels 
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vervolgd met een gemiddelde observatieperiode van 31 maanden, teneinde het 
absolute risico op veneuze en arteriële trombose vast te stellen. De jaarlijkse incidentie 
van veneuze trombose bedroeg 1,25% in personen met verhoogde FVII spiegels en 
0,23% in personen met normale spiegels; odds ratio 5,5 (95%BI 1,1-27,3). De incidentie 
van arteriële trombose bedroeg 1,04% en 0,23% per jaar voor personen met en zonder 
verhoogde FVIII spiegels (odds ratio 4,5, 95%BI 0,9-23,5). Concluderend hebben 
asymptomatische personen met verhoogde FVIII spiegels die getest worden in het 
kader van familiaire veneuze trombose of premature atheroslerose een hoge incidentie 
van veneuze en arteriële trombose. Verhoogde FVIII spiegels verklaren wellicht ten 
dele de associatie tussen veneus en arterieel vaatlijden. 

Hoofdtsuk 7  is een retrospectieve studie waarin 478 eerstegraads familieleden 
van opeenvolgende patiënten met veneuze trombose of premature atherosclerose en 
hyperhomocysteïnaemie werden geïncludeerd. Het absolute risico op veneus en arterieel 
vaatlijden werd bepaald voor familieleden met en zonder hyperhomocysteïnaemie. 
De jaarlijkse incidentie van veneuze trombose was 0,16% voor personen met 
hyperhomocysteïnaemie en 0,11% in personen zonder; relatief risico 1,6 (95%BI 
0,6-4,5). De jaarlijkse incidentie van arterieel vaatlijden bedroeg 0,34% en 0,24% in 
personen met en zonder hyperhomocysteïnaemie; relatief risico 1,5 (95%BI 0,6-3,5). 
Het risico op veneuze trombose was verhoogd bij aanwezigheid van meerdere vormen 
van trombofilie in één persoon, maar dit betrof zowel personen met als zonder 
hyperhomocysteïnaemie. De jaarlijkse incidentie van zowel veneus als arterieel 
vaatlijden is licht verhoogd in familieleden met hyperhomocysteïnaemie. Echter, de 
absolute incidenties van beide was laag, zodat de rol van hyperhomocysteïnaemie als 
risicofactor voor vaatlijden van minder belang is.

Hoofdstuk 8 bestudeert de prognose na een eerste miskraam in vrouwen met 
factor V Leiden of the protrombine 20210A mutatie. Deze vormen van trombofilie zijn 
geassocieerd met enkelvoudige late miskramen en recidiverende vroege miskramen. 
Ondanks deze associaties is de zwangerschapsprognose na een eerste miskraam 
onbekend. Uit twee familie cohortstudies van eerstegraads familieleden van patiënten 
met factor V Leiden of de protrombinemutatie en geobjectiveerde veneuze trombose 
of premature atherosclerose, werden 93 vrouwen bestudeerd die voor de tweede 
maal zwanger werden na een miskraam in de eerste zwangerschap. Hun kans op een 
miskraam was groter dan die van 825 vrouwen waarbij bij de eerste zwangerschap een 
levend kind geboren werd (25 versus 12%, relatief risico 2,0, 95%BI 1,4-3,0). Bij vrouwen 
met een vroege miskraam tijdens de eerste zwangerschap (≤ 12 weken amenorroeduur) 
was de kans op een levend kind in de tweede zwangerschap 77% voor dragers en 
76% voor niet-dragers (relatief risico 1,0; 95%BI 0,8-1,3). Na een late miskraam (> 12 
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weken) was het de kans op een levend kind 68% voor dragers en 80% voor niet-dragers 
(relatief risico 0,9; 95%BI 0,5-1,3). De conclusie van deze studie is dat vrouwen met 
een miskraam tijdens de eerste zwangerschap een tweevoudig verhoogd risico hebben 
op een miskraam tijdens de volgende zwangerschap, onafhankelijk van dragerschap. 
Belangrijker is echter dat de prognose van de tweede zwangerschap, in absolute zin, 
redelijk goed is, zelfs voor vrouwen met trombofilie en een late miskraam, hetgeen 
twijfel zaait betreffende het risico en veronderstelde voordelen van behandeling met 
anticoagulantia van deze vrouwen. 

Hoofdstuk 9 bestudeert de rol van een nieuwe en mogelijk relevante risicofactor 
voor diep veneuze trombose. Recent werd een mutatie ontdekt in het JAK2 gen die 
geassocieerd is met de groep myeloproliferatieve aandoeningen.  Deze JAK2 mutatie 
(ookwel JAK2V617F) is aanwezig in 97% van patiënten met polycythemia vera and 
in 50% van patiënten met essentiële thrombocytose of idiopathische myelofibrose. 
Aangezien veneuze trombose nogal eens de eerste uiting is van deze myeloproliferatieve 
aandoeningen,  zou de aanwezigheid van de JAK2 mutatie geassocieerd kunnen zijn 
met een verhoogd risico op veneuze trombose. De aanwezigheid van deze mutatie 
werd bepaald in een patiënt-controle onderzoek van patiënten die verwezen werden 
naar het Academisch Medisch Centrum in verband met de verdenking op een diep 
veneuze trombose (DVT) van het been. De JAK2 mutatie bleek aanwezig in 3,2% van 
de patiënten bij wie een trombosebeen werd vastgesteld en in geen van de patiënten 
waarbij een trombosebeen werd uitgesloten (odds ratio voor DVT in dragers: ∞; 95%CI 
1.23-∞). Geen van de JAK2-positieve patiënten voldeed aan de diagnostische criteria 
van een myeloproliferatieve aandoening. Deze studie laat derhalve zien dat DVT het 
eerste symptoom zou kan zijn van een occult myeloproliferatief syndroom.

Het inzicht in trombofilie is het laatste decennium fors toegenomen. De absolute 
en relatieve risico’s van veneuze, arteriële en obstetrische vasculaire aandoeningen 
voor de meeste vormen van trombofilie staan ter beschikking aan de artsen die zich 
geconfronteerd zien met deze patiënten. De meest belangrijke vraag die rest is of 
aanwezigheid van een trombofilie zou moeten leiden tot verandering in het gevoerde 
beleid. In het algemeen zijn de absolute of relatieve risico’s te klein om een ander 
beleid te rechtvaardigen. Echter, in sommige gevallen is het onvoldoende duidelijk of 
een ander beleid geïndiceerd is, zoals anticoagulante behandeling bij vrouwen met 
recidiverende miskramen en trombofilie. Het is een uitdaging om in de komende jaren 
solide antwoorden te leveren die de het nut en veiligheid van interventies bij trombofilie 
patiënten aantonen. Hiermee kan uiteindelijk duidelijk worden welke patiëntgroepen 
baat kunnen hebben bij trombofilie testen. Tot die tijd zal vermoedelijk de discussie 
over het nut trombofilie testen niet verstommen. 
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En dan eindelijk het onderdeel waarop iedereen zit te wachten....

Promotieonderzoek is zo veel meer dan hetgeen in dit proefschrift terug te vinden 
is. Het is een periode waarin je zoveel nieuwe en boeiende mensen leert kennen: de 
slimste experts, de beste vrienden, maar soms ook de wannabees en ellebogers. Een 
periode waarin je eindelijk eens voor je werk mag reizen van Sydney via Hongkong naar 
Genève en Key West. Een periode waarin losse getallen in een database uiteindelijk 
veranderen in je eerste Pubmed citatie. Een periode waarin je jezelf opwerkt tot 
wereldexpert in jouw eigen kleinste onderzoeksniche. Een periode waarin je leert hoe 
hard of juist zacht evidence-based medicine kan zijn. Qua tijd een korte periode, maar 
wel een die de rest van je carrière zal kleuren. Mijn leraar biologie, Frank Icke, vond 
het maar niks dat ik geneeskunde ging studeren, omdat er dan een “wetenschapper 
verloren zou gaan”. Onzin, dokter en wetenschapper is juist een ideale combinatie.

Promoveren bij de vasculaire geneeskunde is net als spelen voor Ajax. Gogme, 
ambitie, regelneverij, glitter & glamour en de wetenschap dat je stiekem toch gewoon 
de beste bent. Hoe leuk het ook is om dergelijke hoogdravende kreten te slaken, 
belangrijker is het om nooit in die onzin te geloven. Lekker veel cynisme en zelfkritiek 
geven een beter wereldperspectief; de les die Ajax ons nu wellicht het beste leert. Toch, 
als ik één ding geleerd heb op deze afdeling, dan is het wel dat met wilskracht en enige 
inventiviteit misschien wel alles mogelijk is. 

Ter afsluiting van dit proefschrift wil ik enkele mensen hieronder persoonlijk 
bedanken. Mocht je jezelf er niet tussen vinden.: sorry.... 

Allereerst Saskia Middeldorp, mijn co-promotor en meest directe begeleider. 
Reeds bij het sollicitatiegesprek was er gelijk een goed gevoel wat mij snel heeft 

doen toezeggen en daar heb ik nooit spijt van gehad. Ik vind het geweldig hoe jij een 
ambitieuze carrière weet te combineren met een baan als moeder van drie. Werken 
en leven in het hoogste tempo, deadlines om de AIO een beetje extra te duwen. Soms 
streng, maar altijd met een charmante glimlach. Ik waardeer het zeer dat ik altijd bij 
je terecht kan; weekenden en avonden, thuis, mobiel of gewoon op het werk. Onze 
samenwerking heeft die heerlijke onderzoeksperiode kleur en inhoud gegeven. 

Harry Büller, mijn promotor.
Waarde Harry, jij bezit het talent om altijd iedereen aan boord te krijgen en te houden. 
Na gesprekken met jou is iedereen direct gemotiveerd en lijkt de werklast altijd – 
minstens eventjes – overzichtelijk en uitvoerbaar. Ondanks dat je wel altijd op de 
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hoogte was, was jouw betrokkenheid bij mijn projecten vaak indirect. Des te leuker 
was het om een op een samen te werken aan het zijproject van de kuitenknijpers.

Leden van mijn commissie. 
Marcel Levi, de zelf uitgeroepen Robbie Williams van de stolling. Onze samenwerking 
was vaak een van logistieke aard: jij de financier, ik de regelaar. Alles is mogelijk, van 
wintersportweekenden tot 10.000 groene bandjes uit een obscure Chinese fabriek. 

Frits Rosendaal, met enige afgunst, maar tevens ook genot, hoor ik elke keer weer 
hoe jij complexe methodologie weet terug te brengen tot de heldere fundamenten. 
Jouw Leidse invloeden gaan de hele wereld over en ik ben blij er ook een deel van mee 
te hebben gekregen. 

Hein Muller, ik ben vereerd dat jij als mijn huidig opleider zitting hebt genomen 
in deze commissie. Jouw hart voor “jouw assistenten” zijn een voorbeeld en maken 
Lokatie Blaricum tot een warm nest waar ik met plezier mijn opleiding volg. 

John Kastelein, jij hebt altijd als eerste door of iets potentieel heeft of niet. Jij en 
Harry schrijven het spoorboekje voor de immer langer wordende en onstuitbare trein 
van de vasculaire geneeskunde, da’s toch knap. 

Joost Hoekstra en Joris van der Post, veel dank voor het kritisch bestuderen van mijn 
proefschrift. 

Ik zie uit naar, maar toch ook op tegen, jullie aller oppositie.

Veel dank ook aan de bevriende onderzoeksgroepen die zo hard bijgedragen hebben 
aan de studies van dit proefschrift. Harry Koene en Mandy Lauw  van de haematologie 
(toch best een fraai projectje geworden moet ik zeggen) en Stef Kaandorp namens 
de gynaecologen. De Groningse Garde: Jan van der Meer, Willem Lijfering, Marlène 
van de Poel, Nienke Folkeringa, Nic Veeger, Marja Voskuijlen en Inge Paas. Karly 
Hamulyák, Martin Prins en Jeanine van Suijlekom uit het Bourgondische Maastricht. 
Carine Doggen en Suzanne Cannegieter van het Leidse. Tenslotte Jan van Mourik en 
Carel Eckmann van Sanquin. 

De geneeskunde studenten wiens bijdrages cruciaal zijn geweest in de totstandkoming 
van diverse studies: Jos Reijnders, Margreet Teune, Alexander van Wulfften-Palthe en 
Nicole Krekel. Ik voelde me vaak schuldig over de noeste en soms vervelende klussen 
die jullie voor me deden, maar ik ben jullie zeer erkentelijk. Zonder jullie was het nooit 
gelukt.

De collega’s van F4: Max Nieuwdorp (mis ons geroddel), Kopse Kant Keller 
(langlaufen op Schier, wat een feest), Ward van Beers (onzettend koppig, beetje gek, 
maar vooral uitstekend congres genoot), Nadine Reyn-Gibson (treur nog steeds om de 
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dag dat je F4-139 verliet...), Danny Cohn (kon ook niet anders dan dat mijn opvolger net 
zo’n regelneef moest zijn), Melchior Nierman (fraaiste Engelse accent ooit en gezegend 
met een heerlijk aanstekelijk enthousiasme), Frederiek van Doormaal (we’ll always 
have Paris), Leidse sleuteltjes Saskia Kuipers (heb mijn vriendin aan jou te danken) en 
Anja Schreijer (fraai toeval dat ik zonder jou dit proefschrift nooit had geschreven), 
Maaike Söhne (heerlijk fel gebekt, kan erg goed bekvechten met bazen), Iris Wichers 
(sorry dat de muziek soms wat hard stond), Ivan Bank (mijn voorganger en grenzeloos 
bereid om met alles te helpen, veel dank daarvoor!), Hans Avis (deze vis is glad als een 
aal), Sanne van Wissen (meester editor) en Anouk van der Graaf (na de studie zelfs 
nog gezamenlijk gepromoveerd). Verder nog een schier onuitputtelijke lijst: Roeland, 
Marijn, Triple R (Radjesh, Raaj, Rakesh), Wim, Sander, Remco, Maud, Geerte, Esther, 
Renee, Lysette, Fatima, Karim, Nanne, Bas, Marnix, Clara, Roel, Carlo, Kees, Dahlia, 
Marcello, Alessandro, Frederico, Sara, Bert-Jan, Mieke, Erik, PW, Twickler en Victor. 
Wie denkt dat dat niet past op één verdieping onderschat andermaal de creativiteit 
van de vasculaire!

De dames van de logistieke ondersteuning, van de koffie, van alles eigenlijk waarbij 
je hulp nodig hebt: Joyce Jansen, Marianna Veendorp, Agnes Vree, Andrea Schmitz en 
Debbie Bus. Jullie zijn het smeermiddel van de vasculaire machine.

Erik-Jan van den Dool en Joost Meijers. Jullie hielpen een klinisch stolloloog het 
geheel begrijpen vanuit de hardcore biochemie van stollingsfactoren en labassays. De 
oneindige overlegjes waren een groot genot en altijd leerzaam. Ook een groot woord 
van dank aan de medewerkers van jullie laboratoria die zo vaak bereid waren om deze 
labkluns te helpen: van Beethoven tot kuitenknijpers en anti-Xa curves.

De collega’s van het trialburo: Trees Groenveld, Mia Muller, Jantje Visser, Belia 
Rekké en in het bijzonder Liesbeth van Huizen. Jullie ondersteuning in alle studies zijn 
cruciaal, onmisbaar en vrijwel altijd prettig.

De mensen naast het werk die het leven zoveel leuker maken. Te beginnen met een 
excuus aan de karrenvracht vrienden, zowel geneeskunde als niet-geneeskunde, die ik 
het laatste jaar beduidend minder heb gezien wegens deze dubbele baan; we maken 
het goed! Helden van Fuwangtian, Zaalterdagvoetballers en Heren van ABN: jullie 
zorgen ervoor dat ik niet rond word en dichtslib. Het blijft een genot en ik hoop dat 
alle gewrichten het nog lang vol houden.

Al mijn collega’s uit het Gooi: mede-assistenten, bazen, verpleging. Blaricum ademt 
de charme van de periferie. Iedereen kent elkaar, ongeacht het specialisme en de 

Proefschrift.indb   127 4-1-2008   14:22:15



128

sfeer is gewoon goed. Kortom, een zeer prettige omgeving om het eerste deel van 
de opleiding door te brengen. Frans Jozef Jacobs, wat een vreselijk nieuws. Heel veel 
sterkte de komende periode.

Mijne beide nymfen.
Joppe Hovius; reeds vanaf het eerste begin was het voor mij duidelijk dat jij mijn 
paranymf moest worden. Samen in de practicumgroepen, mede-internerd en mede-
onderzoeker. Vriendschap zonder voorwaarden, ook al zie je elkaar soms eens wat 
minder, dat vind ik gaaf.

Martijn Bakker. Tinus, waarde vriend, blije positivist, ik ben zeer verrukt dat jij mijn 
team versterkt. Het is een goede zaak dat ze nog geen plekje voor je hadden bij de 
kinders, deze tussenperiode heb je veel meer aan.

Bereidt jullie goed voor, het wordt vast een mooie dag en als ik het niet meer weet, 
stift ik ‘m door.

Pa & ma: ik weet niet goed wat te zeggen, want elk dankwoord schiet te kort. Ik leun 
eigenlijk al mijn hele leven op jullie steun die altijd en onvoorwaardelijk aanwezig is. Ik 
weet niet wat ik meer te wensen heb.

Liefste Regje, uiteraard zijn mijn laatste woorden voor jou. Het leven is zoveel mooier 
met jou erbij en ik geniet elke dag van je warme liefde. Ook jouw laatste loodjes komen 
eraan en ik zal apetrots zijn wanneer ik je straks van het schavot mag begeleiden.
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