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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. 

Proefschrift.indb   79 4-1-2008   14:22:10



80

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 (%).
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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
Number of concomitant
thrombophilic defects*

Observation
Years

Relatives
with event

Annual
incidence,%

(95% CI)

Crude
relative risk

(95% CI)
0 5438 2 0.04 (0.005-0.13) Reference

1 2280 4 0.18 (0.05-0.45) 4.8 (0.8-37.2)

> 2 594 3 0.51 (0.10-1.48) 13.7 (2.0-115.5)

* Including antithrombin, protein C and protein S deficiency, factor V Leiden, prothrombin G20210A, 

and elevated levels of factor VIII
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Hyperhomocysteinemia present
Observation

Years
Relatives

with event
Annual

incidence,%
(95% CI)

Crude
relative risk

(95% CI)
3008 3 0.10 (0.02-0.29) 2.7(0.4-22.8)

2610 4 0.15 (0.04-0.39) 4.2 (0.7-32.5)

407 3 0.74 (0.15-2.15) 20.0 (3.0-168.5)

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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