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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.
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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 

Proefschrift.indb   65 4-1-2008   14:22:09



66

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)

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)

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)

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)#

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.

OR adjusted for age

(95%CI)

OR adjusted for 

smoking (95%CI)

- -

3.7 (1.1 - 12.4) 5.4 (1.7 - 17.3)

- -

3.8 (0.7 - 20.1) 5.7 (1.1 - 28.5)

- -

3.5 (0.6 - 19.3) 4.9 (0.9 - 25.4)

- -

- -

- -

- -

- -

- -

- -

- -
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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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