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Abstract t 
Elevatedd levels of coagulation factor VI I I x (FVIII:c ) are associated with an 

increasedd risk lor venous and arterial thromboembolism. The aim of this study 

wass to estimate the incidences of both venous and arterial thrombotic events in 

.5844 relatives of 177 patients with elevated levels of FVIIhc and venous dirombo-

embolismm (VTE) or premature atherosclerosis. 

Afterr classification the level of FVIIhc was determined. Of the participants, 232 

(40%)) had elevated levels of FVIIhc and 3.52 relatives had normal levels of FVIIhc. 

Thee annual incidence of a first episode of V I E was 0.34% and 0.13%> in relatives 

withh elevated levels of FVIIhc and those with normal levels, respectively (OR: 

3.77 (95% CI: 1.9-7.5)). 

Inn relatives with elevated levels of FVIIhc, 37% of \ T E occurred spontaneously, 

whereass nearly all events in those with normal levels of FVIIhc were related to a 

transientt risk factor lor \ T E . The observed difference in incidences of \ T E 

betweenn women with elevated and with normal levels FVIIhc, who were using 

orall  contraceptives, were not statistically significant (OR: 2.0 (0.6-7.6)). We 

observedd a dose-response effect of FVIIhc for VTE. 

Thee annual incidences of a first arterial thrombotic event were 0.29% and 0.14% 

inn relatives with and without elevated levels of FVIIhc, respectively (OR: 3.1 

(1.4-6.6)).. In particular the risks fora first myocardial infarction (OR: 4.3 (1.0-

18.1);; p=0.046) and a first peripheral arterial thrombosis (OR: 8.6 (1.6-47.6)) 

weree increased. 

hii  conclusion, within families of patients with elevated levels of FVIIhc and 

VT EE or premature atherosclerosis, 40% of their first degree relatives have elevated 

levelss of FVIIhc as well, and they are at increased risk for both VTE and arterial 

thrombosiss as compared to their relatives with normal levels. 



Introduction n 
Elevatedd levels of coagulation factor VII I (FVIII:c ) increase the risk for venous 

thromboembolismm (VTE), with each 10 IU/dl increment resulting in a 10 % risk 

increasee for \ T E u\ Furthermore, patients known with elevated levels of FVIIIi c 

mayy also he at risk for recurrent VTE H l. Resides VTE, elevated levels of FVIIIi c 

havee l>een associated with arterial thrombotic diseases, in particular acute myocardial 

infarction,, ischemic stroke and peripheral arterial thrombotic disease '7. 

Sincee elevated levels of FVIIIi c are, at least partially, determined genetically H,8"'°, 

diee question arises whether relatives of patients with elevated levels of FVIIIi c 

alsoo have higher levels of this clotting factor, and whether they are at increased 

riskk for VTE and arterial thrombotic disease. 

Therefore,, we determined the prevalence of elevated levels of FVIIIi c and 

calculatedd the absolute risks for VTE and arterial thrombotic disease in first-

degreee relatives of consecutive patients with VTE or premature atherosclerosis 

andd elevated levels of FVIIIic . 

Methods s 
Studyy Design 

Betweenjanuaryy 2000 and April 2003 first degree relatives of consecutive patients 

withh documented VTE or premature atherosclerosis (any arterial thrombotic 

eventt before the age of 50) and elevated FVIIIi c plasma levels (FVIIIi c >1.50 117 

dl)) at repeated measurements (probands) were enrolled in three academic 

hospitalss in The Netherlands. FVIIIi c levels were measured by an one-stage 

clottingg assay with FVIIIi c deficient plasma and automated activated partial 

thromboplastinn time measurement, at least 3 months after the thromboembolic 

event.. Patients with evident active malignant disease, chronic inflammatory or 

systemicc diseases were excluded. 

Inn relatives, FVIIIi c levels were measured once. levels above the 7.5th percentile 

off  normal population were considered elevated. In case of pregnancy, surgery or 

infectiouss disease, FVIIIi c levels were measured at least () weeks after delivery, 

thee procedure and episode, respectively. 

Wee obtained a detailed medical history with special emphasis on previous episodes 

off  VTE and arterial thrombosis, transient risk factors for VTE including surgery, 

immobilisation,, pregnancy and use ol contraceptives and known risk factors for 

arteriall  disease such as smoking, diabetes mellitus, hyperl ipidemia and 

hypertension. . 



levelss of' FVII I x in relatives were determined after the medical history had 

heenn completed and individuals were classified as being symptomatic or 

asymptomaticc lor VT E or arterial thrombosis (see definitions). 

Relativess with normal levels of" FVII I x were used as controls for relatives with 

elevatedd levels of'FVIII:c . Probands were not included in the analysis. 

Al ll  individuals gave informed consent and the study was approved by the local 

ethicc committees. 

Definitions s 

VT EE was considered to have occurred if it had been confirmed by venography, 

ultrasonographyy or impedance plethysmography in case of deep venous thrombosis 

(DVT) ,, and vcntilation-perfusion lung scanning, angiography or computerised 

tomographyy in case of pulmonary embolism (PE). If an episode of VTE had not 

beenn diagnosed by means of objective methods at the time when these were not 

routinelyy used, it was only classified as an event if it had been treated with vitamin K 

antagonistss or low-molecular weight heparin for at least 6 weeks. 

Coronaryy and per ipheral arterial disease had to be symptomatic and 

angiographicallyy proven, while myocardial infarction had to be diagnosed 

accordingg to clinical, enzymatic and electrocardiographic criteria. Ischemic stroke 

wass defined as the onset of rapidly developing symptoms and signs of loss of 

cerebrall  function that lasted at least 24 hours and had no apparent nonvascular 

cause.. Furthermore, it had to be confirmed by means of computed tomography 

orr magnetic resonance imaging. If a cerebral event resolved completely within 

244 hour's without signs of cerebral lesions on scanning, it was classified as a transient 

ischemicc attack (TIA) . 

Episodess of increased risk for VT E included recent surgery, t rauma, 

immobilisationn for more than 7 days, pregnancy, post-partum period, malignancy 

andd use of oral contraception or hormone replacement therapy. \ T E was 

consideredd to be related to such an episode when it had occurred within 3 months. 

AA relation with the use of oral contraception or hormone replacement therapy 

wass defined as an event occurring during exposure. Known risk factors for arterial 

thrombosiss were also recorded and included: past and current smoking habits, 

thee presence of diabetes mellitus, hyperlipidemia and hypertension. 

Statisticall  Analysis 

Annuall  incidences of first episodes of VEE and arterial thrombotic events in the 

carrierr and non-carrier groups were calculated by dividing the number of events by 



observedd years. These incidences were also assessed for the age groups 1.5 to 30, 

311 to 4,3, 46 to 60 and above 60 years. Observation years were defined as years 

sincee the age of 1.5 until the date of inclusion or until die date of'the first thrombotic 

event.. However, if a relative had experienced both arterial and venous events, 

separatee observation years were used for analysis: all years until the first VTE were 

takenn for VTE, while all years until the first arterial thrombotic event were calculated 

lorr arterial thrombotic disease (see also statistical analysis). When appropriate, 

patient'ss charts were renewed, or treating physicians or general practitioners were 

contacted.. All events were classified prior to knowledge of the level of FVIIhc. 

Oddss ratios (OR) were used to estimate the relative risk. Multivariate analysis 

wass used for determination of the adjusted arterial thrombotic risk, conditional 

logisticc regression was applied to estimate the OR. We adjusted for known risk 

factorss for arterial disease, i.e. smoking, diabetes mellitus, hypertension and 

hyperlipidemia.. Conditional logistic regression was also used to analyse the role 

off  a family history in the occurrence of VTE and arterial thrombosis. 

Relativess with elevated levels of FVIII: c were compared to relatives with normal 

levelss of FVIII:c . The 9.5% confidence intervals (9,5%CI) were calculated according 

too normal approximation of the binomial distribution. Statistical significance was 

determinedd by Chi-squarc test and Students' t-test. 

Results s 
Studyy Populat ion 

Thee pedigrees of 177 probands, known with documented VTE or premature 

atherosclerosis,, revealed 1086 first-degree relatives older than 1.5 years of age. 

Off  these, 221 had died before this study began. For 22 (10%) of them, the cause 

off  death was reported to be of cardiovascular origin, while 19 (9 %) had possibly 

experiencedd VTE and 33 (1.5 %) had possibly experienced a myocardial infarction 

orr ischemic cerebral event during lifetime. Another 281 relatives did not participate 

becausee of various reasons, including reluctance to undergo assessment for genetic-

disorders,, inability to give informed consent and residence outside the 

Netherlands.. Thus, a total of .584 first-degree relatives were included for the 

analysis,, giving a response rate of living first-degree relatives of 68 % and an 

overalll  response rate ol .54 %. 

Off  the relatives, 232 (40%) had an elevated FVIIhc plasma concentration and 

3.522 had normal levels. Relatives with elevated FVIII: c levels were older than 

controlss (mean age + SD: .52  18 vs. 43  16 years; p=0.013). 



Incidencee of Venous Thromboembol ism 

Twenty-sevenn relatives with elevated levels of FYIIhc had experienced a first 

episodee ol \ T F as compared to 12 relatives with normal levels of FYIIhc (Table 

1).. The absolute annual incidence of a first episode of \ T F was 0.8-1 % (95% CI: 

0.222 - 0.40), and 0.18 % (0.07-0.22) in relatives with elevated and normal levels 

off  FYIIhc, respectively (OR: 3.7 (CI: 1.9-7..;)). Furthermore, taken all relatives 

together,, most events of \ T F occurred in relatives with FVIIL e levels above 166 

I l / d ll  (upper quartile of the study population) indicative of a dose-response elfect 

(Fablee 2, left part). The history of the proband (i.e. YT F versus premature 

atherosclerosiss as index event) did not statistically inlluence the risk for YT F in 

relativess (data not shown). 

Inn relatives with elevated FYIIhc levels, 87% of the thrombotic events occurred 

spontaneously,, whereas nearly all events in those with normal levels were related 

too a transient risk factor for \ T F (Fable 8). The absolute annual incidences of 

Y T FF among women who used oral contraceptives were 0.62% (0.20-1.4)) and 

0.81%% (0.08-0.70) in those with elevated and normal FYIIhc levels, respectively 

(OR:: 2.0 (0.6-7.6)). 'Hie incidence of pregnancy-related VT F was 1.82% (0.86-

3.35)3.35) in women with elevated levels of FYIIhc, whereas none of 842 pregnancies 

544 in women with normal levels ol FYIIhc were complicated by YT F (95%Ch 0 -

1.1).. Surgery, trauma or immobilisation were not associated with a statistically 

Tablee 1 Frequency and incidence of a first episode of YFF in first-degree relatives of probands with 
elevatedd levels of FYIJbc. 

Relativess with Relatives with 
normall  levels FYIIhc (n) elevated levels FYIII: c (n) 

Individualss with \TF. 11' 27 
Observedd years 9.512 79. >H 
Incidencee year (%, 9.~>%CD 0.13 (0.07 - 0.22) 0.3I (0.22 - 0.19) 
()ddss ratio (ft?*. CI) - 3.7 (1.9-7.5) 

Tablee 2 FYIII x levels and first venous and arterial thrombotic events in (he study population. 

Ijcvell  of 
FYIIhcc (11/ 

<11() ) 
111-133 3 
133 MOO' 

>1(>0' ' 

dl) ) 
Relativess with 

\ T EE (n, 

2(1) ) 
88 (o) 
.55 (t) 

21(17 7 

%> > 
()RR W 

1 1 
1.22 (0.9 -
2.77 (0.;j -
17.3(1.0 0 

%CI) ) 

20.0) ) 
11.2) ) 

-71.1) ) 

Relativess with anv 
arteriall  thrombotic 

eventt (n, %) 

)) (3) 

~>~> (3) 

1 K 1 0) ) 

13(9) ) 

()R(9.")%CI) ) 

1 1 
1.0(0.3-3..")) ) 
3.2(1.11 -9.1) 
2.8(1.0-8.2) ) 



Tablee 3 Relation of first episodes ol \ T E with established risk factors. 

Relativess with Relatives with 
normall  levels KYIIIi c (n) elevated levels FYIII x (n) 

Numberr ol YFE events 
Spontaneouss (%>) 
Pregii  ïai icy-related 

NN episodes 
NN YFE 
Incidencee (%, 9,3%C'I) 
Oddss ratio (9.5%tï) 

Operation,, trauma immobilisation 
NN episodes 
NN \T E 
Incidencee (%, 9.5%CI) 
Oddss ratio (9.3%CI) 

Orall  contraceptives 
Yearss of use, yr 
NN VI E 
Annua]]  incidence per year ol use {%, 9.3%CI) 
()ddss ratio (9,5%CI) 

12 2 
11 (8%) 

312 2 
0 0 

(>(()-- 1.1) 

167 7 

L.,3(0.0-3.1) ) 

--

130.) ) 
I I 

0.3(0.1-0.8) ) 

--

27 7 
It)) (37%) 

303 3 
I I 

1.3(0.1-3.1) ) 

H I I 

1.2(0.1-2.8) ) 
0.88 (0.3 - 2.6) 

801 1 
.3 3 

0.6(0.2-- 1.5) 
2.11 (0.6-7.7) 

## 7.5% of events occurred during post partum period 

Tablee 4 A^c-spccilic munml incidences eV first episodes ol VIT . in first-degree relatives of probands 
withh elevated FYIIhc. 55 5 

Agee group Individuals s 
withh V f E 

I.j-30}TS I.j-30}TS 

Normall  FVIIhc .5 
Elevatedd FYIIhc .5 

31-i.ivrs 31-i.ivrs 
Normall  IA III: t 3 
Elevatedd f\ rIII: c 7 

Nonnall  FYIIhc 2 
Elevatedd F\'III:c 8 

Nonnall  FYIIhc 2 
Elevatedd FYIIbc 7 

<< )bservation 
vears s 

1606 6 
3190 0 

3011 1 
2323 3 

11 13.3 
1731 1 

370 0 
708 8 

Incidence-yearr (%> 
(9.5%% CI) 

).111 (0.03 - 0.2.3) 
).!(>> (0.0.3 -0.37) 

).1<)) (0.02-0.29) 
)) (0.12-0.62) 

).ll  I (0.02 - 0..30) 
U00 (0.20 -0.91) 

-- 1.9.3) 
>.99(0.10-2.01) ) 

()ddss Ratio 
<9.5%C1) ) 

1..3K).. t-,3.0) 

3.11 (0.8-11.8) 

3.33 (0.7 - 1.3.6) 

1.8(0.1-8.8) ) 

> > 



Tablee 5 Frequencies and incidences oi first episodes of arterial thrombotic event in first degree relatives 
off  probands with elevated FVIII:c . 

Individualss Observation 
uithh event vears 

Myocardiall  infarction 
Normall  FVIIhc 
Flevatedd F\rIII: c 

Ischemicc stroke 
Normall  KVIII x 
Elevaledd FVIIhc 

TI A A 
Normall  FVIII x 
Elevatedd FVIIhc 

Peripherall  arterial thrombotic 
Nonnall  FVIII x 
Elevatedd F\'III: c 

8 8 
9 9 

,"j j 

1 1 

3 3 
i, i, 

event t 
2 2 
7 7 

Anyy first arterial thrombotic event 
Nonnall  FVIII x 
Elevatedd FVIII x 

13 3 
21 1 

9712 2 
8128 8 

9707 7 
8199 9 

9722 2 
8197 7 

9790 0 
8.322 2 

95m 95m 
8299 9 

@@ Adjusted lor smoking, diabetes mellitus, hyperlipidemia and liypertension 

significantt difference in risk for VT E between the two groups of relatives (OR: 

566 0.8 (0.3-2.6*)). None of the women using hormone replacement therapy developed 

VTE.. Age-specific annual incidences of first events of VTE are shown in fable 

4.. Family history did not have influenced the risk for \ T E. 

Incidencess of First Arterial Thrombot ic Events 

'fablee 5 shows the absolute annual incidences of first arterial thrombotic events 

inn relatives with normal and elevated levels of FVIIFc. Twenty-four relatives with 

elevatedd levels of FVIII x had a first event of arterial thrombosis, as compared to 

133 individuals with normal levels of FVIII:c . Adjusted for major risk factors for 

arteriall  disease, there was a significant difference lor the occurrence of any first 

arteriall  event between both groups (OR: 3.1 (1.4-6.6)), as well as for a first acute 

myocardiall  infarction (OR: 4.3 (1.0-18.1; p=().046) and a first peripheral arterial 

thromboticc event (OR: 8.6' (1.6-47.6)). The incidences of a first episode of ischemic 

strokee and TIA were virtually identical in both groups. Annual incidences of a 

firstt arterial thrombotic event were increasing with age in both individuals with 

normall  and with elevated levels of FVIII x as shown in Figure 1. In contrast to 

thee risk for VTE, there was no clear dose-response effect of FVIII: c levels and 

thee risk for arterial thrombotic events (4"able 2, right part). 

Incidence/yearr (%) Adjusted OR 
(9.5%% CI) WXJCl) " 

0.088 (0.01 -0.09) 
0.111 (0.0.3-0.20) 1,3(1.0-18.1)4 4 

0.0.55 (0.02-0.12) 
0.0.55 (0.01-0.12) 1.0(0.3-3.9) ) 

0.03(0.01-0.09) ) 
0.0.)) (0.01-0.12) 1.0(0.1-7.6) ) 

0.022 (0-0.07) 
0.08(0.03-0.17) ) 8.0(1.0-- 17.0) 

0.11 K0.07-0.23) 
0.29(0.19-0.13) ) 3.11 <l.l-o.6) 
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Figuree 1 Age-specific annual incidences of a first arterial thrombotic event. The lines within the bars 
representt 95% confidence intervals. 

Discussion n 
Inn this large family study, 40 percent of first degree relatives of patients with 

elevatedd FVTILc plasma levels were found to have levels of FVIIL c above die 

75thh percentile of the normal population as well, suggesting a hereditary 

componentt that determines the level of FVIILc . Furthermore, diese relatives 

weree at increased risk of both VTE and arterial thrombotic diseases, as compared 

too their relatives with lower levels of FVIIIx . The observed odds ratio for VT E 

off  3.7 (1.9-7.5) in individuals with elevated levels of FVIILc , as compared to 

tiiosetiiose with normal levels in families with VT E and premature atherosclerosis is 

consistentt with the findings in a large population-based case-control study (OR: 

4.88 (2.3-10.0))'. Furthermore, we also confirmed that the highest levels of FVIIL c 

aree associated with the highest risk of VTE3. 

Thee absolute annual incidence of VT E in individuals with elevated levels of 

FVIIL cc of 0.34% (0.22-0.49) is within the same range as in carriers of die factor 

VV Leiden mutation (0.45% (0.28-0.61) " l 2 , whereas the observed incidence in 

relativess with normal levels of FVIIL c is similar to die known incidence in the 

generall  population '3. Although the absolute incidence of VT E in these families 



wass low, wc observed a strikingly higher absolute risk of \ T F during use of oral 

contraceptivess in all women from these families of 0.3 to 0.6% during each vear 

off  use, than in healthy users in the general population ' ' ' '. The absence of a 

statisticallyy significant dilference between women with and without elevated levels 

off  FVIIhc (OR: 2.1 (0.6-7.7)) is in contrast with a previous population-based 

study,, that showed that women with elevated levels of FVIII: c levels using oral 

contraceptivess had a significantly increased risk for \ T K as compared to women 

withh normal levels (OR: 4.0 (2.0-8.0)). This discrepancy may be due to either the 

increasedd risk by our selection process of relatives from affected patients, as well 

ass by the relatively lew observation years during use of oral contraceptives in our 

study1". . 

Concerningg arterial thrombotic risks, we observed that relatives with elevated 

levelss of FVIII x are at a four- to eightfold increased risk lor myocardial infarction 

andd peripheral arterial thrombosis, respectively, as compared to those with normal 

levels.. These findings are in accordance with subanalyses from cohort studies " . 

Ourr study, however, is the fust family study that also provides absolute annual 

incidences,, which is useful in clinical practice and in counseling patients and 

theirr relatives. 

Somee methodological aspects ol our study warrant comment. First, to limit the 

potentiall  for bias and misclassification, we used a standardised questionnaire, 

appliedd strict a priori defined criteria concerning classification of events, and 

obtainedd all information without knowledge of the genetic status. Second, our 

responsee rate of 68% of living relatives was sub-optimal, despite maximum efforts 

too include as many first degree family members as possible. However, we were 

ablee to obtain information about known causes of death and cardiovascular history 

off  virtually all relatives not participating in the study. Although the reported 

prevalencee of possible VTK in deceased relatives was 0%, it is unlikely that this 

hass resulted in underestimation of the incidence of YT F in relatives with elevated 

levelss ol FVIIhc. In a worst case scenario in which all 19 individuals with reported 

\\ I F are included, and 40% of all deceased relatives had elevated levels of FVIIIx , 

andd life expectancy in these relatives was decreased to 65 years, the annual 

incidencee of a first episode of YT F did not differ (0.34% (0.24-0.43). For any 

firstt arterial event in the same worst case scenario, the annual incidence would 

onlyy increase from 0.20% (0.19-0.43) to 0.41% (0.30-0.,>1). Thus, the inability to 

includee deceased relatives does not materially affect our observations. 

Third,, for this analysis, blood group and von Willebrand factor activity were not 

measured.. Previous investigations have convincingly shown that the risk increase 



observedd in individuals with elevated FVIII: c levels is independent of these factors 
LL-'\-'\ Finally, die relatives with elevated FVIIhc levels were older than die participants 

withh normal levels, which may have contributed to the observed risk increase in 

bothh venous and arterial thrombotic events, because both these risks and levels of 

FYIIhcc are known to increase with age S l /. However, there was no dose-response 

effectt in arterial thrombotic disease, and the effect of age was corrected for by 

calculationn of age-specific incidences, showing that incidences were increasing equally 

withh age in both individuals with elevated and normal levels of FVIII:c . 

Wee conclude that elevated levels of FVIIhc occur in almost half of die first degree 

relativess of patients with elevated levels of FVIII: c and VT E or premature 

atherosclerosis,, and Üiese individuals are at increased risk for VTE, myocardial 

infarctionn and peripheral artery disease as compared to dieir relatives widi normal 

levels.. The observed absolute incidences however arc low, and whether this justifies 

screeningg for FVIIIr c in either patients or dieir relatives, should be addressed in 

futuree management studies. 
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