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General introduction

GENERAL INTRODUCTION AND OUTLINE OF THE THESIS

The overall incidence of venous thrombosis is 128 1000 persons each year and
rises exponentially from < 0.005% in children to ¥r year in the elderly [1].
Most venous thromboses start in the calf veingnfihere they may extend and
cause proximal deep vein thrombosis (DVT), and sqbently pulmonary
embolism (PE) [2]. Patients with DVT or PE rematnrigk for recurrent venous
thrombosis. This risk is most pronounced in thstfinonths after the acute episode
and declines slowly over subsequent years [3]. Ristors for venous thrombosis
are presented in Table 1. Despite anticoagulamitnrent for 3-6 months, the
recurrence rate of venous thrombosis is 25% wihirears, while the immediate
death rate due to pulmonary embolism is 2.6% [4d dime post-thrombotic
syndrome occurs in up to 50% of patients [5]. Resntrvenous thrombosis usually
leads to life-long anticoagulant treatment, whiobreases long term health care
costs substantially and has serious potential sflects as major bleeding.
Therefore, it is pivotal to try to decrease thé& 0$ first venous thrombosis as well
as recurrence, rather than to start with indefimitticoagulant treatment after a
first episode of venous thrombosis. Prevention piitibably be more profitable if
it becomes possible both to identify more precisketse persons who are at risk of
venous thrombaosis and to quantify the risk to whiay are exposed.
Hypercoagulability of the blood is one of the fastthat are involved in the
pathology of thrombosis [6]. It is due to abnorriedi of coagulation and fibrinoly-
sis. These abnormalities may be inherited or aeduirand are classified
thrombophilic defects, while their clinical expressis known as thrombophilia.
Originally, thrombophilia was characterized by ffirand recurrent venous
thrombosis at young age. It was associated wite rareditary thrombophilic
defects that showed to be strong risk factors &mous thrombosis [7]. Since then,
many other prevalent thrombophilic defects havenbescognized as mild risk
factors. Whether patients should be tested for ghesence of one or more
thrombophilic defects depends on the clinical imgions of positive tests in
patients with venous thrombosis, and in relativégenvthe defects are inherited.
When a thrombophilic defect is associated withghhisk of recurrence, extended
anticoagulant treatment after a first episode ofious thrombosis should be
considered. Primary thromboprophylaxis becomespiom when a thrombophilic
defect is associated with a high risk of firahwus thrombosis, provided that the
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Chapter 1

Table 1.Risk factors for venous thrombosis

Inherited Acquired

- Antithrombin deficiency - Age

- Protein C deficiency -Malignancy

- Protein S deficiency - History of venous thrombosis

- Factor V Leiden
- Prothrombin G20210A

Environmental Mixed or not well established
- Surgery and major trauma - High factor VIII
- Pregnancy and puerperium High factor 1X
- Oral contraceptives - High factor XI
- Hormone replacement therapy High TAFI
- Prolonged immobilization - Hyperhomocysteinemia
- Infection
- Sex

risk-benefit ratio of thromboprophylaxis is favoble However, for most
thrombophilic defects little is known about thelisalute risk of venous throm-
bosis. Moreover, the risk of venous thrombosis meaynfluenced by interactions
between thrombophilic defects. Furthermore, throphiiiic defects may be ac-
quired as result of numerous conditions and disef&e Their contribution may
vary from transient to long-lasting, dependentlytioé underlying condition or
disease.

Primary objective of this thesis was the absohis& for currently known
thrombophilic defects, either single or many comakioms. Secondary objective
was the absolute risk of venous thrombosis assmtiaith hyperhomocysteinemia
and infectious diseases, and the contribution mintivophilic defects to this risk.

Hyperhomocysteinemia

Mild hyperhomocysteinemia (homocysteine levels apl00 umol/L) has been
associated with an increased risk of first and meecu venous and arterial
thrombosis in many case-control studies and metdys@s; relative risk ranged
from 2.5 to 3.0 [9-11]. To explain this observatitime “homocysteine hypothesis”
was postulated at the end of the 1990’s [12,13wds based on experimental
studies. Most of these experimental studies were é¢d homocysteine concentra-
tions which were at least 10 times higher thandhiaspatients with mild hyper-
homocysteinemia, and should therefore be intergretgh caution. They sug-
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General introduction

gested that homocysteine promotes atherogenesieximative arterial injury,
damages the vascular matrix, and augments prdiersof vascular smooth
muscle. Oxidative injury of the endothelium by haysteine may contribute to
thrombosis by altering procoagulant properties ¢ tblood, and impairing
endothelium-dependent vasomotor regulation [12,H3jperhomocysteinemia is
defined as an increased plasma level of homocysiiier a 10 hour fast and/or
after methionine loading. According to the DutchaHeFoundation, a random
homocysteine sample may simplify the proceduralfagnosing hyperhomocystei-
nemia. As homocysteine levels are reduced withmiita B6, B11 (folic acid) and
B12 in the large majority of cases [14], this haad to a strait forward view that
the risk of both venous and arterial thrombosishhige reduced with vitamin-B
supplementation. Prospective placebo-controllediadl trials that studied the
effect of B-vitamins on the risk of recurrent vescand arterial thrombosis were
started in 1996, but it took more than 8 years fgefoe results were published [15-
19]. All showed no improved clinical outcome in ipats with prior venous or
arterial thrombosis. The negative results of tretadies can be explained by a low
absolute risk of thrombosis in subjects with milgbarhomocysteinemia, because
it will then be difficult to demonstrate a clinicbénefit of homocysteine lowering
treatment. However, a low absolute risk of thronibds hyperhomocysteinemia
might also be a result of testing homocysteinelteafter random or methionine-
loading assignment. Random and particularly methistoading homocysteine
tests may have no clinical relevance in subjecth wormal fasting homocysteine
levels when they do not change the risk of throrshdsinally, an associated
condition rather than hyperhomocysteinemia itselfld be the thrombotic culprit.
This could also explain the negative findings af Brvitamin trials. Hyperhomo-
cysteinemia would then be an epiphenomenon rattzer & causal risk factor for
venous and arterial thrombosis.

Infections

Although several studies have focused on inflammyaaod infectious diseases as
possible causes of arterial thrombosis [20,21§ Issknown about their role in the
development of venous thrombosis. According to Mw’s trias, infections could
affect blood flow, damage the vessel wall or inseacoagulability of the
blood [6,22]. Parallels with arterial thrombosigygast that damage of the vessel
wall might not be limited to physical damage, bould also impair endothelial
function. Inflammation influences endothelial fuoct in both arteries and
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veins [23,24], and a link between infection andawenthrombosis via endothelial
activation has been suggested [25]. Thus, theresereral mechanisms by which
infections can increase the risk of venous andrialtthrombosis. However, as
many infections are transient or not noted, it vii# difficult to demonstrate
whether hypercoagulability in patients with infects results in an increased risk
of thrombosis. In this respect, patients with Hhfeiction and renal transplant
recipients might be of special interest. Many cds@ge been reported in whom
cytomegalovirus (CMV) infection and HIV-infection ere associated with
thrombosis. These have recently been reviewed 726Ratients with HIV-
infection are, obviously, chronically infected. CM¥fection in renal transplant
recipients is a very common complication, that czasily reactivate due to
immunosuppressive drugs [28,29]. Therefore, oneldvexipect a persistent hyper-
coagulable state especially in these patients andegjuently an increased risk of
thrombosis. This assumption, however, needs tdardied.

Thrombophilia testing

Since 1965, an increasing number of abnormalitfesoagulation and fibrinolysis
have been identified as risk factors for venousrtibosis. These thrombophilic
defects include hereditary deficiencies of antithbin, protein C and protein S,
factor V Leiden, prothrombin G20210A, elevated lsvef factors VIII, 1X, XI,
homocysteine and thrombin activatable fibrinoly&ihibitor (TAFI) [30-38].
Together, their prevalence is approximately 25%the normal population and
more than 60% in subjects with venous thrombos#. [§enous thrombosis is a
multicausal disease, often involving acquired oriremmental risk factors as well
as genetic predisposition [39]. Whether patienth wenous thrombosis should be
tested for thrombophilic defects is still a matémdebate, which is highlighted by
two recent prospective studies on this issue [40,4hese studies reported a
similar risk of recurrence in patients with a thitwophilic defect, compared to
patients without this defect, and concluded thatirig for thrombophilic defects
has no clinical value. However, the thrombotic poteof different thrombophilic
defects were quantified as equal, while it wouldrbere appropriate to weigh
defects according to predefined risk estimates.edeer, both studies were popu-
lation studies, that are not suitable for risk asseents in subjects with strong, but
rare hereditary thrombophilic defects, as numbeestao small. To compare the
absolute risk of first and recurrent venous throgiddor single and combined
thrombophilic defects, sufficient numbers of parkigly subjects with rare defects
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are required. These can more easily be obtain&dge family cohort studies. The
results of such studies are urgently awaited for.

Sex differences

Recent studies showed that men have a 2-4-foldehigkk of recurrent venous
thrombosis than women [41-43]. For this reasonyats suggested to continue
anticoagulant treatment after first venous throngwsmen for a longer time than
women [42,43]. Although this treatment probablylywilevent most recurrences, it
is associated with major bleeding in 2-3% of pdsguer year [44,45]. Moreover,
the reason why men would be at higher risk of m@mirvenous thrombosis than
women is unknown. It could be explained by an irmbeé of environmental risk
factors for venous thrombosis in men compared tonem for example, due to
hormonal risk factors to which only women are exgabdn previous studies, which
reported that men had an increased risk of recusmemous thrombosis compared
to women, men were older at first venous thrombsis43]. As increasing age is
associated with an increased risk of venous thramsb{8], and follow-up in
(prospective) studies were relatively short (maximR-8 years) [41,42], another
explanation for this difference could be older ageombination with short follow-
up times. It will be obvious that the observed ati#nce in risk of recurrence be-
tween men and women must be established and neédsctarified.
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ABSTRACT

As homocysteine-lowering treatment has not reduteel risk of recurrent

thrombosis in recent clinical trials, we hypothesizhat mild hyperhomocystei-
nemia is an epiphenomenon or associated with aalmswlute risk of thrombosis.
In this retrospective study, we enrolled 478 evaledfirst degree relatives of
consecutive patients with venous thrombosis or ptere atherosclerosis, and
hyperhomocysteinemia. Absolute risks of thrombasid effects of concomitant
thrombophilic defects were compared. Relative rislese adjusted for clustering
in families, age, sex, and atherosclerotic riskdes; where appropriate. Annual
incidence of venous thrombosis was 0.16% (95% denfie interval [CI], 0.08-

0.30) in hyperhomocysteinemic relatives versus %.1(85% CI, 0.05-0.20) in

normohomocysteinemic relatives; adjusted relatisk 1.6 (95% CI, 0.6-4.5).

Annual incidences of arterial thrombosis were 0.3@%% CI, 0.21-0.52) and

0.24% (95% Cl, 0.15-0.37) in hyperhomocysteinenmid aormohomocysteinemic
relatives, respectively; adjusted relative risk (@5% CI, 0.6-3.5). Concomitance
of multiple thrombophilic risk factors increasedthisk of venous thrombosis in
hyperhomocysteinemic relatives 20 fold, but a coraple effect was demonstrated
in normohomocysteinemic relatives. We conclude thgierhomocysteinemia is
associated with a low absolute risk of venous atetial thrombosis. Concomitant
thrombophilic defects are probably main determigaoh the risk of venous
thrombosis, rather than hyperhomocysteinemia itself
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Homocysteine and thrombosis

INTRODUCTION

Homocystinuria is a rare autosomal recessive int@ror of metabolism that
results in homocysteine plasma levels often exoeed00umol/L. It is associated
with a high risk of venous and arterial thrombdéis Since the early 1990’s mild
hyperhomocysteinemia has been identified as afaistor for venous thrombosis,
as well as arterial thrombotic events [2-5]. Asamiin B6, vitamin B12 and folic
acid can decrease homocysteine plasma leveldj§lhas lead to a straightforward
view that treatment with these supplements wouttlice the risk of venous and
arterial thrombosis. Recently, however, large pegctige clinical trials that
reported on the effects of lowering homocysteinelle with vitamin B6, vitamin
B12 or folic acid therapy showed no improved claioutcome in patients with
prior ischemic stroke [7], myocardial infarction @ venous thrombosis [9]. Other
clinical trials to obtain evidence that this treatrh of hyperhomocysteinemia is
clinically beneficial are still awaited.

We hypothesize that the risk of venous thrombasikyiperhomocysteinemic
subjects predominantly depends on coexistence atfibr thrombophilic defects.
Hyperhomocysteinemia itself might be an epiphenamemather than a risk factor.
Alternatively, the negative results of above mamdid clinical trials may be due to
a low absolute risk of thrombosis in these subjelbtsta on the absolute risk of
thrombosis associated with hyperhomocysteinemia has been reported
previously. Therefore, we performed a large reteatipe family cohort study to
assess the absolute risk of venous and arter@itbwsis in hyperhomocysteinemic
subjects, and considering the multicausality odfiposis.

METHODS

Subjects

Between January 2000 and January 2004 first-degtatves, who were 15 years
of age or older, of consecutive patients (probansigh documented venous
thrombosis or any documented arterial thromboten¢wefore the age of 50 years
and hyperhomocysteinemia were enrolled in the st@dyients were referred by
their general physicians to the thrombosis outpatiinics of three participating
university hospitals, either to confirm clinicabyspected venous thrombosis, or to
evaluate symptomatic premature atherosclerosisatiet were enrolled after
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informed consent was obtained. Detailed informatdsout previous episodes of
venous and arterial thrombosis, exposure to exagenek factors for thrombosis
and anticoagulant treatment was collected by plarsicat the outpatient clinics,
using a validated questionnaire [10] and reviewimgdical records. Clinical data
was collected prior to laboratory testing. Addibrnhrombophilia tests included
deficiencies of antithrombin, protein C and prot&nfactor V Leiden, the pro-
thrombin G20210A mutation, and increased plasmelseaf factor VIII. The study

was approved by the institutional review boardghefparticipating hospitals.

Laboratory studies

Levels of homocysteine were measured by high-pedorce liquid chromato-
graphy after overnight fasting and 6 h after anl armathionine-load of 0.1 g/kg
bodyweight, during a low-protein diet (minimum, 5agd maximum, 10 g) [11].
Hyperhomocysteinemia was defined as a fasting hgsateime level > 1§mol/L

or as a postload homocysteine level > @8ol/L, which are above the 95
percentile of normal in the Dutch population [1Z&ctivity of antithrombin
(Coatest, Chromogenix, MéIndal, Sweden) and pro@iBerichrom Protein C;
Behring, Marburg, Germany) were measured by chra@miogsubstrate assays,
protein C and protein S antigen levels by Enzymekéd Immuno Sorbent Assay
(ELISA) (DAKO, Glostrup, Denmark). Antithrombin deiency was defined by
decreased levels of antithrombin activity (< 65dL), protein C deficiency by
decreased levels of either protein C antigen (dW8IL) and/or activity (< 65
IU/dL) and protein S deficiency by decreased tptaltein S antigen levels (< 65
IU/dL), corresponding with plasma levels below tiveder limit of their normal
ranges. Factor V Leiden and prothrombin G20210Aewdemonstrated by poly-
merase chain reactions [13,14]. Factor VIII.C wasasured by one-stage clotting
assays (Amelung GmBH, Lemgo, Germany) and was asect at levels above the
75" percentile in the Dutch population (150 IU/dL) J[15hese levels have been
identified to give an increased risk of both venand arterial thrombosis [15,16].
If relatives were on long-term anticoagulant treaitrwith acenocoumarol, a short
acting vitamin K antagonist, blood samples werestakfter treatment had been
interrupted for at least two weeks; in the meantimadroparin was given
subcutaneously.
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Definitions

Venous thrombosis was considered established ip desin thrombosis was

confirmed by compression ultrasound or venograghy, pulmonary embolism by

ventilation and perfusion lung scanning, spiral €Bnning or pulmonary angio-

graphy, or when the patient had received full dosparin and a vitamin K

antagonist for at least 3 months without objectiesting at a time when these
techniques were not yet available. Secondary vetioosnbosis was defined if it

had occurred at or within 3 months after exposureexogenous risk factors

including surgery, trauma, immobilization for mdkean 7 days, pregnancy, post-
delivery period, the use of oral contraceptivesammonal replacement therapy, or
malignancy. In the absence of these risk factor®ue thrombosis was considered
to be primary.

Coronary and peripheral arterial disease had teyeptomatic and angio-
graphically proven, while myocardial infarction wakagnosed according to
clinical, enzymatic and electrocardiographic créetschemic stroke was defined
as the onset of rapidly developing symptoms andssaj loss of cerebral function
which lasted at least 24h and had an apparent kaistause, as demonstrated by
computed tomography (CT) or magnetic resonance imga@VRI). If a cerebral
event completely resolved within 24h without ceatbbesions at scanning, it was
classified as transient ischemic attack (TIA). Risictors for atherosclerosis
included known diabetes mellitus, hyperlipidemiaypértension and active
smoking.

Statistical analysis

We analyzed the absolute risk of first venous amerial thrombosis in relatives,

comparing those who did or did not have hyperhommigemia. Probands were
excluded from analysis to avoid bias. Observatioretwas defined as the period
from the age of 15 years until the first thrombatmsode or until the end of the
observation period, i.e. the day when hyperhomedystia was established or
withdrawn. Annual incidences of venous and artehabmbosis were calculated
by dividing the number of events by the number bBeyvation years. When
calculating the annual incidence of venous throri#ydke occurrence of arterial
thrombosis was ignored and vice versa. Assumingaanual incidence of

thrombosis of 0.5% in relatives with hyperhomocysenia, the sample size was
calculated to be 15000 observation years to demaiasa difference, compared to
normohomocysteinemic relatives with 95% probabhility
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Table 1.Characteristics of 478 relatives of probands withdriomocysteinemia

Hyperhomocysteinaemia

Present (n=183) Absent (n=295) P

Male 84 (46) 136 (46) 1.00

Homocysteine levels (umol/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 enroliment (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(2) 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 1U/dL 48 (27) 67 (23) 0.38

Venous thrombosis 1Q5) 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 550) 2 (22)
Primary 6 (60) 5 (56) 0.74
Secondary to

Surgery, trauma, immobilization 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) 6836-80) 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)gaatal variables as number (%).
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With a Cox proportional hazards regression modeladjeisted relative risks
for clinically relevant covariates, including agedasex, and for arterial thrombosis
also for hypertension, hyperlipidemia, active smgkiand diabetes mellitus. To
account for clustering within families, outcome esatwere analyzed by using
random-effects logistic regression with Gaussiastrithution in Stata, version 9.1
(Stata Corp., College Station, Texas).

Continuous variables were expressed as medians/ahak ranges; categorical
data as counts and percentages. Differences betgveaps were evaluated by the
Student t test or Mann-Whitney U test, dependingtlem normality of data for
continuous data and by Fisher exact test for caitegjadata. A two-tailed p-value
of less than 0.05 indicated statistical signifimnthe 95% confidence intervals
(95% CI) around the incidence rates were calculateter the Poisson distribution
assumption.

Statistical analyses were performed using SAS so#wversion 9.1 (SAS-
Institute inc., Cary, North Carolina).

RESULTS

Our family cohort contained 170 probands, with @ltaumber of 1125 relatives,
identified by pedigree analysis, who were 15 yeafrsage or older. Of these
relatives, 242 had died before the start of thislyst Another 382 relatives did not
participate because of various reasons, includiefgsal or inability to give
informed consent and residence outside theddetids. Twenty three relatives

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

Observation Relatives Annual Crude Adjusted*
Years  with incidence,% relative risk relative risk
event  (95% ClI) (95% CI) (95% ClI)

Venous thrombosis
Normohomocysteinemia 8413 9 0.11 (0.05-0.20) Reference Reference
Hyperhomocysteinemia 6172 10 0.16 (0.08-0.30) 1.5(0.7-3.8) 1.6 (0.6-4.5)
Arterial thrombosis
Normohomocysteinemia 8418 20 0.24 (0.15-0.37) Reference Reference
Hyperhomocysteinemia 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 samd, for arterial thrombosis, also for hypertensio
hyperlipidemia, active smoking, and diabetes malit
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were not evaluable because of missing laborataiy. ddne remaining 478 relatives
were analyzed. Median follow up time was 30 yeaasnde, 0-67). Their clinical
characteristics are summarized in Table 1. Maled famales were equally
distributed. The median age at enroliment in hyperbicysteinemic relatives was
48 years (range, 15-82) and was higher than in olbomocysteinemic relatives
(44 years; range 15-8@< 0.001). Concomitant thrombophilic defects were
demonstrated in 42% of relatives with hyperhomasipsimia and in 34% of
relatives with normohomocysteinemi®=0.08). Of these, factor V Leiden was
more often demonstrated in both groups than expdfcten its prevalence in the
general population (i.e. 5%) [17]. Venous thrombdsad occurred in ten hyper-
homocysteinemic relatives (5%) and in nine normoboysteinemic relatives (3%,
P=0.23). Median age at onset of the first episoflgemous thrombosis was 51
years (range, 26-61) in relatives with hyperhomtgipemia and 41 years (range,
17-70) in relatives with normohomocysteinenE(.65). First arterial thrombotic
events were documented in 21 relatives (11%) wytberhomocysteinemia and in
20 relatives (7%) with normohomocysteinemi=0.09). Hypertension was more
common in hyperhomocysteinemic relatives (27%) w&rsormohomocysteinemic
relatives (17%, P=0.02). Hyperlipidemia tended to be more common in
hyperhomocysteinemic relatives (20%) than in noromobcysteinemic relatives
(14%,P=0.09). Other characteristics were not statistjcdifferent in both groups.

Annual incidences of venous thrombosis were 0.18%4 Cl, 0.05-0.20) in
relatives with hyperhomocysteinemia and 0.11% (95B60.05-0.20) in relatives
without hyperhomocysteinemia; adjusted relativk i (95% CI, 0.6-4.5) (Table
2). In hyperhomocysteinemic relatives, annual ieoik of arterial thrombosis was
0.34% (95% CI, 0.21-0.52) compared to 0.24% (95% (0C15-0.37) in normo-
homocysteinemic relatives; adjusted relative rigk(95% CI, 0.6-4.5).

In Table 3, annual incidences of venous and altdmiambosis are shown for
both fasting and methionine-loading homocysteineelle each stratified into
guartiles. No clear relationship between annuatemce of venous thrombosis and
height of fasting and methionine-loading homocystelevels, respectively, was
seen. The lowest annual incidence of venous threislwas observed in relatives
with fasting homocysteine levels lower than 1QrBol/L; 0.06% (95% CI, 0.08-
0.23). The highest annual incidence of venous thasis was observed in relatives
with methionine-loading homocysteine levels aboSe8nmol/L; 0.22% (95% Cl,
0.10-0.43). For arterial thrombosis, there was rade@acy of increasing annual
incidences with increasing fasting and methiedading homocysteine levels,
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Table 3. Annual incidences of venous and arterial thrombosielatives of probands
hyperhomocysteinemia, stratified in quartiles afocysteine levels

Homocysteine levelsymol/L) Relatives Annual incidence, %
with event (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 differeadmtween quartiles.

Table 4.The contribution of concomitance of thrombophikctors to the risk of venous
thrombosis in relatives of probands with hyperhoysteinemia

Number of concomitant ~ Observation Relatives Annual Crude
thrombophilic defects* Years with event incidence,% relative risk
(95% CI) (95% CI)
Normohomocysteinemia
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)
Hyperhomocysteinemia
0 3008 3 0.10 (0.02-0.29) 2.7 (0.4-22.8)
1 2610 4 0.15 (0.04-0.39) 4.2 (0.7-32.5)
>2 407 3 0.74 (0.15-2.15) 20.0 (3.0-168.5)

* Including antithrombin protein C and protein Sidiefncy, factor V Leiden, prothrombin G20210A,
and elevated factor VIII levels.
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ranging from 0.16% (95% CI, 0.05-0.37) in relatiwegh fasting homocysteine
levels lower than 10.mmol/L, to 0.41% (95% CI, 0.23-0.66) in relativesthwi
fasting homocysteine levels above 1@mol/L (crude relative risk 2.6; 95% CI,
0.9-6.6), and from 0.25% (95% CI, 0.11-0.49) to08a3(95% CI, 0.15-0.52) in
relatives with methionine-loading levels lower tha#.8 pmol/L and higher than
55.3umol/L, respectively (crude relative risk 1.2; 95% @.5-3.1).

Annual incidence of venous thrombosis was 0.1098495l, 0.02-0.29) in
relatives who had hyperhomocysteinemia without oamtant thrombophilic
defects, 0.15% (95% ClI, 0.04-0.39) in combinatiathwne thrombophilic defect,
and 0.74% (95% ClI, 0.15-2.15) in the presence ofdwmore concomitant defects
(Table 4). In normohomocysteinemic relatives, ahnuaidences of venous
thrombosis were 0.04% (95% CI, 0.005-0.13), 0.1&%% Cl, 0.05-0.45) and
0.51% (95% CI, 0.10-1.48), respectively. Only tlmeomitance of two or more
thrombophilic defects was associated with an irsedaisk of venous thrombosis
in both hyperhomocysteinemic relatives (crude natatisk 20.0; 95% CI, 3.0-
168.5) and normohomaocysteinemic relatives (crutiive risk 13.7; 95% CI, 2.0-
115.5). Differences between hyperhomocysteinemit mormohomocysteinemic
relatives were not significant, comparing relativggh one thrombophilic defect
(crude relative risk 0.9; 95% CI, 0.2-3.5) or witlvo or more thrombophilic
defects (crude relative risk 1.5; 95% ClI, 0.3-7.2).

DISCUSSION

Although the risk of venous thrombosis in hyperhogsteinemic relatives was 1.6
fold higher than in normohomocysteinemic relativéise difference was not
statistically significant. More important, the ahge risk in hyperhomocysteinemia
was low and comparable with the annual incidenceesfous thrombosis in the
general population (i.e. 0.1-0.3%) [18,19]. Onlyncomitance of two or more
thrombophilic defects revealed an increased abesaisk of venous thrombosis in
hyperhomocysteinemic relatives, but a similar aissiomn was demonstrated in
normohomocysteinemic relatives. Our findings seecomsistent with those from a
previous case-control study that suggested thaerwgmocysteinemia was an
independent risk factor for venous thrombosis [20jwever, in that study hyper-
homocysteinemic patients who had an episode ofuetitmombosis were in 4% of
the cases also antithrombin deficient, in 6% pro@ideficient, and in 3% protein
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S deficient, which is far more prevalent than répain the general population (i.e.
0.02-0.4%, each) [21]. Moreover, hyperhomocysteinemas associated with

factor V Leiden, but this result was not furthealgzed because of small numbers.
Thus, the increased risk of venous thrombosisah study was possibly influenced
by concomitance of these thrombophilic defectsieRtd were not screened for
other thrombophilic defects such as prothrombin Z22® and elevated levels of

factor VIII, as we did in our study.

Our observed adjusted relative risk for venous riosis in relatives with
hyperhomocysteinemia of 1.6 is lower than repoitedrevious studies. Two
meta-analyses found overall odds ratios of 2.5 2 for the risk of venous
thrombosis in hyperhomocysteinemic subjects, rdimdyg, which were
statistically significant [2,5]. However, these dies did not exclude publication
bias by funnel plot analysis, which could have leslin a higher relative risk
compared to our study. Furthermore, although btities used a clear definition
for hyperhomocysteinemia (i.e. homocysteine lewadeve the 95th percentile or
mean plus two standard deviations calculated frbm distribution in control
groups), fasting hyperhomocysteinemia (when mertipmanged as homocysteine
levels between > 14.Jimol/L and > 22.2umol/L and methionine-loading
hyperhomocysteinemia between > 28rfol/L and > 79.Qumol/L. Although this
was insurmountable, as no definition has ever beestulated of which
homocysteine levels are considered as hyperhonwiogstia, a meta-analysis
may not be a proper statistical tool to identifypaghomocysteinemia as a risk
factor for venous or arterial thrombosis. In owdst, we had the same difficulty to
define a cut-off level for hyperhomocysteinemiaeiidfore, we stratified relatives
into quartiles according to increasing homocystéévels. For venous thrombosis,
we did not find a relationship between annual iencke and increasing homo-
cysteine levels. Apparently, there is no sharpofipoint for homocysteine levels
to identify subjects at risk of venous thrombo&k the other hand, for arterial
thrombosis we did see an increasing annual incilevith increasing fasting or
methionine-loading homocysteine levels. Nevertlgléhe annual incidence of
arterial thrombosis remained low, even in the highguartiles of fasting and
methionine-loading homocysteine levels, i.e. 0.4d 8.30%, respectively. These
annual incidences are comparable with the anng#&eénce of arterial thrombosis
in the Framingham study (i.e. 0.1-0.4%) [22]. Thte absolute risk of arterial
thrombosis at highest homocysteine levels did oeed the risk in the normal
population. Although there is evidence that homtwipe influences the
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development of atherosclerosis [23-25], this efieety be too small in subjects
with mild hyperhomocysteinemia to result in a aadly relevant increase in risk of
arterial thrombotic events. As a consequence oflailveabsolute risk of arterial
thrombosis, as well as venous thrombosis, it wdl difficult to demonstrate a
benefit of homocysteine lowering treatment withawiin B6, vitamin B12 and folic
acid on clinical outcome [7-9]. Possible clinicaiglications of our findings may
be that there is no need to screen patients witlow® or arterial thrombosis for
mild hyperhomocysteinemia, nor the relatives ofigus in whom mild
hyperhomocysteinemia has been demonstrated. Homedroydowering treatment
seems not to be justified, as the potential absalak reduction with this treatment
is small and might, according to other studiesndwe harmful [8,27].

Some aspects of our study warrant comment. Fhistcenters that included
probands were all university hospitals, implyingatential for bias. Also, due to
the retrospective design of the study, a numbeelatives had venous thrombosis
which were not established by objective technigbesause these were not
available yet.This implies the possibility of overtreatment whichight have
overestimated our annual incidences. However, theua incidences of both
venous and arterial thrombosis did not exceed tiwdénces in the general
population, making such bias less likely [18,19,Z&cond, the response rate of
living relatives was not optimal, despite maximuffoes to include as many first
degree relatives as possible. This does clearlyodstrate the intricacy of per-
forming homocysteine tests in which individuals éawe return to a clinic after
fasting in a procedure that takes approximatelyoéré, whereas the methionine-
loading test may have side effects, such as nausganalaise [28]. As it is likely
that asymptomatic subjects are less willing to ugdehese tests, this would have
resulted in an overestimation of annual incidenceghrombosis in our study
cohort. Still, annual incidences of venous andraitehrombosis in hyperhomo-
cysteinemic subjects were low and comparable tmmobomocysteinemic subjects.
Third, we assessed the effects of the number afauitant thrombophilic defects,
assuming that the venous thrombotic potency ofviddal thrombophilic defects
was equal. It might have been more appropriate eé@hvdefects according to
predefined risk estimates, but this could not beredas many combinations were
found and the numbers of subjects with specific lmioations were too small.
Fourth, factor V Leiden was more often observedhm study cohort than in the
general population. Because we studied first degriadives of patients with either
venous thrombosis or premature atherosclerosis myjgrerhomocysteinemia, we
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might hereby have introduced selection bias. Redatcould be priori at higher
risk of venous thrombosis because factor V Leidemore frequently found in
patients with venous thrombosis [21]. For this o@asve used a random-effects
model to adjust for clustering in families. Themefoour results can be extrapolated
to the general population. Finally, it could be wd that our study was under-
powered to detect differences in risk of thrombdbigt were observed. In our
sample size calculation, annual incidences of verand arterial thrombosis in
hyperhomocysteinemic subjects were presumed to aim@5% each. As these
were actually lower and even were within the rangfethe normal population, a
larger size of the study population might reveatistical significance, but differ-
ences would not become clinically relevant.

We conclude that the absolute risk of venous andrial thrombosis in
subjects with hyperhomocysteinemia is low. For wenthrombosis, concomitant
thrombophilic defects are probably main determigsaott this risk, rather than
hyperhomocysteinemia itself.
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Chapter 3

ABSTRACT

Background: Hyperhomocysteinemia is a risk factor for venoumsl arterial
thrombosis. To identify subjects at risk of throraisp measurements of fasting and
methionine-loading homocysteine levels are usuatommended. Alternatively,
random homocysteine measurements may simplify tbeegure. In this approach,
random levels < 10 and > 20nol/L indicate normohomocysteinemia and hyper-
homocysteinemia, respectively, while consecutistifigg and methionine-loading
tests remain required at levels 104280l/L. We performed a study to determine
the most accurate and suitable diagnostic strategylarge cohort of families with
hereditary (index) deficiencies of protein S, pinot€ or antithrombin.

Methods: Random, fasting and methionine-loading homocysteiamples were
measured in 713 relatives. According to predefioetdoff levels hyperhomocys-
teinemic and normohomocysteinemic relatives wesntified and their absolute
risks of thrombosis were compared.

Results: Relatives with random homocysteine levels >ugtbl/L were not at risk
of venous or arterial thrombosis compared to retatiwith levels < 1Qmol/L;
relative risk (RR) 0.9 (95% CI, 0.4-2.3) and 1.BY® Cl, 0.5-5.7), respectively.
Random levels between 10-gfhol/L were measured in 63% of relatives. Fasting
hyperhomocysteinemia was associated with an inedeask of both venous
thrombosis; RR 2.6 (95% ClI, 1.3-4.8) and artetimbmnbosis; RR 3.7 (95% ClI,
1.5-8.4). Relatives with normal fasting homocysteilevels, but methionine-
loading hyperhomocysteinemia were not at risk; RBR ®5% CI, 0.2-1.9) for
venous thrombosis and 1.1 (95% CI, 0.2-3.9) foer&at thrombosis. The relative
risk estimates were independent of index deficiesci

Conclusion: Only fasting homocysteine levels are sufficientidentify hyper-
homocysteinemic subjects at risk of thrombosis.
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INTRODUCTION

Hyperhomocysteinemia (HHcy) is a risk factor fortlborenous and arterial
thrombosis [1-2]. To identify subjects at risk dframbosis, measurements of
fasting and methionine-loading (postload) homoaygst€Hcy) levels are usually
recommended. Alternatively, random-Hcy measurememty simplify the pro-
cedure. In this approach, random-Hcy levels <10 =2@umol/L indicate normo-
homocysteinemia (NHcy) and HHcy, respectively, elsilicceeding measurements
of fasting and postload-Hcy remain required at levE0-20 pmol/L. Previous
reports did show an increased risk of venous atetiar thrombosis in subjects
with postload-HHcy [3-5]. However, both fasting apdstload-Hcy were meas-
ured, independent whether subjects had fasting-Héfcyot. We performed a
retrospective study to accurately identify HHcysa@sated with an increased risk
of venous or arterial thrombosis, by comparing ettéht diagnostic strategies.
Postload-Hcy was not measured when relatives airbad fasting HHcy because
it would not change their classification as HHcy.

METHODS

Subjects were derived from a family study, whicls teeen described in detail
previously [6,7]. Briefly, 713 relatives (15 yeamsolder, response rate 90%) were
enrolled to evaluate the concept of multicausalityenous thrombosis. Probands
were consecutive patients with documented venowugmibosis, in whom an
inherited antithrombin, protein C or protein S @l deficiency was recognized.
Relatives were tested for all currently known thbammhilic defects and HHcy in
addition to these deficiencies. Clinical data ahmb8-sampling was collected at
date of enroliment. Follow-up time started at ageyéars and ended at the date of
enrollment or at the date of thrombosis. Therefote,study was retrospective and
relatives were not treated for HHcy with B-vitamidgcording to predefined cut-
off levels, HHcy and NHcy relatives were identifiecid their absolute risks of
thrombosis were compared.
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Figure 1. Cohort 1 (relatives tested for hyperhomocysteineaftier July 2001) and cohort 2

(relatives tested for hyperhomocysteinemia befahg d001), showing their distribution according to

their homocysteine levels after application of @mdcut-off levels, after fasting, and after

methionine-loading
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Figure 1. continued
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RESULTS

Women and men were equally distributed. Median atgenrollment (i.e. end of
study) was 42 years (range, 15-92). Venous throisblbad occurred in 102
relatives (14%) at a median age of 31 years (rab@&0). Arterial thrombosis had
occurred in 48 relatives (7%) at a median age oféafs (range, 26-80). Median
time interval between venous or arterial thrombasid homocysteine measure-
ment was 14 years (range, 0-47) and 5 years (rdng@&), respectively. Median
random, fasting and postload-Hcy levels were 1ih®l/L (range, 5.5-62.7), 12.3
umol/L (range, 5.6-42.7) and 38u3nol/L (range, 17.5-110.7), respectively. Since
its implementation in July 2001, random-Hcy testings performed in 538
relatives (Figure 1). Another 181 relatives wersted for HHcy with only fasting
and postload-Hcy measurements (before July 200@nparing relatives with
random-Hcy >2Qumol/L versus < 1@umol/L, annual incidences of venous throm-
bosis were 0.38% (95% CI, 0.17-0.76) and 0.41% (98990).22-0.68), respective-
ly; relative risk (RR) 0.9; 95% ClI, 0.4-2.3. Fortaaial thrombosis, these were
0.22% (95% ClI, 0.07-0.52) versus 0.14% (95% Cl4@@B2); RR 1.7; 95% ClI,
0.5-5.7. Relatives with random-Hcy between 10 ab@rRol/L (63%) had succes-
sively fasting and postload-Hcy tested, as hadivelst who were screened before
July 2001. Of these, 113 were lost due to logigtablems. Of the remaining 405
relatives, 26 (6%) had fasting HHcy (>18B0l/L) and 30 (8%) postload HHcy
(>58.8 umol/L). Antithrombin, protein C and protein S dediccies and other
thrombophilic defects, and classical risk factars drterial thrombosis (diabetes
mellitus, hyperlipidemia, hypertension and smokingre equally distributed over
NHcy relatives and relatives with fasting/postidéiedcy.

In Table 1, annual incidences of venous and attérrambosis in relatives
with NHcy and HHcy are shown. Fasting HHcy reveadad increased risk of
venous thrombosis (RR 2.6; 95% ClI, 1.3-4.8) aneriaitthrombosis (RR 3.7; 95%
Cl, 1.5-8.4). In contrast, relatives with NHcy gmuktload HHcy showed no differ-
ences in risks of venous or arterial thrombosis; RR (95% CI, 0.2-1.9) and 1.1
(95% CI, 0.2-3.9), respectively. Because our sttalyort was built up with a high
risk thrombophilic population, we repeated our gsal after excluding all
deficient relatives. The annual incidence of ventu®mbosis in non-deficient
relatives without fasting HHcy was 0.20% (95% CIL230.33), which increased to
1.13% (95% CI, 0.45-2.33) in non-deficient relagweith fasting HHcy; RR 5.5
(95% CI, 2.1-13.1). In non-deficient relatives witbstload HHcy, the annual inci-
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Table 1. Annual incidences of venous and arterial thrombosrelatives
with hyperhomocysteinemia versus normohomocysteimeshatives

Observation  Relatives Incidencel/year,%  Relative risk

years* with event  (95% ClI) (95% CI)
Venous thrombosis
Fasting homocysteine
No hyperhomocysteinemia 10408 55 0.53 (0.40-0.69) Reference
Hyperhomocysteinemia 804 11 1.37 (0.68-2.45) (2.8-4.8)t
Methionine-loading test§
No hyperhomocysteinemia 9341 50 0.54 (0.40-0.71) Reference
Hyperhomocysteinemia 986 4 0.41 (0.11-1.04) 0.8 (0.2-1.9)**
Arterial thrombosis
Fasting homocysteine
No hyperhomocysteinemia 11096 21 0.19 (0.12-0.29) Reference
Hyperhomocysteinemia 1004 7 0.70 (0.28-1.44) (B.5-8.4)
Methionine-loading test§
No hyperhomocysteinemia 10008 19 0.19 (0.11-0.30) Reference
Hyperhomocysteinemia 1000 2 0.20 (0.02-0.72) 1.1 (0.2-3.9)

* Period from age 15 years or older until the feptsode of thrombosis or the end of follow-up.

T After exclusion of relatives with antithrombirrppein C or protein S deficiency, the relative risk
was 5.5 (95% ClI, 2.1-13.1).

§ Methionine-loading test performed in relativeshwio fasting hyperhomocysteinemia.

** After exclusion of relatives with antithrombipyotein C or protein S deficiency, the relativekris
was 1.4 (95% Cl, 0.2-5.5).

dence of venous thrombosis was 0.27% (95% CI, 0.3}, compared to 0.19%
(95% CI, 0.10-0.31) in non-deficient relatives waithh postload HHcy; RR 1.4
(95% CI, 0.2-5.5).

DISCUSSION

Our study shows that fasting Hcy levels are sudfitito identify subjects at risk of
venous or arterial thrombosis, due to HHcy, as ¢adying HHcy was a risk factor
for thrombosis. Postload HHcy as well as random léels of >20umol/L were
not associated with venous or arterial thrombo&ighough our study cohort was
built up with a high-risk thrombophilic populatiome demonstrated that fasting
HHcy remained a risk factor for venous thrombo#israxclusion of relatives with
deficiencies of antithrombin, protein C or prot&nwhich is in accordance with
another study [8], while methionine-loading HHcy swatill not a risk factor.
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Moreover, the remaining annual incidence of veniusembosis in non-deficient
relatives without fasting HHcy (0.20%) or postiddHcy (0.27%) was comparable
to the general population, i.e. 0.1-0.3% per y8at(]. Therefore, our results can
be extrapolated to the general population.

Some methodological aspects of our study warramneent. First, we incor-
porated two different strategies in our analystisThowever, was insurmountable
as facts and recommendations of homocysteine nmesasuts have changed over
the years, making it difficult for us to keep uptlwone strategy. One could oppose
that due to the random-Hcy testing strategy we exisall relatives who had a
random-Hcy level of <1@mol/L or >20umol/L when calculating fasting/postload
HHcy risk estimates. Bias, however, is unlikely these cut-off values did not
enable us to distinguish an increased and decre@dedf thrombosis. Second, as
our study was retrospective, we were unable to nreasomocysteine at time of
thrombosis. This has probably not influenced ogults as we found no correlation
between age and Hcy levels at time of enrollmehtQ:025 for random-Hcy,
r’=0.012 for fasting-Hcy and?¥0.049 for postload-Hcy, respectively, data not
further shown). The retrospective design of oudgtshould also be addressed to
relatives who were treated with heparin and vitaiiantagonists for more than
three months at a time when there was no objet#isgng available yet. These
were classified as having experienced venous thogiepwhich might have over-
estimated our annual incidences. Third, despiteimax efforts, many relatives
were lost to perform a methionine-loading testrafte obtained random homo-
cysteine. This does, however, clearly demonstriag¢eintricacy of performing a
postload-Hcy test for which individuals have touretafter fasting in a procedure
that takes approximately 6 hours, whereas the tregulld not have clinical im-
plications. This might have influenced our resulis, it is likely that subjects
without a history of thrombosis were less willing undergo the time-consuming
postload-Hcy test with its possible side effectaugea and malaise). Thus, one
would expect a higher risk of venous thrombosis hiyperhomocysteinemic
relatives. In fact, annual incidence of venousitivosis was 0.38% (95% ClI, 0.20-
0.63) in 113 relatives who were lost to follow-ufiea a random test of Hcy.
Nevertheless, postload HHcy relatives were stilt ab higher risk of venous
thrombosis. A final point of thought is whether ttag HHcy is relevant in
thrombophilia screening. Although our study showieat fasting HHcy is a risk
factor for venous and arterial thrombosis, the smamed question remains
whether mildly elevated Hcy levels are truly causkithrombosis or are either a
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consequence or just a marker of other diseasestaBins may decrease homo-
cysteine levels, but up till date clinical triatgat reported about the effect of low-
ering Hcy with vitamin therapy, showed no improwtahical outcome in patients
with arterial thrombosis [11,12] or venous thrombdd3]. However, questions
about this matter lay beyond the scope of our sty aimed to determine which
tests would be clinical relevant and feasible tniify Hcy levels associated with
an increased risk of thrombosis. We conclude thmdy ¢asting-Hcy suffices to
screen for HHcy.
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ABSTRACT

In a large retrospective study of thrombophilic iises, we analyzed 405 relatives
of patients, hypothesizing that hyperhomocysteimeamd elevated factor VIl
levels are closely related. Median factor VIII leven hyperhomocysteinemic
relatives were 169 IU/dL, compared to 136 IU/dL normohomocysteinemic
relatives P=0.007), and were more often elevated (>150 IUFKD.006). Hyper-
homocysteinemia was associated with an increastd afi venous and arterial
thrombosis; relative risk (RR) 2.6 (95% CI, 1.3)¢4ahd 3.7 (95% ClI, 1.5-8.4),
respectively. Relatives with elevated FVIII were@ht risk; RR 2.3 (95% CI, 1.4-
4.0) for venous thrombosis and 2.3 (95% CI, 1.0-tof arterial thrombosis. After
excluding all relatives with elevated factor VIRR for hyperhomocysteinemia
and venous thrombosis dropped to 1.3 (95% CI, B2-8nd nil relatives had
arterial thrombosis. We conclude that it is likéhat the increased risk of venous
and arterial thrombosis in hyperhomocysteinemianainly related to elevated
FVIIl levels.
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INTRODUCTION

Hyperhomocysteinemia is a disorder of methionindaimgism. Since McCully
made the clinical observation that elevated plasamocyst(e)ine levels are linked
with vascular disease in 1969 [1], many clinicadl @pidemiological studies have
demonstrated that hyperhomocysteinemia is a riskofafor both arterial and
venous thrombosis [2,3]. Experimental studies sspdbat the thrombogenic
propensity associated with hyperhomocysteinemialtegrom endothelial dys-
function and injury [4]. Still, it remains unclagfl whether homocysteine itself or
a related metabolite or cofactor is primarily rasgible for the thrombogenic
effects of hyperhomocysteinemia. Especially theemé®bservation that lowering
homocysteine levels with vitamin B6, vitamin B12golic acid did not reduce the
risk of venous and arterial thrombosis in largespeztive randomized clinical
trials [5-7], supports the assumption that an adased condition, rather than
hyperhomocysteinemia itself, is the thrombotic ditllgAs high factor VIII levels
are associated with both venous and arterial thosisband with endothelial injury
as well [8-10], we hypothesize that hyperhomocysteiia and factor VIl levels
are closely related to each other. In a retrospediudy, we assessed the con-
tribution of hyperhomocysteinemia and elevateddattlll levels to the absolute
risk of venous and arterial thrombosis.

METHODS

Subjects were derived from a previous large sirageter family cohort study,
designed to evaluate the risk of thrombosis asttiaith hereditary deficiencies
of antithrombin, protein C or protein S [11,12].id8ly, probands in that study
were consecutive patients with documented venousmihosis, in whom one of
these deficiencies was established. Relatives, dd&rsyof age or older, were
identified by pedigree analysis and enrolled aiftdéormed consent was obtained.
Clinical data was collected prior to blood samplifid,12]. Clinical outcome

events were classified by objective criteria. Reést were tested for all currently
known thrombophilic defects [12]. Levels of homagjse were measured by
high-performance liquid chromatography [13]. Betwdéay 1995 and July 2001
homocysteine samples were collected after overnfghting. Hyperhomocys-
teinemia was defined as a fasting level abd8& pumol/L, as described in the
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Table 1. Clinical characteristics of 405 relatives with atheut hyperhomocysteinemia

derived from probands with an antithrombin, prot€inr protein S deficiency

Hyperhomocysteinemia

Present (n=26)  Absent (n=379) P
Women, n (%) 18 (69) 194 (51) 0.10
Median age at enrollment (range), yrs 420-80) 43 (15-85) 0.59
Venous thrombosis, n (%) 1142) 55 (15) <0.001
Median age at onset (range), yrs 35 (23-80) 31 (16-68) 0.22
Spontaneous, n (%) 745) 25 (45) 1.0
Secondary to, n (%) 6 (55) 30 (55) 1.0
Oral contraceptives, n 0 12
Pregnancy, n 3 8
Surgery, trauma, immobilization, n 3 10
Arterial thrombosis, n (%) 7(27) 21 (5) <0.001
Median age at onset (range), yrs 61 (32-76) 54 (26-72) 0.31
Classification
Myocardial infarction, n (%) 1 4 6 (2) 0.37
Transient ischemic attack, n (%) @) 7 (2) 0.11
Ischemic stroke, n (%) 4 (15) 5 (1) <0.001
Peripheral arterial thrombosis, n (%) ()] 3 (1) 1.0
Classical risk factors
Hypertension, n (%) 5(19) 61 (16) 0.59
Hyperlipidemia, n (%) 5 (19) 49 (13) 0.37
Diabetes mellitus, n (%) Qo) 14 (4) 1.0
Smoking present, n (%) 5 (19) 118 (31) 0.27
Venous and arterial thrombosis, n (%) 4 (15) 6 (2) 0.002

Dutch population [14]. The Dutch Heart Foundatioovided a guideline in 2001,
which stated that random homocysteine samplesdb&ined not after an over-
night fasting) could exclude hyperhomocysteineniikeeels below 1Qumol/L and
definitely establish hyperhomocysteinemia when Iewegere above 2@mol/L
(www.hartstichting.nl/Uploads/Brochures/Hartsticigtl 76.pdf. From that time

until the end of study (July 2004), we screenedtinats accordingly. Only when
they had a random homocysteine level between 102&ngmol/L, they would
return to our clinic for a fasting and methioninading homocysteine measure-
ment. Recently, we have shown that random homaaogstevels above 20mol/L
were not associated with an increased risk of verayuarterial thrombosis [15].

50



Hyperhomocysteinemia linked with elevated FVIII

Increased fasting levels were appropriate to ifestibjects who were at risk of
thrombosis, associated with hyperhomocysteinemer&fore, we excluded rela-
tives from the present analysis if fasting levelsrevnot measured. Factor VIII:C
was measured by one-stage clotting assay (Amelum@hs Lemgo, Germany)
and was increased at levels above 150 IU/dL, asetlerels have been identified
to be an indepent risk factor for both venous anekial thrombosis [8,9/Annual
incidences of venous and arterial thrombosis wetleulated by dividing the
number of first events and the number of obseraaiears, censored for either
arterial or venous thrombosis. Observation time deffned as the period from the
age of 15 years until the first thrombotic eventntil the end of study. As recently
a potential link between venous and arterial throsi has been made [16le
additionally calculated annual incidences of suiseesenous and arterial throm-
bosis. Observation time in that analysis was ddfiag the period from the age of
15 years until the second thrombotic event or uhélend of study.

RESULTS

The original family cohort comprised 172 probandgh a total number of 1266
relatives. Of these relatives, 70% (n=891) wergildi (i.e. living and aged 15
years or older). Eighty eight relatives did nottgguate due to inability to obtain
informed consent. Another 308 relatives were exaflufifom analysis as they were
only screened by random homocysteine tests, andtl aoot be classified by
additional measurements of fasting homocysteinel¢eRelatives who were not
evaluable because of other missing laboratory wate also excluded (n=90). The
remaining 405 relatives were analyzed. Their clihicharacteristics are summar-
ized in Table 1. Median time interval between venttrombosis and thrombo-
philia testing was 12 years (range, 0-43). Forriattéhrombosis this was 6 years
(range, 0-33). Median factor VIl levels in hypenhoacysteinemic relatives were
higher than in normohomocysteinemic relatives (168dL versus 136 IU/dL,
P=0.007). Elevated factor VIlI levels (> 150 IU/dwkere also more often observed
in hyperhomocysteinemic relatives versus normohgsiememic relatives (65%
versus 38%,/P=0.006), while other thrombophilic defects were atyu divided
(Table 2).
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Table 2. Prevalence of concomitant thrombophilic defect40b relatives of probands with an
antithrombin, protein S or protein C deficiency

Variable, n (%) Hyperhomocysteinemia

Present (n=26) Absent (n=379) P
Antithrombin deficiency 4 (15) 32 (8) 0.27
Protein C deficiency 2(8) 34 (9) 1.0
Protein S deficiency 3 (12) 37 (10) 0.73
Elevated factor VIII 17 (65) 144 (38) 0.006
Factor V Leiden 3 (12) 50 (13) 1.0
Prothrombin G20210A 2(8) 35 (9) 1.0

Hyperhomocysteinemia was associated with an ineceask of venous and
arterial thrombosis each, or both; relative risksrev2.6 (95% CI, 1.3-4.8) for
venous thrombosis, 3.7 (95% CI, 1.5-8.4) for aaletirombosis, and 7.3 (95% CI
2.1-25.9) for both events (Table 3). Relatives valévated factor VIl levels were
also at risk; relative risks were 2.3 (95% CI, 4.8) for venous thrombosis, 2.3
(95% CI, 1.0-5.1) for arterial thrombosis, and 6% CI, 1.2-76.1) for both.
Excluding relatives with elevated factor VIII leselrelative risk of venous
thrombosis in hyperhomocysteinemic relatives dropje 1.3 (95% CI, 0.2-9.8),
and nil hyperhomocysteinemic relatives had artdtiabmbosis, or both venous
and arterial thrombosis. Excluding relatives witrmal factor VIII levels, relative
risks in hyperhomocysteinemic relatives were 284CI, 1.3-5.2), 4.0 (95% ClI,
1.6-9.9), and 5.4 (95% ClI, 1.4-20.0), respectively.

DISCUSSION

Although our results should be handled with caytieecause of small numbers,
this study suggests that the absolute risk of veramnd arterial thrombosis in
hyperhomocysteinemic subjects was not a resultypkthomocysteinemia itself,
but depended on elevated factor VIII levels. Hypenbcysteinemia did not
influence the risk when factor VIl levels were nm@l. However, the already
higher absolute risk in relatives with elevatedidad/Ill levels was reinforced by
hyperhomocysteinemia, suggesting an interactioes&Hindings are in agreement
with large prospective randomized clinical trialsat showed no effect of
homocysteine lowering therapy with B-vitamins oe tiisk of venous and arterial
thrombosis [5-7]. Although it has beenolwm for quite some time that
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Table 3. Annual incidences of first episodes of venous anerial thrombosis

Observation Relatives Incidencelyear,%  Relative risk

years with event  (95% ClI) (95% CI)
Venous thrombosis
Hyperhomocysteinemia
Absent 10408 55 0.53 (0.40-0.69) Reference
Present 804 11 1.37 (0.68-2.45) 2.6 (1.3-4.8)
Elevated factor VIII*
Absent 5889 21 0.36 (0.22-0.55) Reference
Present 5133 43 0.84 (0.60-1.13) 2.3(1.4-4.0)
Hyperhomocysteineimia in relatives with normal &ac¥Ill levels
Absent 5674 20 0.35(0.21-0.54) Reference
Present 215 1 0.47 (0.01-2.59) 1.3 (0.2-9.8)
Hyperhomocysteineimia in relatives with elevatectda VIl levels
Absent 4592 20 0.72 (0.49-1.01) Reference
Present 541 1 1.85 (0.89-3.40) 2.6 (1.3-5.2)
Arterial thrombosis
Hyperhomocysteinemia
Absent 11096 21 0.19 (0.12-0.29) Reference
Present 1004 7 0.70 (0.28-1.44) 3.7 (1.5-8.4)
Elevated factor VIII*
Absent 6196 9 0.15 (0.07-0.28) Reference
Present 5712 19 0.33 (0.20-0.52) 2.3 (1.0-5.1)
Hyperhomocysteineimia in relatives with normal &ac¥Ill levels
Absent 5976 9 0.15 (0.06-0.29) Reference
Present 220 0 0 (0-1.68) NA
Hyperhomocysteineimia in relatives with elevatectda VIl levels
Absent 4978 12 0.24 (0.12-0.46) Reference
Present 734 7 0.95 (0.38-1.96) 4.0 (1.6-9.9)
Venous and arterial thrombosis
Hyperhomocysteinemia
Absent 11251 6 0.05 (0.02-0.11) Reference
Present 1025 4 0.39 (0.11-1.00) 7.3 (2.1-25.9)
Elevated factor VIII*
Absent 6249 1 0.02 (0.004-0.09) Reference
Present 5835 9 0.15 (0.07-0.29) 9.6 (1.2-76.1)
Hyperhomocysteineimia in relatives with normal &ac¥Ill levels
Absent 6029 1 0.35(0.21-0.54) Reference
Present 220 0 0.47 (0.01-2.59) NA
Hyperhomocysteineimia in relatives with elevatectda VIl levels
Absent 5080 5 0.72 (0.49-1.01) Reference
Present 755 4 1.85 (0.89-3.40) 5.4 (1.4-20.0)

Factor VIII levels missing in 4 relatives. NA; napplicable.
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hyperhomocysteinemia and elevated factor VIII Isvare closely related to
endothelial injury [4,10,17]it is surprising that none of previous studies whic
identified hyperhomocysteinemia as an independeit factor for venous or
arterial thrombosis adjusted the risk dfrombosis for elevated factor VIl
levels [2,3,14]. Also interesting is our findingatha history of both venous and
arterial thrombosis was associated with elevatedklde of factor VIII and
hyperhomocysteinemia. This supports the assumeatiae$hip between both
diseases [16].

As our study cohort was built up with a high-riskdmbophilic population,
annual incidences of venous thrombosis were higjtrean reported in the normal
population (i.e. 0.1-0.3%) [18,19]. However, antitmbin, protein C and protein S
deficiencies were equally divided among hyperhorstgpemic and normohomo-
cysteinemic subjects, and survival analysis shothiatl non-deficient hyperhomo-
cysteinemic relatives remained at increased riskeobus thrombosis compared to
non-deficient, normohomocysteinemic relatives (daaashown). Hence, it is less
likely that these inherited deficiencies alone akpd the higher risk of venous
thrombosis in hyperhomocysteinemic subjects, wkidh accordance with another
study [14].

Some aspects of our study warrant comment. Fsspur study was retro-
spective, we did not measure fasting homocysteiriena of thrombosis. Still, we
are confident that this has not influenced our Itesas we found no correlation
between age and homocysteine levels at time ofllevent (*=0.012, data not
further shown). Second, despite maximum effortgraximately 10% of subjects
were not enrolled due to missing fasting homocwysteialues. This does demon-
strate the intricacy of homocysteine tests in whiatividuals have to return to a
clinic in a fasting state, and also have to undergoethionine-loading test, which
demands six hours and has possible side effects asinausea and malaise [20].
Considering that asymptomatic subjects are ledtgito undergo these tests, this
would have resulted in an overestimation of anm@tences of thrombosis in our
study cohort. Still, hyperhomocysteinemic relativesre not at risk of venous and
arterial thrombosis when factor VIl levels werermal. Third, relatives who were
only tested for hyperhomocysteinemia with randomggas and had homocysteine
levels < 10umol/L or > 20umol/L were excluded from analysis. Their exclusion
probably did not influence our results as we presip showed that these subjects
were at similar risk of venous and arterial throsib¢15].Fourth, classical cardio-
vascular risk factors were not taken into accowtabise a proper analysis was not
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possible due to the small number of relatives Witherhomocysteinemia. Finally,
our overall event number was small and for thas@aaour findings may be due to
a type Il error. Because we did a post-hoc analysidata, we were not able to
retrieve missing data which would enlarge our sangize and possibly could
exclude this statistical error. We emphasize that findings should be seen as
hypothetical. Although pathophysiologically plausibthey need to be established
in further studies.

We conclude that it is likely that the increasésk rof venous and arterial
thrombosis in hyperhomocysteinemia is mainly relate elevated factor VI
levels.
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Chapter 5

ABSTRACT

As prospective trials failed to establish a reducs#t of venous and arterial
thrombosis in hyperhomocysteinemic subjects aftgppementation with B-
vitamins, we hypothesized that an associated donglitather than hyperhomo-
cysteinemia itself, is the thrombotic culprit. Wesassed the contribution of eleva-
ted factor VIII levels to the risk of thrombosis hyperhomocysteinemia in a
retrospective family-cohort study. Relatives of secutive probands, who had
venous thrombosis or premature atherosclerosis, laymerhomocysteinemia,
elevated factor VIII levels, or both, were enrolld®52 relatives were analyzed.
Hyperhomocysteinemic relatives had more often édsl/dactor VIl levels than
normohomocysteinemic relatives (38% versus 28%0.024). Other thrombo-
philic defects were equally divided. Hypertensiard amoking were more often
found in hyperhomocysteinemic relatives than innmainomocysteinemic relatives
(28% versus 48%P=0.027, and 19% versus 38%+0.029). After adjusting for
these confounders, the relative risk of venousntimasis in hyperhomocysteinemic
relatives was 0.8 (95% confidence interval [CI]-Q.3) and 0.9 (95% ClI, 0.5-1.6)
for arterial thrombosis. The absolute risk of vemdhrombosis in hyperhomo-
cysteinemia was 0.14% (95% CI, 0.06-0.30) and 0.33%86 CI, 0.18-0.52) for
arterial thrombosis. Hyperhomocysteinemia had rfecefon the risk of venous
thrombosis or arterial thrombosis in relatives wélevated factor VIl levels;
relative risks 1.0 (95% CI, 0.4-2.3) and 1.1 (95% @5-2.5), respectively. We
conclude that hyperhomocysteinemia is not a riskofafor venous and arterial
thrombosis, and is associated with elevated fackibievels.
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INTRODUCTION

In 1969, McCully first proposed that elevated hogsteine levels causes cardio-
vascular disease [1His hypothesis was based on the finding of aswenotic
plaques at autopsies of people with homocystinariare metabolic disease which
results in extremely high homocysteine levels. t,ad&perimental studies showed
that high levels of homocysteine were associatetth whndothelial damage and
oxidative stress [2,3]. Since the early 1990's Mit’si hypothesis was modified
positing that mild hyperhomocysteinemia was alsask factor for both venous
and arterial thrombosis, which has been supporiecitbmerous epidemiologic
studies [4-7]. As vitamin B6, vitamin B12 and folarid can decrease homo-
cysteine levels [8], it was considered plausiblat ttieatment with these supple-
ments would reduce the risk of venous and arténr@mbosis. Recently, however,
large prospective clinical trials that reported the effects of lowering homo-
cysteine levels with vitamin B6, vitamin B12 or ifplacid therapy showed no
improved clinical outcome in patients with priocliemic stroke [9], myocardial
infarction[10] or venous thrombosis [11,29]. The negativaultesof these studies
might be explained by a low absolute risk of thrasib in subjects with mild
hyperhomocysteinemia, as we recently demonstrat@ll [Another explanation
might be that an associated condition, rather thgrerhomocysteinemia itself, is
the thrombotic culprit. We previously observed thia¢ risk of thrombosis in
hyperhomocysteinemic subjects strongly dependedcaexistence with other
thrombophilic defects [12], which supports thiswamption. As high factor VI
levels are associated with venous and arterialntbosis, and with endothelial
injury [13-15], we hypothesize that these are dssed.

In the present study, we assessed the contributfoelevated factor VIII
levels to the risk of venous and arterial thrombasimild hyperhomocysteinemia.

METHODS

Subjects

We pooled the subjects from two previous studieg tieported on the risk of

venous and arterial thrombosis in hyperhomocysteicesubjects, and subjects
with elevated factor VIII. These studies had amtaal design, which has been
described in detail elsewhere [12,14]. In shortwieen September 1997 and July
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2004 first-degree relatives, who were 15 years gd ar older, of consecutive
patients (probands) with documented venous throisbos any documented
arterial thrombotic event before the age of 50 yemrd hyperhomocysteinemia,
elevated levels of factor VIII, or both, were ethedl Patients were referred by their
general physicians to the thrombosis outpatiemiadi of three participating
university hospitals, either to confirm clinicabyspected venous thrombaosis, or to
evaluate symptomatic premature atherosclerosisatiet were enrolled after
informed consent was obtained. Detailed informatdmout previous episodes of
venous and arterial thrombosis, exposure to exagerniek factors for thrombosis
and anticoagulant treatment was collected by plarsicat the outpatient clinics,
using a validated questionnaire [16] and reviewimgdical records. Clinical data
was collected prior to laboratory testing. Additdrthrombophilia tests included
deficiencies of antithrombin, protein C and prot&infactor V Leiden, and the
prothrombin G20210A mutation. Approval was obtaibgdhe institutional review
boards of the participating hospitals.

Laboratory studies

Levels of homocysteine were measured by high-pedoce liquid chroma-
tography [17] after overnight fasting. Hyperhomdeysemia was defined as a
fasting homocysteine level > 18nol/L, which is above the 95percentile of
normal in the Dutch population [18]. Although clial guidelines recommended to
perform a methionine-loading test to identify hypmnocysteinemia at time of
enroliment, the results of this test were not aredyin the study after we and
others have recently shown that this test doesomiribute to the assessment of a
subject’s thrombotic risk [27,28]. Factor VIII:C wameasured by one-stage
clotting assays (Amelung GmBH, Lemgo, Germany) a@agd increased at levels
above the 78 percentile in the Dutch population (150 1U/dL) [1¥hese levels
have been identified to be an indepent risk fadétorboth venous and arterial
thrombosis [13,14]. Activity of antithrombin (Coate Chromogenix, Mdindal,
Sweden) and protein C (Berichrom Protein C, BehriMgrburg, Germany) were
measured by chromogenic substrate assays, protamd@rotein S antigen levels
by Enzyme Linked Immuno Sorbent Assay (ELISA) (DAKGIostrup, Denmark).
Antithrombin deficiency was defined by decreasegtle of antithrombin activity
(< 65 1U/dL), protein C deficiency by decreasedelsvof either protein C antigen
(< 65 IU/dL) and/or activity (< 65 IU/dL) and prateS deficiency by decreased
total protein S antigen levels (< 65 1U/dL), copesding with plasma levels below
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the under limit of their normal ranges. Factor \idem and prothrombin G20210A
were demonstrated by polymerase chain reaction®Ql9If relatives were on
long-term anticoagulant treatment with acenocouimaahort acting vitamin K
antagonist, blood samples were taken after tredtinath been interrupted for at
least two weeks; in the meantime nadroparin wasrgsubcutaneously.

Table 1.Clinical characteristics of 1052 relatives of protiemith hyperhomocysteinemia
and/or elevated levels of FVIII

Hyperhomocysteinemia

Present (n=132) Absent (n=920) P

Women 71 (54) 541 (59) 0.30

Age at enroliment (years) 5716-86) 46 (15-87) <0.001

Venous thrombosis 7 (5) 45 (5) 0.83
Age at onset (years) 5419-80) 45 (17-85) 0.35
Primary 4 (57) 20 (44) 0.69
Secondary to:

Oral contraception 2 (29) 9 (20)
Pregnancy, puerperium 0) 4 (9)
Surgery, trauma, immobilization 1 (14) 12 (26)
Malignancy 0 (0) 0 (0)

Arterial thrombosis 15 (11) 69 (8) 0.12
Age at onset (years) 6135-80) 54 (25-80) 0.18
Classification

Myocardial infarction 2(13) 32 (46)
Transient ischemic attack 2 (13) 6 (9)
Ischemic stroke 4(27) 14 (20)
Peripheral arterial thrombotic event 7 (47) 17 (25)
Classical risk factors
Hypertension 37 (28) 177 (19) 0.027
Hyperlipidemia 19 (14) 143 (16) 0.80
Diabetes mellitus 10 (8) 50 (5) 0.32
Smoking 64 (48) 352 (38) 0.029
Concomitant thrombophilic defects
Antithrombin deficiency 1(0.8) 3 (0.3) 0.42
Protein C deficiency 1 (0.8) 9 (1) 1.00
Protein S deficiency 0(0) 17 (2) 0.25
Elevated factor VIII 50 (38) 257 (28) 0.024
Factor V Leiden 15(11) 122 (13) 0.69
Prothrombin G20210A 4 (3) 22 (2) 0.56

Continuous variables denoted as median (rangegaaétal variables as number (%).
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Definitions
Venous thrombosis was considered established ip desin thrombosis was
confirmed by compression ultrasound or venograghy, pulmonary embolism by
ventilation/perfusion lung scanning, spiral CT stag or pulmonary angiography,
or when the patient had received full dose hepamtha vitamin K antagonist for at
least 3 months without objective testing at a tinfeen these techniques were not
yet available. Secondary venous thrombosis wase@fif it had occurred at or
within 3 months after exposure to exogenous ristofs including surgery,
trauma, immobilization for more than 7 days, pregya post-delivery period, the
use of oral contraceptives or hormonal replacertterapy, or malignancy. In the
absence of these risk factors venous thrombosicw@sidered to be primary.
Coronary and peripheral arterial disease had to sheptomatic and
angiographically proven, while myocardial infarctizvas diagnosed according to
clinical, enzymatic and electrocardiographic cigetschemic stroke was defined
as the onset of rapidly developing symptoms andssaj loss of cerebral function
which lasted at least 24h and had an apparent kesistause, as demonstrated by
CT or magnetic resonance imaging. If a cerebrahtgempletely resolved within
24h without cerebral lesions at scanning, it wasssified as transient ischemic
attack (TIA). Risk factors for atherosclerosis im#d known diabetes mellitus,
hyperlipidemia, hypertension and smoking.

Statistical analysis
We analyzed the absolute risk of first venous amerial thrombosis in relatives,
comparing those who did or did not have hyperhorsmigemia. Probands were
excluded from analysis to avoid bias. Observatioretwas defined as the period
from the age of 15 years until the first thrombaisode or until the end of the
observation period. Our study was retrospective refatives were not treated for
hyperhomocysteinemia with B-vitamins. Annual incides of venous and arterial
thrombosis were calculated by dividing the numbkewents by the number of
observation years. When calculating the annuaderze of venous thrombosis,
the occurrence of arterial thrombosis was ignored gice versa. With a Cox
proportional hazards regression model we adjus&dakive risks for clinically
relevant covariates, which showed statistical $icgmce at a level oP< 0.10 in
univariate analysis.

Continuous variables were expressed as medians/aheranges; categorical
data as counts and percentages. Differences betgveaps were evaluated by the
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Student t test or Mann-Whitney U test, dependingtlem normality of data for

continuous data and by Fisher exact test for caiegjadata. A two-tailed p-value

of less than 0.05 indicated statistical signifimnthe 95% confidence intervals
(95% CI) around the incidence rates were calculateter the Poisson distribution
assumption. Statistical analyses were performendguSIAS software, version 9.1
(SAS-Institute inc., Cary, North Carolina, USA).

RESULTS

Our family cohort contained 361 probands, with @ltaumber of 2389 relatives,
identified by pedigree analysis, who were 15 yesirsage or older. Of these
relatives, 515 had died before the start of thislyt Another 717 relatives did not
participate because of various reasons, includiefgisal or inability to give
informed consent and residence outside the Neti#slaAnother 105 relatives
were not evaluable because of missing laboratoma. ddhe remaining 1052
relatives were analyzed. Their clinical charactmgsare summarized in Table 1.
Median age at enrollment of hyperhomocysteinemtires was 52 years (range,
16-86) and was higher than in normohomocysteinaeiatives (46 years; range
15-87, P< 0.001). Venous thrombosis had occurred in sewgrernomocystei-
nemic relatives (5%) and in 45 normohomocysteineraiatives (5%,P= 0.83).
Median age at onset of the first episode of veribr@mbosis was 54 years (range,
19-80) in relatives with hyperhomocysteinemia arid y&ars (range, 17-85) in
relatives with normohomocysteinemiB=0.35). Arterial thrombotic events were
documented in 15 relatives (11%) with hyperhomagipgimia and in 69 relatives
(8%) with normohomocysteinemi®&£ 0.12). Hypertension was more common in
hyperhomocysteinemic relatives (28%) versus normuauysteinemic relatives
(19%,P=0.027), as was smoking (48% versus 38%0.029). Other classical risk
factors for atherosclerosis were not statisticdifferent in both groups. Of con-
comitant thrombophilic defects, factor V Leiden wasre often demonstrated than
expected from its prevalence in the general pojuuati.e. 5%) [21]. Elevated
factor VIII levels were more often observed in hgpemocysteinemic relatives
than in normohomocysteinemic relatives (38% vetf, P=0.024), while other
thrombophilic defects were equally divided.
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Table 2. Annual incidences of venous and arterial thron$osil052 relatives with correction
of concomitant factors

Observation  Relatives  Incidencelyear, % Relative risk

years with (95% CI) (95% CI)
event

Venous thrombosis
Hyperhomocysteinemia
Absent 27663 45 0.16 (0.12-0.22) Reference
Present 4840 7 0.14 (0.06-0.30) 0.9 (0.4-2.0)*
Arterial thrombosis
Hyperhomocysteinemia
Absent 27672 69 0.25 (0.19-0.32) Reference
Present 4795 15 0.31 (0.18-0.52) 1.3 (0.7-212)

* Adjusted for elevated levels of FVIII the relagivisk was 0.8 (95% Cl, 0.3-1.7).

T Adjusted for elevated levels of factor VIII, hyfEnsion and smoking the relative risk was 0.9 (95%
Cl, 0.5-1.6).

Table 3. Contribution of hyperhomocysteinemia on the riskvefious and arterial thrombosis in
relatives with elevated FVIII

Observation Relatives Incidencelyear, % Relative risk

years with (95% CI) (95% CI)
event

Venous thrombosis

Elevated FVIII

Absent 21228 23 0.11 (0.07-0.16) Refeee

Present 11056 29 0.26 (0.18-0.38) (R4-4.2)
With normohomocysteinemia 8679 23 .26Q0.17-0.40) Reference
With hyperhomocysteinemia 2377 6 .250(0.09-0.55) 1.0 (0.4-2.3)

Arterial thrombosis

Elevated FVIII

Absent 21125 48 0.22 (0.17-0.30) Refeee

Present 11123 35 0.32 (0.22-0.44) (09-2.1)
With normohomocysteinemia 8840 27  .31Q00.20-0.44) Reference
With hyperhomocysteinemia 2283 8 .35000.15-0.69) 1.1 (0.5-2.5)

In Table 2, annual incidences of first venous amelrial thrombotic events are
presented. Annual incidences of venous thrombosie vd.14% (95% CI, 0.06-
0.30) in relatives with hyperhomocysteinemia antb® (95% CI, 0.12-0.22) in
relatives with normohomocysteinemia; adjusted negatisk 0.8 (95% CI, 0.3-1.7).
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In hyperhomocysteinemic relatives, annual incideatarterial thrombosis was
0.31% (95% CI, 0.18-0.52) compared to 0.25% (95% (0C19-0.32) in normo-

homocysteinemic relatives; adjusted relative risk ®5% CI, 0.5-1.6). Only one
relative with hyperhomocysteinemia and venous thosis had a normal factor
VIl level, and none of the relatives who had hypenocysteinemia and arterial
thrombosis had a normal factor VIl level, were nemokers and had normo-
tension. Annual incidences were 0.04% (95% CI, @@2B) and 0.25% (95% ClI,
0.09-0.55) for venous thrombosis in hyperhomocystmic relatives with normal

and elevated factor VIII levels, respectively (tela risk 6.2; 95% CI, 0.7-51.6).
For arterial thrombosis these were 0% (95% CI,0Dxersus 0.37% (95% ClI,
0.12-0.85). On the contrary, hyperhomocysteineraid io additional effect on the
risk of thrombosis in relatives with elevated FMigvels (Table 3). Relative risks
were 1.0 (95% CI 0.4-2.3) for venous thrombosis &rid(95% CI 0.5-2.5) for ar-

terial thrombosis, respectively. Figure 1 showsuahnncidences of venous and
arterial thrombosis in hyperhomocysteinemic andnudromocysteinemic relatives
according to their age. These increased with agp@tih groups®=0.02 for venous

thrombosisP=0.003 for arterial thrombosis), but differencesnam®en groups were
not statistically significant. To see whether datiént cut-off point for hyperhomo-

Figure 1. Age specific annual incidences of venous and altdrrombosis
in relatives of probands with hyperhomocysteineamid/or elevated FVIII
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cysteinemia would change the results, we stratifieiinocysteine levels into
quartiles (Table 4). No clear relationship betwemmual incidence of either
venous or arterial thrombosis and height of fastir@nocysteine levels was
observed.

DISCUSSION

Our study shows a low absolute risk of venous amefial thrombaosis in hyper-
homocysteinemic relatives, comparable with the ahmcidence of venous and
arterial thrombosis in the normal population (Del-0.3% for venous thrombosis
and 0.1-0.4% for arterial thrombosis) [22-24]. Ewd factor VIII levels, hyper-
tension, and active smoking were more often presertyperhomocysteinemic
subjects than in normohomocysteinemic subjectsreitives who had venous
thrombosis and hyperhomocysteinemia, only one taska normal factor VIII
level (14%), while 23 of 45 relatives with normohaeysteinemia also had normal
FVIII levels (51%). Although this last result inwas small numbers, it supports
the hypothesis that factor VIII levels and hyperlooysteinemia are associated
with each other, also because more hyperhomocgstéinsubjects had elevated
factor VIII levels. A similar result was found inpaevious study, but then in a high

Table 4. Annual incidences of venous and arterial throndosrelatives of probands with
hyperhomocysteinemia and/or elevated FVIII stradifin quartiles

Fasting Observation  Relatives Incidencelyear, %
homocysteine levelmol/L) years with (95% ClI)

event
Venous thrombosis
<99 7095 10 0.14 (0.07-0.26)
9.9-12.1 7910 13 0.16 (0.09-0.28)
12.1-15.2 8896 15 0.17 (0.09-0.28)
>15.2 9119 14 0.15 (0.08-0.26)
Arterial thrombosis
<99 7094 10 0.14 (0.07-0.26)
9.9-12.1 7920 25 0.31 (0.20-0.47)
12.1-15.2 8938 23 0.26 (0.16-0.39)
>15.2 9010 29 0.32 (0.22-0.46)
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risk thrombophilic population where hyperhomocyséenia only increased the risk
of venous and arterial thrombosis when factor \&llels were elevated [25Dur
findings may explain why lowering of homocysteirevdls with B-vitamins has
not resulted in a decrease of venous and artdniahtbosis in large prospective
randomized clinical trials [9-11,29], assuming tle&vated factor VIII levels are
not decreased by these vitamins. However, it isknotvn whether or not elevated
factor VIl levels are decreased by B-vitamins.

Our results are inconsistent with meta-analysesréported that hyperhomo-
cysteinemia was a risk factor for venous and attéhrombosis [4,7]. However,
these meta-analyses did not exclude publicatios lyafunnel plot analysis, which
could have resulted in a higher relative risk coragao our study. Furthermore, a
meta-analysis may not be a proper statistical tooldentify hyperhomocystei-
nemia as a risk factor for venous or arterial thvosis, as a clear cut-off level for
hyperhomocysteinemia has never been postulated.stfétified relatives into
guartiles according to increasing homocysteinelgevaut did not find a relation-
ship between annual incidence of thrombosis ance&sing homocysteine levels.
This is in accordance with another study [12]. ltstnalso be pointed out that the
prove of an association between hyperhomocystememd thrombosis is based
mostly on the results of large-scale retrospediiuelies, and a causal relationship
from prospective studies. However, interventiondsts failed to show a causal
relationship [9-11,29]. Our negative findings ardine with the latter studies.

Some aspects of our study warrant comment. Fsspur study was retro-
spective, we did not measure fasting homocystéeiriena of thrombosis. Still, we
are confident that this has not influenced our Itesas we found no correlation
between age and homocysteine levels at time ofllement (*=0.014, data not
further shown). Second, despite maximum efforts, response rate was not op-
timal due to missing homocysteine values in a numdfesubjects. This does
demonstrate the intricacy of performing homocysdiests in which individuals
have to return to a clinic in a fasting state, atsb have to undergo a methionine-
loading test, which takes place six hours later laasl possible side effects such as
nausea and malaise [26]. As it is likely that asionmtic subjects are less willing
to undergo these tests, this would have resultedniroverestimation of annual
incidences of thrombosis in our study cohort. Stjijperhomocysteinemic relatives
were not at increased risk of venous and artdrrahbbosis. Third, due to the retro-
spective design of our study, a number of relativad venous thrombosis which
was hot established by objective techniques bedhgse were not available at that
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time. This implies the possibility of overdiagnasisie annual incidence of venous
thrombosis, however, did not exceed the annuabémge in the normal popu-
lation. Fourth, although clinical guidelines recoemded to perform a methionine-
loading test to identify hyperhomocysteinemic saotgeduring the study period,
this test was not implied because we and others Bagwn that this test does not
contribute to the assessment of a subject’s thrambesk [27,28]. Fifth, the
absolute risk of thrombosis in hyperhomocysteinewéa low. Consequently, the
number of events in our study cohort was smalloivgr problem, however, seems
not likely as the upper confidence interval of aainimcidence of venous throm-
bosis in hyperhomocysteinemic relatives was 0.3@¥ypar in our study, which is
still normal. For arterial thrombosis, this upp@nfidence interval was slightly
higher than normal. We explain this as hyperhomieiyemic subjects were more
often active smokers, or had hypertension. Finédlgtor V Leiden was more often
observed in the study cohort than in the generglujadion [21]. Because we
studied first degree relatives of patients withe&itvenous thrombosis or premature
atherosclerosis with hyperhomocysteinemia or etVadevels of factor VIII, we
might hereby have introduced selection bias. Redatcould bea priori at higher
risk of venous thrombosis because factor V Leidemore frequently found in
patients with venous thrombosis [21], but the dffdcselection bias proved to be
minimal as the annual incidence of both venous arterial thrombosis in our
study cohort was normal.

In conclusion, this study failed to show an asdamabetween hyperhomo-
cysteinemia and venous or arterial thrombosis. Hypaocysteinemia was related
to elevated factor VIII levels.
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Chapter 6

ABSTRACT

In the past few years several studies supportednterplay between cyto-

megalovirus (CMV) infections and a prothrombotiatet We describe a case of
primary CMV infection in an immunocompetent addiat was complicated with

mesenteric vein thrombosis. Transient protein Qcaefcy, lupus anticoagulant

and APC resistance were found, in combination aitieterozygous prothrombin
G20210A mutation. We discuss the possible mechan®ECMV related venous

thrombosis.
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CMV-related mesentemirvthrombosis

INTRODUCTION

Cytomegalovirus (CMV) infection is usually a selilting disease in healthy
adults, although significant complications may ac¢dncluding pneumonia, peri-
carditis, colitis, hepatitis and hemolytic anemid. [Venous thrombosis has been
described in association with CMV reactivation ine tcontext of immuno-
suppression after organ transplantation, but oely varely in immunocompetent
individuals [2]. We report here the case of an imoaompetent adult who presen-
ted with mesenteric vein thrombosis complicatingriamary CMV infection, and
describe the possible mechanisms of CMV relatedwgthrombosis.

CASE REPORT

A 35-year-old female with a 14-day history of abdioah pain and diarrhoea, was
hospitalized in July 2006. No visits abroad or fgumdsoning were noted, nor ex-
posure to external risk factors for venous throntyosuch as trauma, surgery,
immobility or pregnancy. Her medical history revashbxillary vein thrombosis in
1991, while she used oral contraceptives and wsdmygous for the prothrombin
G20210A mutation (revealed in July 2004 at thronihlegp screening, shortly
before a planned pregnancy); she received antit¢aigufor 6 months and oral
contraception was stopped. On examination she wasliscomfort, febrile
(39.5°C), normotensive, had pressure pain in epigasand splenomegaly.
Hemoglobin level was 6.7 mmol/L, WBC count 4.8¥10 platelet count
101x10/L, CRP 42 mg/L, lactate dehydrogenase (LDH) 744 I(hormal range
0-250 IU/L), alanine aminotransferase (ALAT) 11Y/lland asparate aminotrans-
ferase (ASAT) 94 IU/L (normal ranges 0-40 IU/L adel5 IU/L, respectively).
After blood cultures were taken, the patient sthrtith analgesics and intravenous
broad spectrum antibiotics with a working diagnadi®acterial gastroenteritis. As
her clinical situation deteriorated, the followidgy a computed tomography (CT)
of the abdomen was taken and showed thrombostseo$uperior mesenteric vein
and lienal vein. With laparoscopy no necrosis ehénia was seen. Antibiotics
were withdrawn, and anticoagulant treatment wa®mdhiced after blood was col-
lected for thrombophilia screening (techniques dafinitions described in [3,4])
and testing for CMV serology and antigenemia. Ssyichl tests for CMV
(ELISA) was positive for IgM antibodies ( > 100/HL, whereas <5 IU/mL is a
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Table 1. Thrombophilia results pre- and post cytomegalavinfection in a patient with mesenteric
vein thrombosis

Cytomegalovirus

Absent Present Normal
Antithrombin 105 93 80-120%
Protein C antigen 121 59 65-145%
Protein C activity 116 57 65-145%
Protein S antigen 96 94 65-145%
Factor VIII NA 223 50-150%
Lupus anticoagulant Negative Positive Negative
Plasminogen 105 110 70-130%
nAPC-SR 0.88 0.61 0.82-1.22
Factor V Leiden Wild type Wild type
Prothrombin G20210A Heterozygous Wild type
INR 1.0 1.2 0.8-1.3

nAPC-SR indicates normalized activated protein Citeityg ratio; NA, not available.

negative result) and IgG antibodies (115 IU/mL, velas < 2 IU/mL is a negative
result), as was a CMV pp65 antigenemia assay (3/c6p.000 granulocytes,
whereas 0 copies/ 50.000 granulocytes is a negeddt). A second serological
test after two weeks showed an increase of CMV é&gB8bodies to 145 1U/mL.
After 16 days the patient had completely recovergdpd cultures remained
negative, hemoglobin, platelet count and liver emey returned to normal, and she
was discharged from the hospital. Thrombophiligstesvealed protein C deficien-
cy, elevated level of factor VIII, lupus anticoagnd and APC resistance (Table 1).
Interestingly, protein C deficiency, lupus anticokgnt and APC resisistance were
absent in 2004.

DISCUSSION

CMV infection is common and comprises the wholedgan of humans, with a se-
roprevalence rate of approximately 50% at the ddgadn the Western world [5].
In immunocompetent patients it is generally asymmattic or reveals symptoms
similar to those of infectious mononucleosis: feygmphadenopathy, hepatitis,
and sometimes hemolytic anemia and thrombocytodé&hi®ur patient had CMV
antigenemia together with a high CMV IgM level aagositive clinical history,
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which is very suggestive for primary CMV infectiohhe CMV antigen level of
our patient was however low, probably due to thesence of high CMV IgM and
IgG levels and the fact that the first symptomseappd two weeks before. To date,
between 20-30 cases have been reported of CMVtiafeassociated with venous
thrombosis, and most of these have recently beaewed [2,6]. To our know-
ledge, only three of these were associated withentesc vein thrombosis [7-9].
Due to the rarity of reports of primary CMV infemti and venous thrombosis, one
has to assume that CMV infection itself is not agks causitive factor for the
development of venous thrombosis. Indeed, venorwmmihosis is a multicausal
disease, often involving acquired or environmenitgk factors as well as genetic
predisposition [10]. Our patient was heterozygawusthe prothrombin G20210A
mutation and had a history of axillary vein throrsiso Both conditions are associ-
ated with an increased risk of (recurrent) ventusrbosis [11,12], and therefore
possibly have contributed to mesenteric vein throsigin our patient. However,
as there were acquired thrombophilic changes & @frprimary CMV infection in
our patient, together with the case reports thggested a relation between CMV
infection and venous thrombosis [2,6], CMV may beoacomitant contributing
factor to develop venous thrombosis.

Several mechanisms have been proposed to explaiW-@Mted venous
thrombosis. CMV infection can cause vascular celindge and expression of
adhesion proteins leading to increased plateletleukbcyte adhesion, lupus anti-
coagulant and enhanced FVIII synthesis or secr¢fiprsince elevated factor VIII
levels and lupus anticoagulant are associated aithincreased risk of venous
thrombosis [13,14], CMV infection might increasésthisk indirectly. Low protein
C levels have been reported in various infectipossibly due to consumption as it
has anti-inflammatoryproperties [15]. This could have caused the pro@ide-
ficiency in our patient. Although inherited prote@ deficiency is a strong risk
factor for venous thrombosis, when acquired thgk i$ unknown. Nevertheless, it
is likely that this obvious deficiency contributexithe development of thrombosis.

Spontaneous resolutions of venous thrombosis gfierary CMV infection
have been observed in patients who did not recamtieoagulant treatment [16],
which also suggests that primary CMV infection igransient trigger for venous
thrombosis. Still, we decided to continue anticdagutherapy in our patient for a
longer term, also considering her previous episafdexillary vein thrombosis, the
heterozygosity for the prothrombin G20210A mutatéo that a definitive answer
may not be drawn on the basis of a single cases. i prior case reports on this
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issue do however reinforce the need for seroepidlegical or pathology-based
studies to establish the supposed association iafapr CMV infection with
apparently spontaneous venous thrombosis.
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ABSTRACT

Renal transplant recipients are at increased tiskenous thrombosis, which has
been regarded as a postoperative complicatiomith it may persist afterwards.
As numerous case reports showed that active cytalovdgus (CMV) infection
can be found at time of onset of venous thrombarsisis frequently found in renal
transplant recipients, we hypothesized that onéhtrig the result of the other. To
calculate the risk of (recurrent) venous thrombdsisenal transplant recipients,
and to see whether CMV infection influenced thékriwe retrospectively analyzed
606 living consecutive renal transplant recipie@slV status at time of transplan-
tation and at time of enrollment was determinedsdbte risks of first venous
thrombosis and recurrence were compared with CMNust and were corrected
for surgery related venous thrombosis, age, anitaagulant treatment. Annual
incidence of venous thrombosis was 0.88% (95% @&5-0Q.15) in all recipients
and 0.59% (95% ClI, 0.41-0.83) corrected for surgetgted venous thrombosis.
CMV positive and seroconverted recipients tendedhdse an increased risk of
venous thrombosis compared to CMV negative recipjetorrected relative risks
were 2.0 (95% ClI, 0.9-5.2) and 1.7 (95% ClI, 0.6s4&spectively. The cumulative
10-years recurrence rate of venous thrombosis invGdronegative, serocon-
verted, and seropositive recipients was 10%, 51865896, respectively. We con-
clude that CMV infection tended to be associatethvan increased risk of
(recurrent) venous thrombosis. Prospective studlieswarranted to establish this
observation, which suggests that CMV infection uefices the high risk of
(recurrent) venous thrombosis in renal transplecipients.
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INTRODUCTION

Renal transplant recipients are at increased oislevelop venous thrombosis, with
its highest incidence within the first three mondfier transplantation [1]. Whether
they remain at increased risk after three monthkngely unknown. Recently,
however, two reports showed a recurrence rate @b 9% within six years after
stopping initial anticoagulant treatment [2,3]. Thigh risk of venous thrombosis
in renal transplant recipients has been attribtesurgery, long term immunosup-
pressive drugs and antiphospholipid antibodies][4&ctive cytomegalovirus
(CMV) infection might be interesting as another teilmuting factor, because it is a
very common complication in renal transplant resmipg, and CMV has a lifelong
latency after initial infection [6]. Due to immungspressive drugs CMV can easily
reactivate [7]. CMV infects endothelial cells, ciagsvascular cell damage [8,9],
induces lupus anticoagulant [10], and enhance®rfadil synthesis or secretion
[11,12]. Furthermore, vascular damage has beerciagso with high levels of
soluble vascular cell adhesion molecule-1 (sVCAMEL3},14]. Since elevated
levels of factor VIII, and sVCAM-1, and lupus amtagulant are all associated with
an increased risk of venous thrombosis [14-16],, astaviously, all recipients
require prolonged immunosuppressive therapy, adi®V infection might in-
crease this risk indirectly. This assumption isparged by numerous case reports
of venous thrombosis during CMV infection, whictceatly have been review-
ed [17,18]. However, it is not clear whether sutgegith primary CMV infection
or CMV reactivation indeed have a higher risk oh@es thrombosis compared to
CMV negative subjects. Only a few seroepidemiolabistudies have reported
about this possible association, but were incoiadipossibly as these studies did
not include CMV infection in their primary objecéis [2,3]. Recipients with
chronic rejection might be an interesting subgraspt has been associated with
CMV infection in allograft recipients [25].

We performed a study to assess the absolute rigksofvenous thrombosis
and recurrence, respectively in renal transplariprents. We estimated this risk in
recipients who either had CMV infection prior tarsplantation or developed
CMV infection after transplantation, compared to ZMeronegative renal trans-
plant recipients to ascertain the contribution d&\Cinfection.
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METHODS

Subjects

Between October 2001 and November 2005 all reraisplant recipients who
were operated in our center since 1968 and whoiv@&dvwith a functioning
allograft were asked to participate in the studthatr visit to the outpatient clinic
(date of enrollment). Patients who had receivedmbined transplantation (i.e.
kidney and pancreas or kidney and liver) were auwito participate as well.
Between 1968 and 1989, after transplantation, patieeceived a combination of
prednisolone and azathioprine as immunosuppressempy, between 1989 and
1997 a combination of ciclosporine and low doselpiolone, and after 1997 a
combination of ciclosporine, mycophenolate mofatild low dose prednisolone.
No CMV prophylaxis was given throughout the studyripd. Induction therapy
was not given until Januari 2000. After this dageipients were standardly given
IL-2 receptor blocker (daclizumab) on the daterahsplantation, and 14 days after
transplantation. A total of 606 out of 847 (72%haktransplant recipients signed
written informed consent.

Relevant donor, recipient and transplant charastiesi were extracted from
the Groningen Renal Transplant Database. This da¢aholds information of all
renal transplantations, that have been performedratenter since 1968. Extracted
from the database were primary renal disease,apdedate of transplantation, and
CMV status at time of transplantation. Informatiabhout previous episodes of
venous thrombosis and anticoagulant treatment wiected by reviewing medical
records. The study was approved by the instituticmaew board of our hospital.

Laboratory studies and definitions

Blood was drawn at enroliment to determine seruemntimine levels, platelet
counts, 1gG antibodies against CMV and sVCAM-1 Isv8erum creatinine levels
were determined using the Jaffé method. Twenty-foour creatinine was
determined from a 24-h urine sample. CMV IgG ardibe were determined by
enzyme immunoassay as previously described [17AjerRa were classified as
CMV seropositive when they had a CMV IgG titer abal/ IU/mL at time of
transplantation. CMV seroconversion was definedmwpbetients were seronegative
at time of transplantation, but had a CMV IgG tisdsove 1 IU/mL at date of
enrollment. All other patients were classified asosegative for CMV. CMV IgG
levels > 250 IU/mL at time of enroliment were cifiegl as active CMV infection
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as previously described [11]. Soluble VCAM-1 levalsre measured in EDTA
plasma by ELISA (Bender MedSystems, Vienna, Austria

Venous thrombosis was considered established i de& thrombosis was
confirmed by compression ultrasound or venography, pulmonary embolism by
ventilation and perfusion lung scanning, spiral §£Bnning or pulmonary angio-

graphy.

Statistical analysis

We analyzed the absolute risk of first venous throsis after transplantation in all
renal transplant recipients. CMV seropositive ani\C seroconverted renal
transplant recipients were compared with seronega@MV renal transplant
recipients. Age, sex and rejection of the graftenaso taken into account to assess
whether these variables had an additional effedherrisk of venous thrombosis.
Annual incidence of venous thrombosis was calcdléte dividing the number of
events by the number of observation years. Obgervéime was defined as the
period from transplantation until the first venaihsombotic episode or until the
end of the observation period. Relative risks weseaected for renal transplant
surgery related venous thrombosis by subtractiaditht three months after trans-
plantation from the observation time in all recigie and by excluding recipients
from analysis who had venous thrombosis withinfife¢ three months after trans-
plantation. Correction for anticoagulant treatmarsts done by subtracting the
treatment time (227 years) from observation timge.afconsequence, patients who
were on life-long anticoagulant treatment at timh@éransplantation for any reason
were excluded from analysis, and patients in whidealdng anticoagulant treat-
ment became indicated after transplantation ordyrémaining period at risk was
evaluated. These patients had either recurrentugettfrombosis prior to trans-
plantation (n=4), or prosthethic heart valves (rjs4trial fibrillation (n=12),
chronic heart failure (n=5), peripheral arteriatlosive disease (n=4) or vasculitis
(n=4) before or after transplantation. Correctiondge was done by using Mantel-
Haenszel methods, stratifying recipients in agednger than 50 years, and aged
50 years or older.

Freedom of first venous thrombosis and recurrenes analyzed by the
Kaplan-Meier method. The cumulative recurrence rages calculated over the
period from the end of anticoagulant treatmentratte first episode of venous
thrombosis until either the date of first recurrerar the end of the observation
period.
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Continuous variables are expressed as median vahesanges; categorical
data as counts and percentages. Differences betgveaps were evaluated by the
Student t test or Mann-Whitney U test, dependingttus normality of data for
continuous data and by Fisher exact test for caisgjadata. A two-tailed p-value
of less than 0.05 indicated statistical signifieanthe 95% confidence intervals
(95% CI) around the incidence rates were calculateter the Poisson distribution
assumption. Statistical analyses were performamyuSPSS software, version 14.0

(SPSS Inc., Chicago, IL).

Table 1.Clinical characteristics

CMV CMV CMV Total
negative positive sero-
conversion
No. of patients 169 285 152 606
Women, no. (%) 68 (40) 139 (49) 67 (44) 274 (45)
Median age at enrollment, year (range) 51 (23-78) 56 (24-83) 55 (24-83) 55 (23-83)
Age at transplantation, year (range) 40 (18-66) (14777) 41 (15-73) 44 (15-77)
Cause of end stage renal disease, no. (%)
Primary glomerular disease 44 (26) 71 (25) 55 (36) 170 (28)
Glomerular disease of vascular/ autoimmune orig 9 (5) 23 (8) 7 (5) 39 (6)
Tubular interstitial disease 31 (18) 36 (13) 28)(1 94 (16)
Polycystic renal disease 28 (17) 61 (21) 18 (12) 107 (18)
Dysplasia and hypoplasia 12 (7) 6 (2) 3(2) 21 (3)
Renovascular disease 9 (5) 17 (6) 7 (5) 33 (5)
Diabetes mellitus 6 (4) 12 (4) 4(3) 23 (4)
Other or unknown cause 30 (18) 58 (20) 31 (20) 119 (20)
First venous thrombosis, no. (%) 13 (8) 23 (8) 18 ( 52 (9)
Median age at onset, year (range) 52 (21-65) 51 (31-69) 43 (28-65) 51 (21-69)
Renal transplant surgery induced venous thrombos8g5) 6 (2) 5(@3) 19 (3)
DVT ipsilateral from kidney transplantate 7(4) 9(3) 5(3) 21 (3)
DVT contralateral from kidney transplantate* 4 (2) 7(2) 2(1) 13 (2)
Pulmonary embolism 2(1) 7(2) 9 (6) 18 (3)
History of transplant rejection, no. (%) 11 (7) @32) 18 (12) 64 (11)
sVCAM-1 (ng/mL), mean (+ SD) 896 (343) 1088 (451) 1091 (416) 1035 (432)
CMV IgG > 250 IU/mL NA 50 (18) 25 (16) 75 (12)
Serum creatinineyfnol/L), mean (+ SD) 146 (52) 165 (85) 163 (100) 159 (82)
24-h creatinine clearance, mean (+ SD) 58 (20) 253 ( 52 (22) 53 (23)
Thrombocytopenia, <100 X 10e9/L, no. (%) 3(2 3(1) 2(1) 8(1)

* Two renal transplant recipients had axillary véinombosis. SD, denotes standard deviation; NA, n

applicable.
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RESULTS

Clinical characteristics of 606 renal transplantipeents who were enrolled are
summarized in Table 1. Forty-five percent were womdedian age at enrollment
was 55 years (range, 23-83 years), and 44 yedraraplantation (range, 15-77
years). All recipients routinely received periogmthromboprophylaxis.

Venous thrombosis had occurred in 52 recipients) (8fter transplantation.
Median age at onset was 51 years (range, 21-68)yé&irthese patients, 37% had
venous thrombaosis within the first three monthge4tad deep vein thrombosis on
the ipsilateral side of the kidney transplant, 2b&6 deep vein thrombosis on the
contralateral side of the transplant, and 35% haldhgnary embolism. Venous
thrombotic event-free survival showed that the bighrisk of venous thrombosis
was in the first six months, but patients remaiagdisk over the next 10 years
(Figure 1). Recipients received oral anticoaguldrgsause of their first venous
thrombosis for a median time of 6 months (rang&58-months). Seven of them
still received oral anticoagulants for this reasandate of enrollment and were
excluded from analysis of recurrent venous throrshos

Figure 1. First venous thrombosis event-free survival in féraasplant recipients
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Annual incidence of venous thrombosis was 0.88%4( @3, 0.65-1.15) in all
recipients (Table 2). It was 0.59% (95% CI, 0.483).when excluding the first
three months after renal transplant surgery froseolation time. Recipients who
were 50 years or older tended to have a higher afskenous thrombosis than
younger recipients; corrected relative risk 1.79%096l, 0.9-3.5). Annual incidence
of venous thrombosis in females was 0.75% (95%016-1.14) compared to
1.00% (95% CI, 0.68-1.41) in males; corrected nedatisk 0.9 (95% CI, 0.4-1.6).
In CMV seronegative recipients annual incidenceefous thrombosis was 0.81%
(95% ClI, 0.11-0.82), in CMV seropositive recipieft98% (95% CI, 0.62-1.46),
and in CMV seroconverted recipients 0.81% (95% @C4,6-1.31); corrected rel-
ative risks compared to CMV seronegative recipiemse 2.0 (95% CI, 0.9-5.2)
and 1.7 (95% ClI, 0.6-4.7), respectively.

In recipients who were CMV seropositive, mean sVCANevels were 1088
ng/mL and in CMV seroconverted recipients 1035 rig/mhich were both higher
compared to CMV seronegative recipients (mean sVCakel 896 ng/mL;P<
0.001). In addition, recipients with elevated CMy§G antibodies had also in-
creased sVCAM-1 levels (mean level 1174 ng/ml v&518g/ml;P< 0.001). In re-
cipients who experienced graft rejection, solub@AX-1 levels were higher than
in patients who had no history of graft rejectiomeén level 1921 ng/mL vs 1148

Table 2.Risk of first venous thrombosis associated with ag&,and CMV status

Corrected Crude Corrected
Observation Pt. Annual annual relative relative
time with incidence, % incidence, %* risk risk*
(years) event (95% CI) (95% CI) (95% CI) (95% CI)

Age (years)
All 5941 52 0.88 (0.65-1.15) 0.59 (0.41-0.83)
15-50 3251 25 0.77 (0.50-1.14) 0.45 (0.25-0.76) Reference Reference
>50 2690 27 1.00 (0.66-1.46) 0.78 (0.47-1.22) 1.3 (0.8-2.2)7 (0.9-3.5)
Sex
Male 3115 31 1.00 (0.68-1.41) 0.63(0.37-0.99) Reference Reéere
Female 2826 21 0.75 (0.46-1.14) 0.55 (0.31-0.92) 0.8 (0.4-1.3) 0.9 (0.4-1.6)
CMV status

Seronegative 1597 13 0.81 (0.43-1.39) 0.33(0.11-0.77) Reference Reference
Seropositive 235923 0.98 (0.62-1.46) 0.78 (0.45-1.25) 1.2 (0.6-2.2)0 (0.9-5.2)
Seroconversion 1985 16 0.81 (0.46-1.31) 0.59 (0.29-1.05) 1.0 (0.5-2.1) 1.7 (0.6-4.7)

* Annual incidence and relative risk corrected doticoagulation use, renal transplant surgery
induced venous thrombosis, and age, where apptepria
T Of 152 CMV seroconverted recipients, 146 rece@MV seropositive kidney.
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ng/mL; P=0.024). Fifty-three of the 64 recipients (83%) lwa history of graft
rejection were CMV seropositive at time of enrolithecompared to 384 (71%)
recipients who had no history of graft rejectidt=(.044). Crude relative risk of
venous thrombosis in recipients with graft rejettieersus no graft rejection was
1.6 (95% Cl, 0.7-3.4).

Within five years after withdrawal of oral anticadgnt treatment, 36% of
recipients had recurrent venous thrombosis, anlinvien years 45% of recipients.
Subgroup analysis showed that 10% of CMV seronegatcipients had a recur-
rence within ten years, while in CMV seroconvertettl seropositive recipients
this risk was 51% and 59%, respectively (Figure 2).

DISCUSSION
In this cohort of renal transplant recipients, most notable findings were a high

incidence of first venous thrombosis and a highk 0§ recurrence. Overall, the
absolute risk of first venous thrombosis wasstBnes higher than reported in the

Figure 2. Cumulative recurrent rate of venous thrombosis
in renal transplant recipients
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general population (i.e. 0.1%) [18]. Although rertehnsplant surgery had a
considerable effect on the absolute risk of vertbusmbosis, it remained 6 times
higher compared to the general population afterection for the first three
postoperative months. Patients remain at increaskaf venous thrombosis for 6
weeks after other major surgical procedures, likeand knee arthroplasty [27].
Therefore, it is unlikely that the persisting higsk more than three months after
renal transplantation is attributable to surgergspite our finding that aging is a
possible confounder, recipients younger than 50syeare still at increased risk of
venous thrombosis. The prevalence of 9% of venbusntbosis in our study
cohort is in agreement with two previous studie8][2vhereas another retrospec-
tive cohort study found an annual incidence of %28 venous thrombosis [23].
In the latter study, however, diagnosis of vendusrhbosis relied on Medicare
claims, and the follow-up of recipients in thatdstuvas limited to 1.5 to 3 years
after transplantation, which may have caused amna@stimation of the annual in-
cidence of venous thrombosis. To our knowledgeopther studies have reported
annual incidences of venous thrombosis in renaspkant recipients. Recipients
that died before the date of enroliment, were noluided in the study. Thus even
though annual incidences of venous thrombosis vidgh in our study, it is
possible that these risks are underestimated, iflge@hen considering that pul-
monary embolism is an important cause of deatlemalrtransplant recipients [24].
Although CMV seroconverted recipients and CMV sesifive recipients in

our study had a 1.7 and 2.0 fold increased ridikstf venous thrombosis compared
to CMV negative patients, respectively, the differes were not statistically
significant. It is possible that this is a consetpeof relatively small numbers of
patients in this analysis of subgroups. Anothelangtion might be that the risk of
CMV induced venous thrombosis in our population wi#ated, assuming that
CMV is mainly thrombogenic at time of primary infem or reactivation [19,20].
Unfortunately, this information was not availalieour patients. As venous throm-
bosis within three months after transplantation wassidered as postoperative,
CMV induced venous thrombosis in this period wassgay missed. However, 5%
of CMV seronegative versus 3% of CMV seroconvertadd 2% of CMV
seropositive renal transplant recipients had vetlosnbosis within the first three
months postsurgery, making it less likely that tiés influenced our results. The
hypothesis that CMV increases the risk of venousntibosis does however seem
likely when considering the high rate of recurrgehous thrombosis in our pa-
tients, i.e. 51% and 59% in CMV seroconverted aoositive recipients, com-
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pared to 10% in CMV seronegative recipients. THegbngs, however, have to be
handled with caution, as numbers were small. E&s/&MV IgG antibodies were
associated with higher sVCAM-1 levels comparedempients with low CMV IgG
antibodies, while graft rejection was associateith wlevated sVCAM-1 levels and
tended to be more common in patients who had CMféction and venous
thrombosis. These findings support the hypothésis€CMV infection is associated
with vascular damage, and that vascular damageg@MYV infection is enhanced
if patients experienced graft rejection, as postdlan another study [25]. This
might result in an increased risk of venous throsioSince we only had infor-
mation on CMV IgG levels at time of enrollment amok on CMV IgM levels or
antigenemia, we may have incorrectly included recifs as having a non-active
CMV infection while they had an active CMV infeatioAs other seroepidemio-
logical studies which primarily addressed the dffifacytomegalovirus on the risk
of venous thrombosis are lacking, it is difficuit tompare our results with those
from other studies. However, one other study regbd prevalence of 34% of
active CMV infection in renal transplant recipientbio had first venous throm-
bosis [2]. This result was not further discussedth®y authors, but seems in line
with our findings. Another study failed to show CMAfaemia in renal transplant
recipients with recurrent venous thrombosis congbaoerecipients without recur-
rence [3]. This might be explained as the diagnosactive CMV infection in that
study was made with a PCR method [21], from whicks iknown that it only
detects viraemia levels for a short time, while aignt or doctor delay for
diagnosing venous thrombosis is not uncommon iiaal practice. Unfortunately,
they did not measure CMV antibodies, which remagreased up till months after
initial infection or reactivation and are lifelomigtectable. Hence, that study might
have missed active CMV infection at time of diagngsrecurrent venous
thrombosis. In the absence of a controlled prospectudy and because our
results of the role of CMV infection in the devefogent of venous thrombosis are
not statistically significant, we cannot claim ausea-and-effect relationship of
cytomegalovirus and the risk of venous thrombosis.

The risk of 36% to develop recurrent venous thrasiwithin five years and
45% within ten years is in agreement with otherspviound a risk of 46-60% of
recurrent venous thrombosis in renal transplanipiemts over a similar time-
period [2,3]. In the general population the riskreturrent venous thrombosis is
18% within ten years [27], and in antithrombin, tein C, or protein S deficient
patients the risk of recurrence is 23% within fixwars [28]. This shows that the
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risk of recurrent venous thrombosis in renal tréarsiprecipients is excessive, and
at least demands the consideration whether remagpiant recipients should have
prolonged anticoagulant treatment after their firshous thrombotic episode. On
the other hand, our results may have been ovedstasenone of our patients were
screened for thrombophilia. We cannot rule out Wweetthese patients had
inherited thrombophilia. However, deficiencies dfititairombin, protein C or
protein S are rare, even in patients who had veribusmbosis [29]. Other
inheritable thrombophilic risk factors are leselikto have contributed to the high
risk of recurrence, as it appears that they danfltence this risk [30]. Although
other studies showed that recurrences of venowsnthwsis in renal transplant
recipients were often spontaneous [2,3], a comrmoarthis is difficult as medical
charts often did not provide sufficient informatiticlassify recurrences as spon-
taneous or secondary to external risk factorsednss likely that most recurrences
were spontaneous, because our recipients usuakyvesl thromboprophylaxis at
exposure to risk factors such as surgery, pregrpoeyperium, trauma or
immobilization, whereas the use of oral contrasggstiand hormonal replacement
therapy were strongly discouraged after a firss@qé¢ of venous thrombosis.

In conclusion, renal transplant recipients are ightrisk of first venous
thrombosis and recurrence. CMV infection tendedb® associated with an
increased risk of (recurrent) venous thrombosisittedied prospective studies are
warranted to establish this observation, which estgy that CMV infection
contributes to the high risk of (recurrent) vendhsombosis in renal transplant
recipients.
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ABSTRACT

Background: Several reports noticed an increased risk of venaod arterial
thrombosis in HIV-infected patients, who receivedmbination antiretroviral
therapy.

Methods: Medical records of 519 HIV-infected patients, wiere registered in
our hospital from January 1989 through Decembe#d2@@re reviewed, to assess
the absolute risk of venous and arterial thrombiosidlV-infected patients and the
effect of antiretroviral therapy.

Results: Annual incidences of venous and arterial thrombegre 0.65% (95%
Cl, 0.39-0.92) and 0.45% (95% CI, 0.24-0.77), retipely. In patients who
received combination antiretroviral therapy, thawal incidence of venous throm-
bosis was 0.72% (95% CI, 0.39-1.29), versus 0.58%84( Cl, 0.25-1.14) in pa-
tients who did not receive these drugs. For aftéhimmbosis, annual incidences
were 0.46% (95% ClI, 0.18-0.95) and 0.43% (95% Ql64.95); relative risk (RR)
1.1 (0.4-3.1). In patients who used a proteasditdnj annual incidence of venous
and arterial thrombosis increased to 0.80% (95%0QI0-1.43) and 0.51% (95%
Cl, 0.20-1.05), respectively; RR’s were 1.4 (95% @b-3.4) for venous throm-
bosis and 1.2 (0.4-3.5) for arterial thrombosis.

Conclusion: The absolute risk of venous and arterial thron$asiHIV-infected
patients was 2-6 times higher compared to the gémpepulation, irrespective of
antiretroviral therapy use. This suggests a patysiplogical role for HIV infec-
tion in the risk development of venous and arteghabmbosis which needs to be
further unraveled.
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Several reports noticed an increased risk of venthmembosis and arterial
thrombosis in HIV-infected patients, who receivedmbination antiretroviral
therapy [1-3]. Whether HIV-infected patients, wh@ aot on combination anti-
retroviral therapy are also at risk of thrombositargely unknown.

To assess the absolute risk of venous and artbariainbosis in HIV-infected
patients and the effect of antiretroviral therapyg, reviewed medical records of
519 HIV-infected patients, who were registered um bospital from January 1989
through December 2004. HIV infection was documenitgd HIV-1 antibody
ELISA and confirmatory Western blot analysis or B€R-detectable HIV load.
Venous thrombosis included deep vein thrombosibnpoary embolism and vein
thrombosis at other sites, established by objedtebniques [4]. Arterial throm-
bosis was diagnosed when a patient had either mgiatanfarction, ischemic
stroke, transient ischemic attack (TIA), or sympabio peripheral artery occlusive
disease, in accordance with earlier described dstgncriteria [4].

For each patient with a thrombotic event, we codldcdetailed information
regarding history of malignancies, opportunistideations, smoking, family
history of thrombosis, medication history, cholesteand CD4 counts. Patients
with venous thrombosis were tested for thrombogahilncluding deficiencies of
protein S, protein C, antithrombin, factor V Leidgrothrombin G20210A mu-
tation and elevated levels (>150%) of factors \@J11X:C and XI:C as previously
described [4].

A total of 519 consecutive patients were enrollEéd were male. Median age
at HIV diagnosis was 35 years (range, 12-77). Verthrombosis had occurred in
19 patients (4%); 12 had deep vein thrombosis, n@uary embolism and 2
cerebral vein thrombosis. Median age at onset nbus thrombosis was 46 years
(range, 17-64). Arterial thrombosis had occurred3rpatients (3%). Their median
age was 45 years (range, 37-56). Five patientssfiagbtomatic peripheral artery
occlusive disease, 4 ischemic stroke, 3 myocandfafction and one patient had a
TIA. The median time from HIV diagnosis to venousombosis was 1 year
(range, 0-12) and to arterial thrombosis 5 yeasdge, 0-9). Median CD4 counts at
time of venous thrombosis was 130 celis(range, 2-630) and at time of arterial
thrombosis 252 cellgL (range, 4-465).

Several risk factors for thrombosis were identified 19 patients with venous
thrombosis, 2 had their event postpartum, 1 hacmaily history with venous
thrombosis in a first-degree relative, 2 had maigries. Of these patients, 11 were
tested for thrombophilia. Abnormal findings weresetved in 9 patients, including
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free protein S deficiency (n=7), elevated factotl X levels (n=9) and factor V
Leiden (n=2). Of 13 patients with arterial thromispd0 were active smokers, 3
had a family history, 6 hypercholesterolemia, artyfertension.

Annual incidences of venous and arterial thrombagise 0.65% (95% ClI,
0.39-0.92) and 0.45% (95% CI, 0.24-0.77), respebtiyTable 1). Patients who
were 45 years or older had a higher risk of venousrterial thrombosis than
younger patients. Although females showed loweuahimcidences of venous and
arterial thrombosis compared to males, thiedihces were not statistically sig-

Table 1.Risk of venous and arterial thrombosis associatéld age, sex and drug therapy

Observation Pt no. Annual
time* with incidence Relative Risk
(years) event (per 100 patient years)  (95% CI)
Venous thrombosis
Age (years)
All 2911 19 0.65 (0.39-0.92) -
12-45 2136 9 0.42 (0.19-0.80) Reference
>45 775 10 1.29 (0.62-2.37) 3.1(1.2-7.5)
Sex
Male 2355 17 0.72 (0.42-1.16) Reference
Female 556 2 0.36 (0.04-1.30) 0.5 (0.1-2.2)
Drug therapy
No combination ART 1383 8 0.58 (0.25-1.14) Reference
Combination ART 1528 11 0.72 (0.36-1.29) 1.3 (0.5-3.1)
Any Pl combination 1381 11 0.80 (0.40-1.43) 1.4 (0.6-3.4)
Arterial thrombosis
Age (years)
All 2905 13 0.45 (0.24-0.77) -
12-45 2144 5 0.23 (0.07-0.54) Reference
>45 761 7 0.92 (0.37-1.89) 4.0 (1.3-12.6)
Sex
Male 2350 11 0.47 (0.23-0.84) Reference
Female 555 2 0.36 (0.04-1.30) 0.8 (0.2-3.5)
Drug therapy
No combination ART 1380 6 0.43 (0.16-0.95) Reference
Combination ART 1525 7 0.46 (0.18-0.95) 1.1 (0.4-3.1)
Any Pl combination 1377 7 0.51 (0.20-1.05) 1.2 (0.4-3.5)

* Period from HIV-diagnosis or start of combinati@RT until the first episode of thrombosis or the

end of follow-up.

ART denotes antiretroviral therapy; PI, proteasébiidr.

98



Risk of thrombosis in HIViétted patients

nificant. In patients who received combination mattoviral therapy, the annual
incidence of venous thrombosis was 0.72% (95% (39-0.29), versus 0.58%
(95% CI, 0.25-1.14) in patients who did not recethese drugs. For arterial
thrombosis, annual incidences were 0.46% (95% @8-0.95) and 0.43% (95%
Cl, 0.16-0.95); relative risk (RR) 1.1 (95% CI, €B4). In patients who used a
protease inhibitor, annual incidence of venous antekial thrombosis increased to
0.80% (95% CI, 0.40-1.43) and 0.51% (95% CI, 0.Z15), respectively; RR’s

were 1.4 (95% ClI, 0.6-3.4) for venous thrombosid ar2 (95% CI, 0.4-3.5) for

arterial thrombosis.

Overall, the absolute risk of in our patient grougs 6.5 times higher than
reported in the general population (i.e. 0.1%) §d comparable with hetero-
zygous carriers of factor V Leiden [6]. Despite dinding that ageing is an im-
portant confounder, median age at onset of venmmnbosis was 16 years less
than the median age at onset of venous thrombodisei community [7]. Hence,
our patients were at higher risk of venous throrihasespective of their age.

Decreased free protein S levels were demonstratédaf 11 tested patients
with venous thrombosis. This finding is in agreetmith previous studies [8,9].
Moreover, 9 of these patients had elevated leaslof VIII:C. Because we do not
routinely screen for thrombophilia in HIV-infectguatients it remains unclarified
whether abnormal levels of these proteins contebuto the risk of venous
thrombosis.

In the Framingham study, age related annual inceleof arterial thrombosis
in men were 0.07% (aged < 45 years), 0.15% (45exs), 0.26% (55-64 years),
and 0.39% (65-74 years) [10]. The risk of artettmombosis in our patients
younger than 45 years was 3 fold higher, whereamsét 2-6 fold higher in patients
aged 45 years or older.

Males almost had a 2 fold increased risk of vertbusmbosis, compared to
females. We have no explanation for this differendeich was also reported from
a much larger study [1].

We observed a higher risk of venous and arterr@nivosis in patients who
were on combination antiretroviral therapy. Thisswaore pronounced when
combination antiretroviral therapy contained a @ase inhibitor. Thus, our data
suggests an additional risk of venous and artérrambosis in patients who used
combination antiretroviral therapy, particularly evh it contained a protease
inhibitor. Although not significant in our populati, previous sufficiently powered
studies showed a similar mild effect of combinatamtiretroviral therapy on the
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risk of venous and arterial thrombosis [1,3]. Thiesadute risk of venous
thrombosis in patients not using combination atrtrgral therapy was still
approximately 6 times higher compared to the geérmmpulation [5]. This result
suggests a pathophysiological role for HIV infentim the risk development of
venous thrombosis, which needs to be further utedvéAs most of our patients
with arterial thrombosis were active smokers amdoat half of them had hyper-
cholesterolemia, the estimated risk of arteriabmhibosis should be adjusted for
these classical risk factors. However, regressimlyaes could not be done, as
information about these risk factors was often complete in medical charts.
Other studies are needed to show whether this iasisocis fully explained by
HIV-infection itself.
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ABSTRACT

Background: HIV-infected patients are at increased risk of e and arterial
thrombosis. We hypothesized that acquired thromitiogbnormalities that could
predispose to thrombosis are most pronounced ierntatwith advanced stages of
HIV.

Methods: A total of 109 consecutive HIV-infected patientsrevéncluded and
were tested twice for currently known thrombophdionormalities with between-
test intervals of at least three months (median dhths; range 3-12 months).
Detailed information about date of HIV diagnosidVHreatment and previous
episodes of venous and arterial thrombosis wasael.

Results: Following diagnosis of HIV, 16% of patients had mgtomatic
thrombosis (10% venous, 6% arterial). Protein Cciicy was established by
repeated measurements in 9% of patients, elevatgdrfVIll levels in 41%, high
fibrinogen levels in 22%, and free protein S defidy in 60%. Median factor VIl
levels were higher in patients with AIDS (CD4 caur®00 cellgiL) compared to
non-AIDS-defining illness (226 IU/dL versus 149 ¢l P< 0.001), while median
free protein S levels were lower (45 IU/dL vers8d8/dL; P< 0.001). Developing
AIDS was associated with increasing factor VIl éé&srand with decreasing free
protein S levels. Increasing factor VIII levels wecorrelated with increasing
fibrinogen levels and decreasing free protein 8lkev

Conclusions: Multiple acquired and persistent thrombophilic atmalities are
more frequently observed in HIV-infected patientsmpared to the normal
population. The frequencies of these thrombophilimormalities increase with
progression to AIDS. These findings may contribtdethe high prevalence of
venous an arterial thrombosis in HIV-infected patise
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INTRODUCTION

Several reports have documented an increased fiskermus thrombosis and
arterial thrombosis in HIV-infected patients [1-Aatients with AIDS as docu-
mented by CD4 counts < 200 celis/had a higher risk of thrombosis than HIV-
infected patients with a more robust immune sysi{gri]. Why HIV-infected
patients are at higher risk of thrombosis is largehknown. A link between
infection and thrombosis via endothelial activatimas been suggested [8,9]. The
same cytokines responsible for endothelial activatire upregulated during the
course of HIV infection [10,11]. These cytokines¢luding tumor necrosis factor
a, interleukin 1, and interleukin 6, activate coadidn and down-regulate the
expression of fibrinolytic proteins [12,13]. Elegdtlevels of procoagulant proteins
and decreased levels of anticoagulant proteins heee identified as risk factors
for venous and arterial thrombosis [14-18]. Of thdactor VIII and fibrinogen are
acute phase proteins, [15,16] that become riskofacivhen their levels remain
elevated for a prolonged time [16,17]. Low levelpmtein C have been reported
in various infections, possibly due to the consuompiof protein C as an anti-
inflammatory mediator [19]. Inherited protein C id&fncy is a strong risk factor
for venous thrombosis [18], but it is unknown wiegthcquired deficiency is also a
risk factor. Inherited protein S deficiency is dmatrisk factor for venous throm-
bosis, and possibly for arterial thrombosis as \jd#8l,18]. Approximately 60% of
protein S is bound to complement C4b-binding prtaihile only free protein S is
active as anticoagulant [20]. During infectionsg tlevel of C4b-binding protein
increases up to 400% of its normal level [20]. Sosmeall studies, showed
decreased levels of both protein S and protein Blirinfected patients [21-23].
Recently, a larger study of 94 HIV-infected womérwed that advancing HIV-
infection was associated with high factor VIl lév@nd a decrease of protein S
activity [24]. However, in this study all women veetested only once.

We studied a group a HIV-infected patients prinyatd ascertain whether
progression to AIDS was associated with increaseduiency and/or severity of
thrombophilic abnormalities and secondarily to dweiee the overall risk of
venous and arterial thrombosis in HIV-infected gats.
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METHODS

Patients

Between May 2006 and December 2006, 120 consequaiients with HIV treated
at the outpatient clinic of our university hospivteére asked to participate in our
study. Detailed information about date of HIV diagis, HIV status, HIV
treatment, previous episodes of venous and artdmambosis, exposure to risk
factors for thrombosis and anticoagulant treatrmeag retrospectively collected by
physicians at the outpatient clinic by using a ¢jpasaire and reviewing medical
records. In women, the use of oral contraceptivesk their obstetric history were
also documented, considering that oral contraceptisnd pregnancy are risk
factors for venous thrombosis, and may be assakciatth thrombophilic abnor-
malities. Clinical data were collected prior to da#tory testing to avoid bias in
assessing clinical outcome events. To determinghehéllV status was correlated
with thrombophilic abnormalities, blood samples aveollected simultaneously for
measurements of CD4 cell counts and HIV-RNA, andtfivombophilia testing.
Thrombophilia tests included deficiencies of amtithbin, protein C, total protein
S and free protein S, factor V Leiden, the protHsomG20210A mutation, in-
creased levels of fibrinogen and factor VI, andpus anticoagulant.
Anticardiolipin antibodies were also measured. $seas effects of acute phase in-
flammatory reactions, CRP was also measured. Alst@ere repeated in a second
blood sample collected after a time interval ofeast 3 months (median 3 months;
range, 3-12 months) to confirm the levels of pmdeand numbers of CD4 cells
obtained for the first set of measurements.

Laboratory studies

Lymphocyte subsets (CD3, CD4, CD8) were analyzatiiwi24 hours of collec-
tion, using standard flow cytometry techniquessmiia levels of HIV-RNA were
measured with the Nuclisens HIV RNa#ssay (Organon Teknika) with a lower
detectionlimit of 40 copies/mL. CRP was determined by nephwdtry (BNIIN,
Dade Behring). CRP levels 5 mg/L were used to identify inflammatory acute
phase reactions. Activity of antithrombin (Coate€hromogenix, MdoIndal,
Sweden) and protein C (Berichrom Protein C; BehriMgrburg, Germany) were
measured by chromogenic substrate assays, protamd@rotein S antigen levels
by Enzyme Linked Immuno Sorbent Assay (ELISA) (DAK&ostrup, Denmark).
Antithrombin deficiency was defined by decreasegle of antithrombin activity
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(< 65 1U/dL), protein C deficiency by decreasedelsvof protein C antigen (< 65
IU/dL) and/or activity (< 65 IU/dL), protein S defency by decreased levels of
total protein S antigen (< 65 1U/dL) and/or decezhfree protein S antigen levels
(< 65 IU/dL), corresponding with plasma levels kelthe limit of their reference
intervals [18]. Factor VIII:C was measured by otege clotting assays (Amelung
GmBH, Lemgo, Germany) and was considered increaseal level above 150
IU/dL, as this level has been identified to giveimereased risk of both venous and
arterial thrombosis [15]. Fibrinogen levels wereasiered according to the Clauss
method (Baxter, Miami, Fla) and were consideredeased at levels higher than
3.5 g/L. Reference intervals were determined inlthgavolunteers who had no
personal or family history of venous thrombosisyevaot pregnant, and had not
used oral contraceptives during the preceding 3thsorractor V Leiden and pro-
thrombin G20210A were demonstrated by polymerasgincheactions [25,26].
Screening for lupus anticoagulant was performed3bgifferent phospholipid-
dependent coagulation tests: DRVVT (dilute Russgler venom time), APTT
(activated partial thromboplastin time) and TTkgtie thromboplastin inhibition)
[27]. Abnormal tests were repeated on a 1:1 mixtdneatient plasma with normal
plasma to exclude deficiencies of coagulation factdf the testremained ab-
normal, phospholipid dependency was demonstrBje@ phospholipid neutral-
ization test. DRVVT was performagsing reagents (LA-screen and LA-confirm)
from Gradipore. APTWwas performed using actin FSL (Dade Behring). THsw
performed using Thromboplastin IS (Dd&lkehring) in 2 dilutions (1:50 and 1:500).
Anticardiolipins were measured by enzyme-linked umwmsorbent assay (ELISA)
in samples diluted 1:100 in phosphate-bufferechealPBS)/10% fetal calf serum
(FCS). Duplicate measurements of nine calibratorsifimunoglobulin G (IgG)
and IgM anticardiolipin antibodies (Louisville APDRiagnostics, Lousville, KY)
were used to prepare a calibration curve accortbniipje manufacturer’s instruc-
tions. Levels> 40 IU/mL were considered positive [27]. If patientere on long-
term anticoagulant treatment with vitamin K antagts) blood samples were taken
after treatment had been interrupted; in the mesntnhadroparin was given
subcutaneously.

Definitions

Patients were classified into three groups accgrdm their HIV status [28].
Patients classified as asymptomatic HIV infecti@ud la CD4 cell count of more
than 500 cellglL at repeated measurements; patients classifiedrs symptoma-
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tic HIV disease had CD4 cell counts between 200 %01 cellsiL; and patients
with CD4 cell counts less than 200 cells/were classified as having AIDS.
Venous thrombosis was considered established ip desn thrombosis was
confirmed by compression ultrasound or venography, pulmonary embolism by
ventilation and perfusion lung scanning, spiral$€€anning, or pulmonary angio-

Table 1.Clinical characteristics of 109 HIV-infected pati&n

Total
No. of patients 109
Men, n (%) 72 (66)
Age at study entry, years, median (range) 41 (19-76)
Age at diagnosis of HIV, years, median (range) @b-73)
Venous thrombosis, n (%) 11 (10)
Age at onset, years, median (range) 45 (22-56)
Deep vein thrombosis, n (%) 6 (6)
Pulmonary embolism, n (%) 5 (5)
Primary, n (%) 6 (6)
Secondary to
Surgery, trauma, immobilization, n (%) 3 (3
Oral contraception, n (%) 0 (0)
Pregnancy, puerperium, n (%) 1 (1)
Malignancy, n (%) 1 (1)
Arterial thrombosis, n (%) 6 (6)

Age at onset, years, median (range) 53 (44-59)

Myocardial infarction, n (%) 2 (2
Ischemic stroke or TIA, n (%) 2 (2)
Peripheral arterial thrombotic event, n (%) 2 (2
Both venous and arterial thrombosis, n (%) 2
Atherosclerotic risk factors
Smoking, n (%) 48 (44)
Hypertension, n (%) 12 (11)
Hyperlipidemia, n (%) 17 (16)
Diabetes mellitus, n (%) 3 (3)
Highly active antiretroviral therapy, n (%) 8%75)
HIV status
First CD4 cell countlL, median (range) 430(20-1220)
Second CD4 cell countl,, median (range) 400 (30-1220)
Difference between first and second CD4 cell cqiintedian, (range) 60(0-340)
First viral load, copies/mL, median (range) <40 (<40, > 10e6)
Second viral load, copies/mL, median (range) < @040, > 10e6)

108



Thrombdjghin HIV infection

graphy. Coronary and peripheral arterial diseasktthide symptomatic and angio-
graphically proven, whereas myocardial infarctioaswdiagnosed according to
clinical, enzymatic and electrocardiographic ci#tefschemic stroke was defined
as the onset of rapidly developing symptoms anndssaf loss of cerebral function
which lasted at least 24h and had an apparent astause, as demonstrated by
computed tomography (CT) or magnetic resonance imga@MRI). If a cerebral
event completely resolved within 24h without ceatbbesions at scanning, it was
classified as a transient ischemic attack (TIA)skRfactors for atherosclerosis
included known diabetes mellitus, hyperlipidemiaypértension and active
smoking.

Statistical analysis

Continuous variables are expressed as median vahgksanges, and categorical
data as counts and percentages. Differences betyveaps were evaluated by the
Student t test or Mann-Whitney U test, dependingtle normality of data for
continuous data and by Fisher exact test for caisgjadata. A two-tailed p-value
of less than 0.05 indicated statistical signifieandedians and interquartile ranges
for protein levels were calculated by group. Intendile range included the 25th
and 75th percentile values, representing the exaéntariability in the sample
without undue emphasis on extremes, which can owdwn data are highly
skewed. In box plots, whiskers extended to 1.5 dirttee interquartile range.
Annual incidences of venous and arterial thrombesse calculated by dividing
the number of events by the number of observatiears; Observation time was
defined as the period from the age at HIV diagnasisl the first thrombotic
episode or until the end of the observation perlidhen calculating the annual
incidence of venous thrombosis, the occurrencetefial thrombosis was ignored
and vice versa. The 95% confidence intervals (99¥%afdund the incidence rates
were calculated assuming a Poisson distribution.

Because two blood samples were collected, we caregbour results as
“single abnormality”, indicating a specific resuitat least one blood sample, and
as “confirmed abnormality”, indicating a specifesult in both blood samples.

Statistical analyses were performed using SAS so#iywversion 9.1 (SAS-
Institute Inc).
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RESULTS

A total of 120 consecutive HIV-infected patientsrev@sked to participate in the
study. Of these patients, 2 failed to provide infed consent, 4 refused collection
of a second blood sample, 2 died (one from livér ca@cinoma and another had
Non Hodgkin lymphoma in combination with deep véinombosis), and 3 were
lost to follow-up due to geographical reasons. Témaining 109 patients were
analyzed. The median interval between HIV diagnasis date of study entry was
5 years (range, 0-20). The clinical characterisb€she patient population are
summarized in Table 1. Sixty six percent were naard the median age at HIV
diagnosis was 34 years (range, 16-73). Elevenmatid0%) were discovered to
have venous thrombosis while they were HIV posjtasad arterial thrombosis was
found in 6 patients (6%). Seventy five percent afignts received highly active
anti-retroviral therapy (HAART). The median CD4 Icebunt at first blood
sampling was 430 cellgl (range, 20-1220) and 400 cefis/(range, 30-1220) at
second blood sampling, with an individual mediaifedénce of 60 cellgl (range,
0-340) indicating stable CD4 counts during the gtpdriod. The median actual
interval between the blood collections was 3 mofttAisge, 3-12 months).

The results of thrombophilia tests are presentédabile 2. Protein C deficien-

Table 2. Thrombophilic abnormalities in 109 HIV-infectedtiemts

First Second Single, Confirmed,
sample, n (%) sample, n (%) n (%) n (%)
Antithrombin deficiency 2 (2 1 (1) 2 (2 1 (1)
Protein C deficiency 14(13) 11 (10) 15 (14) 10 (9)
Total protein S deficiency 3 (3) 0 (0) 3 (3 0 (0)
FV Leiden 6 (6) - - -
Prothrombin G20210A 1 (1) - - -
Elevated factor VIII 51 (47) 60 (55) 66 (61) 45 (41)
Excluding CRP levels > 5 mg/| 40 (37) 45 (41) 51 (47) 34 (31)
Elevated fibrinogen levels 3429) 32 (29) 40 (37) 24 (22)
Excluding CRP levels > 5 mg/| 20 (18) 25 (23) 29 (27) 16 (15)
Free protein S deficiency* 7266) 74 (68) 81 (74) 65 (60)
Lupus anticoagulant 9 (8) 7 (6) 12 (11) 4 (4)
Anticardiolipin antibodies 2(2) 2 (2) 2 (2 2 (2)

* Women neither used oral contraceptives, nor vpeegnant.
Single indicates an abnormal result in at leastldoed sample; confirmed indicates an abnormal
result in two blood samples.
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cy was confirmed in 9% of patients, elevated fasthit levels in 41% of patients
and elevated fibrinogen levels in 22% of patiefiscluding patients with CRP
levels >5 mg/L, elevated factor VIII and fibrinogen levelgre confirmed in 31%
and 15% of patients, respectively. Free proteireficéncy was demonstrated in
74% of patients (confirmed in 60%). This result wa®t confounded by oral
contraceptive use or pregnancy. None of the fempgéddients used oral
contraceptives, or were pregnant or within 6 mowfhdelivery. Oral contraception
was discouraged, considering that interactions wiittiretroviral therapy make oral
contraceptives less reliable. The most frequerdnthiophilic abnormalities were
further analyzed. Over the whole study period, medibrinogen, factor VIII and
free protein S levels were 3.6 g/L (range, 1.9;23p IU/dL (range, 116-370), and
45 1U dL (range, 20-61) in patients with AIDS-défig illness (CD4 count < 200
cellspul) versus 2.9 g/L (range, 1.9-5.8= 0.062), 149 IU/dL (range, 48-39P«
0.001), and 58 IU/dL (range, 13-121; P< 0.001) mtignts with non-AIDS-
defining illness (CD4 count200 cellsiL) (Table 3). Prevalences of persistently
elevated fibrinogen leveld€ 0.006), elevated factor VIl level®#€ 0.001) and
free protein S deficiencyP& 0.001) were higher in patients with AIDS than in
non-AlDS-defining illness.

With more advanced stages of HIV infection (CD4urtis > 500 cellgil vs
200-500 cellgiL vs < 200 cellgiL), factor VIl levels were significantly higher,
whereas free protein S levels were significaritlwer (Figure 1). For fibrinogen

Table 3. Thrombophilic abnormalities related to HIV status

AIDS Non-AIDS
defined illness  defined illness
(n=13) (n=90) P

Male, n% 10 (77) 58 (64) 0.54
Median age at study entry, years 431-64) 40 (19-76) 0.13
Thrombophilia

Fibrinogen, g/L, median (range) 3.61.9-5.5) 2.9 (1.9-5.8) 0.062

Confirmed elevated fibrinogen levels, n (%) 7 (54) 15 (17) 0.006

Factor VIII, 1U/dL, median (range) 226@116-370) 149 (48-392) < 0.001

Confirmed elevated factor VIII, n (%) 10 (77) 33 (37) 0.013

Free protein S, IU/dL, median (range) 420-61) 58 (13-121) < 0.001

Confirmed free protein S deficiency, n (%) 13 (100) 48 (53) < 0.001

HIV status established by repeated measureme@®aéfcell counts.
Confirmed indicates a positive result in two bloathples.
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Figure 1. Factor VI, fibrinogen and free protein S leveddated
to CD4 counts in HIV-infected patients
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levels the difference was less pronounced and sighyificant when asymptomatic
HIV patients were compared with patients who ha®®IP=0.027). A positive

relation was observed between increasing factor lellels and fibrinogen levels,
while an inverse relationship was observed betweereasing factor VIII levels

and declining free protein S levels (Figure 2).

The overall annual incidence of venous thrombosis 61% (95% ClI, 0.81-
2.89) and of arterial thrombosis 0.87% (95% CI,201388). The median age at
time of the first event was 45 years (range, 22f66venous thrombosis and 53
years (range, 44-59) for arterial thrombosis. iiteglian time interval between on-

Figure 2. Fibrinogen and free protein S levels
in HIV-infected patients related to factor VIII el
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set of venous and arterial thrombosis and firsbélecollection were 3.2 years
(range, 0-11), and 5.0 years (range, 1.7-14.1peavely. In univariate analysis,
smoking, hyperlipidemia, hypertension and diabetedlitus were not associated
with thrombophilic abnormalities.

DISCUSSION

Protein C deficiency was confirmed in 9% of HIVacted patients, elevated factor
VIl levels in 41%, elevated fibrinogen levels i@% and free protein S deficiency
in 60%. After excluding patients with high CRP |&/ehese prevalences remained
high compared to the normal population which exhibiprevalence rate of protein
C deficiency <0.4%, a 10% rate of elevated factbl & fibrinogen levels, and an
unknown prevalence of free protein S deficiency,1¥4 Conversely, lupus anti-
coagulant and anticardiolipin antibodies were regesved as frequently as in pre-
vious studies that reported lupus anticoagulan60ft and anticardiolipin anti-
bodies in 90% of HIV-infected patients [33,34]. Hower, these studies had small
populations and did not follow current strict gdides to classify anticardiolipin
antibody levels and lupus anticoagulant as posjfd@. Our finding is in agree-
ment with a more recent study of HIV-infected pattse none of whom was
demonstrated to have lupus anticoagulant [24].

We observed a clear relationship between advanking disease and an
increase of thrombophilic abnormalities. PatienthvAIDS more often had ele-
vated factor VIl levels, elevated fibrinogen leveand free protein S deficiency
than patients with non-AIDS-defining illness. Thekierences maybe due to HIV
disease itself, considering that the same cytokthas activate the coagulation
system have been described in the setting of pseye HIV [10,11]. Both ele-
vated factor VIII and fibrinogen levels have bessaciated with an increased risk
of venous and arterial thrombosis [15-17]. For aegldeficiencies of protein C
and free protein S such an association has not bemorted. It is remarkable,
however, that the combination of high factor Vllhdafibrinogen levels, and
decreased free protein S levels have been repiorieatients with systemic lupus
erythematosus [35] and other auto-immune disead®@s ih patients with cyto-
megalovirus infections [37], and in patients witle tnephrotic syndrome [38],
conditions which are all associated with an inoedadsk of venous and arterial
thrombosis [35-38]. These thrombophilic abnormeaditinight explain a possible
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link between venous and arterial thrombosis, whiel recently been suggested
[39]. Because of small numbers of observations,casgld not perform a proper

multivariate analysis on classical cardiovascukl factors. However, our patients
often had hyperlipidemia or hypertension, consitgtheir young median age, and
a striking number were smokers, which is in accoceavith other studies [4,5].

Sixteen percent of our cohort of 109 consecutivéepts with HIV ex-
perienced thrombosis during a median follow-up qubrof five years; venous
events were documented in 10%, arterial event84robpatients. Annual inciden-
ces of venous thrombosis (1.61%) and arterial thasis (0.87%) were 5-16-fold
higher and 2-8 fold higher, respectively, thanhe normal population (i.e. 0.1-
0.3% and 0.1-0.4%) [29-31]. The median age at cofse¢nous thrombosis was 45
years, 17 years earlier than the median age ot émsgenous thrombosis in non-
HIV-infected patients [32], and was 53 years foseatrof arterial thrombosis, a de-
cade earlier than the median age of onset foriartrombosis in the Framingham
study [31]. Although these results should be inetigrd cautiously, because the
population studied is small, they suggest that Hifécted patients are at high risk
of venous and arterial thrombosis, as also shovathier studies [1-4].

Although our study comprised a relatively small f@mof patients, it is the
largest to date that analyzed acquired thrombaphbinormalities in HIV-infected
patients. Our finding that the development of Al@&s associated with increasing
thrombophilic abnormalities may have clinical relage. HAART is used for (long
term) immunologic reconstitution, which may impraese thrombophilic abnor-
malities, leading to a decreased risk of venousaatetial thrombosis. Indeed, one
study showed a decreased risk of arterial thronsbastdeath in more than 36,000
HIV-infected patients who received HAART [4]. Anathstudy reported a de-
crease in levels of von Willebrand factor, caroé&rfactor VI, after HIV-infected
patients started on HAART [40]. Larger prospectstadies that address endo-
thelial activation markers and thrombophilic abnalities in HIV-infected patients
may clarify the relation between HIV infection amdnous thrombosis, and an
association between venous and arterial thromb@ais.data suggest that such a
link in HIV-infected patients is plausible. Becauses not common practice to
screen for thrombophilia in HIV-infected patientsedical charts often did not pro-
vide sufficient information about CD4 counts inipats at time of thrombosis, and
we are, therefore, unable to comment on CD4 coamdiéor thrombophilic abnor-
malities at time of thrombosis in our study. Ouraimumbers did not enable us to
compare the risk of thrombosis in subgroups. Osiedies, however, have shown
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the risk of venous thrombosis to be highest ingmas with AIDS, with an odds
ratio of 29.9 (95% CI, 3.6-246.3) in patients wikIDS versus non-AlDS-defining
illness [5-7], whereas free protein S deficiency atevated factor VIl levels have
been reported in 78-100% of HIV-infected patiertsime of venous thrombosis
[3], in apparent agreement with our findings. Atfier limitation of our data is that
patients with HIV are a heterogeneous group witljhéri rates of co-infections
compared to the normal population, which might hemetributed to thrombophilic
abnormalities as well. An analysis of these paramsetas beyond the scope of our
study.

We conclude that HIV-infected patients have a higitevalence of thrombo-
philic abnormalities, and more persistent thromhiapabnormalities than found in
the normal population. These abnormalities increagé the development of
AIDS and may contribute to the high prevalenceariaus and arterial thrombosis
in HIV-infected patients.
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Chapter 10

ABSTRACT

Background: Screening for thrombophilia in subjects with vesadrombosis is a
controversial issue.

Methods: In a retrospective family cohort, where probandd ttmombosis and a
thrombophilic defect, 2479 relatives were tested Hereditary antithrombin,
protein C and protein S deficiency, factor (F)Vdeam, prothrombin G20210A, and
in addition high levels of FIX, FXI, TAFI, and horogsteine.

Findings: In antithrombin, protein C, and protein S deficigmtatives annual
incidences of venous thrombosis were 1.77% (95%idemce interval [CI], 1.14-
2.60), 1.52% (95% ClI, 1.06-2.11) and 1.90% (95%1C32-2.64), respectively, at
a median age of 29 years and a positive familyohist20% symptomatic rela-
tives. In relatives with FV Leiden, prothrombin GA®A or high FVIII levels,
these were 0.49% (95% CI, 0.39-0.60), 0.34% (95%022-0.49) and 0.49%
(95% CI, 0.41-0.51). High FIX, FXI, TAFI and hypennocysteinemia were not
independent risk factors. Annual incidence of majeeding in antithrombin, pro-
tein C or protein S deficient relatives on oraliemdgulant treatment was 0.29%
(95% CI, 0.03-1.04). Cumulative recurrence rateselatives with antithrombin,
protein C or protein S deficiency were 19% at 2rged0% at 5 years and 55% at
10 years. In relatives with FV Leiden, prothrom@&0210A or high levels FVIII,
these were 7%, 11% and 25%, respectively.

Interpretation: Considering its clinical implications, testing fénrombophilia
may be restricted to hereditary deficiencies oftArdmbin, protein C and protein
S in patients with first venous thrombosis at yoagg and/or a family history in
>20% of their relatives.
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INTRODUCTION

Since 1965, an increasing number of coagulatioordess have been identified as
risk factors for venous thrombosis. These thrombimptiefects include hereditary
deficiencies of antithrombin, protein C and prot&infactor (F) V Leiden, pro-
thrombin G20210A, high levels of FVIII, FIX, FXI dnthrombin activatable
fibrinolysis inhibitor (TAFI) [1-8]. In addition, yperhomocysteinemia showed to
be a metabolic thrombophilic defect [9]. Togethmeir prevalence is approxi-
mately 25% in the normal population and more th@® 6n subjects with venous
thrombosis [10]. Venous thrombosis is now considexrenulticausal disease [10].
Gene-gene interactions and environmental risk fadtecrease the risk of venous
thrombosis. Whether patients with venous thrombskauld be tested for throm-
bophilic defects is still a matter of debate. Poei studies mainly addressed the
relative risk of thrombosis for single thrombophitlefects [2-9]. However, clinical
implications of thrombophilic defects depend on #ixsolute risk of first venous
thrombosis and recurrence rather than the relaittke Moreover, the absolute risk
varies for different thrombophilic defects and ni&y increased by concomitance
of other defects [1,11]. To compare the absolus& for single and combined
thrombophilic defects, sufficient numbers of part&ly subjects with rare defects
are required.

We performed a retrospective study in a large safdamilies to assess the
absolute risk of first venous thrombosis and resnge for currently known throm-
bophilic defects, either as single or combined dsfeWe also took into account
whether events were idiopathic or provoked.

METHODS

We pooled data of individual subjects from fiveglamretrospective family cohort
studies with various thrombophilic index defectshiehh have previously been
described [1,2,5,12-15]. These studies had the slsign and were performed by
three university hospitals. The first study wasrale center study and contained
first degree relatives of consecutive patients ljpruls) with documented venous
thrombosis and established hereditary deficienofesither antithrombin, protein
C, or protein S [1,12]. They were enrolled betwegnril 1999 and July 2004.
Three studies were multicenter studies of firstrdegrelatives of consecutive
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patients with venous thrombosis or premature adweoosis (< 50 years of age)
and the presence of either the prothrombin G2021b@#ation, high levels of FVIII
at repeated measurements, or hyperhomocysteinéaid 3]. Enrollment started
in May 1998 and was completed in July 2004. Thihn fiftudy was a multicenter
study of first degree relatives of consecutive gras with venous thrombosis and
FV Leiden enrolled between May 1995 and July 19984]. Approval was obtain-
ed from the institutional review boards of the ehparticipating hospitals.

Subjects

All relatives, identified by pedigree analysis, @et5 years of age or older and
were contacted through the probands. All partidiparovided written informed
consent. Physicians at the thrombosis outpatiémitslcollected detailed informa-
tion about previous episodes of venous thrombasippsure to exogenous risk
factors for venous thrombosis, and anticoagula#tinent using a validated ques-
tionnaire [15], and by reviewing medical recordéiniCal data was collected prior
to laboratory testing. Relatives were tested foreligary deficiencies of anti-
thrombin, protein C and protein S, FV Leiden, prothbin G20210A, and high
levels of FVIII, regardless their index defects.aladition, high levels of FIX, FXI
and TAFI, and hyperhomocysteinemia were measureubst relatives as well, but
not all due to shortage of stored plasma or theilitato perform homocysteine
tests for which relatives were asked to returnup autpatient clinic in a fasting
state.

Laboratory studies

Activity of antithrombin (Chromogenix, MdIndal, Sden) and protein C (Behring,
Marburg, Germany) were measured by chromogenictsibsassays, protein C
and protein S antigen levels by Enzyme Linked Imon@orbent Assay (ELISA)
(DAKO, Glostrup, Denmark). Antithrombin deficieneyas defined by decreased
levels of antithrombin activity (< 65 IU/dL), prateC deficiency by decreased
levels of either protein C antigen (< 65 IU/dL) &mdactivity (< 65 IU/dL), and
protein S deficiency type | by decreased totalgiro® antigen levels (< 65 IU/dL),
corresponding with plasma levels below the loweritliof their normal ranges [1].
Strict criteria for inheritance of deficiencies weused [1]. Protein S type llI
deficiency was not considered because it was natska factor for venous
thrombosis in a recent study [12]. FV Leiden anotimombin G20210A were de-
monstrated by polymerase chain reactions [16Ragtors VIII:C, IX:C, and XI:C
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Figure 1. Flow diagram of the family cohort

| Probands (n=877)*

|Antithrombin deficiency (n=12) I

|Protein C deficiency (n=46) [

[Protein S deficiency (n=74) [

|Factor V Leiden (n=271) I

[Prothrombin G20210A (n=138) |

[High FvIIl (n=173) |

|Hyperhomocysteinemia (n=163) I

v
[ Relatives 15 yrs total (n=5202) |

[Death (n=1057) [«

Relatives eligible (n=4145) |

|Exc|uded (n=1412)

Y

| Relatives tested (n=2733) |

|Laboratory data not completed (n=254]'<

| Relatives analyzed (n=2479) |

* Probands were classified according to their indefect. In case of co-segregation,
the index defect was chosen in the following ordatithrombin deficiency,

protein C deficiency, protein S deficiency, FV Lei prothrombin G20210A,

high factor VIII levels, hyperhomocysteinaemia.

were measured by one-stage clotting assays (Amé&blmBH, Lemgo, Germany)
and were increased at levels above 150 1U/dL [4FAJFI activity was measured
by chromogenic substrate assay (Pentafarm, Basdtzesland). TAFI levels
above the 98 percentile were defined as increased (> 125 U/dlevels of

homocysteine were measured by high-performancadligoromatography after
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overnight fasting [19]. Hyperhomocysteinemia wadirsga as a fasting homo-
cysteine level > 18..umol/L [9]. Lupus anticoagulant and anticardiolipamti-
bodies, using previously described tests [1], warely demonstrated and therefore
not evaluated. If relatives were on treatment \eitknocoumarol, a short acting vi-
tamin K antagonist, blood samples were taken #ftatment had been interrupted
for at least two weeks; meanwhile nadroparin wasmsubcutaneously.

Clinical endpoints

Venous thrombosis was considered established ip desin thrombosis was
confirmed by compression ultrasound or venography, pulmonary embolism by
ventilation and perfusion lung scanning, spiral &Bnning or pulmonary angio-
graphy, or when the patient had received full desearin and a vitamin K anta-
gonist for at least 3 months without objective iteptat a time when these tech-
niques were not yet available. Provoked venousntbasis was defined if it had
occurred at or within 3 months after exposure togexous risk factors including
surgery, trauma, immobilization for more than 7 glgyregnancy, puerperium, the
use of oral contraceptives or hormonal replacertterapy, or malignancy. In the
absence of these risk factors venous thrombosicw@sidered idiopathic.

From relatives with an antithrombin, protein C aptein S deficiency, we
retrieved information on bleeding events associati¢hl the treatment with vitamin
K antagonists. Clinically overt bleedings, whiclyueed hospitalization or blood
transfusion, were intracranial or retroperitonealif they led directly to death were
classified as major.

Table 1.Risk of first venous thrombosis associated witlothioophilic defects*

Index defect Observation Relatives Annual Adjusted

years  with  incidence, % Relative risk'

event  (95% CI) (95% CI)

Antithrombin deficiency (n=60) 1416 25 1.77 (1.14-2.60) 28.2 (13.5-58.6)
Protein C deficiency (n=91) 2301 35 152 (1.06-2.11) 24.1(13.7-42.4)
Protein S deficiency (n=94) 1846 35 1.90 (1.32-2.64) 30.6 (26.9-55.3)
High FVIII (n=776) 26315 130 0.49 (0.41-0.51) 7.1 (4.3-11.8)
Factor V Leiden (n=649) 18237 89 0.49 (0.39-0.60) 7.5 (4.4-12.6)
Prothrombin G20210A (n=288) 8324 28 0.34 (0.22-0.49) 5.2 (2.8-9.7)

* As concomitance of defects occurred frequentiatives could be counted twice or more.
T Adjusted for age, sex and clustering in famitiesl compared to relatives with none of the
mentioned defects (annual incidence 0.05%; 9590 ©R-0.08).
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Statistical analysis

We assessed the absolute risk of venous thromimosatives with deficiencies of
antithrombin, protein C, or protein S, FV Leidempghrombin G20210A or high
levels of FVIII. Relatives with more than one thhdoophilic defect were assigned
to each of the corresponding subgroups, to cakeula¢ absolute risk for each
defect separately, either as single defect or asbowed defects. Relatives were
excluded when the laboratory set of these six thiaphilic defects was not com-
pleted. Probands were excluded from analysis tadabvias. Possible interactions
between high FVIII levels and high levels of FIXXIFor TAFI, or hyperhomo-
cysteinemia were analyzed by comparing the riskesfous thrombosis for each of
the latter defects separately and in combinatidh high FVI1II levels to the risk in
relatives without these defects. Observation tings wefined as the period from
the age of 15 years until the first thrombotic egdis or the end of study. Clinical
data and blood samples were collected at the etiteaibservation period. Hence,
treatment and clinical outcome were not influenbgdhe results of thrombophilia
testing.

Event free survival for first venous thrombosis aedurrence, respectively
were analyzed by the Kaplan-Meier method. Cumutatiecurrence rates were
calculated over the period from the end of antictegf treatment after the first
episode of venous thrombosis until either the détiérst recurrence or the end of
study. We pooled data when cumulative incidencefirsif venous thrombosis in
relatives with different thrombophilic index defeatvere comparable, to assess the
effects of exogenous risk factors. Relative rislkerevadjusted for age, sex and
clustering of defects within families using a Cagression model with venous
thrombosis as dependent variable and thromboptidfects as independent var-
iables, including interaction terms.

Continuous variables are expressed as median vahegesanges; categorical
data as counts and percentages. Differences betgreeips were evaluated by
Student t test or Mann-Whitney U test, dependingtlmm normality of data for
continuous data, and by Fisher exact test for caiegy data. A two-tailedP-value
< 0.05 indicates statistical significance. The 988ffidence intervals (95% CI)
around the incidence rates were calculated under Rleisson distribution
assumption.

Statistical analyses were performed using SAS so#wversion 9.1 (SAS-
Institute inc., Cary, North Carolina).
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RESULTS

Our study cohort contained 877 probands with 520&tives, who were 15 years
of age or older (Figure 1). Of probands, median aigenrollment was 46 years
(range, 9-89) and median age at onset of first wgrtbrombosis was 34 years
(range, 8-88). Median age at onset of first vertbusmbosis was 28 years (range,
12-68) in probands with antithrombin, protein Cprotein S deficiency and 35
years (range, 8-88) in probands with FV leidenthmambin G20210A or elevated
FVIII levels. Prevalence of venous thrombosis itatiees of probands with anti-
thrombin, protein C or protein S deficiency was4®8® (21%), which was higher
than in relatives of probands with FV leiden, prothbin G20210A, or high factor
VIl levels (118/1431; 8%kP< 0.001) or in relatives of probands with nonehese
thrombophilic abnormalities (28/648; 4®< 0.001). To avoid selection bias, pro-
bands were not further analyzed. Of relatives, 1(@8%6) had died before the start
of the study; 21% of relatives of probands withidehcies of antithrombin,
protein C or protein S, and 20% of relatives of qanods with other defects.
Another 1412 relatives did not participate becaokearious reasons, including
refusal or inability to give informed consent osidence outside the Netherlands,
and 254 relatives were not evaluable because thef Sgrombophilic tests was not
performed completely. Forty-five percent were maledian age at enrollment
was 46 years (range, 15-92). Median observatioiogevas 30 years (range, O-
77). Venous thrombosis had occurred in 229 relati{@®). Of these events, 91
(40%) were idiopathic, 31 (14%) were associatechvatal contraceptives (in
women, 22%), 40 (17%) with pregnancy/puerperiumwiomen, 29%), 65 (28%)
with surgery, trauma or immobilization and 1 (0.4&h malignancy. Median age
at onset of the first episode of venous thrombess 35 years (range, 15-84).
Relatives with antithrombin, protein C, or prot&rdeficiency had venous throm-
bosis at younger age than relatives with FV Leigeathrombin G20210A, or high
FVIII levels (median 29 years vs. 40 yedPs; 0.001), either idiopathic (median 34
years vs. 53 year®< 0.001) or provoked (median 27 vs. 34 yeRrs0.022).
Annual incidences of venous thrombosis in relativesh antithrombin,
protein C or protein S deficiency, possible condamie of other thrombophilic
defects not taking into account, were 1.77% (95%4 @Q#-2.60), 1.52% (95% ClI,
1.06-2.11), and 1.90% (95% CI, 1.32-1.64), respebtj and in relatives with FV
Leiden, prothrombin G20210A, or high FVIII levels40% (95% CI, 0.39-0.60),
0.34% (95% ClI, 0.22-0.49) and 0.49% (95% CI, 0.41)) respectively (Table 1).
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Figure 2. Event free survival of first venous thrombosisétatives with thrombophilic defects
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231 165 109 69 36 16 Idiopathic first venous thrombosis and
antithrombin, protein C or proteinS deficiency (1)
231 165 109 69 36 16  Provoked first venous thrombosis and
antithrombin, protein C,or protein S deficiency (2)
1261 1054 860 680 393 203 Idiopathic first venous thrombosis and
FV Leiden, prothrombin G20210A,o0r high FVIII (3)
1261 1054 860 680 393 203 Provoked first venous thrombosis and
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* When analyzing idiopathic events, provoked evavese censored and vice versa.
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Including the 254 relatives who were not completégsted for these six
thrombophilic defects did not substantially chanigk estimates. Survival analysis
showed that relatives with these defects were atimous risk of venous throm-
bosis as compared to relatives in whom none ofetliefects were demonstrated
(P< 0.001), (Figure 2A). Because annual and cumwdatieidences of first venous
thrombosis were similar in antithrombin, proteiroCprotein S deficient relatives,
as were these in relatives with FV Leiden, protHiomG20210A, or high FVIII
levels, relatives were pooled in two groups to caregprovoked versus idiopathic
venous thrombosis (Figure 2B). Provoked events wbserved more frequently at
age 20-35 years. This difference was more pronalmtdhe group of relatives
with anticoagulant deficiencies. Overall, lifetimigk of first venous thrombosis
was comparable whether the first episode was pedak not.

Relatives with high levels of FIX, FXI, or TAFI, dryperhomocysteinemia
were only at risk of venous thrombosis when thep &lad high FVIII levels (Table
2). Adjusted relative risks were 1.5 (95% CI, 0.9)22.4 (95% ClI, 1.5-3.8), 1.8
(95% CI, 1.0-3.6), and 2.9 (95% CI, 1.6-5.3), respely, compared to relatives
with normal levels. Excluding relatives with high/IH levels, these were 0.3
(95% ClI, 0.1-0.8), 0.8 (95% ClI, 0.3-2.1), 0.5 (9&% 0.2-1.3), and 0.6 (95% ClI,
0.2-1.4), respectively. As the risk of thrombosssariated with these defects was
apparently due to high FVIII levels, they were father considered.

The absolute risks of venous thrombosis for sitiglembophilic defects and
combinations are summarized in Table 3. Comparetheoannual incidence of
venous thrombosis in relatives with none of thesteas (0.05%; 95% CI, 0.02-
0.08), annual incidences were elevated in relatiwéth single heterozygous
prothrombin G20210A (0.19%; 95% CI, 0.08-0.38), hhigVIll levels (0.23%;
95% ClI, 0.16-0.33), and heterozygous FV Leiden2@295% CI, 0.13-0.33). In
relatives with a single deficiency of protein Cfigmombin or protein S these were
0.54% (95% ClI, 0.15-1.39), 1.15% (95% CI, 0.42-2.50d 1.45% (95% ClI, 0.66-
2.75), respectively. Concomitance of one or moreeiotdefects increased the
absolute risk of venous thrombosis markedly. Thifece of concomitance
decreased in relatives with FV Leiden, prothrom®BR0210A or high FVIII levels
when relatives with concomitant deficiencies ofitambmbin, protein C or protein
S were excluded. Double heterozygosity of FV Leidad prothrombin G20210A
or/and homozygosity of these mutations was dematestrin 81 relatives; 23
homozygotes of FV Leiden (8 events, annual inciden80%; 95% ClI, 0.56-2.56);
8 homozygotes of prothrombin G20210A, (no everif)double heterozygotes of
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these mutations (7 events, annual incidence 0.48%; CI, 0.19-0.99), 6 homo-
zygotes of FV Leiden who also were heterozygoteprothrombin G20210A (1
event); and 3 homozygotes of prothrombin G20210A wiere also heterozygotes
of FV Leiden (no events). Relatives with these g@mes are hereafter indicated as
‘double heterozygous/homozygous.’

After their first episode of venous thrombosisaties received anticoagulant

Table 2. Annual incidences of first episodes of venous thyosis in relatives with high levels of
FIX, FXI, or TAFI or hyperhomocysteinemia*

Observation Relatives Annual Adjusted
years with incidence, % Relative risk’
event  (95% CI) (95% CI)

High FIX levels

Absent (n=1684) 48702 124  0.25(0.21-0.30) Reference

Present (n=280) 9751 24 0.25 (0.16-0.37) 1.0 (0.5-1.5)
With normal FVIII levels (n=136) 4400 3 0.07 (0.02-0.20) 0.3 (0.1-0.8)
With high FVIII levels (n=144) 5321 21 0.39 (0.24-0.60) 1.5 (0.9-2.3)

High FXI levels

Absent (n=2192) 64350 179 0.28 (0.24-0.32) Reference

Present (n=148) 4798 25 0.52 (0.33-0.77) 2.2 (1.3-3.5)
With normal FVIII levels (n=62) 1858 4 0.22 (0.06-0.55) 0.8 (0.3-2.1)
With high FVIII levels (n=86) 2940 21 0.71 (0.44-1.09) 2.4 (1.5-3.8)

High TAFI levels

Absent (n=1824) 53044 149 0.28 (0.24-0.3%) Reference

Present (n=203) 7257 21 0.29 (0.18-0.44) 1.0 (0.6-1.6)
With normal FVIII levels (n=121) 4161 6 0.14 (0.05-0.31) 0.5(0.2-1.3)
With high FVIII levels (n=82) 3095 15 0.49 (0.27-0.80) 1.8 (1.0-3.6)

Hyperhomocysteinemia

Absent (n=1642) 48075 127 0.26 (0.22-0.3i) Reference

Present (n=190) 6507 25 0.38 (0.25-0.57) 1.7 (1.0-2.9)
With normal FVIII levels (n=112) 3380 5 0.14 (0.05-0.34) 0.6 (0.2-1.4)
With high FVIII levels (n=78) 3077 20 0.65 (0.40-1.00) 2.9 (1.6-5.3)

* Numbers of relatives tested for levels of FIX, IR¢d TAFI, and homocysteine were 1964, 2340,
2027, and 1832, respectively.

T Adjusted for age, sex, and clustering of thronfilapdefects in families.
T Annual incidence in relatives with normal FIX aRdlll levels 0.17% (95% CI, 0.13-0.22).

§ Annual incidence in relatives with normal FXI a@dlll levels 0.18% (95% CI, 0.15-0.23).

1 Annual incidence in relatives with normal TAFIdaRVIII levels 0.18% (95% ClI, 0.14-0.23).

I Annual incidence in relatives with normal homoeyse and FVIII levels 0.19% (95% CI, 0.15-

0.24).
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Table 3.Risk of first venous thrombosis associated witlsegregation

Relatives Corrected
with  Annual incidence, % Annual incidence, %
event  (95% CI) (95% Ch*

Prothrombin G202 10A

Single defect (n=155) 8 0.19(0.08-0.37)t  0.19(0.08-0.37)

One other defect (n=95) 13 0.45 (0.24-0.77) 0.40 (0.21-0.71)

Two or more defects (n=38) 7 0.59 (0.24-1.23) 0.37 (0.04-1.32)
High FVIII

Single defect (n=431) 36 0.23 (0.16-0.33) 0.23 (0.16-0.33)

One other defect (n=275) 69 0.79 (0.61-1.00) 0.49 (0.35-0.68)

Two or more defects (n=70) 25 1.13(0.73-1.67) 0.90 (0.45-1.62)
Factor V Leiden

Single defect (n=369) 25 0.25(0.16-0.37)f  0.25(0.16-0.37)

One other defect (n=229) 43 0.62 (0.45-0.84) 0.53 (0.38-0.73)

Two or more defects (n=54) 21 1.54 (0.95-2.35) 0.77 (0.21-1.99)
Protein C deficiency

Single defect (n=33) ' { 4 0.54 (0.15-1.39) -

One other defect (n=35) [ — 19 2.02 (1.22-3.16) -

Two or more defects (n=23) e 12 1.92(0.99-3.35) &
Antithrombin deficiency

Single defect (n=25) e 6 1.15 (0.42-2.50) -

One other defect (n=20) e 10 1.89 (0.91-3.48) -

Two or more defects (n=15) | — 9 2.47 (1.13-4.68) -
Protein S deficiency

Single defect (n=37) — e 9 1.45 (0.66-2.75) -

One other defect (n=40) e 16 1.81(1.04-2.94) -

Two or more defects (n=17) s 10 2.92 (1.40-5.38) -

0,1 1 10

Annual incidence, % (log scale)

Dotted gray area represents annual incidence augethrombosis in relatives without any defect @6, with its 95% confidence

interval (0.02-0.08%).

* Excluding relatives with hereditary antithrombprotein C, or protein S deficiency.

" 151 single heterozygous prothrombin G20210A, ahimgilence 0.19% (95% Cl, 0.08-0.38).
* 359 single heterozygous Factor V Leiden, annuadience 0.22% (95% CI, 0.13-0.33).
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treatment for a median time of 6 months (range5@)2At enrollment, 42 relatives
still received anticoagulant treatment. None ofrthexperienced a recurrence. Of
the remaining 187 relatives, 60 (32%) had antithoiopnprotein C or protein S
deficiency, and 110 (59%) had FV Leiden, prothram@i20210A or high FVIII
levels. Cumulative recurrence rates in relativest @m continuing anticoagulant
treatment) with antithrombin, protein C or prot@ndeficiency, were 19% after 2
years, 40% after 5 years and 55% after 10 yeardidleage at recurrence was 36
years (range, 20-75), annual incidence 6.23% (93%.31-8.70). Log rank test
revealed no statistical differences whether firgtre was idiopathic or provoked
(52% vs. 59%P= 0.93). In relatives with FV Leiden, prothrombir2@10A, or
high FVIII levels, recurrence rates were 7%, 11%d 25%, respectively at a
median age of 43 years (range, 21-85) and an atmeidence of 2.25% (95% ClI,
1.52-3.21) (Figure 3). Recurrence rates were 2986 ah idiopathic first event and
24% after a provoked first evenP<£ 0.91). Numbers of double heterozygous-
/homozygous carriers of FV Leiden or/and prothramB20210A were too small
to obtain accurate estimates of recurrence rates.

Figure 3. Event free survival of recurrent venous thrombasielatives
of probands with thrombophilic defects
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Major bleeding was observed in 2 relatives withitar@mbin, protein C or
protein S deficiency while they were treated wittamin K antagonists, including
relatives on long term treatment; annual incidemas 0.29% (95% ClI, 0.34-1.04).

DISCUSSION

This study shows that thrombophilic defects carclssified as strong and mild
risk factors for venous thrombosis. Strong riskdes included hereditary deficien-
cies of antithrombin, protein C and protein S, vaaar heterozygous FV Leiden,
heterozygous prothrombin G20210A and high FVIlidisvwere mild risk factors.
Although high levels of FIX, FXI, and TAFI, and hgghomocysteinemia were
identified as risk factors for venous thrombosis raported before [4-9], the
associated risk was due to concomitance of higtofadll levels, as suggested in
previous studies [6,8,14,19]. When concomitancetber thrombophilic defects
was not taken into account, the risk was 15-19-fdgher in relatives with a strong
thrombophilic defect and 3-5-fold higher in rela&sywith a mild thrombophilic
defect compared to the community [20,21].

Because combinations of thrombophilic defects verguently observed (i.e.
60% of relatives), we also estimated the absoligle for single and combined
defects. The annual incidence in relatives witingle strong thrombophilic defect
ranged from 0.54 to 1.45% and increased to 1.92%92.When it was combined
with two or more other defects. In relatives withsiagle mild defect, annual
incidence ranged from 0.19% to 0.25% and incredased.59%-1.54%. Annual
incidence was 0.05% in relatives without any ofsthelefects. These results sup-
port the concept of multicausality [10,11]. Thetmeg risk in relatives with a com-
bination of a mild defect and another defect washpaue to concomitance of a
strong thrombophilic defect.

Exogenous risk factors had an additional effecttlom risk of first venous
thrombosis, particularly in relatives with a strotigombophilic defect at age 35
years or younger. This effect was mainly due toube of oral contraceptives and
pregnancy/puerperium, being the most prevalent exogs risk factors at young
age. However, exogenous risk factors did not imfbeelifetime risk of first venous
thrombosis.

Strong and mild thrombophilic defects could algockassified with respect to
the risk of recurrent venous thrombosis. Recurreates at 5 and 10 years ranged
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from 40% to 55% and from 11% to 25%, respectivebmpared to 22% to 30% in
the community [22]. This finding is in agreementtwprevious studies that did not
demonstrate an increased risk of recurrence inestgjwith mild thrombophilic
defects [23,24].

Our data shows that only strong thrombophilic disfemay have clinical
implications in patients with venous thrombosis @neir relatives. Since the risk
of recurrence remained high over at least 5-10 syediter the first episode of
venous thrombosis in relatives with a strong thropitilic defect, it could be
considered to extend this treatment for at lea$0 5rears. Although the risk of
prolonged anticoagulant treatment includes majeedihg, it was only 0.29% per
year in these relatives. This risk is lower thanpseviously reported in unselected
patients with venous thrombosis, who were treatéti witamin K antagonists
(2.8% per year) [25]. Maybe, strong thrombophilefetts protect against bleeding
during anticoagulant treatment. However, it may dds due to the younger age of
these relatives at time of their thrombotic evé&gvertheless, the low risk of major
bleeding will diminish the reluctance to extendiewagulant treatment. It should,
however, be noted that antithrombin, protein C mtgin S deficiencies are rare,
even in patients with venous thrombosis [10]. Ais family history of venous
thrombosis (> 20% of first degree relatives) cdoédused in our study to identify
these subjects. Young age was another predictarstfong thrombophilic defect,
considering that the median age at onset of figgsbus thrombosis was 29 years in
relatives with these deficiencies, compared to &2y in the community [21].

The risk of first venous thrombosis and recurremceouble heterozygous/-
homozygous relatives could not be accurately estidhbecause numbers were too
small. Homozygosity of FV Leiden was the strongdsk factor for venous
thrombosis in this subgroup. Previous studies esdlrisk factors contained small
numbers as well (n=17, 7 and 20, respectively)J@4£7]. Although these studies
consistently reported an increased risk of firstotes thrombosis and recurrence in
heterozygous/homozygous patients, we think thatrédselts of our study and
previous studies are not conclusive.

Our findings seem inconsistent with two recent peasive studies on this
issue [23,28]. These studies reported a simil&rafsrecurrence in patients with a
thrombophilic defect, compared to patients withaulefect. However, follow-up
after first venous thrombosis was only 2 yearsne study [28], while the other
study contained only 25 patients with deficienadésantithrombin, protein C or
protein S [23]. Moreover, the thrombotic potency different thrombophilic
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defects was quantified as equal, while it would rbere appropriate to weigh
defects according to predefined risk estimatesommarison with our findings is
hampered because age at onset of first venous logimin these studies (mean 51
and 67 years, respectively) [23,28], was markedihdr than in our study (median
35 years). This difference emphasizes that strbingntbophilic defects are risk
factors at young age. It also explaines why only d®irst episodes of venous
thrombosis in our study was associated with mahggacompared to 4-20% in the
normal population [20,29].

Some methodological aspects of our study warramneent. The results may
have been influenced by its design of a family ¢bktudy. However, population
studies are not suitable for risk assessments Imesis with strong, but rare
thrombophilic defects [23,28]. Second, unknown nithéle thrombophilic defects
may have influenced our results. This is not likedg the annual incidence of
venous thrombosis in relatives without any of téstierombophilic defects was
only 0.05%, and relative risks were adjusted faistring within families. Third,
events were not always confirmed by objective teqines, because these tech-
niques were not available at the time of event.r@foee, incidences of venous
thrombosis may have been overestimated. Since Whesecompared to incidences
from population studies that used the same claasibn of venous thrombosis [20-
22], relative risk estimates would not change. Bgueferral bias may have been
introduced by the university hospital setting, taats probably reduced by testing
consecutive patients with venous thrombosis. Rmalh excess of fatal events in
relatives with a strong thrombophilic defect midfatve underestimated the risk of
venous thrombosis. However, these defects werassuiciated with a reduced life
expectancy in previous studies [30,31], whereas study did not show a
difference in death rate between relatives of pndsawvith a strong thrombophilic
defect and relatives of probands with another defec

In conclusion, of thrombophilic defects, hereditdeficiencies of antithrom-
bin, protein C and protein S are associated withxaessively high absolute risk of
first and recurrent venous thrombosis. Considertagoossible clinical implica-
tions, thrombophilia testing may be restrictedhese deficiencies in patients with
first venous thrombosis. A positive family histasf/venous thrombosis (> 20% of
relatives of probands) or young age could be usedii study to identify these rare
subjects.
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ABSTRACT

Background: Why men appear to have an increased risk of recturvenous
thrombosis compared to women is unknown.

Methods: In a retrospective thrombophilic family cohortdyun= 6079) life-time
risk of recurrent venous thrombosis was assess@aeim and women to clarify a
possible difference.

Results: Of 816 subjects with first venous thrombosis, 38 a recurrence.
Adjusted relative risk of recurrence was 1.6 (95ficlence interval [Cl], 1.3-2.0)
in men compared to women. Women were younger at tintheir first event
(mean 34 years vs 44 yeaPs; 0.001) and at time of recurrence (40 years vs 48
years,P< 0.001). After excluding provoked first and re@mnt venous thrombosis,
adjusted relative risk was 1.2 (95% CI, 0.8-1.Mjleymean age at recurrence was
comparable in men and women (50 years vs 49 yBar6,595). Women revealed
recurrence after a longer period than mena Q.003). In women with a hormonal
first event, median interval between first eventl aecurrence was 10.4 years vs
2.7 years in menP< 0.001). This difference was not observed whery ddib-
pathic events were considerdt(0.938).

Conclusion: The difference in life-time risk of recurrent verso thrombosis
between men and women in thrombophilic families lsarexplained by a younger
age of women at time of first venous thrombosis ukormonal risk factors, and
a longer interval between a provoked first episeflevenous thrombosis and
recurrence in women.
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INTRODUCTION

Venous thrombosis is a major health problem. Annmneidence of first venous
thrombosis ranges from 0.1% to 0.3% in the nornogdutation [1,2], while first
recurrence rate is 3% to 5% per year, with a peiimthe first two years after
stopping anticoagulant treatment [3-5]. The durata anticoagulant treatment
after a first episode of venous thrombosis dep@mdthe estimated risk of recur-
rence. Recent studies showed that men have a@-f®ld. higher risk of recurrent
venous thrombosis than women [6-9]. For this reagomas proposed to continue
anticoagulant treatment in men for a longer timantivomen [6,7,9]. Although this
treatment probably will prevent most recurrencesisiassociated with major
bleeding in 2-3% of patients per year [10,11]. Efere, this finding must be
established and needs to be clarified. It is likelyassume a relationship between
the risk of venous thrombosis and the hormonakdiatexplain the difference in
risk of recurrent venous thrombosis between men awamen. Because
thrombophilic subjects are at higher risk of vendu®mbosis and reveal venous
thrombosis at younger age than the normal populdi®], hormonal effects on
the risk of first and recurrent venous thrombosés/ihe enhanced in these subjects.

We performed a retrospective study in a large seoné families with
established thrombophilic defects (n= 6079), emgbh long follow-up time, to
assess the life-time risk of recurrent venous thoaosis in men and women and to
clarify a possible difference in risk between med aomen.

METHODS

We pooled data of individual subjects from fiveglrfamily cohort studies,
performed to assess the absolute risk of venoosnthwsis associated with various
thrombophilic defects as previously described 183-The design of these studies
was identical. One study was single center andanoed first degree relatives of
patients (probands) with documented venous throimlaosl established hereditary
deficiencies of either antithrombin, protein C, motein S [13,14]. They were
enrolled between April 1999 and July 2004. Threelists were multicenter studies
of first degree relatives of patients with vendusmbosis or arterial thrombosis at
age < 50 years and the presence of either therprobin 20210A mutation, high
FVIII levels, or hyperhomocysteinemia [15-17]. Eiweent started in May 1998

145



Chapter 11

and was completed in July 2004. The fifth study wamulticenter study of first
degree relatives of patients with venous thrombasi factor V Leiden who were
enrolled between May 1995 and July 1998 [18,19]prapal was obtained by the
institutional review boards of the three participgtuniversity hospitals.

Subjects

All relatives, identified by pedigree analysis, wel5 years of age or older and
were contacted through the probands. All partidiparovided written informed

consent. As the objective of this study was reaurreenous thrombosis, all

probands and relatives with venous thrombosis, wéie 15 years of age or older,
were included without introducing bias. Physiciasthe thrombosis outpatient
clinics of the participating centers collectddtailed information about previous

Figure 1. Flow diagram of the study cohort
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episodes of venous thrombosis, exposure to exogeriek factors for venous
thrombosis, and anticoagulant treatment using @lat@ld questionnaire [20], and
by reviewing medical records. Clinical data waslestied prior to laboratory

testing. Probands and relatives were tested faeotly known thrombophilic de-

fects, including hereditary antithrombin, proteira@d protein S type | and type Il
deficiency, factor V Leiden, prothrombin G202104ewated levels of factors VIII,

IX, XI and TAFI, and hyperhomocysteinemia. Laborgtéests and definitions of
abnormal results have been described in detailvblsee [13,14,17]. If subjects
were on long-term anticoagulant treatment withmitaK antagonists, blood sam-
ples were taken after treatment had been intemlypteanwhile nadroparin was
given subcutaneously.

Definitions

The first episode of venous thrombosis was consitl@stablished if deep vein
thrombosis was confirmed by compression ultrasound venography, and

pulmonary embolism by ventilation/perfusion lunguseing, spiral CT scanning or
pulmonary angiography, or when the patient hadived full dose heparin and a

Table 1.Characteristics of men and women with a first egésof venous thrombosis
Women (n=523) Men (n=293) P

First venous thrombosis

Mean age at onset, (SD), yrs 345) 44 (15) <0.001

Idiopathic, n (%) 133 (25) 217 (74) <0.001

Provoked, n (%) by:

- Oral contraceptives, n (%) 114 (22)

- Pregnancy/puerperium, n (%) 12@3)

- Surgery, trauma, immobilization, n (%) 148 (28) 74 (25) 0.39

- Malignancy, n (%) 7(1) 2 (1) 0.50
Prevalence thrombophilic defects*

Antithrombin deficiency, n (%) 22(4) 11 (4) 0.89

Protein C deficiency, n (%) 49 (11) 38 (15) 0.14

Protein S deficiency, n (%) 5813) 34 (13) 0.85

FV Leiden, n (%) 249 (48) 127 (43) 0.26

FVIII > 150 1U/dL, n (%) 281 (61) 166 (64) 0.39

Prothrombin G20210A, n (%) 88 (17) 48 (17) 1.00

* Numbers of women/men tested for antithrombin tg@iroC, protein S, factor V Leiden,
elevated FVIII, prothrombin G20210A were 513/2882#54, 461/254, 517/290,
462/258; and 506/281, respectively.
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vitamin K antagonist for at least 3 months withobjective testing at a time when
these techniques were not yet available. Supdrfitilebitis was not classified as a
thrombotic event. If recurrence of deep vein throsib at the same site was
suspected, but objective tests were not conclustvejas diagnosed when the
patient revealed pronounced signs and symptomsaofrtence without preceding
postthrombotic syndrome, or when pulmonary emboligas objectively demon-
strated. If these criteria were not fulfilled, aotgulant treatment was withheld
and the event was not classified as recurrent \&nthwombosis. Venous
thrombosis was defined provoked if it had occura¢dr within 3 months after
exposure to exogenous risk factors including syrgeauma, immobilization for
more than 7 days, pregnancy, post-delivery pettweluse of oral contraceptives or
hormonal replacement therapy, or malignancy. Inah&ence of these risk factors
venous thrombosis was classified idiopathic. Vertbusmbosis was considered to
be associated with hormonal risk factors when womere pregnant, in the post-
delivery period, used oral contraceptives or werdnarmonal replacement therapy
at time of or within 3 months before onset of vehtduombosis.

Statistical analysis

The absolute risk of recurrent venous thrombosis ealculated over the period
from the end of anticoagulant treatment after tre¢ épisode of venous thrombosis

Table 2.Recurrence rates of venous thrombosis in men amdeno

Overall Idiopathic

venous thrombosis* venous thrombosis**

Women Men Women Men
No. of subjects 523 293 122 207
No. of recurrences 198 139 46 90
Mean age at onset of recurrenc 40 48t 49 501t
Observation period, yrs 3896 1499 615 998
Annual incidence, % (95% Cl) 5.1 (4.4-5.8) 9.3 (7.8-10.9) 7.5 (5.5-10.0) 9.0 (7.3-11.1)
Crude relative risk (95% CI) Reference 1.7 (1.4-2.1) Reference 1.2 (0.8-1.7)

Adjusted relative risk (95% Cl)# Reference 1.6 (1.3-2.0) Reference 1.2 (0.8-1.7)

* Qverall indicates any first venous thrombosis angt recurrence.

** |diopathic indicates idiopathic first venous timbosis and idiopathic recurrence.
Tt P<0.001, t1P=0.595.

# Adjusted for antithrombin, protein C and prot8inleficiency.

Cl, confidence interval.
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until either the date of first recurrence or the ehstudy. We compared the risk of
recurrence between men and women; the risk of &iop recurrence after an
idiopathic first event between men and women; amal risk of recurrence in

women after a first event associated with or withoormonal risk factors at time
of the first thrombotic event. Incidences and 958ffitlence intervals (95% CI)

were calculated under the Poisson distribution rapsion. Freedom of recurrent
venous thrombosis was analyzed by the Kaplan-Me&thod. Relative risks were
calculated using a multivariable Cox regression ehaatjusting for hereditary

antithrombin, protein C, or protein S type | dedioty, including interaction terms,
with venous thrombosis as dependent variable afidielecies as independent
variables, because we previously demonstratedothigtthese hereditary deficien-
cies increase the risk of recurrence [12].

Continuous variables were expressed as mean vahgestandard deviations;
categorical data as counts and percentages. Diffese between groups were
evaluated by the Student t test or Mann-Whitneye&, tdepending on the normal-
ity of data for continuous data and by Fisher exest for categorical data. A two-
tailed p-value of less than 0.05 indicated stattsignificance.

Statistical analyses were performed using SAS so#wversion 9.1 (SAS-
Institute inc., Cary, North Carolina).

Table 3.Recurrence rates of venous thrombosis in women
with a non-hormonal vs hormonal first event*

Non-hormonal first Hormonal first
venous thrombosis venous thrombosis
No. of subjects 273 201
Mean age at onset of first event, yrs 40 307
No. of recurrences** 81 68
Mean age onset recurrent event, yrs 47 401t
Observation period, yrs 1604 2074
Annual incidence, % (95% CI) 5.1 (4.0-6.3) 3.3(2.5-4.2)
Crude relative risk (95% ClI) Reference 0.6 (0.5-0.9)
Adjusted relative risk (95% CI)# Reference 0.7 (0.5-0.97)

* Hormonal event indicates venous thrombosis assediwith oral contraception,
pregnancy or puerperium, or hormonal replacertiemapy.

** Recurrences associated with hormonal risk facteere excluded.

Tt P<0.001, t1P=0.003.

# Adjusted for antithrombin, protein C and prot8inleficiency.

Cl, confidence interval.
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RESULTS

Our study cohort contained 877 probands, with al etmber of 5202 relatives,
who were 15 years of age or older (Figure 1). Mdtiees, 1057 deceased before
the start of the study, whereas another 1412 vekilid not participate because of
various reasons, including refusal or inabilitygiee informed consent or residence
outside the Netherlands. Another 131 probands wectuded because they were
probands who were enrolled with an arterial evertt 427 subjects had missing
data. Of the remaining 3352 subjects, 1022 had reeqeed a first venous
thrombosis of whom 206 were still on oral anticdagtitreatment for this reason
at date of enrollment. Clinical characteristics &%6 evaluable subjects (523
women and 293 men) are shown in Table 1. Women y@uager at time of their
first event than men (mean age 34 years vs 44 yeard.001). Of first events, 133
(25%) were idiopathic in women and 217 (74%) in njéq 0.001); 121 (22% in
women) were associated with oral contraceptiveshormonal replacement
therapy; 114 (23% in women) were associated widgmpancy or puerperium; and
148 (28%) were associated with surgery, traumanandbilization in women vs 74
(25%) in men P= 0.39). Thrombophilic defects were equally dividetween men
and women.

Venous thrombosis recurred in 337 subjects. Meanaagecurrence was 42
years (SD, 17), 227 recurrences (67%) were idiopath‘lomen were younger at
time of recurrence than men (mean 40 years vs 48sye< 0.001) (Table 2).
Overall, absolute risk of recurrence was 5.1% gar{95% Cl, 4.4-5.8) in women
and 9.3% per year (95% CI, 7.8-10.9) in men. Cinetigive risk of recurrence was
1.7 (95% CI, 1.4-2.1) in men compared to womenustdd for thrombophilic
deficiencies it was 1.6 (95% CI, 1.3-2.0). In swelgewith idiopathic first venous
thrombosis and recurrence, the crude and adjustatve risk was 1.2 (95% ClI,
0.8-1.7), while mean age at time of first event yéérs vs 44 year®= 0.378) and
recurrence (49 years vs 50 yedds,0.595) was comparable in men and women. In
women, crude relative risk of recurrence aftert finisnous thrombosis associated
with hormonal risk factors (oral contraceptivesdgoregnancy or puerperium)
compared to women with non-hormonal first venousrttbosis was 0.6 (95% ClI,
0.5-0.9), and adjusted for thrombophilic deficierscit was 0.7 (95% CI, 0.5-0.97)
(Table 3). Cumulative recurrence rates over 25sydalow-up are shown in
Figure 2.
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Figure 2. Cumulative recurrence rates of venous thrombosiseén and women
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Figure 3. Time between end of anticoagulant treatment
for first venous thrombosis and recurrence
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Women revealed recurrence after a longer time getian men = 0.003),
which was mostly due to hormonal risk factdes (0.001) (Figure 3A). In women
with a hormonal first event, median interval betwesd of anticoagulant treat-
ment for first event and recurrence was 10.4 yesu2.7 years in merPg 0.001).
These time differences were not observed when igitypathic events were con-
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sidered P= 0.938) (Figure 3B). After stratifying time intext¢ between end of the
initial anticoagulant treatment and onset of regnice, men had a higher recurrence
rate within the first two years than women (45%31%6, P= 0.011), while 30% of
women had a recurrent event more than 10 years thitkeend of anticoagulant
treatment compared to 17% in mdé#=(0.012) (Figure 4). These differences were
not observed when provoked first and recurrent usniirombotic events were
excluded from analysis.

To account for possible misclassification, as rioteents were confirmed by
objective techniques because these were not aledakhe time of event onset, we
repeated the analysis in men and women who hadvimsous thrombosis and
recurrence diagnosed with objective techniqueshiBanalysis, crude relative risk
of recurrence was 2.0 (95% CI, 1.5-2.8) in men camag to women, while it was
1.0 (95% ClI, 0.7-1.6) for idiopathic first and re@nt events.

Figure 4. Time intervals between end of anticoagulant treatme
for first venous thrombosis and recurrence
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This finding is in line with other studies that oefed on this issue [6-9]. However,
no differences in risk of recurrence, age at omdetirst and recurrent venous
thrombosis, respectively, and time interval betwéest and recurrent event were
demonstrated between men and women when provoladswere excluded from
analysis. Therefore, our study shows that the migis& of recurrence in men is
likely due to provoked events rather than an unknélwwombophilic abnormality.
Of all first events in women, 28% were related togery, trauma and immobil-
ization, compared to 25% in men, while 45% wereeaisted with oral contracep-
tion (22%) or pregnancy or puerperium (23%). Thiplains the younger age of
women at onset of first venous thrombosis, as woarermainly exposed to these
hormonal risk factors at reproductive age. Wometh irecurrences after a longer
time interval than men. Of women in whom first veadhrombosis was associated
with hormonal risk factors, more than 50% had ainmemce 10.4 years or longer
after the end of the initial period of anticoagulaneatment, while this interval was
less than 2.7 years in men. Because oral contigesptvere discouraged and
thromboprophylaxis was recommended during puerperand pregnancy after
prior venous thrombosis, age became the main detentnof recurrence, thus
clarifying the longer interval. Overall, men weré&er at time of first venous
thrombosis and recurrence. The cumulative recuereaie in men was 20% higher
than in women after 25 years of follow-up, whileyrhad a 1.7-fold higher risk of
recurrence compared to women. This is in agreemdtht a meta-analysis that
showed a 1.6-fold higher risk of recurrent vendusimbosis in men compared to
women [9]. Because this meta-analysis could nob@ecfor age with multivariate
analysis, the risk in men may have been overestinf]. When we excluded
provoked events from analysis, we observed thatrigle of recurrence in men
compared to women dropped to 1.2 (95% CI, 0.8-Whjle differences in age at
onset of first venous thrombosis and recurrencpeaetively were no longer seen.
Pengo and Prandoni reported a similar relative afsiecurrence in men compared
to women (1.21; 95% CI, 0.95-1.55), excluding mioed venous thrombosis [21].
Recurrence rates may be influenced by thrombopilaglsy at exposure to risk
factors for venous thrombosis after prior venousrttbosis. In spite of guidelines
on applications for thromboprophylaxis, its dosagd duration are still a matter of
debate [22]. Moreover, implementation of guidelinasclinical practice varies
widely [23]. As a consequence, provoked recurr@mous thrombosis is prone to
confounding [24], which we reduced by excludingsthevents from analysis.
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A previous Austrian study showed a 3.6-fold highiek of recurrence (95%
Cl, 2.3-5.8) in men compared to women, includingnea who had first venous
thrombosis associated with oral contraceptives (3#%he female study pop-
ulation) [6]. In an accompanying editorial commentyas discussed that this study
had a potential weakness because men were oldemtbiaen [25]. After adjust-
ment for age, the relative risk was 1.2 (95% C1-1.4). In our study, women in
whom first venous thrombosis was associated withmboal risk factors had a
40% decreased risk of recurrence, and were 10 amds younger at time of first
event and recurrence, respectively, compared to emoim whom first venous
thrombosis was not associated with hormonal risitofs. Moreover, cumulative
recurrence rate in these women was 55% after 2t yedile it was 76% in wo-
men who had idiopathic first venous thrombosis gewlirrence. This suggests that
the higher risk of recurrence in men compared toe in the Austrian study [6],
could be due to oral contraceptive use in youngemen with first venous
thrombosis.

Our study showed that 31% of women experiencedrreguvenous throm-
bosis more than 10 years after the end of antidaagtreatment compared to 17%
of men. These women might have been missed in pctisp studies, that
suggested that men had an increased risk of returemous thrombosis, because
maximum follow-up time in these studies amounted to 8 years [6-8].

Some methodological aspects of our study warraminoent. Because the
study was performed in thrombophilic families, wanoot exclude that male
gender is a risk factor for recurrent venous throsi in non-thrombophilic
families. However, in a previous study we demonsttahat only subjects with
hereditary deficiencies of antithrombin, proteiroCprotein S are at increased risk
of recurrence [12]. Adjustment for these deficiescdid not change relative risk
estimates. Moreover, as thrombophilic defects wereally divided among men
and women, it is less likely that relative riskiesttes in men compared to women
were influenced by the study design. Neverthelessolute risk estimates and
cumulative recurrence rates in this study cannadxteapolated to the normal pop-
ulation. Second, referral bias may have been inged by the setting of university
hospitals, but it was probably reduced by testimpsecutive patients with
thrombosis for thrombophilic defects. Third, we wanh provide detailed
information on mortality in our study population.oWever, an excess of fatal
events in relatives with antithrombin, protein Cpootein S deficiency is not likely
as these deficiencies were not associated withwcesl life expectancy in previous
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studies [26,27], while the overall mortality duergxurrent venous thrombosis is
low [28,29].Finally, subjects with clinical suspicion of venotlsombosis, who
were treated with heparin and vitamin K antagorfistsnore than three months at
a time when objective testing was not available yeght have overestimated our
recurrence rates. However, one should expect dasieffect in men and women.
Moreover, our results were not influenced when atljectively confirmed events
were considered. Hence, it is less likely that priynoutcomes were confounded by
events that could not be confirmed by objectivéatégques.

We conclude that the difference in life-time ris€ pecurrent venous
thrombosis between men and women in thrombophéliilfes can be explained
by a younger age of women at time of first venduernbosis due to hormonal risk
factors, and a longer interval between a provokest fepisode of venous
thrombosis and recurrence in women.
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SUMMARY

Chapter 1 describes the outline of this thesis and the mat® to subdivide this
thesis into three parts: hyperhomocysteinemia, ctidas and thrombophilia
testing.

Part I: Hyperhomocysteinemia

Chapter 2 describesa retrospective study, wherein 478 evaluable fisgree
relatives of consecutive patients with venous throsis or premature atheroscler-
osis, and hyperhomocysteinemia were enrolled. Absotisks of venous and
arterial thrombosis were compared. Annual incideot@enous thrombosis was
0.16% (95% confidence interval [CI], 0.08-0.30) hgperhomocysteinemic rel-
atives versus 0.11% (95% CI, 0.05-0.20) in normoboyateinemic relatives;
adjusted relative risk 1.6 (95% CI, 0.6-4.5). Aniningidences of arterial throm-
bosis were 0.34% (95% ClI, 0.21-0.52) and 0.24% (99%0.15-0.37) in hyper-
homocysteinemic and normohomocysteinemic relativespectively; adjusted
relative risk 1.5 (95% CI, 0.6-3.5). Concomitandenwultiple thrombophilic risk
factors increased the risk of venous thrombostsyperhomocysteinemic relatives,
but a comparable effect was demonstrated in normolgsteinemic relatives.
This study shows that hyperhomocysteinemia is @stsatwith a low absolute risk
of venous and arterial thrombosis. This risk isbatay too low to result in a clin-
ically relevant risk reduction of thrombosis withvgamin therapy.

In Chapter 3, three different strategies for diagnosing hyperhoysteinemia are
compared. Random, fasting and methionine-loadingduysteine samples were
measured in 713 relatives of probands with hergditandex) deficiencies
antithrombin, protein C or protein S. According poedefined cut-off levels,
hyperhomocysteinemic and normohomocysteinemicivestwere identified and
their risks of thrombosis were compared. Relativéth random homocysteine
levels > 20umol/L were not at risk of venous or arterial thraals compared to
relatives with levels < 1Qmol/L; relative risk 0.9 (95% CI, 0.4-2.3) and 195%
Cl, 0.5-5.7), respectively. Fasting hyperhomocysgiia was associated with an
increased risk of both venous thrombosis (relatisk 2.6; 95% CI, 1.3-4.8) and
arterial thrombosis (relative risk 3.7; 95% CI, -B.8). Relatives with normal
fasting homocysteine levels, but methionine-loadiggerhomocysteinemia were
not at risk; relative risk 0.8 (95% CI, 0.2-1.9) feenous thrombosis and 1.1 (95%
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Cl, 0.2-3.9) for arterial thrombosis. The relatigk estimates were independent of
index deficiencies. It was concluded that only ifagsthomocysteine levels are
sufficient to identify hyperhomocysteinemic subgeat risk of thrombosis.

In Chapters 4 and 5, a relation between hyperhomocysteinemia and tddva
factor VIl levels is hypothesized. In a retrospeet study of thrombophilic
families where probands had an antithrombin, pno@ior protein S deficiency,
405 relatives were analyze@GHapter 4). Median factor VIII levels in hyperhomo-
cysteinemic relatives were 169 1U/dL, compared 36 1U/dL in normohomocys-
teinemic relatives R=0.007), and were more often elevated (>150 IU/dL;
P=0.006). Hyperhomocysteinemia was associated witinereased risk of venous
and arterial thrombosis; relative risk 2.6 (95% CB-4.8) and 3.7 (95% CI, 1.5-
8.4), respectively. Relatives with elevated FVIkne also at risk; relative risk 2.3
(95% CI, 1.4-4.0) for venous thrombosis and 2.3%496I, 1.0-5.1) for arterial
thrombosis. After excluding all relatives with ed¢®d factor VIl levels, relative
risk for hypernomocysteinemia and venous thrombdsipped to 1.3 (95% ClI,
0.2-9.8) and nil relatives had arterial thrombosis.

In Chapter 5, 1052 relatives of consecutive probands, who hadowgn
thrombosis or premature atherosclerosis, and hgpeohysteinemia, elevated
factor VIl levels, or both, were enrolledHyperhomocysteinemic relatives had
more often elevated factor VIII levels than normtozysteinemic relatives (38%
versus 28%,P=0.024). Other thrombophilic defects were equalliidid.
Hypertension and smoking were more often found ypehhomocysteinemic
relatives than in normohomocysteinemic relatived¥2rersus 48%#=0.027, and
19% versus 38%2=0.029). After adjusting for these confounders,ritlative risk
of venous thrombosis in hyperhomocysteinemic nedatwas 0.8 (95% ClI, 0.3-1.7)
and 0.9 (95% ClI, 0.5-1.6) for arterial thrombosis.

These results may explain why lowering of homodpstdevels with B-
vitamins has not resulted in a decrease of venaodsagerial thrombosis in large
prospective randomized clinical trials, assumirag #levated factor VIII levels are
not decreased by these vitamins.

Part II: Infections

Chapter 6 describes a case of acute CMV infection in an imocompetent adult
that was complicated with mesenteric vein thrombodiransient protein C
deficiency, lupus anticoagulant and APC resistaweee found, in combination
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with a heterozygous prothrombin G20210A mutatiohisTcase provides evidence
that active CMV infection might be related withtadmbophilic state and venous
thrombosis, which is the hypothesis Ghapter 7. As acute infection and
reactivation of CMV is a very common complicationrenal transplant recipients,
one would expect to find an increased risk of venttwombosis in this patient
group, which should be associated with CMV. In taospective study, the risk of
(recurrent) venous thrombosis in renal transplaoipients, and CMV status was
analyzed in 606 living consecutive renal transptastpients. Annual incidence of
venous thrombosis was 0.59% (95% CI, 0.41-0.83)ected for surgery related
venous thrombosis. CMV positive and seroconvereaiprents tended to have an
increased risk of venous thrombosis compared to ChBgative recipients;
corrected relative risks were 2.0 (95% CI, 0.9-5pf 1.7 (95% CI, 0.6-4.7),
respectively. The cumulative 10-years recurrende td venous thrombosis in
CMV seronegative, seroconverted, and seroposigegients was 10%, 51% and
59%, respectively. Although not statistically sifigant, these findings suggest that
CMV infection is associated with an increased rigk (recurrent) venous
thrombosis in renal transplant recipients.

Although many previous studies reported an increbaisk of venous and arterial
thrombosis in HIV-infected patients, these gengnadported on the possible effect
of antiretroviral therapy on thrombosis rather thgiving overall absolute risk
estimates. InChapter 8, the absolute risk of venous and arterial thromgasi
HIV-infected patients and the effect of combinatiantiretroviral therapy was
assessed in 519 HIV-infected patients. Annual ierciets of venous and arterial
thrombosis were 0.65% (95% CI, 0.39-0.92) and 0.48%% CIl, 0.24-0.77),
respectively. In patients who received combinatemtiretroviral therapy, the
annual incidence of venous thrombosis was 0.72%6(99, 0.39-1.29), versus
0.58% (95% ClI, 0.25-1.14) in patients who did resteive these drugs. For arterial
thrombosis, annual incidences were 0.46% (95% @8-0.95) and 0.43% (95%
Cl, 0.16-0.95). Overall, the absolute risk of vemamd arterial thrombosis was 2-6
times higher than reported in the general popuiafatients were at higher risk of
thrombosis irrespective of their age and whetheanatrthey had used combination
antiretroviral therapy. These results suggest dqgpdttysiologic role for HIV
infection on the risk of thrombosis which is funtheraveled irChapter 9. In this
chapter, it is hypothesized that advanced stages$ll¥f are associated with
increased acquired thrombophilic abnormalities thaduld predispose to
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thrombosis. A total of 109 consecutive HIV-infectpdtients were included and
were tested twice for currently known thromboph#ibnormalities with a time
interval of at least three months. Sixteen peroématients revealed symptomatic
thrombosis during HIV infection (10% venous, 6%ed#gl). Protein C deficiency
was established by repeated measurements in 9%tiehts, elevated factor VIl
levels in 41%, high fibrinogen levels in 22%, anekfprotein S deficiency in 60%.
Median factor VIII levels were higher in patientsttwAIDS compared to non
AIDS defining illness (226 1U/dL versus 149 IU/dBx 0.001), while median free
protein S levels were lower (45 IU/dL versus 58dLU/P< 0.001). Advanced
stages of HIV disease was associated with incretesdr VIII levels and with
decreased free protein S levels. Therefore, HI¥dtdd patients did reveal
multiple acquired and persistent thrombophilic abmalities compared to the
normal population, which extend in the progressm®IDS. This may clarify the
high prevalence of venous and arterial thrombasthése patients.

Part Ill: Thrombophilia testing

In Chapter 10, 2479 relatives of patients with venous thromboaisd a
thrombophilic defect were retrospectively analytedassess the absolute risk of
first venous thrombosis and recurrence for curyekitiown thrombophilic defects.
In antithrombin, protein C, and protein S deficiealatives annual incidences of
venous thrombosis were 1.77% (95% CI, 1.14-2.602% (95% CI, 1.06-2.11)
and 1.90% (95% CI, 1.32-2.64), respectively, atexiam age of 29 years and a
positive family history >20%. In relatives with tac V Leiden, prothrombin
G20210A or elevated factor VIII levels, these wérd9% (95% CI, 0.39-0.60),
0.34% (95% CI, 0.22-0.49) and 0.49% (95% CI, 0.4t Elevated factor IX, XI,
TAFI and hyperhomocysteinemia were not independisit factors. Cumulative
recurrence rates in relatives with antithrombirgtgin C or protein S deficiency
were 19% at 2 years, 40% at 5 years and 55% atd3ylIn relatives with factor V
Leiden, prothrombin G20210A or high levels of factdll, these were 7%, 11%
and 25%, respectively. This study shows that h&agdideficiencies of anti-
thrombin, protein C and protein S are associateét wihigh absolute risk of first
and recurrent venous thrombosis. Considering itssipte clinical implications,
thrombophilia testing may be restricted to theskcmcies in patients with first
venous thrombosis. A positive family history of weis thrombosis or young age
could be used in our study to identify these railgects.
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In the final part of this thesi<hapter 11), a retrospective study in a large series
of families with established thrombophilic defe¢ts=6079) was performed to
clarify a possible difference between men and womertheir risk of recurrent
venous thrombosis. Of 816 subjects with first vendhrombosis, 337 had a
recurrence. Overall, relative risk of recurrencesvitas (95% CI, 1.4-2.1) in men
compared to women,; adjusted for hereditary defa@esnof natural anticoagulants
1.6 (95% ClI, 1.3-2.0). Women were younger at tirhéheir first event (mean 34
years versus 44 yeaRR< 0.001) and at time of recurrence (40 years vsyet8is,
P< 0.001). After excluding provoked first and reamnt venous thrombosis,
adjusted relative risk was 1.2 (95% CI, 0.8-1.Mjlevmean age at recurrence was
comparable in men and women (50 years versus 48s,ya0.595). Women
revealed recurrence after a longer period than (|ef.003), which was 7.7 years
longer in women with first venous thrombosis asatea with hormonal risk
factors compared to meirP€ 0.001), but not when only idiopathic events were
considered =0.938). These findings show that the differencédifaatime risk of
recurrent venous thrombosis is not explained bydgeitself. A difference can be
observed when the follow-up period is relativelyodhand is explained by a
younger age of women at time of first venous throsiy due to hormonal risk
factors, and a longer interval between provokest fapisode and recurrence in
women.

DISCUSSION

In recent years, numerous epidemiological studée® Iprovided a better insight in
the pathophysiology of venous thrombosis. A growimrgount of hemostatic
abnormalities have been identified as risk facforsvenous thrombosis. Initially,
these were hereditary defects of natural antic@aydroteins, which showed to be
strong risk factors. Later, some point mutationgerfies that code for procoagulant
proteins, and finally elevated plasma levels ofcpegulant proteins, probably
based on a mixture of genetic and acquired origast categories showed to have
a high prevalence within the normal population, metre associated with only a
mild increased risk of thrombosis. Mild hyperhomstgnemia, which is a meta-
bolic defect, was also identified as a mild risktéa for thrombosis.
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A number of the studies that have been describethig thesis addressed the
clinical impact of all these thrombophilic defedtsindividual patients. In these
studies, the absolute risk of thrombosis was cated| both for single thrombo-
philic defects and combinations which were freglyeabserved in families with a
thrombophilic defect. By pooling these family cotsprthe intended population of
subjects was obtained. This design made it possibkenalyze also rare throm-
bophilic defects. Only the latter defects, herigalleficiencies of antithrombin,
protein C and protein S turned out to be stronig fastors for venous thrombosis,
which may have implications, or can get implication the future. The remaining
thrombophilic defects were mild risk factors, whiseem to be of little clinical
relevance for the individual patient.

Although aggregation of thrombophilic defects résuilin a higher absolute
risk of venous thrombosis, the clinical impact bfstfinding appears small. In
subjects with a strong thrombophilic defect, thédedt alone seems to determine
the strategy for primary prevention and duratioranficoagulant treatment after a
first episode of venous thrombosis or recurrence.ti@® other hand, the risk of
venous thrombosis for several combinations of nfildmbophilic defects did not
reach a level at which it might have consequenfemible heterozygosity or
homozygosity for factor V Leiden or prothrombin GA0A, and the combination
of heterozygosity for one of these mutations anchdwygosity for the other one,
are possible exceptions. However, the prevalendbasfe combined defects was
too low to enable reliable estimates of the assediaisk of venous thrombosis.
Simple clinical criteria were defined to identifylgects in whom selective testing
on strong thrombophilic defects might have a higdldy These criteria need to be
validated in prospective studies.

In this thesis, it was shown that some of the knotlmombophilic
abnormalities were not independent risk factorsesehcontained high plasma
levels of factor IX, XI, and TAFI, and mild hypenmocysteinemia as well. The
higher risk of venous thrombosis associated witis¢hthrombophilic abnormalities
was actually due to co-existence of high factorl \filasma levels. Regarding
combinations of high plasma levels of factor VIX, and XI, a laboratory artefact
should be considered. Strongly increased factot Mltels may shorten APTT-
values in one-stage assays of factor IX and faXtorespectively, and consequent-
ly result in falsely high levels of factors 1X aid.

The negative findings of clinical intervention steglon the effects of vitamin-
B supplementation in symptomatic patients with niilgpberhomocysteinemia are
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in agreement with the here presented finding thiéd lyperhomocysteinemia is
not an independent risk factor for venous (andriafjethrombosis. Assuming that
mild hyperhomocysteinemia results in a high fadttlt level due to endothelial
damage, one might speculate that repair of endothednd, hence a decrease of
factor VIl levels require many years of supplenatioin with B-vitamins.
However, this hypothesis does not clarify the obestion that the absolute risk of
venous and arterial thrombosis in subjects withdrhiyperhomocysteinemia was
not increased compared to the normal population.

Numerous exogenous risk factors for venous thrombase associated with
acquired thrombophilic abnormalities, like pregnamamnd the use of oral contra-
ceptives. Two studies provided evidence of a retathip between infections of
CMV and HIV and an increased risk of venous throsiyoand, between HIV
infection and arterial thrombosis as well. MoreguélV-infected patients showed
many thrombophilic abnormalities, which were redat® progression of HIV

infection. These findings warrant future studiestiie role of these and other
infections to the development of venous and attdriambosis.

Currently, testing for thrombophilia is a clinicabn-issue, excepted in a small

group of real thrombophiliacs. However, it remagsscientific main issue to
further unravel the pathophysiology of thrombosis.
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Samenvatting en discussie



SAMENVATTING

In Hoofdstuk 1 wordt de vraagstelling van dit proefschrift uiteengt en de ratio
om deze vraagstelling in drie delen op te splitsamelijk hyperhomocysteinemie,
infecties en trombofiele testen.

Deel I: Hyperhomocysteinemie

Hoofdstuk 2 beschrijft een retrospectieve studie waarin 47%8tegraadsfamilie-
leden van opeenvolgende patiénten met veneuze asanbf premature athero-
sclerose en hyperhomocysteinemie werden geinclddétst absolute risico op
veneuze en arteriéle trombose werd bepaald vooiliééaden met en zonder
hyperhomocysteinemie. De jaarlijkse incidentie vaneuze trombose was 0.16%
(95% betrouwbaarheidsinterval [Bl], 0.08-0.30) véemmilieleden met hyperhomo-
cysteinemie en 0.11% (95% BI, 0.05-0.20) voor featetien zonder; gecorrigeerd
relatief risico 1.6 (95% BI, 0.6-4.5). De jaarligkincidentie van arteriéle trombose
bedroeg 0.34% (95% BI, 0.21-0.52) voor hyperhommigsmische familieleden
en 0.24% (95% BI, 0.15-0.37) voor normohomocystaeisehe familieleden; ge-
corrigeerd relatief risico 1.5 (95% BI, 0.6-3.5ktHisico op veneuze trombose was
verhoogd in aanwezigheid van meerdere trombofitléikdngen, maar dit betrof
zowel familieleden met als zonder hyperhomocystaiaeDe jaarlijkse incidentie
van zowel veneuze als arteriéle trombose voor fal®ilen met hyperhomocys-
teinemie was laag en vergelijkbaar met die voonalenale bevolking. Hierdoor
lijkt de klinische relevantie van hyperhomocyst@iiie als risicofactor voor trom-
bose gering te zijn.

In Hoofdstuk 3 worden drie verschillende methoden voor het vel#st van
hyperhomocysteinemie met elkaar vergeleken. Honteitys monsters werden
afgenomen op een willekeurig tijdstip, in nuchtéoestand, en na een orale
methionine belastingtest bij 713 familieleden vatignten met veneuze trombose
en een erfelijke (index) deficiéntie van antitrordyi proteine C of proteine S. Op
basis van vooraf vastgestelde afkapwaarden wergperiiomocysteinemische en
normohomocysteinemische familieleden geidentifteen werd hun risico op
trombose vergeleken. Familieleden met homocysteimarden > 20umol/L,
gemeten op een willekeurig tijdstip hadden geerhaegd risico op veneuze of
arteriéle trombose in vergelijking met familieleddie homocysteine waarden < 10
umol/L hadden; relatief risico respectievelijk 095%o Bl, 0.4-2.3) en 1.7 (95% BlI,
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0.5-5.7). Nuchter gemeten hyperhomocysteinemie geassocieerd met een
verhoogd risico van zowel veneuze trombose (rélaseo 2.6; 95% BI, 1.3-4.8)
en arteriéle trombose (relatief risico 3.7; 95% RI5-8.4). Familieleden met
normale nuchtere homocysteine waarden, maar mefrfgmocysteinemie na de
orale methionine belastingtest hadden geen verho@yb; relatief risico 0.8
(95% BI, 0.2-1.9) voor veneuze trombose en 1.1 (B%0.2-3.9) voor arteriéle
trombose. Het relatief risico was niet afhankeljkn de index deficiénties.
Geconcludeerd werd dat alleen nuchter gemeten hgsteine waarden toereikend
zijn om het risico op veneuze en arteriéle tromboge schatten bij personen met
hyperhomocysteinemie.

In Hoofdstuk 4 en 5 worden 2 studies naar een veronderstelde relasisen
hyperhomocysteinemie en verhoogde factor VIl sglietpeschreven. In de eerste,
retrospectieve studie werden 405 familieleden \atiépten met veneuze trombose
en een antitrombine, proteine C of proteine S wefie onderzochtHoofdstuk
4). De mediane factor VIII spiegels waren 169 IUfdLfamilieleden met hyper-
homocysteinemie en 136 IU/dL in familieleden metrnrmshomocysteinemie
(P=0.007), en waren vaker verhoogd (>150 IU/d®=0.006). Hyperhomocys-
teinemie was geassocieerd met een verhoogd ripiceioeuze en arteriéle trom-
bose; relatief risico respectievelijk 2.6 (95% BI3-4.8) en 3.7 (95% BI, 1.5-8.4).
Familieleden met verhoogde factor VIl spiegels dext ook een verhoogd risico;
relatief risico 2.3 (95% BI, 1.4-4.0) voor veneurembose en 2.3 (95% BI, 1.0-
5.1) voor arteriéle trombose. Nadat familieledent naerhoogde factor VI
spiegels uit de analyse waren geéxcludeerd, dédmdtieelatief risico voor hyper-
homocysteinemie en veneuze trombose naar 1.3 (95%239.8) terwijl geen van
de familieleden arteriéle trombose had.

In Hoofdstuk 5 wordt de tweede, retrospectieve studie beschrewaayin
1052 familieleden werden geincludeerd van opeerevalg patiénten met veneuze
trombose of premature atherosclerose in combirmaté hyperhomocysteinemie
en/of verhoogde factor VIII spiegels. Familieledaret hyperhomocysteinemie
hadden vaker een verhoogde factor VIII spiegel damilieleden met
normohomocysteinemie (38% versus 2&%40.024). Andere trombofiele defecten
waren gelijk verdeeld over beide groepen. Hypeiters roken kwamen vaker
voor bij hyperhomocysteinemische familieleden dannbrmohomocysteinem-
ische familieleden (28% versus 48%50.027, en 19% versus 38%+0.029). Na
correctie voor deze factoren was het relatief eisicor veneuze trombose in hyper-
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homocysteinemische familieleden 0.8 (95% BI, 03-&n 0.9 (95% BI, 0.5-1.6)
voor arteriéle trombose.

De bevinding dat het tromboserisico bij personen iImyperhomocysteinemie
afhankelijk is van gelijktijdig verhoogde factor Vbkpiegels zou kunnen verklaren
waarom in placebo gecontroleerde interventiestugesn effect van vitamine B-
therapie op het risico op trombose werd gevondannemende dat factor VIl
spiegels niet verlaagd worden door B-vitamines. étipmocysteinemie lijkt
veeleer een risicomerker of epifenomeen te zijnatanrisicofactor voor trombose.

Deel II: Infecties

In Hoofdstuk 6 wordt een immunocompetente patiént beschrevenibifen tijde
van een acute CMV infectie veneuze mesenteriaahliose ontstond. Een
tijdelijke proteine C deficiéntie, de aanwezighe#h lupus anticoagulans en APC
resistentie werden bij trombofilieonderzoek gevandeaast heterozygotie van de
protrombine G20210A mutatie. Deze casus laat zieh atute CMV infectie
geassocieerd kan zijn met verworven trombofieleanderingen, die kunnen
bijdragen aan het optreden van veneuze trombosede¥enderzoek naar de
associatie van CMV infectie en veneuze trombosealtMoeschreven ikloofdstuk

7. Als een CMV infectie geassocieerd is met een a@ghl risico op veneuze
trombose, zou deze associatie bij niertransplapatiénten aantoonbaar moeten
zijn, omdat een acute CMV infectie en reactivatiegfient voorkomen bij deze
patiénten. In een retrospectieve studie werd h&taiop een eerste en re-
cidiverende veneuze trombose bij 606 niertransptagatiénten berekend en hun
relatie met CMV status geanalyseerd. De jaarlijkeédentie van veneuze trom-
bose, gecorrigeerd voor chirurgie gerelateerde hias®e, bedroeg 0.59% (95% BI,
0.41-0.83). CMV positieve en CMV geseroconverteeirdmsplantanten hadden
mogelijk een hoger risico op veneuze trombose damv (hegatieve trans-
plantanten; gecorrigeerde relatieve risico’s waespectievelijk 2.0 (95% BI, 0.9-
5.2) en 1.7 (95% BI, 0.6-4.7). Het cumulatievecasp recidiverende veneuze
trombose over een periode van 10 jaar na trangpianbij CMV negatieve,
geseroconverteerde en positieve transplantanterregagctievelijk 10%, 51% en
59%. Hoewel deze uitkomsten niet statistisch sigaift waren, suggereren zij dat
CMV infectie geassocieerd is met een verhoogdaisig (recidiverende) veneuze
trombose bij niertransplantatiepatiénten.
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In het verleden bleek uit meerdere studies daépth met HIV een verhoogd
risico op veneuze en arteriéle trombose haddene Baries werden uitgevoerd
om een al dan niet aanwezige associatie van apiiietle therapie en trombose
aan te tonen, terwijl informatie over absolutecas ontbrak. InHoofdstuk 8
wordt het absolute risico op veneuze en arterié@mlbose in 519 HIV-
geinfecteerde patiénten berekend, alsmede het ijkegeffect van effectieve anti-
retrovirale therapie op dit risico. De jaarlijkseidentie van veneuze en arteriéle
trombose was respectievelijk 0.65% (95% BI, 0.32pPen 0.45% (95% BI, 0.24-
0.77). Patiénten die effectieve antiretroviralerdipge kregen hadden een jaarlijkse
incidentie van 0.72% (95% BI, 0.39-1.29) voor vereetrombose versus 0.58%
(95% BI, 0.25-1.14) voor patiénten die deze meoiij niet ontvingen. Voor
arteriéle trombose was dit risico respectievelijdé686 (95% BI, 0.18-0.95) en
0.43% (95% BI, 0.16-0.95). Het totale risico opntlmse, hetzij veneus, hetzij
arterieel, was bij HIV-geinfecteerde patiéntent26teoudig verhoogd ten opzichte
van de normale populatie. Het tromboserisico biiedpatiénten bleef verhoogd na
correctie voor leeftijld en effectieve antiretroléraherapie. Deze resultaten sug-
gereren dat HIV een pathofysiologische rol speelhét ontstaan van trombose,
wat verder wordt onderzocht Hoofdstuk 9. In dit hoofdstuk wordt verondersteld
dat verslechterde HIV-status, gebaseerd op heala@m4 positieve lymfocyten,
geassocieerd is met toegenomen trombofiele afvgigdn In totaal werden 109 op-
eenvolgende HIV-geinfecteerde patiénten geincluddee pati€énten werden twee
keer getest op de aanwezigheid van trombofielejlafwgen met een minimum
tijdsinterval van 3 maanden tussen beide bloedafsavanaf het moment dat bij
deze patiénten HIV was gediagnosticeerd, was Bip $§mptomatische trombose
opgetreden. Een geconfirmeerde proteine C defieiérdrd vastgesteld in 9% van
de patiénten, terwijl verhoogde factor VIII spiegblj 41%, verhoogde fibrinogeen
spiegels bij 22%, en een vrij proteine S deficériij 60% van de patiénten
werden bevestigd bij herhaalde metingen. De medfaotr VIl spiegel was
hoger in patiénten met AIDS, vergeleken met digatiénten met als non-AIDS
gedefinieerde ziekte (226 IU/dL versus 149 IU/#fs; 0.001), terwijl de mediane
vrij proteine S spiegel lager was (45 IU/dL ver88slU/dL; P< 0.001). Een ver-
slechtering van de HIV-status was geassocieerdeettoename van factor VIII
spiegels en een afname van vrij proteine S spie@asoncludeerd werd dat bij
HIV-geinfecteerde patiénten meerdere verworven ersigterende trombofiele
afwijkingen voorkomen in een hogere frequentie otade normale populatie. De
ernst hiervan neemt toe bij verslechtering van dé-$fatus. Mogelijk wordt de
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hoge prevalentie van veneuze en arteriéle tromboskeze patiéntengroep mede
hierdoor verklaard.

Deel IlI: Testen van trombofilie

Hoofdstuk 10 beschrijft een retrospectieve studie, waarin 2f&ffilieleden van
opeenvolgende patiénten met veneuze trombose wigbuee atherosclerose en een
trombofiele afwijking werden geincludeerd. Het deeh deze studie was om het
absolute risico op een eerste veneuze tromboseddiaf veneuze trombose te
berekenen voor verschillende trombofiele afwijkingBe jaarlijkse incidentie van
veneuze trombose voor familieleden met een antlime) proteine C of proteine S
deficiéntie was 1.77% (95% BI, 1.14-2.60), 1.52%%0BI, 1.06-2.11) en 1.90%
(95% BI, 1.32-2.64). De mediane leeftijd ten tijdan de eerste episode van
veneuze trombose was 29 jaar. Van alle familieledas meer dan 20% symp-
tomatisch. Voor familieleden met factor V Leidemotpombine G20210A of
verhoogde factor VIl spiegels, was deze inciderggpectievelijk 0.49% (95% BI,
0.39-0.60), 0.34% (95% BI, 0.22-0.49) en 0.49% (9BP0.41-0.51). Verhoogde
spiegels van factor IX, Xl, TAFI en homocysteinelan geen onafhankelijke
risicofactoren te zijn voor veneuze trombose. Hetotute risico op een eerste
veneuze trombose steeg aanzienlijk wanneer de gemamombofiele afwijkingen
gecombineerd voorkwamen. Het cumulatieve risico repidiverende veneuze
trombose voor familieleden met een antitrombinegtgine C of proteine S
deficiéntie was 19% na 2 jaar, 40% na 5 jaar en Ba%0 jaar. Voor familieleden
met factor V Leiden, protrombine G20210A of verhdedactor VIII spiegels, was
dit respectievelijk 7%, 11% en 25%. Deze studientaman dat in het bijzonder
erfelijke deficiénties van antitrombine, proteineoCproteine S geassocieerd zijn
met een hoog absoluut risico op veneuze tromboseeeidief. Gelet op de
klinische implicaties kan het testen op trombofiateijkingen beperkt blijven tot
deze deficiénties bij patiénten met een eerste umnérombose. Een positieve
familieanamnese en veneuze trombose op jongejtediinden in deze studie
gebruikt worden ter identificatie van deze zeldzgragénten.

Het laatste hoofdstuk van dit proefschrifiopfdstuk 11) beschrijft een retro-
spectieve studie waarin meerdere familiestudiegl@reisamengevoegd (n=6079).
Het doel van deze studie was om het recent besamrgerschil in risico op
recidiverende veneuze trombose tussen mannen awencte analyseren. Van 816
personen met een eerste veneuze trombose, tr@3bigen recidief op. Voor de
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gehele populatie was het relatief risico op re€ideneuze trombose 1.7 (95% BI,
1.4-2.1) in mannen vergeleken, met vrouwen. Gegeerd voor erfelijke
trombofiele deficiénties van antitrombine, protef@een proteine S was dit 1.6
(95% BI, 1.3-2.0). Vrouwen waren jonger ten tijdanvde eerste trombose
(gemiddeld 34 jaar versus 44 jaBx 0.001) en ten tijde van het eerste recidief (40
jaar versus 48 jaaR< 0.001). Na exclusie van eerste en recidivererefeenze
trombose, die geassocieerd waren met uitlokkersleofactoren, was het relatief
risico 1.2 (95% B, 0.8-1.7), terwijl de gemiddeléeftijd van mannen en vrouwen
ten tijde van het recidief vergelijkbaar was (58rjaersus 49 jaaR=0.595). Bij
vrouwen trad een recidief op na een langer intettaal bij mannenR=0.003). Dit
interval was 7.7 jaar langer bij vrouwen na eersteeveneuze trombose, welke
geassocieerd was met hormonale risicofactoren goaaticonceptie, zwanger-
schap, en kraambedp< 0.001). Dit verschil was niet aanwezig wanneenmea

en vrouwen met idiopatische trombose werden vekgalgP=0.938). Uit deze
bevindingen blijkt dat het ogenschijnlijke verschil risico op recidiverende
veneuze trombose tussen mannen en vrouwen worklaaest doordat secundaire
veneuze trombose bij vrouwen op jongere leeftijdremdt als gevolg van
hormonale risicofactoren, terwijl het interval vaarste veneuze trombose tot het
optreden van recidief bij deze vrouwen langer i biamannen.

DISCUSSIE

Talloze epidemiologische studies tijdens de afgaigjaren hebben ertoe geleid dat
meer inzicht is verkregen in de pathofysiologie waeneuze trombose. Een
toenemend aantal hemostatische afwijkingen werdlegéificeerd als risico-
factoren voor veneuze trombose. Aanvankelijk betivferfelijke defecten van
natuurlijke anticoagulante eiwitten, die sterkécogactoren bleken te zijn. Daarna
enkele puntmutaties van genen, die coderen voaopgulante eiwitten en ten
slotte verhoogde plasmaspiegels van procoagulanittes, mogelijk op basis van
een gecombineerde genetische en verworven oorsprbeg laatstgenoemde
categorieén bleken een hoge prevalentie te heltbda hormale bevolking, maar
geassocieerd te zijn met een mild verhoogd risian slotte bleek milde hyper-
homocysteinemie een frequent voorkomende metabotenss te zijn, die even-
eens als een milde risicofactor voor veneuze tr@mabeerd geclassificeerd.
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Een deel van de studies in dit proefschrift waschéop de betekenis van al deze
trombofiele afwijkingen voor de individuele patiénh deze studies werd het
absolute risico berekend, zowel voor de afzondkerlifombofiele afwijkingen, als
voor de talrijke combinaties hiervan, die in faedlimet een trombofiele afwijking
frequent voorkwamen. Door samenvoeging van afzaijidefamiliecohorten werd
een studiepopulatie verkregen, die de beoogde amggrormde. Door deze opzet
was ook een analyse mogelijk van zeldzame tromleofiéwijkingen. Alleen de
laatstgenoemde afwijkingen, erfelijke deficiéntiem antitrombine, proteine C en
proteine S bleken sterke risicofactoren voor veadtambose te zijn, waarvan de
aanwezigheid implicaties kan hebben of in de toekomogelijk kan krijgen. De
overige trombofiele afwijkingen waren milde risiactoren, die voor de in-
dividuele patiént van beperkte klinische betekéjkian te zijn.

Weliswaar resulteerde aggregatie van trombofielgijlihgen in een hoger
absoluut risico op veneuze trombose, maar de klimisimpact hiervan is
waarschijnlijk gering. Bij personen met een starkenbofiele afwijking lijkt deze
reeds bepalend te zijn voor het beleid inzake prampreventie en de behan-
delingsduur van anticoagulante behandeling na eestee episode van veneuze
trombose of een recidief. Anderzijds is het hog&®Eo op veneuze trombose in
personen met combinaties van milde trombofiele jaimgen onvoldoende om
hieraan consequenties te verbinden. Een mogelizendering wordt gevormd
voor dubbele heterozygotie of homozygotie voordadat Leiden en protrombine
G20210A, evenals gecombineerde heterozygotie enohyggotie van deze
mutaties. Echter, de frequentie van deze gecomtuaedefecten was te laag om
betrouwbare schattingen te kunnen maken van hesgeigerde risico op veneuze
trombose. Op basis van de beschikbare gegevensmwearenvoudige klinische
criteria gedefinieerd, waarmee de personen kunreedem geidentificeerd waarbij
selectief testen op sterke trombofiele afwijkingssn hoge opbrengst heeft. De
waarde hiervan zal moeten blijken in prospectigudies.

Enkele van de bekende trombofiele afwijkingen btegeen onafhankelijke
risicofactoren te zijn voor veneuze trombose. Hatdit hoge plasmaspiegels van
factor 1X, XI en TAFI, evenals milde hyperhomocyismie. Het met deze trom-
bofiele afwijkingen geassocieerde hogere risicov@peuze trombose bleek in feite
te worden bepaald door de gelijktijdige aanwezighean een hoge factor VIII
plasma spiegel. Waar het de combinatie van hogaralspiegels van factor VIII,
IX, en XI betreft, moet de mogelijkheid van een dedioriumartefact worden
overwogen. Dit zou veroorzaakt kunnen worden doginwoeding van APTT-
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metingen bij de bepaling van factor 1X en factorsyiegels door sterk verhoogde
factor VIII waarden.

De negatieve bevindingen van klinische intervesttidies naar de effecten
van vitaminesuppletie bij symptomatische patiénteet milde hyperhomocys-
teinemie zijn in overeenstemming met de hier ggmiegrde bevinding dat milde
hyperhomocysteinemie geen onafhankelijke risicofacbor veneuze (en arteriéle)
trombose is. Enige nuancering is gerechtvaardigd .iddidenkbaar dat milde hyper-
homocysteinemie resulteert in een hoge factor ‘élpiegel als gevolg van
endotheelschade. Mogelijk treedt een daling vafad®r VIl spiegel pas op na
jarenlange vitamine suppletie. Resteert de waamgrdat het absolute risico op
veneuze en arteriéle trombose bij personen metenhiigoperhomocysteinemie niet
hoger was dan het risico hierop in de normale beévgl

Meerdere exogene risicofactoren voor veneuze trembmjn geassocieerd met
verworven trombofiele afwijkingen. Zwangerschaphet gebruik van orale anti-
conceptiva vormen voorbeelden hiervan. In twee istudverd aannemelijk dat
infecties van CMV en HIV risicofactoren zijn vooewneuze trombose en HIV-
infectie eveneens voor arteriéle trombose. Bijadddte pati€ntencategorie werden
trombofiele afwijkingen gevonden, waarvan de omvgecelateerd bleek aan het
stadium van de HIV-infectie. Deze bevindingen vanneen aanknopingspunt voor
verder onderzoek naar de relatie van deze en amntfedies en het optreden van
veneuze, alsmede arteriéle trombose.

Weliswaar is er voor het testen op trombofiele gdwgen in de klinische praktijk

slechts een beperkte plaats, dit geldt allesbehalwe wetenschappelijk onderzoek
naar de betekenis van hemostatische veranderingleet lmntstaan van trombose.
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DANKWOORD

Zoals een goed gevulde database vol variabeleasas 00it volledig beschreven
kan worden in een artikel, kan ik op deze plaags @n ieder bedanken die aan dit
proefschrift heeft bijgedragen. Daarom bedank ikameen paar mensen. Ten
eerste wil ik alle patiénten, artsen, nurse-priactirs en secretaresses die het CMV
onderzoek bij niertransplantatie en HIV onderzoadblien mogelijk gemaakt
bedanken, als ook de patiénten met trombose etr@mbofiele afwijking en hun
familieleden, waarvan enkele honderden hun vrijgerdagmorgen hebben
opgegeven om mee te kunnen doen aan de methioalastihgtest. Ten tweede
wil ik alle onderzoekers, research-verpleegkundigensecretaresses bedanken die
vanaf 1995 tot 2004 trombofiele families hebbereiragmeld, als ook degenen die
de onderzoeksvragen voor deze studies hebben gdémrd, plus de collega’s van
het stollingslaboratorium die de bepalingen heblmmicht. Ten derde wil ik alle
auteurs van eerdere artikelen over hyperhomocysted infecties, trombofilie, of
man/vrouw verschil op het risico op (recidiverendeheuze en arteriéle trombose
bedanken. Zonder hen had dit proefschrift er nieuitgezien als dat het er nu
uitziet. Ten vierde wil ik alle referenten bedankhe, in plaats van met veel lof de
manuscripten van dit proefschrift bespraken, laftesnoten plaatsten die soms een
afwijzing voor publicatie opleverden en altijd veeérk; de manuscripten werden
er in het algemeen wel beter van. Ten vijfde wil&kco-auteurs bedanken voor het
meeschrijven aan de stukken en in het bijzonder \Wior het controleren en
corrigeren van de data. Ten zesde, aangezien éamghig deel van het onderzoek
in dit proefschrift gesponsord is door publieke tamsies, wil ik ook alle
collectanten en degenen die aan deze mensen dadérngegeven bedanken voor
het vertrouwen. Ten zevende wil ik de leescommibsiganken voor het kritisch
willen lezen van het proefschrift en snelle goedkey Ten achtste wil ik de
mensen die niet een directe invioed op het proefsdhiken te hebben gehad
bedanken. Dit zijn mijn collega’s, vrienden, en fen Hoe ze daartoe hebben
bijgedragen, is beter bij een borrel dan in woordire leggen. Ten slotte wil ik
Jan bedanken, die van allen de meeste hulp bijotianhdkoming aan dit
proefschrift heeft verleend en zich, wat mij bdiref alle eerder genoemde punten
kan terugvinden.

Bedanki!
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