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GENERAL INTRODUCTION 

General Introduction 

Atherosclerotic vascular disease, such as coronary artery disease, ischemic stroke 

and peripheral arterial disease represent a major health problem that is associated 

wi th high rates o f morbidi ty and mortal i ty, part icularly in Western societies.1 The 

atherosclerotic process begins in ch i ldhood but , in general, does not reach the 

clinical horizon unti l after the f i f th decade o f life, at which point the best 

opportuni t ies for prevention have been lost.2 Therefore, it is impor tan t to identify 

individuals at high risk for cardiovascular disease (CVD) early in life and institute 

adequate measurements for primary prevention. 

Numerous condit ions are known to predispose to CVD, commonly referred to as 

risk factors. Generally accepted risk factors include dysl ipidaemia, hypertension, 

diabetes, obesity, metabolic syndrome, cigarette smoking, physical inactivity, male 

gender, menopause, hyperhomocysteinemia, and a positive family history o f 

CVD.3 , 4 This listing serves to show that there is no single cause for CVD, and that 

atherosclerosis should be perceived as a complex or mult i factor ial trait . In addi t ion 

to the well-established, in part "external", biological risk factors, several lines o f 

evidence have established beyond doubt the pivotal role o f genetic risk factors in 

influencing CVD risk. In fact, it is becoming increasingly clear that the analysis o f 

genetic and biological risk factors, together wi th life style and environmental factors 

may contr ibute significantly to our understanding o f the predisposit ion to CVD. 

Most common diseases, like CVD, represent quanti tat ive traits that are caused by 

interactions among genes and between genes and the environment. An impor tant 

objective in research is to unravel the mechanisms o f how genetic and 

environmental factors combine or negate to cause the clinical sequelae. 

Premature atherosclerosis resulting in CVD in young patients is rare and has some 

characteristics that are different f rom those in elderly patients. The most impor tant 

issue is the fact that premature cardiovascular disease shows a strong famil ial 

aggregation, indicat ing a significantly heritable component . 5 Therefore, studies for 

the elucidation o f genetic risk factors for CVD can best be performed in a young 

study populat ion. 

In some diseases like Familal Hypercholesterolemia (FH) , the genetic factor is 

clearly defined. FH can be considered as a single gene disease, the LDL-cholesterol 

receptor gene or the Apo-B 100 gene is mutated and LDL-cholesterol markedly 

increased.6 Due to the high levels o f LDL-cholesterol, patients wi th FH have an 

increased risk o f premature CVD. 
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In most cases o f premature familial CVD, however, we do not yet understand the 

underlying mechanism. Since atherosclerosis is a mult i factor ia l and a complex 

genetic disorder a variety o f genes are involved in most cases o f famil ial premature 

CVD. (Figuur 1) 7 

This theses focuses on premature atherosclerosis, the influence o f genetic risk 

factors, and the impact o f treatment on cardiovascular risk. 

Background and outline of part I 

Heterozygous Familial Hypercholesterolaemia (FH) is an autosomal dominant 

disorder wi th a frequency o f about 1 in every 500 individuals. The underlying defect 

is a mutat ion in the gene encoding for the LDL receptor or for apol ipoprote in B-

100. As a result, LDL-cholesterol is insufficiently taken up by the receptors in the 

liver and LDL-cholesterol concentrations in plasma wil l rise to approximately twice 

normal levels. In most patients, there is excessive deposit ion o f cholesterol in 

peripheral tissues leading to specific tendon xanthomas and to accelerated 

atherosclerosis and premature CVD. Heart disease may manifest in the four th or 

even th i rd decade o f life. Since the int roduct ion o f HMG-CoA reductase inhibitors 

(stat ins), substantial lowering of LDL-cholesterol can be achieved, resulting in 

beneficial effects on cardiac morbidi ty and mortal i ty. Aggressive treatment o f 

FH patients at very young age may finally even change the clinical phenotype o f FH. 

It is impor tan t , therefore, to identify patients wi th FH early in life and start 

adequate t reatment as soon as possible for both pr imary and secondary 

prevention. (Chapter 1) 

At present, more than 700 mutations o f the LDL receptor gene are known 

wor ldwide and almost 200 in the Netherlands, and this number increases every 

week. The f ind ing o f new LDL-receptor mutat ions facilitates the identi f icat ion o f 

individuals wi th FH, in order to initiate l ipid-lowering at an early stage.(Chapter 2) 

In patients wi th FH the severely elevated LDL-cholesterol levels cause a rapid 

progression o f atherosclerosis as can be demonstrated by non-invasively measuring 

the int ima media thickness ( IMT) o f the wall o f the peripheral arteries; in FH 

patients the mean arterial wal l IMT is twice as thick as in controls. Moreover, we 

have demonstrated that in FH patients wi th clinical manifestations o f CVD the IMT 

is even significantly more increased compared to FH patients wi thout CVD. 

(Chapter 3) 

12 



RODUCTION 

Figure 1. Inheritance of monogenic and complex (multifactorial) disorders.7 
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In monogenic diseases, mutations in a 're both necessary and sufficient to produce 

the clinical phenotype and to cause tl The impact of the gene on genetic risk for the 

disease is the same in all families. In complex disorders with multiple causes, variations in a 

number of genes encoding different proteins result in a genetic predisposition to a clinical 

phenotype. Pedigrees reveal no Mendelian inheritance pattern, and gene mutations are often 

neither sufficient nor necessary to explain the disease phenotype. Environment and life-style are 

major contributors to the pathogenesis of complex diseases. In a given population, 

epidemiological studies expose the rel dual genes on the disease phenotype. 

However, between families the impact of :es might be totally different. In one 

family, a rare gene C (Family 3) might have a large impact on genetic predisposition to a disease. 

However, because of its rarity in the general population, the overall population effect o f this gene 

would be small. Some genes that predispose individuals to disease might have minuscule effects 

in some families (gene D, Family 3). 
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I M T measurement has become a well validated non-invasive parameter for the 

assessment o f atherosclerosis progression. We compared in two clinical trials 

different statin treatment modalities in a large cohor t o f FH patients and measured 

the effect o f statin treatment on atherosclerosis progression by this method. 

(Chapter 4) 

The beneficial effect o f statins on cardiovascular morbidi ty and mortal i ty may not 

only result f rom LDL-cholesterol reduction but also f rom mechanisms that modify 

in f lammat ion and b lood coagulat ion.8 , 9 These so called pleiotropic effects o f 

statins have been studied extensively, but the data are not consistent. The aim o f 

our study was to evaluate whether high dose simvastatin therapy would modulate 

markers o f in f lammat ion , coagulation and fibrinolysis and to evaluate whether the 

alterat ions in these markers were associated wi th changes in int ima media thickness 

( IMT) o f the arterial wal l as marker for atherosclerosis progression in FH patients. 

(Chapters 5, 6 and 7) 

A l though FH is considered a single gene disease, there is substantial variat ion in the 

onset and severity o f CVD symptoms among FH patients, which can only in part be 

explained by the classical risk factors such as smoking and hypertension. Even 

wi th in a cohor t o f subjects that share an identical gene defect, there are 

considerable differences in the development o f symptomatic disease.10 Probably 

addi t ional atherogenic risk factors, o f environmental and/or genetic or igin, act in 

conjunct ion wi th the LDL receptor defect, which may explain the observed large 

variat ion in clinical manifestations in FH. 

We investigated therefore, i f the l ipoprotein lipase mutat ion D 9 N , which is 

associated wi th reduced levels ofHDL-cholesterol and elevated triglycerides, would 

modi fy the l ipid and l ipoprotein levels and the risk for CVD in patients wi th famil ial 

FH. (Chapter 8) 

The dist inct ion between single gene disorders and mult iple gene disorders has 

become less clear. For so called single gene disorders as FH, there is one gene that 

may be pr imari ly responsible for the pathogenesis, w i th one or more independently 

inherited modi f ier genes that also influence the phenotype. 

Background and outline of part II 

O n the other hand, for a complex trait the interaction o f more independently 

inherited pairs o f alleles, most likely influenced by addi t ional modif ier genes, results 

in disease. Environment and life-style are major contr ibutors to the pathogenesis o f 

14 



GENERAL INTRODUCTION 

these complex disorders. Prospective, epidemiological studies are well suited to 

investigate the relative impact o f individual genes and environmental factors on the 

disease phenotype. 

Atherosclerot ic cardiovascular disease is therefore better understood as a 

mult i factor ial (or "complex") disease, in which not only inherited but also acquired 

or environmental factors play a significant role in the pathogenesis and in the 

complicat ions o f atherosclerosis. (Figure 1)7 

Besides the well known and already mentioned classical risk factors for CVD, one o f 

the impor tan t mechanisms that may modulate the onset and outcome o f 

atherosclerosis is the blood coagulat ion system.11 There are two impor tan t features 

that give support to this presumpt ion. Firstly, cleavage products f rom the 

coagulat ion system may modulate pro- and ant i - in f lammatory properties o f 

endothelial cells and leukocytes which play a key role in atherogenesis.12 '13 

Secondly, platelet aggregation and clot format ion as occurs in for instance 

myocardial in farct ion and ischaemic stroke, is the major compl icat ion o f 

atherosclerosis. 1 4 , 1 5 Subtle inter-individual differences in the response o f the 

coagulat ion system caused by genetic and /o r metabol ic or environmental factors, 

may therefore modify the risk o f CVD and its compl icat ions. 

We performed a study on platelet aggregation and prognosis in 159 survivors o f 

myocardia l in farc t ion par t i c ipa t ing in a secondary prevention study ( the 

Amsterdam Metopro lo l Trial) in which they were randomized for metoprolo l or a 

placebo treatment wi th a fo l low-up o f 5 years.(Chapter 1) We also studied the 

platelet glycoprotein I l ia PI A polymorphism, associated wi th platelet dysfunct ion, 

in relation to coronary artery disease progression and to the response to aspirin in 

part icipants o f the Regression Growth Evaluation Statin Study (REGRESS), a 

placebo-control led l ipid lowering regression trial wi th pravastatin. (Chapter 2) 

Since 1994 patients wi th premature atherosclerosis are referred to the outpat ient 

'Lipid and Premature Atherosclerosis' clinic at the A M C for CVD risk analysis and 

management. This gave us the unique oppor tun i ty to assess the effect o f different 

polymorphisms and mutat ions on the risk o f premature atherosclerotic vascular 

disease in this well defined patient populat ion w i th CVD under the age o f 50 years. 

(Chapter 3-6 and 8 ) 

The genetic variations in the hemostatic system as risk factor for arterial thrombosis 

were reviewed f rom literature. (Chapter 3) One o f these, the sequence variation in 

the 3'-untranslated region o f the prothrombic (PT) gene (20210 G^»A) was recently 

claimed to be associated wi th elevated plasma pro th rombin levels and an increased 

risk for venous and arterial thrombosis. Therefore we examined the prevalence o f 
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the 20210 A allele in the pro thrombin gene in the patients wi th proven premature 

atherosclerotic disease and in healthy controls to evaluate this mutat ion as a risk 

factor for myocardial infarct ion. (Chapter 4) 

Very recently, mutat ions in the gene encoding for the ABCC6 transporter were 

described as the cause o f Pseudoxanthoma Elasticum (PXE), an inborn disorder o f 

connective tissue wi th specific skin, ocular and CVD manifestat ion. On several 

occasions we were struck by the fact that, in our patients suffering f rom premature 

cardiovascular disease, PXE was found to be concomitant ly present. In the 

Netherlands, as in the rest o f Europe, a part icular premature truncat ion variant 

ABCC6 (R1141X) was qui te frequent in a large cohort o f PXE patients. Given the 

association between CVD and PXE we hypothesized that heterozygosity o f this 

ABCC6 mutat ion could also confer an increased risk for CVD. We therefore studied 

the prevalence o f the R1141X mutat ion in the ABCC6 gene in patients wi th 

premature CAD and in a large populat ion based control group. (Chapter 5) 

We also assessed the effect on CVD risk o f three different th rombospond in muta

t ions. The fact that thrombospondins are involved in the modulat ion o f a wide 

range o f processes in the vessel wall makes them plausible risk factors for premature 

CVD. (Chapter 6) 

Epidemiological studies in which the association o f iron status wi th atherosclerosis 

was assessed raised confl ict ing results. Therefore we tested whether genetic 

haemochromatosis is associated wi th increased atherosclerosis and we determined 

the prevalence o f two mutat ions in the HFE gene related to haemochromatosis 

(845G -» A: Cys282Tyr, and 1 87 C — G, His63Asp). (Chapter 7) 

As mentioned before hyperhomocysteinemia is an established risk factor for 

atherosclerotic vascular disease. A common methylenetetrahydrofolate reductase 

(MTHFR) muta t ion is associated w i t h hyperhomocysteinemia. We investigated the 

association o f homocysteine levels, the MTHFR mutat ion and the risk for CVD in a 

cohor t o f patients wi th premature atherosclerosis (Chapter 8). 

There are still several mutat ions o f candidate genes under investigation in our 

cohor t o f patients wi th premature CVD and in a large populat ion based control 

group. Such investigations are particularly impor tan t in order to reach the ul t imate 

goal o f characterising phenotypic and genetic markers for CVD. This would enable 

in future the establishment o f individual CVD risk profiles, which might eventually 

result in new and individualised prognostic and preventive therapeutic measures. 
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Part I Chapter 1 

Familiaire Hypercholesterolemie: 
cardiovasculaire complicaties op jonge leeftijd 

te verwachten en te voorkomen 
(een klinische les) 

Mieke D Trip1, PeterJ Lansber^, Saskia de Jongh2', John JP Kastelein' 

Afdelingen 'Cardiologie en 2Vasculaire Geneeskunde, 

Academisch Medisch Centrum, Amsterdam, Nederland 

Ned Tijdschr van Geneesk 2000;144:1425-1428 



Part 1 Chapter 1 

Dames en Heren, 

Aandoeningen van hart en bloedvaten zijn in Nederland de belangrijkste oorzaak 

van ziekte en sterfte.1 Atherosclerose is in het merendeel der gevallen het 

onderl iggende ziekteproces. De pathogenese van atherosclerose is niet geheel 

ont ra fe ld , maar het samenspel van diverse risicofactoren is van groot belang voor 

het ontstaan ervan. Stoornissen in de vetstofwisseling behoren to t de belangrijkste 

r is icofactoren en met name een verhoogde concentratie van ' low-density ' -

l ipoproteïne (LDL)-cholesterol wordt gezien als een condi t io sine qua non tijdens de 

atherogenese. Dat behandeling van een verhoogd LDL-cholesterol bij patiënten die 

een hart infarct hebben doorgemaakt de cardiovasculaire sterfte doet afnemen, is 

inmiddels algemeen geaccepteerd.2-3 Over het toepassen van primaire preventie van 

coronai re hartziekte (CHZ) op grotere schaal zijn de meningen verdeeld. 

Desalniettemin is er één groep patiënten bij wie deze vorm van preventie 

onomstreden is: patiënten die lijden aan erfelijke hyperlipidemie en dan vooral 

patiënten met familiaire hypercholesterolemie (FH). Dat men juist bij deze 

pat iënten alert d ient te zi jn, wi l len wi j aan de hand van de volgende 

ziektegeschiedenissen illustreren. 

Patient A, een 35-jarige pol i t ieman, komt op onze l ipidenpolikl iniek. Hij vertelt dat 

ongeveer een half jaar eerder een verhoogd cholesterol bij hem is vastgesteld. Hierop 

kreeg hij pravastatine 10 mg voorgeschreven, waarop het cholesterol mat ig daalde. 

Uit ongerustheid over de gestelde diagnose neemt hij zelf contact op met onze 

polikl iniek. Uit de anamnese blijkt dan dat patiënt al 13 jaar tevoren pijnlijke en 

gezwollen achillespezen had tijdens de avondvierdaagse. Enkele maanden later had 

hij t i jdens een politietrainingsweek opnieuw pijn aan de achillespezen. De mil itaire 

arts dacht dat de pijn veroorzaakt werd door scheurtjes in de pezen en verwees hem 

naar een fysiotherapeut. Een jaar later vertelde een sportarts hem dat verdikte 

achillespezen het gevolg waren van sportblessures. Bij een polit iekeuring in het 

daaropvolgende jaar vertelde de keuringsarts dat de verdikte achillespezen het 

gevolg waren van littekenverdikkingen. 

Patiënt kreeg 9 jaar na de eerste achillespeesklachten van een vriendin het advies zijn 

huisarts te raadplegen. De huisarts constateerde toen bij patiënt een totale 

cholesterolconcentratie van 13,6 m m o l / l (referentiewaarden < 5,0) en schreef een 

dieet voor. Na 4 jaar bleek de totale cholesterolconcentratie gedaald te zijn to t 

12 m m o l / l . Ontevreden met het resultaat verwees de huisarts patiënt naar een 

internist. De internist begon een behandeling met pravastatine 10 mg, waarop het 

cholesterol daalde naar 9,8 mmol / l . Rond diezelfde periode klaagde patiënt bij de 
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FAMILIAIRE HYPERCHOLESTEROLEMIE 

internist over een sinds enkele weken bestaand drukkend gevoel op de borst ti jdens 

het sporten. De internist liet een ECG in rust maken en constateerde geen 

afwijkingen. Patiënt werd gerustgesteld. Uiteindelijk is deze toch niet gerust en hij 

bezoekt onze polikl iniek. 

Als wij hem dan voor het eerst zien, heeft patiënt het volgende risicoprofiel: hij heeft 

nooi t gerookt, gebruikt geen alcohol en is niet bekend met hypertensie o f diabetes. 

Hij houdt zich goed aan het cholesterolverlagende dieet. Patiënt is uitermate goed 

getraind. Zi jn familieanamnese ziet er als volgt uit: zijn oudste broer en zijn moeder 

zijn gezond en hebben geen hypercholesterolemie. Zijn vader heeft op 68-jarige 

leeftijd een myocardinfarct doorgemaakt en had een totaal cholesterol van 

12,5 m m o l / l . Zijn zussen, een tweeling van 30 jaar oud , hebben een totaal 

cholesterol van 7,7 en 9,6 m m o l / l . Bij het l ichamelijk onderzoek zien wij een jonge 

man zonder hoge bloeddruk o f overgewicht. Wi j constateren peesxanthomen op de 

strekpezen van beide handen, beide achillespezen en beiderzijds op de tuberositas 

t ibiae. Het laborator iumonderzoek laat een sterk verhoogd LDL-cholesterol zien 

van 9,2 mmo l / l (referentiewaarde < 3,2). 

Op basis van de familieanamnese, de bevindingen bij het l ichamelijk onderzoek en 

het hoge LDL-cholesterol wo rd t de diagnose FH gesteld, die later bevestigd wordt 

aan de hand van DNA-onderzoek: de FH word t veroorzaakt door de E207K-

mutat ie: in exon 4 van het LDL-receptorgen. Er word t een behandeling met 

simvastatine begonnen: gedurende 2 weken 1 maal daags 40 mg en daarna 80 mg. 

Ook word t de patiënt verwezen naar de cardio loog, die vrijwel direct een coronaire 

angiografie verricht. Hierbij word t trivasculair coronarial i jden geconstateerd met 

meerdere aanzienlijke stenosen; aansluitend vinden er twee dotterprocedures 

plaats. Patiënt is bij controle 2 jaar later in een stabiele toestand; hij is weer aan het 

werk en kan sporten zonder presternale pi jnklachten. 

Patiënt B, een 30-jarige vrouw en collega-huisarts, meldt zich op onze polikliniek. 

Zij is verwezen doo r haar huisarts in verband met de aanwezigheid van 

hyperlipidemie bij eerstegraads familieleden. Patiënte zegt gezond te zijn en geen 

klachten te hebben, ook niet ti jdens haar frequente sportact ivi tei ten. Als wij vragen 

naar haar 'slechte gewoonten' antwoordt zij nooi t te roken, veel te sporten en zo nu 

en dan een glaasje wi jn te drinken. Er is geen hoge bloeddruk, suikerziekte o f j icht . 

Haar gewicht is goed en zij heeft een redelijk gezond voedingspatroon. Haar vader 

is 58 jaar; hij kreeg op zijn 57e een hart infarct. Haar moeder is 55 jaar en heeft een 

totaal cholesterol van 14 m m o l / l . Haar 29-jarige broer en 23-jarige zus hebben 

respectievelijk een totaal cholesterol van 12 en van 10 m m o l / l . 

Bij het l ichamelijk onderzoek zien wij een slanke vrouw met een normale bloeddruk. 
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Er word t in beide ogen een arcus lipoides gezien. Er zijn geen xanthelasmata. Wel 

heeft zij achillespees xanthomen beiderzijds. Haar l ipidenprofiel ziet er als volgt uit: 

to taa l cholesterol 11,1 m m o l / l , LDL-cholesterol 9 , 3 m m o 1 / l , 'h ighdensity ' -

l ipoproteïne (HDL)-cholestero l 1,5 m m o l / l ( referent iewaarden: 0,9-3,0) , 

triglyceriden 0,71 m m o l / l (referentiewaarden: 05-2,2). Verder laborator ium

onderzoek brengt geen afwijkingen aan het licht. Op basis van de familieanamnese, 

de bevindingen bij het lichamelijk onderzoek en het l ipidenprofiel wordt de 

diagnose FH gesteld. Patiënte krijgt een cholesterol-beperkt dieet en simvastatine 

40 mg voorgeschreven. Bij het eerste controlebezoek bl i jkt het totaal cholesterol te 

zijn gezakt naar 7,7 m m o l / l ; ook het LDL-cholesterol is gedaald en bedraagt 4,74 

m m o l / l . Opmerkel i jk is een stijging van het HDL-cholesterol naar 2,26 m m o l / l . Ons 

advies om het LDL-cholesterol nog verder te reduceren door een verhoging van de 

dagdosis simvastatine wo rd t door patiënte niet geaccepteerd. 

Patiënte maakt 3 jaar later een fietstocht met haar vriendinnen. Tijdens het fietsen 

wo rd t zij plotsel ing moe en even later reageert zij niet meer op aanspreken. Er wordt 

ter plaatse nog een poging ondernomen om haar te reanimeren, maar zonder 

succes. Tijdens de obduct ie worden vooral in het septum interventriculaire en aan 

de apex cordis mult ipele infarctlittekens geconstateerd. Zowel de hoofdstam van de 

linker coronairarter ie als de rechter coronairarterie bl i jkt sterk vernauwd. 

Uit de ziektegeschiedenissen van onze patiënten bli jkt dat FH ernstige consequenties 

kan hebben. De herkenning van het ziektebeeld is soms moeili jk. Vaak wordt niet 

onmiddel l i jk gedacht aan een erfelijke cholesterolafwijking ondanks aanwijzingen in 

de vorm van een cardiaal belaste familieanamnese, xanthomen o f sterk afwijkende 

l ip idenwaarden. Veel patiënten komen daardoor te laat en via omwegen uiteindelijk 

bij een ter zake kundige terecht. Kostbare t i jd gaat ook verloren met 

levensstijladviezen, dieetaanpassing o f inadequate medicamenteuze therapie, 

waarbi j te langgewacht word t met hogere doseringen van de juiste geneesmiddelen. 

Als het ziektebeeld wel word t herkend ontstaat er niet zelden een situatie waarbi j de 

pat iënt o f diens behandelend arts de ernst van deze aandoening onderschat. De 

jonge leeftijd van de besproken patiënten (respectievelijk 35 en 30 jaar) li jkt de 

diagnose 'angina pectoris ' in de weg te staan, terwij l men bij FH-patiënten zelfs bij 

vage klachten alert moet zi jn, zoals blijkt uit de ziektegeschiedenissen. Plotse dood 

maakt een kwart uit van de totale sterfte onder FH-pat iënten.4 , 6 Alleen een ECG in 

rust is bij FH-patiënten dan ook niet voldoende om coronairsclerose uit te sluiten. 

Zoals ook steeds weer naar voren komt, worden vrouwen niet gespaard voor de 

gevolgen van FH. Hoewel in algemene zin CHZ bij vrouwen met FH later optreedt 
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dan bij mannen met FH, kunnen beide geslachten de klinische gevolgen van 

atherosclerose al op jonge leeftijd ondervinden en daarmee moet in het beleid 

rekening worden gehouden. 

Anamnestisch dient u te letten op aanwijzingen voor het bestaan van angina 

pectoris o f reeds bekende ECG afwijkingen; daarnaast is het evalueren en vastleggen 

van risicofactoren zoals roken, hypertensie, diabetes en hyperhomocysteïnemie 

belangrijk. Verder kunt u vragen o f de patiënt verdikkingen heeft van de pezen van 

de handen, van de voeten en /o f van de achillespezen. Ook informeren naar 

operaties aan de achillespezen kan nuttige informatie opleveren en soms zijn er 

recidiverende achillespeesontstekingen. De familieanamnese kan u ook op weg 

helpen; deze is van cruciaal belang, ze is eenvoudig af te nemen en hoeft niet veel 

t i jd te kosten. Het hebben van één o f meerdere eerstegraads familieleden (ouders, 

broers, zussen en kinderen) met premature CHZ is een belangrijke aanwijzing voor 

het bestaan van een erfelijke dyslipidemie. 

Bij het lichamelijk onderzoek dient u alert te zijn op een aantal uiterlijke kenmerken 

van FH. Een verschijnsel dat aan FH kan doen denken is de aanwezigheid van een 

arcus lipoides corneae vóór het 45e levensjaar. Een beginnende arcus is sikkelvormig 

aanwezig aan de boven- o f onderzijde van de iris en kan zich later uitbreiden en als 

een ring zichtbaar worden aan de rand van de cornea (Figuur 1 en 2). FH verraadt 

zich soms door de aanwezigheid van verdikkingen (xanthomen) van de achillespezen 

(Figuur 3) , de strekpezen van handen (Figuur 4) en /o f voeten en de pezen boven de 

tuberositas tibiae en het olecranon. Zelden treft men dergelijke xanthomen aan van 

de buigpezen. Xanthomen bewijzen de aanwezigheid van FH, tenzij ze optreden in 

samenhang met enkele andere, zeer zeldzame aandoeningen. Patiënten met FH en 

een hoog cholesterol en /o f xanthomen hebben vaker hart- en vaatziekten dan 

Figuur 1. Beginnende arcus lipoides corneae Figuur 2. Volledige arcus lipoides corneae bij 

bij patiënt met FH. patiënt met FH 
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Figuur 3. Achillespeesxcwthoom bij een Figuur 4. Xanthomen van de strekpezen van 

patiënt met FH. de hand bij een patiënt met FH 

patiënten met FH en een lager cholesterol en zonder xanthomen. 7 

Bij het laborator iumonderzoek zijn het totaal plasmacholesterol en het LDL-

cholesterol sterk verhoogd; ze liggen ver boven het 95e percentiel voor leeftijd en 

geslacht. Wi j raden echter aan om het gehele l ipidenspectrum te laten bepalen, 

inclusief de triglyceriden. Deze bepalingen kunnen u namelijk ondersteunende 

informat ie geven omtrent de zekerheid van de diagnose FH. 

FH heeft een autosomaal dominant overervingpatroon, waarbi j de kinderen van een 

heterozygote patiënt 50% kans hebben het defecte gen te erven. Het vóórkomen in 

de westerse wereld word t geschat op 1:500; er zijn echter sterke aanwijzingen dat 

d i t een onderschatt ing is van de werkelijke prevalentie in Nederland.8 FH ontstaat 

doo r een mutat ie in het LDL-receptorgen waardoor het aantal goed functionerende 

LDL-receptoren afneemt. Dit veroorzaakt een afname van de hoeveelheid LDL-

cholesterol deeltjes die uit de bloedbaan kunnen worden verwijderd. Het gevolg is 

de eerdergenoemde sti jging van het tota le plasmacholesterol en het LDL-

cholesterol .9 

Onbehandeld hebben FH-patiënten een sterk vergrote kans op coronarial i jden. 

Ongeveer 80% van de mannen en 45% van de vrouwen krijgt deze aandoening vóór 

het 60e levensjaar .6>9"12 Bijna alle patiënten met FH overlijden ten gevolge van 

cardiovasculaire aandoeningen. Hart infarcten (52%) en zogenaamde plotse dood 

(26%) maken de meeste slachtoffers onder FH-patiënten.4"6 

Indien de diagnose FH is gesteld, rest slechts adequate therapie. Het roken van 

sigaretten moet met klem worden afgeraden en er moeten levensstijladviezen 

worden gegeven, zoals veel bewegen en gezonde voeding (volgens de "Richtl i jnen 

Goede Voeding") . Het voedingspatroon van de patiënt dient aangepast te worden. 

Kort gezegd betekent dit dat de totale vet-inname en vooral de inname van 
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verzadigd vet beperkt moet worden. De gebruikelijke dieetmaatregelen hebben bij 

FH een geringe invloed op het LDL-cholesterol en mogen geen reden zijn voor het 

wachten met het voorschrijven van cholesterolsyntheseremmers. 

FH is een aandoening met bijna volledige expressie vanaf de geboorte; hierdoor zijn 

FH-patiënten in principe hun hele leven aan sterk verhoogde LDL-cholesterol 

concentraties blootgesteld. Bij het diagnosticeren van deze ziekte zijn er gemiddeld 

30 to t 40 verloren jaren 'in te halen'. O m het atherosclerotische proces te vertragen 

o f te doen stilstaan o f misschien zelfs te kunnen omkeren, is het gebruik van 

cholesterolsyntheseremmers, vaak in combinat ie met galzuurbindende harsen, 

onvermijdeli jk. De eerstgenoemde geneesmiddelen kunnen niet zelden een LDL-

cholesterol dal ing van 40% o f meer bewerkstelligen en de toevoeging van harsen kan 

dan soms leiden to t een extra dal ing van 10-25%. 

FH kan op jonge leeft i jd en vo lkomen onverwachts to t cardiovasculaire 

complicaties o f zelfs to t plotse dood leiden. Snellere herkenning van het ziektebeeld 

door middel van een goede anamnese en gedegen lichamelijk onderzoek, sneller 

aanvangen met cholesterolverlagende medicatie en alert zijn op angineuze klachten 

kunnen bij deze patiënten hart infarcten voorkomen en levens redden. 

Abstract 

Familial Hypercholesterolaemia: cardiovascular complications at young age to be 

expected and prevented. 

A man aged 35 and a woman aged 30 visited a lipid clinic because o f a raised tota l 

cholesterol level, which was also present in a number o f first-degree relatives. Apart 

f rom the l ipid abnormalit ies they had no risk factors for coronary disease. Both 

proved to have familial hypercholesterolaemia (FH). The man had vague angina 

pectoris symptoms and a high dose o f cholesterol synthesis inhibitors was 

prescribed. Coronary angiography showed severe stenosis; a coronary bal loon 

angioplasty was successfully performed. The woman, however, died at age 33 

suddenly f rom myocardial infarct ion. FH may cause unexpected cardiovascular 

complicat ions and sudden death o f young persons. Timely diagnosis o f the 

condit ion on the basis o f adequate anamnesis and thorough physical examination, 

more rapid administrat ion o f cholesterol-lowering agents and alertness for anginous 

complaints may prevent myocardial infarctions and save lives in these patients. 
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Abstract 

Muta t ions in the LDL receptor are responsible for famil ial hypercholesterolemia 

(FH). At present, more than 600 mutat ions o f the LDL receptor gene are known to 

underlie FH. However, the array o f mutat ions varies considerably in different 

populat ions. Therefore, the delineation o f essentially all LDL receptor gene 

mutat ions in a populat ion represents a prerequisite for the implementat ion o f 

nat ion-wide genetic testing for FH. In this study, the frequency and geographical 

d is t r ibut ion o f 13 known mutat ions were evaluated in a cohor t o f 1 223 FH patients. 

We identi f ied 358 mutat ion carriers, representing 29% o f the FH cohort . Four 

muta t ions (N543H-2393de l9 , 1 3 5 9 - 1 G - > , 31 3 + 1 G -> A and W23X) occurred 

wi th a relatively high frequency, account ing for 22.4% o f the entire study cohor t . 

Two o f these common FH mutations (N543H-2393del9 and 1359 - 1 G -> A) 

showed a preferential geographic d is t r ibut ion. Second, to further expand the array 

o f LDL receptor gene mutations, we conducted mutat ion analysis by denaturing 

gradient gel electrophoresis (DGGE) in 141 children wi th definite FH. A mutat ion 

was identi f ied in 111 patients, involving 1 6 new single base substitut ions and four 

small deletions and insertions, which brings the number o f different FH-causing 

mutat ions in our country up to 6 1 . Our data indicate that an estimate o f the 

prevalence o f specific mutat ions, as well as the compi la t ion o f a database o f all FH-

causing mutat ions in a given country, can facil itate selection o f the most 

appropr iate molecular diagnostic approach. 

Introduction 

Familial hypercholesterolemia (FH) is a common autosomal , dominant ly inherited 

disorder o f l ipoprotein metabol ism1 , caused, in the vast majority o f cases, by 

mutat ions in the low density l ipoprotein (LDL) receptor gene. Also, mutat ions in 

the apol ipoprote in B100 gene are known to cause a phenotype undistinguishable 

f rom FH. 2 

Recently, evidence for the existence o f a th i rd gene that might be involved in an 'FH-

like' phenotype became available.3 

Historically, FH is diagnosed on typical clinical traits:elevation o f LDL cholesterol 

up to twice the normal level, presence o f xanthomata and a family history o f 

premature coronary artery disease (CAD) . However, a clinical diagnosis o f FH is not 

always unequivocal, especially in young patients in which physical st igmata are 
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often not present. In these cases, a molecular assay would be desirable for certain 

diagnosis in families and for genetic counselling. 

Therefore, the elucidation o f essentially all LDL receptor gene mutat ions in our FH 

patients is a prerequisite for the development o f nation-wide genetic testing for FH. 

At present, more than 600 mutat ions o f the LDL receptor gene are known to 

underlie FH wor ldwide4"6 However, the spectrum o f mutat ions in different 

populat ions varies to a large extent.7 

Previously, a number o f LDL receptor mutat ions in the Dutch FH populat ion were 

reported, including ten large rearrangements8,9 and 26 point mutat ions.1 0 "1 7 While 

some mutat ions were also identif ied in other European countr ies1 1 '1 2 '1 7 , the 

majority were so far unique to the Dutch FH populat ion. 

In the present study, we first sought to identify prevalent LDL receptor gene 

mutat ions and we therefore evaluated the frequency and geographical distr ibut ion 

o f 13 known mutat ions in a cohor t o f 1 223 FH patients, dispersed throughout the 

low countries. Second, in order to extend the spectrum o f LDL receptor gene 

mutat ions, we conducted DNA analysis by denaturing gradient gel electrophoresis 

(DGGE) in 141 heterozygous FH patients wi th a definite clinical diagnosis based on 

internationally accepted criteria.1 

Material and methods 

Patients 

All patients were o f Dutch descent and met the criteria for a diagnosis o f 

heterozygous FH: LDL cholesterol above the 95th percentile for sex and age, 

presence o f tendon xanthomata and history o f premature atherosclerosis in the 

patient or in a first-degree relative. 

For mutat ion analysis, 141 patients, referred to the Amsterdam Lipid Research 

Clinic o f the Academic Medical Centre and the Slotervaart University Teaching 

Hospi ta l , were recruited. In all patients, the presence o f large rearrangements in the 

LDL receptor gene8 ,9 and o f t he R3500Q mutat ion o f t he ApoBgene 2 was excluded. 

For the assessment o f t h e frequency o f specific mutat ions, 1223 samples were 

collected f rom 46 l ipid clinics evenly distr ibuted over the different regions o f t h e 

country. All patients were referred to the regional l ipid clinic by cardiologists, 

internists and general practit ioners (GPs), based on suspected l ipid disorders. A 

diagnosis o f FH was given according to uni form diagnostic criteria established 

within the lipid clinic network. All patients were informed o f t he outcome o f the test 
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by their GP. To the best o f our knowledge, all patients, both in the small group for 

muta t ion analysis as well as in the large cohor t for frequency o f known mutat ions, 

were not related. 

D N A analysis 

Genomic DNA was isolated from whole blood samples, as previously described18 . 

For DGGE analysis, all 18 exons and the promoter region o f the LDL receptor gene 

were individually ampl i f ied from genomic DNA by PCR using Super Taq DNA 

polymerase ( H T Biotechnology, Cambridge, United Kingdom) as described 

previously11, w i th the fol lowing modif icat ions. Exon 4 was ampli f ied in two 

overlapping fragments w i th pairs o f primers as described by Hobbs et a l . 4 PCR 

ampl i f icat ion o f the p romoter region was performed as described by Nissen et a l . 1 9 

All fragments, except for the 3'-half o f exon 4, were ampl i f ied wi th the same cycling 

p ro toco l , which consisted o f 94°C 5 min and 32 cycles o f 94 °C 1 min, 55°C 30 s, 

72°C 1.5 min in an OmniGene Thermal cycler (Hybald , Ashford, United Kingdom). 

The 3 ' -hal f o f exon 4 required an annealing temperature o f 62"C for PCR 

ampl i f i ca t ion . DGGE analysis was conducted as previously described.11 Exons 

displaying aberrant migrat ion patterns on DGGE gels were ampl i f ied and direct-

solid phase DNA sequencing was performed as described by Hul tman et a l . 2 0 

Sequencing data were compared to the normal LDL receptor cDNA sequence.21 

Mutation analysis 

Small deletions (up to five nucleotides) are detected by PCR ampl i f icat ion o f the 

corresponding fragment followed by agarose gel electrophoresis in a 5% gel. Smaller 

rearrangements or single base substitutions are detected by restriction digest 

analysis o f the PCR ampl i f icat ion product, in case the nucleotide change creates or 

abolishes a restriction site. In all other cases, mutat ion analysis is conducted by 

PCR-primer-introduced restriction analysis (PCR-PIRA). Primers required for PCR-

PIRA are listed in Table 1. Restriction enzyme digest analysis was then conducted 

according to the manufacturer 's recommendat ion. Discrepancies were resolved by 

repeated PCR and analysis o f independent DNA samples. 
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Table 1: List of oligonucleotides for PCR-primer-introduced restriction analysis 

Name of mutation 

191 - 2 A - * G 

C163R 

C201X 

C234R 

E273K 

2140+5 G-» A 

V776L 

Location 

Intron 2 

Exon4 

Exon4 

Exon 5 

Exon6 

5' oligonucleotide 

5'-TGACAGTTCAATCCTGTCTCTTCAAaG-3' 

S'-GTTGGGAGACrTCACACGGTGATGG-S' 

S'-CAGACGAGGCCTCCTGCCCG-GTGC-S' 

5'-GCAATCCTCCTGGCTTGGCCTCCC-3' 

S'-CGCCCGCCGCGCCCCGCGCCCGTCCC-

GCCGCCCCCGCCCGACGAAACTGAGGCT-

CAGACACAC-3' 

Intron 14 5'-CGCCCGCCGCGCCCCGCGCCCGGGAC-

ATGAGGAGCTGCCTCACAGGTCT-3' 

Exon 16 5'-TCTGTCCATTGTCCTCCCCAGC-3' 

3' oligonucleotide 

5'-ACTCCCCAGGACTCAGATAGGC-3' 

S'-CTACTGTCCCCTTGGAACACGTAMGACCCWCC-S1 

S'-CCATACCGCAGTnTCCTCGTCAGATTTGTCCCJ-S1 

5'-CGCTCATGTCCTTGCAGTCATATTCCCGGTCGC-3' 

5'-TCTCTAGCCATGTTGCAGACCT-3' 

S'-GGTACCCATTTGACAGATGAGCAG-S' 

5'-GTGATAAAGGACACCGAGTGGGGC-3' 

a T h e underl ine represents the mismatched nucleot ide. 

Results 

Analysis of frequency and geographical distribution of known FH-causing mutations 

in the Dutch population 

Restriction enzyme digest analysis o f 13 different point mutat ions that are known 

to be responsible for FH in the Dutch populat ion was conducted in a cohor t o f 

1223 heterozygous patients. The type, locat ion and frequency o f the mutat ions 

analysed are summarised in Table 2. 

Four mutat ions were found wi th a relatively high frequency. The most common 

mutat ions, w i th a frequency o f 8%, are N543H and 2393del9, which are linked on 

the same allele.12 This double mutat ion has also been identif ied in Denmark2 2 , 

a l though wi th a low frequency. 

A splicing mutat ion in intron 9,1359 - 1 G —» A, is the second most common mutat ion 

with a frequency o f 6.9%. This mutat ion appears to be frequent also in the 

neighbouring country o f Belgium.23 

The cluster o f splicing mutat ions at intron 3, 313 + 1 G —» A and G —» C, 313 + 

2 T —* C, represents the third most frequent mutat ion (4.9%). At f irst, having no 

prior indicat ion o f their relative frequency11, we applied a protocol that al lows their 

simultaneous detect ion. However, subsequent analysis tai lored to the detection o f 

each single defect revealed that all positives for this test were carriers o f the 3 1 3 + 1 

G —» A variant. This f inding is in agreement wi th the data on the frequency o f this 

mutat ion in other countr ies.2 4 , 2 5 

Finally, the W23X muta t ion , occurring wi th a frequency o f 3 .1%, is a recurrent 
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Table 2: Frequency 

Name 

W23X 

313 + 1 G ^ A 

C146X 

E207X 

S285L 

R329X 

V408M 

1358+1 G - > A 

1359-1 G ^ A 

N543H 

P664L 

2393de19 

R350M(Apo13) 

Total 

*N543H and 2393d 

of known mutations 

Location 

Exon 2 

Intron 3 

Exon 4 

Exon 4 

Exon 6 

Exon 7 

Exon 9 

Intron 9 

Intron 9 

Exon 11 

Exon 14 

Exon 17 

Exon 26 

el9 are lin 

Ref. 

<ed on 

Detection method 

Stwl+ (PIRA) 

Nde\+ (PIRA) 

Dde\ + 

Mnll -

Msel + 

/-/faal-(PIRA) 

Nla\\\ + 

BstEII-(PIRA) 

Dde\ -

Nco\+ 

Pst\ + 

5% agarose 

Ms/>I-(PIRA) 

the same allele. 

Number of 

carriers (%) 

38(3.1) 

61 (4.9) 

5(0.4) 

21(1.7) 

11 (0,9) 

0 

11 (0,9) 

1 

78(6,9) 

98* (8) 

4(0.32) 

98* (8 ) 

30 (2.4) 

358(29.2) 

Cohort size 

1 223 

1 223 

869 

1 223 

1 223 
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muta t ion in several European countries and in the United States.4 

Dur ing the course o f screening, it became apparent that some mutat ions are rare 

and , hence, a smaller number of patients were screened. 

To evaluate whether a correlation between the frequency and the geographical 

d is t r ibut ion o f these mutat ions can be established, each mutat ion was classified 

according to the region o f origin o f the carriers (data not shown). 

Interestingly, the two most common mutat ions are most frequently found in 

specific regions o f the country (Figure 1). Fifty-four carriers (69%) o f the 

1359-1 G —» A mutat ion originate f rom the province o f Nor th-Brabant , in the mid-

southern part o f the country, while 65 carriers (67%) o f the N543H-2393del9 

muta t ion originate f rom the province o f Nor th-Hol land in the north-west part o f 

The Netherlands and , more specifically, f rom the district West-Friesland. The intron 

3 muta t ion , 313 + 1 G —» A is more frequently found in provinces along the eastern 

border o f the country (Groningen and Gelderland). The W23X mutat ion in exon 2 

is part icularly frequent in the northern provinces (Friesland, Groningen and 

Drenthe). Al l other mutat ions were too rare to establish a local preference. 
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Figure 1. Geographical distribution of the four common FH-causing mutations 

in The Netherlands. 

Identification and characterisation of new mutations 

One hundred and forty-one, apparently unrelated, heterozygous FH patients were 

screened for sequence alterations in all 1 8 exons o f the LDL receptor gene and in the 

promoter region by DGGE. Prior to DGGE analysis, the presence o f large 

rearrangements(26) and o f t h e R3500Q variant o f t he ApoB gene(2) was excluded 

in this group. Nucleotide alterations were revealed by the presence o f two or more 

DNA bands on DGGE gels compared wi th a single band in normal samples and the 

underlying molecular defect was then characterised by direct sequencing. A 

mutat ion was identif ied in 111 patients, yielding a detection rate o f 80%. In 

addi t ion to a number o f mutat ions that have been previously reported in the Dutch 

FH popula t ion 1 1 " 1 7 , we found a number o f mutat ions that were previously not 

known in the Dutch popu la t ion , but that have been found in other countries 

(Table 3). These include the A29S(27), the C134G FH-Germany(4), the 1061 - 8 
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( T - > C)(28) , the E336K FH-Paris 7 (4 ) and the V8061 FH-New York 5(4). 

However, the vast major i ty (20 out o f 25) o f the variants do not appear to have been 

reported previously in the literature (Table 3). One new polymorphism in exon 

4 ( C ^ T a t 6 2 1 , G186G) is also presented in Table 3. 

All mutat ions and polymorphisms have been identi f ied in only 1 or 2 individuals, 

indicat ing that these variants are rare. 

Missense mutations 

Twelve missense mutat ions, which occur most frequently'4, were identif ied. Five o f 

them, C 1 1 3 R a n d C163R in exon 4 , C234R in exon 5, C 3 3 1 W a n d C317G in exon 

7, involve a cysteine residue, indicating that these mutat ions are most probably 

pathogenic. 

The V776L mutat ion is caused by a G —»T transversion at the last nucleotide o f exon 

16, which changes the codon for valine at posit ion 776 into a leucine. Therefore, we 

classified it as a missense mutat ion. However, this nucleotide is also part o f the 

signal sequence required for correct splicing o f the in t ron 2 9 and it is most likely that 

his mutat ion is responsible for FH also through impairment o f this mechanism. 

Splicing mutations 

Four new splicing mutat ions were ident i f ied.Two o f t h e m , 1 91 - 2 A ^ * G in intron 2 

and 2389 + 1 G —» T in intron 16, affect the invariant AG and T dinucleotide o f 

acceptor and donor sites, respectively (29). The th i rd , 67-5del4, is a four nucleotide 

deletion which severely disrupts the splicing onsensus sequence at the acceptor site 

o f intron 1, including the AG invariant dinucleotide. The four th splicing mutat ion, 

2140 + 5 G —» A in in t ron14, does not involve nucleotides that are essential or 

splicing. However, a G nucleotide at posit ion + 5 o f the 5' donor splice site 

consensus sequences is known to be associated wi th a consensus value o f 0.84. 

Therefore, it is plausible to assume that the 2140 + 5 G —» A mutat ion is also an FH 

causing muta t ion . 

Insertions and deletions 

We have reported two new deletions in Table 3. One is a five nucleotide deletion in 

exon 16, which results in a frameshif tand premature terminat ion at codon 765, just 

a few bases downstream f rom the deletion. The second one is an in-frame 12 bp 

deletion in exon 14, which deletes four amino acids (Gln657 - Tyr658 - Leu659 -

Cys660) o f the protein sequence, including a cysteine residue. 

The only insertion detected (Table 3) consists o f a dupl icat ion o f 18 nucleotides in 
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exon 17, resulting in the in-frame insertion o f six amino acids (Cys782 - Leu783 -

Gly784 - Val785 - Phe786 -Leu787) at the end o f the transmembrane domain o f the 

receptor protein. 

Discussion 

The main objective o f our analysis was to delineate the full spectrum o f mutat ions 

that underlie FH in the Dutch populat ion, which represents a first step towards the 

implementat ion o f nation-wide DNA testing for this disease. Two different 

approaches were used: f irst, we estimated the prevalence o f a number o f mutat ions 

that are already known to be responsible for FH in the Dutch popula t ion and, 

second, we searched for addit ional defects by DGGE screening o f a group o f 

patients wi th an unequivocal clinical diagnosis o f FH. 

We believe that a molecular diagnosis for FH offers several advantages. It is the only 

approach that provides a definitive diagnosis, which might become essential before 

considering gene therapy.3 0 Molecular diagnosis is also crucial in family studies, 

a l lowing ident i f icat ion o f affected family members, who require cholesterol 

lowering, while non-affected sibs can be reassured. Identi f icat ion o f a significant 

number o f carriers o f a similar muta t ion will also aid in studying genotype-

phenotype relat ionships31 as well as establish the relationship between a given 

mutat ion and the response to l ipid-lowering therapy.3 2 , 3 3 

In order to evaluate the prevalence o f mutat ions already known to be responsible 

fo r FH in the Dutch popu la t ion , we selected 13 mutat ions that in previous studies 

appeared in more than 1 individual. Their frequency was tested in a large cohor t o f 

FH patients, collected through 46 lipid clinics, evenly distr ibuted among our 

provinces. Therefore, we consider these patients as representative o f the overall FH 

popula t ion in The Netherlands. Ou t o f 1223 FH patients, 358 carriers o f the 13 

different mutat ions were identif ied, representing 29% o f the patients analysed. In 

this group, we identi f ied 30 carriers o f the R3500Q mutat ion in the ApoB gene, 

which represents 2.4% o f the cohort examined. These data are consistent w i th the 

frequency reported in other countries. Contrary to the small group o f patients 

analyzed for new variants, we did no t analyze this large cohor t o f patients for the 

presence o f large rearrangements. Considering that these have been reported wi th 

a frequency o f about 6% in the Dutch popula t ion. 8 ' 9 inclusion o f the large 

rearrangements in the screening strategy o f this group would have increased the 

number o f carriers identi f ied up to 35%. 
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Four LDL receptor gene mutat ions were detected wi th a relatively high frequency: 

the double mutat ion N543H and 2393del9, 1 3 5 9 - 1 G - * A, 313 + 1 G - > A and 

W23X. Screening for these four mutat ions alone would have resulted in the 

identi f icat ion o f 275 carriers (22.4% o f all patients analyzed). This indicates that an 

estimate o f the prevalence o f specific mutat ions in a given populat ion can facil i tate 

the selection o f a strategy for the implementat ion o f mutat ion analysis. 

W i th the exception o f a few populat ions, including the French-Canadians34, 

Christian Lebanese35, Druze36 , Finns37 and Afrikaner38 , in which a small number o f 

mutat ions explain the majori ty o f FH cases, in most European countries and in 

Nor th America founder effects do not exist. The preferential geographical 

d is t r ibut ion o f the two most common Dutch FH mutat ions in specific areas o f the 

country, Brabant for the 1359 - 1 G - > A and West-Friesland for the double N543H 

and 2393de19 muta t ion , represents an unexpected Finding. While the origin o f a 

possible founder effect in the mid-southern part o f the country is unclear, the high 

prevalence o f the double mutat ion in West-Friesland may be at tr ibuted to 

geographical isolation. From the 13th century onward, this region was separated 

f rom the mainland by water and marshes and this situation remained unaltered 

until the 17th century, when large areas in Nor th-Hol land were reclaimed due to 

rapid expansion o f the popu la t ion . 3 9 Interestingly, the same double muta t ion has 

also been recently identif ied in two small FH families in Denmark.2 2 

We also report the identi f icat ion o f 16 new single base substitutions and four small 

deletions and insertions, wh ich , added to the point mutat ions and large 

rearrangements previously identif ied in the LDL receptor gene o f Dutch FH patients, 

brings the number o f FH-causing mutat ions in this country up to 6 1 . A l though the 

actual frequency o f the newly identi f ied mutat ions needs to be evaluated in a larger 

group o f patients, none o f them were detected in more than 1 or 2 patients, 

suggesting that these mutat ions are rare. 

In general, several arguments suggest that the newly identif ied mutat ions are 

pathogenic. First, w i th the only exception o f the 2140 + 5 mutat ion in int ron 14, 

these were the only nucleotide changes found after scanning o f the entire coding 

and splice site consensus sequences o f the LDL receptor gene. Second, these 

changes do not occur in the normal Dutch populat ion, as assessed by DGGE 

screening o f 100 control DNA samples. In add i t ion , wi th the exception o f only one 

family in which the 2140 + 5 muta t ion is found in combinat ion wi th the E207K 

variant, in all other cases family analysis shows a clear pattern o f co-segregation o f 

the muta t ion wi th clinical signs o f FH, such as an elevated LDL cholesterol. 

Ou t o f the 12 missense mutat ions, five involve cysteine residues and are most likely 
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t o result in defective protein receptors due to misfolding. For the remaining seven, 

expression o f the mutan t genes in mammal ian cells fol lowed by funct ional studies 

o f the mu tan t receptors is required to definitively demonstrate their pathogenicity. 

In 30 out o f the 141 FH patients initially included in the screening strategy for new 

LDL receptor defects, we were not able to detect any variant by DGGE, in spite o f 

the defini te clinical diagnosis, o f the exhaustive screening approach, wi th the 

inclusion o f all exons, promoter region and splice site consensus sequences and o f 

the exclusion o f large rearrangements, that cannot be detected by DGGE and o f the 

R3500Q variant in the ApoB gene. 

A similar detection rate (-80%) was also obtained in a previous study1 1 , in which a 

smaller g roup o f patients was examined. One possible explanation lies in the 

detect ion l imit o f the DGGE technique itself, a l though DGGE has been proven to be 

a powerful detect ion method, it is known that it is not able to detect all mutat ions, 

possibly because o f their peculiar posit ion in the fragment or because o f the 

surrounding sequence composit ion in the fragment to be analysed. In these cases a 

second round o f screening with a different detect ion method (e.g. single strand 

con fo rmat ion polymorphism (e.g. [SSCP]), increases the chances o f detecting 

nearly all var iants.4 0 

A second plausible explanation implies that the mutat ion is located in a gene other 

than the LDL receptor. New evidence suppor t ing this hypothesis has recently been 

given by Varret et a!.3 and implicates a new locus, named FH 3, that might be 

responsible for a phenotype indistinguishable f rom the classical FH according to 

the clinical traits. 

Considering the large variabil ity of the spectrum o f Dutch FH mutat ions and the 

fact that most mutat ions are rare, the appl icat ion o f a molecular diagnostic test for 

rout ine screening o f all mutations requires a strenuous effort. 

In this respect, the recent development o f h ighthroughput methodologies like the 

ol igonucleot ide l igation assay (OLA)4 1 or mult iplex allele-specific diagnostic assay 

(MASDA) 4 2 that enable simultaneous analysis o f a large number o f known 

mutat ions (> 100) in a single assay might offer a valid alternative to the laborious 

and t ime consuming assays for specific mutat ions. 

A l though the number o f Dutch FH mutat ions identif ied is high, the database o f all 

FH-causing mutat ions in the Dutch populat ion is far f rom complete. It has been 

estimated that there are about 4000O FH heterozygotes in the Dutch popula t ion. 4 3 

Considering that so far in this as well as in previous studies only a l imited number 

o f patients have been scanned for unknown defects and that most mutat ions are 

present in single families, the actual number o f Dutch FH mutat ions may be much 
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higher. Therefore, predictions on the total number o f LDL receptor defects 

account ing for FH in our populat ion cannot be made and, as a consequence, 

estimates o f the predictive value o f a multiplex testing protocol remain inaccurate. 

Cont inuat ion o f this approach may increase the number o f LDL receptor mutat ions 

to several hundreds. For this reason, screening for new mutat ions by DGGE remains 

a major objective o f our laboratory. 

In add i t ion , strict selection criteria were applied to the patients included in this 

study. Therefore, mutat ions leading to a mild phenotype o f FH might have been 

missed. A multiplex testing protocol would therefore result in a relatively low 

predictive value, inherent to the selection criteria appl ied. 

In summary, wi th the work described in this paper we have obtained more insight 

into the molecular basis o f FH in The Netherlands. Sixty-one different mutat ions 

have been found to be responsible for the disease:these include ten large 

rearrangements, reported elsewhere8,9 and 51 point mutat ions. Ou t o f these, 20 

are novel mutat ions. The vast majority o f mutat ions have been found in 1 or 2 

individuals. Only four mutat ions present wi th a relatively high frequency and, 

altogether, account for 22% o f all patients examined. 
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Abstract 

It is unknown whether the variation in the severity o f cardiovascular disease (CVD), 

seen in patients w i th famil ial hypercholesterolemia (FH) , is reflected in the int ima-

media thickness ( IMT) o f carotid and femoral arterial walls. We measured IMT in 

both these arteries in 248 consecutive patients wi th FH, at tending our Lipid Clinic. 

One hundred and six patients were classified as having CVD, while the remaining FH 

subjects had no clinical evidence o f CVD. IMT measurements o f 20 prespecified 

carot id and femoral arterial wall segments o f the FH groups wi th and w i thout CVD 

were compared. Al l IMTs in both groups were severely thickened wi th respect to 

normal controls. Furthermore, the highest IMTs and the largest absolute differences 

were observed in the common femoral artery (1.23 ± 0 .46mm vs 1.10 ± 0 .51mm; 

p=0.006) . In subjects wi th CVD, the distr ibutions o f IMT wi th in tertiles for both 

arterial segments were opposite to those found in FH patients w i thou t CVD, 

(p <0,05, for both segments). The mean IMT of, in part icular the common femoral 

artery is thicker in FH individuals w i th CVD compared to those wi thout . Some FH 

patients have abnormal IMT of the femoral artery, whereas in others the carot id 

artery is more affected. Therefore in FH patients, combined assessment o f the 

carot id and femoral arterial walls provide a more accurate estimation o f tota l 

atherosclerotic burden in FH. 

Introduction 

High resolution B-mode ultrasound measurements o f the int ima media wall 

thickness ( IMT) o f the carot id artery is considered an acceptable surrogate marker 

for coronary vascular atherosclerosis.1"4 This concept emanates f rom the 

assumption that the IMT o f the carotid artery represents the overall atherosclerotic 

vascular burden, since atherosclerosis is considered a disease that simultaneously 

affects several major vascular beds. Therefore, this technique has become a 

powerful non-invasive too l in epidemiological and intervention studies designed to 

evaluate and influence the progression or regression o f the atherosclerotic 

process5"10. 

Indeed, in some o f these studies, increases in IMT were associated wi th the 

occurrence o f clinical events such as myocardial infarct ion, ischemic stroke, 

vascular accident and sudden death.4 However, a large variabil ity exists in IMT 

scanning techniques and there is no general agreement as to which segment o f the 
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carot id artery is most informative and whether scanning o f the femoral artery 

provides addit ional in format ion. 1 1 ' 1 2 

Most studies that included IMT were performed in middle-aged males. Less 

substantial informat ion is available in patients at high risk o f myocardial infarct ion 

and sudden death, such as heterozygotes for familial hypercholesterolemia (FH). In 

two small case control studies in such patients, it was shown that the mean carot id 

IMT was considerably thicker as compared to matched controls.1 3"1 5 However, it is 

known that the clinical expression o f heterozygous FH varies considerably. In some, 

major vascular events occur at a young age, while in others, carrying an identical low 

density l ipoprotein (LDL) receptor gene defect, atherosclerotic disease manifests 

only at advanced age.1 6 , 1 7 Whether this difference in the expression o f the clinical 

phenotype is also reflected in IMT measurements is unknown. We therefore 

measured IMT in various segments o f the carot id and the femoral arterial walls in a 

large series o f consecutive patients wi th FH, at tending a Lipid Research Clinic, and 

subsequently compared the IMT in those wi th and w i thout clinically manifest 

cardiovascular disease. In add i t ion , we assessed which segment in the carot id or 

femoral artery could best discriminate between patients w i th and w i thou t 

cardiovascular disease (CVD) and whether the IMT in FH heterozygotes was a 

reflection o f a more local or generalized atherosclerotic process. 

Methods 

Study populat ion 

Consecutive subjects wi th FH, seen at the Lipid Research Clinics o f the Academic 

Medical Center and the Slotervaart Hospi ta l , Amsterdam, the Netherlands, were 

eligible for the study. The diagnosis o f heterozygous FH was based on the presence 

o f a documented LDL receptor mutat ion or i f the patient met the fo l lowing criteria: 

a LDL cholesterol level above the 95th percentile for sex and age and in combinat ion 

wi th the presence o f typical tendon xanthomas in the patient or in a first degree 

relative, or a paediatric relative wi th a LDL cholesterol level above the 95th 

percentile for age and sex. Secondary causes o f hypercholesterolemia, including 

renal and hepatic disease, alcohol abuse, diabetes mellitus and hypothyroidism 

were excluded in all subjects. A t baseline, when blood was collected for chemistry 

and l ipid prof i le, none o f the subjects were taking any lipid lowering medicat ion. 

Patients were classified as having clinically manifest cardiovascular disease i f their 

history revealed one or more o f the fo l lowing: a myocardial infarct ion, documented 
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by EKG abnormal i t ies and enzyme changes; an ischemic stroke; proven by 

computed tomography (CT)scan; stable angina pectoris requiring medicat ion; 

demonstrated intermit tent claudication, or, i f an intervention by either bal loon 

angioplasty or coronary bypass surgery had been performed. FH patients were 

classified as being w i thout manifestations o f cardiovascular disease, when they did 

not meet any o f the aforementioned criteria. The study was approved by the 

ins t i tu t iona l review board and in formed consent was obta ined f rom all 

part ic ipants. 

Scanning procedure 

High resolut ion B-mode ultrasound images (ACUSON 128 XP, Mounta in View, CA, 

USA) wi th a 7.0 M H z linear array transducer were used to measure int ima media 

wall thickness. All scans were assessed by the same sonographer, unaware o f the 

clinical status o f the patient. Patients were in the supine posit ion. The right and left 

c o m m o n caro t id , the carot id bulb and the internal carot id arterial wall segments 

were imaged f rom a fixed lateral transducer angle. The common femoral and the 

superficial femoral arterial segments were imaged from a fixed anterior transducer 

angle. The scans were analysed by an independent image analyst to whom the 

clinical status o f the patient was also unknown. 

Imaging of arterial segments and off-line video image analysis 

The arterial segment 1 cm proximal to the carot id d i la tat ion was defined as the 

c o m m o n carot id arterial wall segment. The carot id bulb was defined as the arterial 

segment between the carot id dilation and the carot id f low divider. A 1 cm long 

arterial segment distal to the f low divider was defined as the internal carot id 

segment. A 1 cm arterial segment proximal to the the femoral d i latat ion was 

defined as the c o m m o n femoral arterial segment. The 1 cm arterial segment distal 

to the femoral f low divider was defined as the superficial femoral artery. The arterial 

walls most distant f rom the transducer (far walls) were imaged. 

All scans were stored in real-time mode on S-VHS videotapes for o f f l i ne analysis. 

From the B-mode images, single video frames were selected by the analyst for IMT 

measurements. IMT is defined as the distance between the lumen int ima and the 

media adventit ia interfaces. O f each arterial segment, real t ime image sequences 

were stored on S-VHS tape. The B-mode video images were analysed off-l ine. Image 

analysis procedures and software are described in extenso elsewhere.10-18 An IMT 

measurement o f approximately 10 mm along the arterial wall was performed 

manual ly, by posi t ioning markers along predefined edges o f the near and far wall 
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double line patterns. The computer program subsequently drew lines through the 

markers. (Figure 1) 

The carot id and femoral arteries were investigated bilaterally at various segments. 

The I M T d a t a are given as mean distance between the two interfaces o f the far wall 

o f the left and the right side divided by two, and the standard deviations. The data 

on combined IMT o f the carotid and femoral artery was calculated by adding 

means o f the various segments divided by three for the carot id artery and two for 

the femoral artery. 

Lipids and Lipoproteins 

Total plasma cholesterol was determined by an enzymatic colometr ic procedure 

using cholesterolesterase and cholesterol oxidase (CHOD-PAP, Boehringer 

Mannhe im) . 1 9 ' 2 0 High density l ipoprotein (HDL) cholesterol was determined after 

precipi tat ion o f chylomicrons, very low density l ipoproteins and LDL, using 

phosphotungstic acid and magnesium ions.21-22 Triglycerides were quant i f ied by an 

enzymatic colorimetr ic procedure using lipase, glycerokinase and glycerol-3-

phosphate oxidase.23 LDL cholesterol was calculated using the Friedewald 

fo rmula . 2 4 

Statistical Analysis 

FH heterozygotes wi th and w i thou t cardiovascular disease were compared wi th 

respect to baseline characteristics, lipids and l ipoproteins and int ima media wall 

thickness. Student t-tests were used to compare means o f the variables studied. 

Triglyceride data were log transformed before statistical tests, but untransformed 

levels are reported in the summary tables. To investigate whether the IMT thickening 

was more generalised or localised, we assessed the concordance o f IMT wall 

thickening in the carot id and femoral artery in the entire cohor t o f FH subjects. For 

this analysis we used as a cut -o f f point the 75th percentile for the common femoral 

and carotid artery separately o f this cohort . If there is full concordance, i.e. both 

arteries are affected to the same extent, it is expected, using this cu t -o f f point that 

25% o f subjects wou ld have an IMT wall thickening o f both the common carot id 

and femoral artery, resulting in a kappa o f 1.0. On the other hand, i f there is no 

concordance at a l l , the occurrence o f both a thickened carotid and femoral wall in 

the same patient would be governed by chance alone. In this case, only 6.25% o f 

subjects would have such a combined thickening (i.e. a kappa value o f 0.0). 

Therefore, to assess concordance o f wall thickening beyond chance, we calculated 

kappa statistics for the entire FH cohort . 
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Figure 1. Intima media thickness measurements 

7 MHz Linear 

Array Transducer 
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near wall image 

far wall image 
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Computer drawn contours 
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Off-line intima-media thickness (IMT) measurements. (A) The analyst indicates the leading 

edges of the lumen-intima (1), and the media-adventitia (2) interfaces with crossmarks. (B) 

Image analysis software draws contours. (C) MEAN IMT is defined as ^b/number ofb value, 

where the Ö values are the distances between two lines. 

A MAX IMT measurement is automatically selected by the imaging software and defined as the 

maximum b between the two lines of a given artery wall segment In this study, only the average 

wall thickness parameter or 'MEAN' IMT was used. 
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For the assessment o f a cut -o f f value in IMT indicative o f clinically manifest 

atherosclerosis, the data on IMT o f both the common carotid and femoral arteries 

o f the two cohorts were combined. The odds ratio for symptomatic cardiovascular 

disease was calculated for each arterial segment at the cut -of f value o f the wall 

thickness o f the third terti le. All statistical analyses were performed using the 

statistical package for the social sciences (SPSS 7.5 Benelux B.V., Gor inchem, the 

Netherlands). P <0.05 was conventionally used to indicate statistical significance, 

Results 

Baseline characteristics 

A to ta l o f 255 consecutive patients were asked to part icipate in the study, seven o f 

whom refused. O f the 248 patients, 106 were classified to have CVD and the other 

142 had no clinical manifestations o f atherosclerotic disease, at inclusion into the 

Table 1. Baseline Characteristics of FH Heterozygotes 

Baseline characteristics 

Age, years 

BMI, kg/m2 

M / F 

SBP, mm/Hg 

DBP, mm/Hg 

Smoking (cig/day) 

Alcohol (drinks/day) 

Lipids and proteins 

Total Cholesterol, mmol/l 

LDL Cholesterol, mmol/l 

HDL Cholesterol, mmol/l 

Triglycerides, mmol/l 

FH with CVD(n=106) 

48.5 ±8.9 ( 2 9 - 6 7 ) 

26.3 ±3.6 (18-36) 

61/45 

131.6 ± 17.7 

82.5 ± 8.9 

6.7 ±9.1 

1.0 ±0.8 

9.5 ±2.1 (6 .7- 16.1) 

7.6 ± 2.1 (4 .4- 14.4) 

1.1 ± 0 . 3 ( 0 . 5 - 1.9) 

2.0 ±0.9 (0 .5 -4 .7 ) 

FH= familial hypercholesterolemia, BMI = body mass in 
blood pressure, DBP= diasto 

With and Without Cardiovascular disease. 

FH without CVD (n = 142) 

47.7 ± 8 .7 (29 -67 ) 

25.1 ± 3 .7 (19 -39 ) 

69/73 

131.3 ± 14.7 

82.5 ±8.9 

6.2 ±9.9 

1.0 ± 0.9 

9.7 ± 1.8(7.0- 16.2) 

7.6 ± 1.8(4.5-14.7) 

1.2 + 0.3 (0 .6-2.1) 

1.8 ±0.9 (0.4-5.1) 

dex, M/F= male/female ratio, SBP= 

p-value 

0.5 

0.02 

0.2 

0.9 

0.7 

0.7 

0.7 

0.6 

0.8 

0.05 

0.07 

systolic 
ic blood pressure. Values are given as means ± standard deviation, with 

ranges in parentheses forage and BMI. 
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study. Table 1 details the baseline characteristics and l ipid levels for both FH 

cohorts . The two groups were ful l / comparable wi th respect to age, gender and the 

d is t r ibut ion o f classical risk factors, such as b lood pressure, alcohol intake and 

smoking habits. FH patients with CVD had a slightly higher body mass index (BMI ) 

(26.3 ± 3.6 vs 25.1 ± 3.7, p=0.02). Total cholesterol and LDL cholesterol levels were 

similar. However, there was a trend towards higher triglyceride levels in the FH 

group wi th CVD (2.0 ± 0.9 vs 1.8 + 0.9, p= 0.07) and the HDL levels in patients wi th 

CVD were somewhat lower ( 1.1 ± 0.3 vs 1.2 ± 0.3 m m o l / l ; p=0.05). Therefore, in 

subsequent analyses, the results were adjusted for BMI , triglycerides and HDL 

cholesterol levels, when appropriate. 

Clinical manifestations 

The type o f clinical atherosclerotic manifestations in the patients wi th CVD are 

given in Table 2. The upper part represents the 92 patients wi th clinical disease in 

only one locat ion, while the lower section details the patients in whom more than 

one vascular bed was affected. The predominant clinical manifestation o f CVD was 

cardiac disease in our study populat ion. In this group o f 82 patients, 47 had 

experienced a myocardial infarction ( M l ) , 10 patients had undergone bypass 

surgery (CABG) w i t hou t a preceding M l , 10 pat ients underwent pr imary 

percutaneous transluminal coronary angioplasty (PTCA) and the remaining 15 

patients were only known to have angina pectoris. O f the 4 patients wi th cerebral 

manifestat ions o f atherosclerosis, 2 had experienced an ischemic stroke, whereas 

Table 2. Type of Cardiovascular 

Type of Vascular disease 

Cardiac 

Peripheral 

Cerebral 

Combined Vascular disease 

Cardiac and Cerebral 

Cardiac and Peripheral 

Cerebral and Peripheral 

Cardiac, Peripheral and Cerebral 

Disease in FH Subjects. 

FH 

8 2 

6 

4 

1 

10 

1 

2 

subjects (n =106) % 

77.4 

5.7 

3.8 

0.9 

9.4 

0.9 

1.9 
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the other 2 patients had one o r more transient ischemic attacks. A total o f 14 

patients had atherosclerotic manifestations in more than one vascular territory. 

Figure 2. Frequency of FH heterozygotes with and without CVD by IMT tertiles 

Tertiles o f IMT o f common carotid artery 

A 

Tertiles o f IMT o >n femoral artery 

B 

Frequency ofFH heterozygotes with and without CVD by IMT tertiles of the carotid artery (A) 

and the femoral artery (B). There is a significant opposite distribution ofFH heterozygotes with 

and without CVD (p < 0.05). 
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Intima-media thickness 

The average IMT o f the far wall o f these arterial segments, as well as the combined 

results for the carot id and femoral artery are summarised, for both FH groups, in 

Table 3. IMT results o f the carot id artery were not available in some patients due to 

endarteriectomy and anatomic variations. In particular, the internal carot id artery 

could not be visualised adequately in 10 to 15% o f the study subjects. The IMT o f 

the common carot id artery and the carot id bulb was significantly greater in the FH 

subjects wi th CVD versus non-CVD; 0.77 ±0.18 vs 0.71 ± 0.15 (p =0.01) and 0.99 ± 

0.39 vs 0.90 ± 0.27 (p=0.04) , respectively. No differences were found for the 

internal carot id artery. When combin ing all carot id arterial segments, IMT o f FH 

heterozygotes wi th CVD (0.86 ± 0.21) was significantly greater than in the FH 

subjects w i thou t clinical signs o f CVD (0.80 ± 0.1 5, p=0.03). 

The femoral artery could not be adequately imaged in approximately 15% o f the 

study subjects, due to vascular surgery, anatomical variation or technical restraints 

in obese individuals. The IMT o f the common femoral artery was significantly 

greater in FH heterozygotes wi th CVD, (1.23 ± 0.46 vs 1.10 ± 0 .51 , p=0.007). No 

differences were found for the superficial femoral artery. However, the IMTs o f the 

combined segments o f the femoral artery differed significantly, (0.93 ± 0.25 vs 

0.84 ± 0.28, p=0.006). 

The two FH cohorts were further analysed for both IMTs o f the common carot id 

and femoral artery, after being stratif ied into tertiles (Figures 2A and 2B). In FH 

subjects wi th CVD the distr ibut ion wi th in the tertiles for both the carot id and 

femoral artery was opposite to those w i thout CVD, (p<0,05, for both arterial 

segments). 

Table 4. Concordance of IMT wall thickening 

in the entire cohort of FH heterozygotes. 

Carotid artery below 75th percentile 

above 75th percentile 

* Kappa = 0.09: 95% confidence interval: 

of the common carotid 

Femorial artery 

below 75th percentile 

135(58%) 

37 (16%) 

-0.07-0.26 

and common femoral artery 

above 75th percentile 

41 (17.8%) 

18 (7.8%)* 
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Additional analyses 

In bo th FH groups, a positive association was evident between age and IMT for 

both the c o m m o n carot id and femoral artery (mean 0.005 and 0.006 mm increase 

in IMT / 1 year o f age, respectively). For the analysis to assess whether IMT 

thickening was generalized or localised, a tota l o f 231 patients o f whom both 

carot id and femoral data were available, were included. O f this group 7.8% had 

bo th an abnormal carot id and femoral artery (defined as an IMT above the 75th 

percentile for the common carotid and femoral artery o f the entire group) (Table 

4 ) , result ing in a kappa value ofO.09 (95% confidence interval (CI): -0.07 to 0.26). 

The I M T data o f the two FH cohorts were combined for the determination o f a cut

o f f value indicative o f clinical manifestations o f atherosclerotic CVD. For the 

common carot id artery the mean IMT was 0.74 ± 0.1 7 and for the common femoral 

artery 1.13 ± 0.5. The odds ratio (OR) for symptomat ic disease when using the 

carot id artery (cut o f f = 0.77) was 1.58 (95% CI, 0.92 - 2.7; p=0.1), while the OR 

for the femoral artery (cut o f f = 1.31) was 3.14, (95% CI: 1.78 - 5.53, p=0.0001). 

Discussion 

We measured IMT o f both carotid and femoral arteries in a large cohort o f 

consecutive FH heterozygotes and subsequently compared those FH subjects wi th 

CVD to those w i t hou t clinical manifestations o f CVD. Our hypothesis was that the 

difference in clinical expression would be reflected by the IMTs o f the different 

arteries and by the extent to which various arteries were affected. In FH 

heterozygotes wi th CVD, the mean I M T o f both the carot id and femoral arteries was 

signif icantly greater as compared to those w i thout CVD (Table 3). This was 

part icular ly true for the common femoral artery, the common carotid artery and the 

carot id bulb. This difference between the two cohorts was further supported by the 

terti le analyses, which revealed an opposite d is t r ibut ion, indicat ing a cont inuous 

deleterious effect on the int imal layer in the subjects wi th CVD (Figures 1A,B). 

Interestingly, the largest absolute differences in IMT were observed in the femoral 

artery. This is in line wi th one earlier observation in a small number o f FH subjects, 

which also revealed more extensive abnormali t ies in the femoral artery ,2 5 This 

challenges the dominan t practice and opin ion that measurement o f the common 

carot id artery is most informative1 '4 ' 2 6 . In fact, the odds rat io in the present study 

for clinically manifest atherosclerotic disease for the IMT measurement o f the 

c o m m o n femoral artery was approximately 3 and highly significant, while for the 

56 



DIFFERENCES IN INTIMA-MEDIATHICKNESS IN FH 

common carot id artery this was only 1.6 (p-value non signif icant). In one previous 

study a weak correlat ion between carotid int ima-media thickness and severity o f 

CVD was reported 1. 

The findings o f the present study indicate, that at least for FH individuals, 

assessment o f the common femoral artery is most informative. Moreover, it is 

impor tan t to note that the common femoral artery can be adequately and easily 

assessed in almost all individuals, wi th the exception ofvery obese patients, or those 

who have undergone reconstructive vascular surgery. 

In contrast to our expectations, only 7.8% o f FH heterozygotes had evidence of a 

concomi tant abnormal carotid and femoral IMT (using as a cut o f f value the 75th 

percentile o f the entire FH group) (Table 4) . The expected prevalence o f abnormal 

IMTs using this def ini t ion for both locations was 25%, when there is full 

concordance between the two vascular beds. Since the observed kappa statistics 

approximate zero, the concordance o f wall thickening o f the carotid and femoral 

artery can be almost completely explained by chance. This implies, as has been 

suggested previously for hypercholesterolemic patients, that in an individual FH 

subject atherosclerosis sometimes affects one arterial segment more than the other 

and that a more generalised vascular thickening is less common . 2 5 

It therefore appears reasonable to conclude that for the assessment o f the risk for 

clinically manifest CVD, both the femoral and carot id artery should be assessed. 

This assessment seems to be an appropriate substitute for the prediction o f 

atherosclerosis in the coronary arteries, in view o f the high prevalence o f cardiac 

manifestations in our study group. 

In concordance wi th other studies, we found a significant association between age 

and IMT o f the carot id and femoral artery in both FH cohorts.2 5"2 7 In the present 

study, FH heterozygotes wi th and wi thout CVD were comparable wi th respect to 

age, gender and classical risk factors such as b lood pressure, smoking and alcohol 

use. Only BMI and HDL differed slightly. The concordance between upper-body 

obesity and dyslipidemia and an increase in CVD is well described.2 8 , 2 9 Recently, the 

association between upper-body obesity and the high TG and low HDL trait and 

high fasting insulin levels, was reported in patients wi th FH, wi th a powerful l 

predictor o f CVD in males.30 Since there is a high degree o f concordance between 

BMI and abdominal obesity, the differences in BMI and H D L and TG levels, in our 

study, conf i rm these f indings. 

However, when data were corrected for these parameters, the differences seen in 

IMT between the two groups remained similar. This suggests that the observed 

variat ion in FH subjects wi th and w i thout CVD probably reflect exposure to 
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addi t ional yet unknown risk factors. These factors most likely contr ibute to the 

increase in IMT in a t ime dependent manner. This illustrates the need for the 

ident i f icat ion o f these parameters, which apparently, in part , determine the 

diversity o f clinical phenotype in FH. 

Some methodological issues require comment. In the present study, we included 

consecutive patients wi th FH seen at the Lipid Research Clinic, which might have 

resulted in over-representing patients wi th clinically manifest CVD or patients wi th 

more advanced disease. The mean age o f the entire group was 48 years, a little more 

than half were male and the prevalence o f CVD was 43%. This is, in our op in ion , 

reflects the average FH populat ion attending a Lipid Research Clinic. Hence, our 

f indings apply to such subjects. It would be ideal i f in as yet not symptomat ic 

popula t ion o f F H individuals, IMT cut -o f f values could be ident i f ied, which predict 

the risk o f developing atherosclerotic manifestations. The present study does not 

a l low a defini te ident i f icat ion of these cut-offs. However, it appears that the value 

chosen in this study ( th i rd tertile o f the entire group for femoral and carot id artery) 

may be o f value. This, however, requires a prospective fo l low-up in non-

symptomat ic FH individuals. 

We conclude that the mean IMT of, in part icular the common femoral artery, is 

increased in FH individuals with CVD, when compared to those w i thout CVD. 

Furthermore, the disease affects different arterial territories to a variable extent and 

therefore the combined assessment o f the carotid and femoral artery provides a 

more accurate est imation o f the atherosclerotic changes in FH individuals. The 

predictive value o f abnormal IMTs for clinically manifest disease need to be assessed 

in appropr iate prospective studies. 
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Part 1 Chapter 4 

Summary 

Background: High LDL-cholesterol is a risk factor for atherosclerosis. We aimed to 

determine whether aggressive cholesterol lowering wi th statins was more effective 

than conventional statin treatment in this disease. We investigated the effect o f 

high-dose atorvastat in on carotid atheroscierosis progression. 

Methods: We did a randomised, double-bl ind clinical trial in 325 patients wi th 

famil ial hypercholesterolaemia. Patients were given either atorvastatin 80 mg 

(n = 160) or simvastatin 40 mg (n=165) daily, on an intent-to-treat basis. The 

pr imary endpoint was the change o f carot id int ima media thickness ( IMT) , as 

measured by quanti tat ive B-mode ul t rasound, over 2 years. 

Findings: The overall baseline IMT, combin ing the measurements o f the common 

and internal carot id artery and the carot id bifurcation on both sides, was 0.93 m m 

(SD 0.22) and 0.92 mm (0.21) in the atorvastatin and simvastatin groups, 

respectively. After t reatment w i th atorvastat in for 2 years, IMT decreased 

(-0-031 mm [95% CI -0.007 to -0 .055 ] ; p=0.0017), whereas in the simvastatin 

group it increased (0.036 [0 .014-0.058] ; p=0.0005) , The change in thickness 

differed significantly between the two groups (p=0.0001). Atorvastat in showed 

greater reduct ions in cholesterol concent ra t ions than d id s imvastat in . 

HDL-cholesterol concentrat ions increased in both groups. Both drugs were equally 

well tolerated. 

Interpretation: Our results show that aggressive LDL-cholesterol reduction by 

atorvastat in was accompanied by regression o f carot id int ima media thickness in 

patients wi th famil ial hypercholesterolaemia, whereas conventional LDL lowering 

was not. 

Introduction 

High concentrations o f LDL-cholesterol are a risk factor for atherosclerotic vascular 

disease. Clinical sequelae, however, are preceded by silent changes. B-mode 

ultrasound allows such atherosclerotic changes in the walls o f the carotid and femoral 

arteries to be seen, and it has been widely endorsed and standardized for measurement 

o f int ima media thickness ( IMT) . 1 Crosssectional studies indicate an association 

between carotid IMT and cardiovascular risk factors2,3 and the prevalence o f 

cardiovascular disease.4,5 More importantly, in prospective studies6 ,7 carotid IMT was 

able to predict coronary artery disease (CAD). Consequently, assessment o f carotid 
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IMT changes over time has become important in clinical intervention trials.8"10 

Patients wi th heterozygous famil ial hypercholesterolaemia are at an increased risk 

o f premature CAD. This disorder provides the framework for the relat ion between 

LDL and atherogenesis and it is frequently used as a model for l ipid- lowering 

interventions. Results o f several small studies show that carot id IMT is greatly 

increased in these patients.3 '9 , 1 1 

In heterozygous adults wi th famil ial hypercholesterolaemia, life-long treatment wi th 

l ipid lowering drugs is indicated, because these drugs slow down progression o f the 

disease, as judged by coronary angiography.12 Patient tolerance and acceptance o f 

the combinat ion o f drugs needed to successfully lower LDL concentrat ions, 

however, is poor.1 3 The treatment o f choice is stat in, an HMG-CoA-reductase 

inhibitor. 

In most hypercholesterolaemic patients, simvastatin can reduce LDL-cholesterol 

concentrat ions by 30-40%.9 '14>15 Atorvastat in is an inh ib i tor o f HMG-CoA 

reductase, which can lower LDL-cholesterol in pat ients w i th pr imary 

hyperlipidaemia by as much as 6 1 % over the 10-80 mgdose range.16 We postulated 

that a large reduction in LDL-cholesterol would slow disease progression in 

heterozygous patients. Our aim was to determine whether aggressive LDL-

cholesterol lowering w i t h atorvastat in 80 mg, wou ld slow atherosclerosis 

progression, as measured by carot id IMT. 

Methods 

Patients 

The study design and baseline characteristics o f the patients have been described 

elsewhere.17 Briefly, between 1997 and 1998, men and women aged 30-70 years 

wi th familial hypercholesterolaemia were screened for eligibility. Patients were 

either previously untreated or treated but wi th LDL-cholesterol concentrat ions 

remaining above 4.5 m m o l / l . After an 8 week placebo run- in, in which all l ip id-

lowering drugs were discont inued, baseline measurements o f l ipoprotein variables 

and IMT were recorded. O f the 377 individuals screened, 330 could be randomised. 

Five o f these wi thdrew before receiving trial medicat ion, leaving 325 patients who 

were included in the intent ion-to-treat populat ion. 160 and 165 patients were 

randomised to receive atorvastat in (66 men, 94 women) , or simvastatin (62, 103), 

respectively (Figure 1). In both groups: 29% (46 atorvastat in, 48 simvastatin) o f 

patients were previously untreated; mean age was 48 years (SD 10); mean body 
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Figure 1. Trial profile 

377 considered 

330 randomised 

47 excluded 

1 62 assigned 
atorvascatin 

1 68 assigned 
simvastatin 

2 withdrew before 
treatment 

3 wi thdrew before 
treatment 

1 65 analysed 

19 non-completers 

141 completed 
2 years 

26 non-completers 

139 completed 
2 years 

mass index was 26 (3) kg/m , and mean systolic and diastolic blood pressure values 

were 131 (16) and 79 (8) mm Hg, respectively. Cardiovascular disease (31%), 

smoking (32%), and the use of concomitant medication (52%) was also equally 

distributed between groups.17 
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Protocol 

The ethics committees o f the centres approved the protocol and wri t ten informed 

consent was obtained f rom all individuals. Patients were allocated at random to 

either atorvastatin 40 mg, or simvastatin 20 mg daily, w i th matching placebo ( two 

tablets per day). After 4 weeks, dose o f atorvastatin was increased to 80 mg and 

simvastatin to 40 mg daily, wi th matching placebo ( four tablets per day). Patients 

remained on this dosage for 2 years. In both groups, a resin was added to the 

treatment i f serum total cholesterol concentrat ions, in two consecutive visits, 

remained greater than 8.0 m m o l / l . 

Randomisation was done f rom a computer-generated sequence, concealed in 

sequentially numbered, sealed, opaque envelopes, and kept by the hospital 

pharmacist o f the two centres. Block size for randomisat ion, not previously known 

to the investigators, was ten. Age, bodyweight, height, sex, smoking habits, and 

medical history were recorded. Visits were planned after 4 weeks, 6 weeks, and every 

12 weeks thereafter. At each visit, a brief physical examination was done, tablets 

were counted, and standard dietary instruction was given.17 In both groups, lipids, 

l ipoproteins, and safety laboratory measurements were also done at each visit.17 

Samples taken to measure concentrations o f apol ipoprotein B and l ipoprotein(a) 

were stored at -80°C, and tested at the end o f the study at a central laboratory. Apo 

l ipoprotein B was quant i f ied in serum by immunoephelometry.1 8 Lipoprotein(a) 

concentrat ions were measured wi th the Apo-Tek Elisa (Organon Teknika, Rockville 

M D , USA).19 

The ultrasound scanning procedure and its reproducibil i ty have been described 

elsewhere.17 In short, ultrasound examinations were done with a Biosound Phase-two 

real t ime scanner (BiosoundEsaote, Indianapolis, IN, USA) equipped wi th a 10 MHz 

transducer. Three 10 m m segments o f int ima media were scanned bilaterally: the 

distal port ion o f the common carotid artery, the carotid bifurcation, and the proximal 

port ion o f the internal carotid artery. IMT measurements were done for both anterior 

and posterior walls o f the common carotid artery and the carotid bifurcation, and the 

posterior wall o f the internal carot id artery. Images were analysed wi th a 

semiautomatic software program (Eurequa;TSA company, Meudon, France).20 

Statistical analysis 

The number o f patients needed to detect an effect over 2 years (change in mean 

IMT) o f 0.05 m m with a power o f 80%, (a=0.05, and wi th in an individual over t ime, 

SD 0. 15 m m , was 141 per treatment group. To al low for a 10% drop-out rate, the 

total number o f patients would amount to 313. 
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The pr imary endpoint was established as the change in m m in mean IMT after 

24 months. Differences between treatment groups in change f rom baseline after 

24 months were analysed with analysis o f covariance (ANCOVA), in which the 

change in mean IMT is the dependent variable and the independent variables are 

treatment group, centre, and baseline mean I M T Analyses were two sided, wi th a 

level o f significance o f a=0.05, and were done on an intent-to-treat basis. Last 

observation carried fo rward was used for patients who did not complete the study, 

or who had missing values after 1 or 2 years o f treatment. Stepwise regression 

techniques were used to investigate the effect o f age, sex, smoking habits, history o f 

CAD and interactions wi th treatment o f baseline mean IMT, and centre (wi th 

respect to change after 24 months in mean IMT). 

Secondary endpoints included the percentage change from baseline in l ipid indices: 

t o ta l cholesterol , calculated LDL-cholesterol, HDL-cholesterol , triglycerides, 

apol ipoprote in B-100, and l ipoprotein(a). These changes are reported as mean 

(SD). Treatment differences in the percentage changes f rom baseline o f these 

indices were analysed wi th ANCOVA. Occurrence o f adverse events and serious 

adverse events was compared with Fisher's exact test. Statistical analyses were done 

wi th SAS (version 6.12). 

Results 

45 o f the 325 patients o f the intent-to-treat populat ion did not complete the study 

(14%) (Figure 1) because of: a wish to become pregnant ( two in simvastatin group) , 

raised transaminases (one in each group) , menorraghia (one in simvastatin group) , 

emot ional distress ( two in simvastatin, three in atorvastatin group) , muscle ache 

( two in each group) , insufficient response to treatment (seven in the simvastatin 

and one in the atorvastat in group), death (three, two due to cardiac disease [one 

in each g roup ] , one to cancer [simvastatin]), incorrect inclusion in the study (one 

in atorvastat in, two in simvastatin group) , transient ischaemic attack (one in 

atorvastat in group) , polyarthrit is (one in atorvastatin group) , appendicit is (one in 

simvastatin g roup) , unstable angina pectoris ( two in the simvastatin and one in the 

atorvastat in g roup) , wi thdrawal or lost to fo l low-up (five in atorvastat in, two in 

simvastatin g roup) , pyrosis (one in each group) , painful legs (one in the simvastatin 

g roup) , and gastric perforat ion (one in the atorvastatin group). The low clinical 

event rate is noteworthy, and could be in part explained by the young age o f our 

fami l ia l hypercholestero lemia cohort. Muscle ache was reported 16 times in the 
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RESULTS OF THE ASAP STUDY 

Figure 2. Change in intima media thickness (mm) ( I M T ) in the different segments 

of the carotid artery after 1 and 2 years of treatment with Simvastatin (S) or 

Atorvastatin (A) . 
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Data are combined measurements of posterior and anterior wall on both right and left side in 

common carotid artery (cca), carotid bifurcation (bul), and internal carotid artery (lea). Overall 

IMT= mean of all preselected segments in carotid artery. Vertical bars= SD. 

atorvastatin and 17 in the simvastatin group, and was never accompanied by a 

severe increase (three times the upper l imit o f normal) in creatine phosphokinase 

values. In total 34 individuals reported mi ld abdominal complaints, 18 in the 

atorvastatin and 16 in the simvastatin group. Both drugs were equally well 

to lerated, and the number o f adverse events did not differ between groups. 

At baseline, l ipid and l ipoprotein concentrations did not differ between treatment 

groups (Table 1). LDLcholesterol was reduced by hal f in the atorvastatin group and 
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by less than hal f in the simvastatin treated group after 2 years. 25 patients in the 

simvastatin group and four in the atorvastatin group received addi t ional resin 

t reatment. Compl iance was over 80% in both groups. 

In the regression analysis, treatment wi th simvastatin or atorvastatin only explained 

the variat ion in LDLreduct ion . HDL-cholesterol increased in both treatment groups 

by about 13%. Atorvastat in reduced triglyceride concentrations by 29% and 

simvastatin did so by 18% (table 1). Lipoprotein(a) was equally reduced in both 

groups, whereas apol ipoprotein B concentrations were lower in the atorvastat in 

group than in the simvastatin group (table 1). The LDL /HDL cholesterol rat io was 

reduced f rom 7.32 to 3.12 (-57%) in the atorvastatin group versus 7.62 to 3.73 

(-49%) in the simvastatin group. The LDL/apol ipoprote in B ratio was reduced by 

13.5% and 11.5% in the atorvastatin and simvastatin groups, respectively. LDL-

cholesterol below 3.0 m m o l / l was reached by 43 patients (27%) in the atorvastatin 

group, and by 12 (7%) in the simvastatin group. No sex differences in l ipid profiles 

were seen. 

The IMT's o f the common carotid artery, carot id bi furcat ion, and internal carot id 

artery were equally distr ibuted between treatment groups (Table 2). Over 2 years, 

overall IMT was reduced in the atorvastat in group, but was increased in the 

simvastatin group (Table 2) . The t reatment difference was highly signif icant and 

changes were at t r ibutable to different trends in IMT o f the various segments 

(Figure 2). 

Regression o f the carot id IMT was seen in 106/160 (66%) versus 69 /165 (42%) 

patients in the atorvastat in and simvastatin treatment groups, respectively. The 

change in IMT after 2 years was correlated wi th baseline IMT ( r=0 .41 , p=0.0001) ; 

and wi th % LDL-cholesterol reduction (r=0.14, p=0.01); LDL was negatively 

correlated wi th change in IMT (r=-0.20, p=0.0007). Changes in HDL-cholesterol 

and l ipoprote in(a) d id not significantly contr ibute to changes in IMT. Age was 

negatively related to the change in IMT, wi th an estimated regression coefficient o f 

-0.004 (p=0.0001) , whereas baseline IMT was positively related to change wi th an 

estimated regression coeff icient of 0.351 (p=0.0001) , corrected for treatment and 

centre. Smoking, cardiovascular history, and sex d id not contr ibute to the effect on 

change in IMT. 
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Discussion 

Our data support the hypothesis that aggressive LDL-cholesterol lowering o f at least 

45% is warranted to modify IMT progression into regression. The primary efficacy 

endpoint - mean 2-year change in carotid IMT - showed signif icant regression in 

the atorvastatin group, whereas the IMT in the simvastatin group increased. We 

recorded a treatment effect by baseline IMT in patients wi th higher baseline IMT 

values responding better to atorvastatin than did patients wi th low baseline values. 

In previous work, we showed that patients wi th famil ial hypercholesterolaemia and 

severely raised LDL-cholesterol, showed regression o f IMT when LDL-cholesterol 

was lowered by 45%.2 1 In this study, we noted true regression o f carotid 

atherosclerosis in two-thi rds o f the atorvastatin treated patients in whom LDL-

cholesterol was reduced by half. 

The latest NCEP guidelines and jo in t European recommendat ions endorse 

aggressive LDL-cholesterol lowering ( to less than 2.6 and 3.0 m m o l / l , respectively) 

in pat ients w i th establ ished CAD. 2 2 Since pat ients w i th fami l ia l 

hypercholesterolaemia have LDL-cholesterol concentrations in a much higher range 

than those wi th CAD, these goals are seldom met. It is encouraging that although 

goals are not reached, atherosclerosis regression can be seen i f LDL-cholesterol 

lowering is sufficient. 

We showed a similar increase in HDL-cholesterol in both the simvastatin and 

atorvastatin groups, but a more prominent reduction in triglycerides by atorvastatin. 

Since patients wi th familial hypercholesterolaemia generally have triglyceride values 

within the normal range, absolute differences were small and a direct contr ibut ion 

on IMT regression was not obvious. However, triglycerides were related to baseline 

IMT, and reduction o f triglycerides could be important in the pathophysiology o f 

atherosclerosis regression. Triglyceride-rich LDL is more likely to be hydrolysed to a 

dense particle size by hepatic lipase, and small dense LDL show an enhanced 

susceptibility to oxidative modi f icat ion and are more atherogenic.23 Therefore, a 

reduction in triglycerides might contr ibute to less atherogenic LDL particles and slow 

atherosclerosis progression. The effects o f a change in triglyceride concentration on 

LDL particle size and oxidisability is currently under investigation in ASAP. 

The post coronary artery bypass graft (post-CABG) t r ia l 2 4 was the first randomised 

prospective study designed to answer the question o f whether an aggressive 

approach to cholesterol lowering is more effective than a moderate one. In line w i th 

our f indings, the post-CABG trial showed that the aggressive approach to l ipid 

lowering is more beneficial than the more conventional method. 
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Since to deny patients w i th familial hypercholesterolaemia treatment is unethical, 

the annual IMT progression rate in untreated patients wil l remain unknown. 

However, on the basis o f the results o f the LDL-Apheresis Atherosclerosis Regression 

Study (LAARS), in which patients were given sinivastatin 40 mg, 9 2 year IMT 

progression rate can be estimated at 0.05 mm or more. In the Kuopio 

Atherosclerosis Prevention Study (KAPS),25 the progression rate in the placebo 

group was 0.03 m m per year in men wi th an LDL-cholesterol o f about 5.0 mmo l / l . 

Thus, the recorded progression o f IMT in the simvastatin group indicates a 

retardat ion o f the expected progression rate. It is noteworthy that more aggressive 

l ipid lowering w i th atorvastatin did not only result in retardat ion o f progression but 

also actually reversed the process o f IMT. 

In the Asymptomat ic Carotid Artery Progression Study (ACAPS)1 0 and the 

Mon i to red Atherosclerosis Regression Study (MARS), 8 a decrease in IMT was seen 

wi th lovastatin. Both studies included patients wi th only moderately raised 

cholesterol. The 25% LDL reduction seen in ACAPS resulted in a very small but 

signif icant decrease in IMT (-0.009 mm yearly), and IMT regression in MARS 

(-0.026 to - 0.049 m m , dependent on baseline IMT) became obvious when LDL-

cholesterol was reduced by 45%, A yearly IMT progression rate o f 0.03 m m or more 

is clinically signif icant, since it increases the risk o f future events.7 '2 5 , 2 6 Therefore, 

the difference o f 0.066 m m in 2 years between the atorvastat in and simvastatin 

group is ant ic ipated to be relevant in the reduction o f future cardiovascular events. 

The differences in mean IMT seen in our study, were attr ibutable to the contrasting 

effects o f the statins in the carotid bifurcation and internal carot id artery, both 

preferential sites for atherosclerosis. 

A l though the use o f a surrogate endpoint for cardiovascular disease has l imitat ions, 

I M T is increasingly acknowledged as a reliable measure to predict future events, and 

the clinical relevance o f progression o f IMT as a marker for cardiovascular disease 

is beyond d o u b t . 6 / Trials to confirm the effect o f aggressive cholesterol lowering on 

cardiovascular endpoints and death are underway27"29 but wil l not be available for 

at least another 3-5 years. 

Our f indings on IMT regression in patients wi th famil ial hypercholesterolaemia have 

impl icat ions for clinical practice. Aggressive cholesterol lowering wi th high-dose 

atorvastat in results in regression of carot id IMT. We conclude that aggressive lipid 

lower ing is i nd ica ted , beneficial, and safe in pat ients w i th fami l ia l 

hypercholesterolaemia. 
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Abstract 

Background: High sensitive C-reactive protein (hs-CRP) has emerged as the best 

studied and most promising marker o f in f lammat ion in atherosclerotic vascular 

disease. 

Materials and methods: The ASAP (effects o f Atorvastat in versus Simvastatin on 

Atherosclerosis Progression) study was a 2-year randomised, double-bl ind trial w i th 

325 Familial Hypercholesterolemia patients, treated wi th atorvastatin 80mg or 

simvastatin 40mg. Int ima media thickness ( IMT) o f carot id artery segments and hs-

CRP levels were determined at baseline, 1 and 2 years. 

Results: Baseline median hs-CRP values were 2.1mg/l ( interquart i le range (IQR) 

0.9-5.2) and 2.0 mg/ l ( IQR 0.8-3.0) and after 2 years these levels decreased to 

1.1 mg/ l ( IQR 0.6-2.4) and 1.5 mg/ l ( IQR 0.6-3.0) in the atorvastat in 80mg and 

simvastatin 40mg group, respectively. These changes were signif icant wi th in as well 

as between the two groups. No correlations were observed between change in hs-

CRP after 2 years and change in lipids. A significant correlat ion was found in 

univariate analysis between the decrease o f hs-CRP and the reduct ion o f IMT. 

Conclusions: Our results show that atorvastatin 80mg reduces hs-CRP levels to a 

greater extent than simvastatin 40mg. Furthermore, we show that the extent o f hs-

CRP reduct ion is associated with the progression rate o f the atherosclerotic process 

as measured by IMT. 

Introduction 

In recent years a wealth o f evidence has indicated that in f lammatory mechanisms 

play a central role in atherogenesis and its clinical sequelae.1 High sensitive 

C-reactive protein (hs-CRP) has emerged as the best studied and most promising 

marker o f in f lammat ion in relation to atherosclerotic vascular disease. Its levels 

predict the risk o f atherosclerotic events in apparently healthy men and women 2 J 

and also in patients wi th both stable and unstable angina, as well as after a 

coronary event.4,5 Hs-CRP levels combined wi th standard l ipid screening appeared 

to improve the detect ion o f subclinical atherosclerosis.6 Recent evidence suggests 

tha t hs-CRP might negatively effect the atherosclerotic process directly at the 

endothel ial level7 by inducing MCP-1 product ion 8 and indirectly by promot ing 

uptake o f oxidized low density l ipoprotein by macrophages.9 

The key quest ion, therefore, becomes whether a therapeutic modal i ty could reduce 
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levels o f hs-CRP and more important ly whether lowering o f these levels can reduce 

cardiovascular risk. 

Data f rom the CARE (Cholesterol and Recurrent Events) trial have shown that statin 

therapy reduces hs-CRP levels signif icantly.10 However, in this and other studies, the 

change in hs-CRP attr ibutable to statin therapy was unrelated to low density 

l ipoprotein cholesterol (LDL-c) lowering.1 0"1 2 Another promising marker for the 

extent o f atherosclerotic vascular disease is the measurement o f int ima media 

thickness ( IMT) o f peripheral arteries.13 Cross-sectional studies indicate an 

association between IMT and cardiovascular risk factors, and the prevalence o f 

cardiovascular disease (CVD).14-15 Furthermore, in prospective studies carot id IMT 

was able to predict coronary artery disease (CAD). 1 6 , 1 7 We recently reported that 

LDL-c reduction wi th atorvastatin 80mg over a two year period in patients suffering 

f rom heterozygous familial hypercholesterolaemia (FH) was accompanied by a 

striking regression o f carotid I M T 1 8 The ASAP (effects o f Atorvastatin versus 

Simvastatin on Atherosclerosis Progression) study protocol was also prospectively 

designed to assess the effects o f both intervention modalit ies (simvastatin 40 mg and 

atorvastatin 80 mg) on hs-CRP levels. This provided us wi th the unique oppor tun i ty 

to study prospectively the long-term effects o f statin therapy on hs-CRP in a 

randomised double-bl ind trial and assess for the first t ime whether these changes 

were related to the changes in the primary outcome parameter, carotid IMT. 

Methods 

Protocol 

The design and main results o f the ASAP study have been reported previously. In 

short ; ASAP was a 2-year, two centre, randomised, double-bl ind study to assess 

whether treatment wi th atorvastatin 80 mg or simvastatin 40 mg could retard 

atherosclerosis progression in FH patients. After an 8 week placebo run in, baseline 

measurements o f l ipoprotein parameters, hs-CRP and IMT were performed. These 

measurements were repeated after 1 and 2 years. The Inst i tut ional Review Boards 

o f both centres approved the protocol and writ ten informed consent was 

obta ined. 1 8 ' 1 9 

Laboratory 

Lipoprotein parameters included tota l cholesterol (TC), (calculated) LDL-c, high 

density l ipoprotein cholesterol (HDL-c) and triglycerides (TG) and were analysed as 
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described previously.19 Blood for hs-CRP analyses was stored at - 7 0 ° C after 

col lect ion and measurements were performed in one batch at a central laboratory 

after f in ishing the study (TNO Gaubius Laboratory, Leiden, The Netherlands). Hs-

CRP was measured in citrated plasma by an enzyme-immunoassay using polyclonal 

ant ibodies (Dako, Copenhagen, Denmark). Measurements were performed twice 

(coeff icient o f variat ion less than 6%). The f inal result represents the mean o f the 

two measurements.20 

I M T 

I M T measurement procedures have also been reported before.1 9 In short , 

u l t rasound examinations were performed using a Biosound Phase-2 real t ime 

scanner (Biosound Esaote, USA) equipped wi th a 10 MHz transducer. Three 10 mm 

segments were scanned bilaterally: the distal por t ion o f the common carot id artery 

(CCA), the carot id bifurcation (BUL) and the proximal por t ion o f the internal 

carot id artery ( ICA). The mean IMT represents the average over anterior and 

posterior walls in the CCA, the BUL and the posterior wall o f the ICA, bilaterally. 

I M T measurements were performed o f both an ter io rand posterior walls o f t he CCA 

and BULand posterior wall ofthe ICA. Images were analyzed wi th a semi-automatic 

software program (Eurequa; TSA company, Meudon , France).21 

The ul t rasound scannings were made by well-trained ultrasonographers in the two 

centers. The images were stored on disk and read by independent readers bl inded 

to any in fo rmat ion on the patients. The intra-observer and inter-observer 

coeff icients o f variat ion were <5%. Dur ing the study reproducibi l i ty was checked at 

regular t ime points. 

Statistical analysis 

For l ipoproteins, the percent change from baseline was calculated after 2 years. The 

pr imary efficacy parameter was change in IMT in mill imeters after 24 months. 

Treatment differences in the percent changes f rom baseline o f l ipid and IMT were 

analyzed wi th ANCOVA, using the change in mean IMT as the dependent variable 

and t reatment group, centre and baseline mean IMT as the independent variables, 

neither IMT nor CRP levels were adjusted for baseline in the statistical analysis. 

Because o f t h e skewed distributions o f hs-CRP, median concentrations were used 

for analyses. Both absolute and relative change in hs-CRP after one and two years 

were calculated. The signed rank Wi lcoxon test was used to evaluate the 

significance o f any difference in median hs-CRP changes over t ime; in each 

t reatment group and between treatment groups. Spearman correlation coefficients 

78 



EFFECT OF STATINS ON Hs-CRP 

were calculated to asses evidence o f association between the change o f hs-CRP and 

the fo l lowing parameters : body mass index (BMI ) , hs-CRP levels and IMT at 

baseline, mean change in IMT, LDL-c, HDL-c and TG after 2 years o f treatment. 

Statistical analyses were performed using SAS (version 6.1 2, SAS Institute Inc.). 

Results 

Patients and primary results 

O f the 325 patients in the original intent ion to treat popu la t ion , 45 patients d id not 

complete the study (13.8%). Furthermore 12 patients had missing hs-CRP data on 

either baseline or at 2-years. FH patients who did not complete the study did not 

differ significantly, in terms o f demographic and laboratory parameters, f rom FH 

patients who received treatment for 2 years. One hundred and sixty vs. 165 patients 

were allocated to either atorvastatin (66 men, 94 women) or simvastatin (62 men, 

103 women) , respectively.18 At baseline, no signif icant differences between 

treatment groups were found in either l ipid or l ipoprotein levels, nor in hs-CRP or 

mean IMT. IMT and hs-CRP were markedly increased at baseline. The baseline 

characteristics are summarized in Table 1. 

Table 1 : Baseline characteristics of the patients with hs-CRP 

Age (years) 

Gender (female/male) 

Smoking (%) 

CVD (%) 

BMI (kg/m2) 

BP(mmHg) 

Mean IMT (mm) 

hs-CRP (mg/l) 

Values are means (SD) , exce 
CVD= cardiovascular disease 
sensitive C-reactive pro te in . 

Atorvastatin 80 mg 

(n= 135) 

47(10) 

79/56 

33 

37 

25.8(3) 

130 (16) /79 (8) 

0.93(0.21) 

2.1 (0.9-5.2) 

measii 

pt hs-CRP which is given as 
BMI= body mass index, BP= 

rements in the ASAP study 

Simvastatin 40 mg 

( n - 133) 

49(11) 

82/51 

26 

25 

25.7(4) 

130 (15) /80 (8) 

0.92 (0.20) 

2.0(0.8-3.0) 

median ( interquart i le range), 
b lood pressure, hs-CRP= high 
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Table 2 shows baseline and 2 year levels o f TC, LDL-c, HDL-c, TG and hs-CRP. As 

previously described TC, LDL-c and TG levels were lowered significantly wi th in each 

treatment arm (p<0.0001 for all parameters), whereas atorvastat in reduced TC, 

LDL-c and TG levels significantly more than simvastat in.1 8 

The changes in I M T have also been described previously. In summary, after 2 years, 

IMT in the atorvastat in group decreased by 0.031 mm (p=0.0017) and increased 

by 0.036 m m in the simvastatin group (p=0.0005). This difference between the two 

treatments was signif icant (p<0.001 ).18 

Hs-CRP 

Data on hs-CRP are presented in table 2. The median hs-CRP at baseline was 

2.1 mg/ l and decreased to 1.1 mg/ l after 2 years in the atorvastatin 80 mg group 

(p<0.001) . In the simvastatine 40 mg group median hs-CRP was 2.0 mg/ l at 

baseline and decreased to 1.5 mg/L after 2 years (p=0.002) . The difference between 

the two t reatment arms after 2 years was significant (p=0.02) . The median 

Table 2. Plasma levels of lipids, lipoproteins and hs-CRP at baseline and after 2 years of treatment 

with Simvastatin 40 mg or Atorvastatin 80 mg. 

Satin Baseline 2 years % change* pf p$ 

T C S 10.20(1.89) 6.45(1.15) -35.9 <0.001 
A 10.04(1.87) 5.59(1.09) -43.5 <0.001 

D S 8.22(1.90) 4.53(1.15) -44.0 <0.001 
A 8.06(1.83) 3.67(1.07) -52.6 <0.001 

S 1.16(0.29) 1.32(0.35) 13.8 <0.001 
A 1.18(0.33) 1.33(0.40) 14.3 <0.001 U " 0 5 

T G S 1.79(0.90) 1.37(0.77) -19.0 <0.001 
A 1.84(1.07) 1.16(0.64) -31.1 <0.001 U U ó 

, S 2.0(0.8-3.0) 1.5(0.6-3.0) -19.7 0.002 
A 2.1 (0.9-5.2) 1.1 (0.6-2.4) -40.1 <0.001 U / 

Values are means (SD), except hs-CRP which is given as median (interquartile range), TC= Total 
Cholesterol, LDL-c= Low density lipoprotein, HDL-c= High density lipoprotein, TG= Triglycerides (all 
given in mmol/L), hs-CRP= High sensitive C-reactive protein (in mg/l), S= Simvastatin 40 mg, 
A= Atorvastatin 80 mg, % change*= percentage change of median hs-CRP after 2 years of treatment, 
p+ = p value within one treatment group for the absolute change, p:j:= p value between atorvastatin 
and simvastatin group for the absolute differences. 
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percentage decrease in hs-CRP after one year o f treatment was 44.9% in the 

atorvastatin 80 mg group versus 14.0% in the simvastatin 40 mg group (p<0.001) . 

After 2 years the percentage decrease was 4 0 . 1 % in the atorvastatin 80 mg group 

versus 19.7% in the simvastatin 40 mg group (p=0.02) . The relative changes after 1 

and 2 years in the atorvastatin 80 mg group were highly significant (p<0.001 and 

p<0 .001 , respectively). In the simvastatin 40 mg group this was no longer 

signif icant (p=0.56 and p=0.15, respectively). The difference between the two 

treatment arms after 1 and 2 years remained signif icant (p<0.001 and p=0 .021 , 

respectively) (Figure 1). 

In the atorvastatin 80 mg group almost 72% o f patients experienced a decrease o f 

hs-CRP after 2 years o f treatment, compared wi th 59% in the simvastatin 40 mg 

group (Table 3) . Al though there were no significant differences between the two 

treatment arms (p=0.06) , when the group o f patients wi th no change in hs-CRP 

were combined wi th the patients wi th an increase in hs-CRP the differences between 

the two treatment arms became significant (p=0.03) . 

Change in hs-CRP levels was correlated wi th hs-CRP at baseline and BMI (r2= 0.70; 

Figure 1 . Percentage change of hs-CRP levels in the Simvastatin 4 0 mg 

(Simvastatin) and Atorvastatin 80 mg (Atorvastatin) treatment groups at 

baseline, one and two years. 

- 5 0 -

Hs-CRP= high sensitive C-reactive protein, p= p-values between simvastatin and atorvastatin 

after 7 and 2 years of treatment 

si 
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Table 3. Percentage of patients with a decrease, no change or increase of hs-CRP levels in the 

treatment groups after 2 years. 

Decrease No change Increase 

Acorvastatin 80 mg 71.8 1.5 26.7 

(N=135) 

Simvastatin 40 mg 59.4 4.5 36.1 

(N-133) 

hs-CRP= high sensitive C-reactive protein, missing data in the atorvastatin group is 25 patients vs in 
the simvastatin group 32 patients. 

p=0.001) . Baseline hs-CRP levels were not correlated wi th baseline IMT or the 

presence o f CVD ( r=0.02; p=0.67 and r=0.08; p=0.17, respectively). There was no 

difference in hs-CRP at baseline or hs-CRP change between smokers and non-

smokers. Change in hs-CRP was not correlated wi th change in LDL-c (r=0.02, 

p - 0 . 8 1 ) , HDL-c ( r= -0 .08 , p=0.18), triglycerides ( r=0 .11 , p=0.08) or to ta l 

cholesterol ( r=0.03, p=0.62) . 

However, a signif icant correlation was found between the decrease o f hs-CRP and 

the reduct ion o f IMT, as seen in all patients combined (r=0.13; p=0.03). In 

part icular, patients in the highest tertile o f CRP change (median hs-CRP reduction 

3.28 mg / l ; mean reduct ion IMTO.016 mm/2years), compared to the bo t tom tertile 

(median hs-CRP increase 0.57 mg / l ; mean increase IMT 0.032 mm/2years), 

exhibited a two fo ld greater reduction o f mean carot id IMT. As expected statistical 

significance was lost in multivariate analysis wi th treatment per se as an impor tan t 

confounder. In a stepwise regression model age, baseline IMT and drug were the 

most impor t variables (together: r2= 0 .31 ; p<0.001). 

Discussion 

We have reported previously that lipid lowering therapy wi th high dose atorvastatin 

over a 2-year period led to regression o f carotid IMT in FH heterozygotes.18 

The current analysis shows that atorvastatin 80 mg also reduces hs-CRP levels to a 

greater extent than l ipid lowering wi th simvastatin 40 mg. Furthermore, we show 

that those patients wi th the largest hs-CRP reduction might exhibit a twofo ld 
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greater IMT decrease in univariate analysis. These f indings may indicate that the 

extent o f hs-CRP reduction is associated wi th the progression rate o f the 

atherosclerotic process as measured by IMT. Therefore a reduction o f in f lammatory 

parameters by statin therapy, in addi t ion to LDL-C lowering, could be impor tan t in 

the prevention o f premature CAD. 

Inf lammat ion plays a major role in atherothrombosis and hs-CRP seems one o f the 

best markers related to this process. Hs-CRP might play both a direct and indirect 

role in atherogenesis and this consequently has raised the possibil ity o f hs-CRP 

being a potential target for therapy itself. Al though l imi tat ions, inherent to 

in f lammatory screening remain, available data suggest that hs-CRP has the 

potential to play an impor tan t role as an adjunct for global risk assessment in 

pr imary prevention o f cardiovascular disease.22 

Previous trials wi th different statins demonstrated the CRP lowering abil i ty o f these 

compounds. In the CARE tr ia l , patients were treated wi th either placebo or 

pravastatin. Hs-CRP was lowered by approximately 17% in the pravastatin group, 

whereas patients on placebo showed a modest increase o f hs-CRP levels o f 

approximately 4%.1 1 

The recent PRINCE ( Pravastatin Inf lammat ion/CRP Evaluation) trial conducted 

wi th pravastatin in 2884 men and women showed a 13 .1% decrease in hs-CRP after 

24 weeks.23 In an 8-week prospective trial wi th both 0.4 and 0.8 mg cerivastatin, 

hs-CRP was lowered by 11.1% and 13.3%, respectively. However, this difference 

observed between low and high dose cerivastatin was not statistically signif icant.12 

More recently, another short- term study compared pravastatin 40 mg/day, 

simvastatin 20 mg/day and atorvastatin 10 mg/day.1 0 All three statins lowered hs-

CRP; by 20.3%, 22.8% and 28.3%, respectively. There were no significant differences 

in the median percent reduction between these statins. None o f the four mentioned 

studies found a clear correlation between reduction in hs-CRP and any change in 

lipids or l ipoproteins.1 0"1 2 While the three most recent studies did not include 

clinical endpoints, a subgroup analyses o f the CARE trial showed a statistically 

significant association between evidence o f in f lammat ion and coronary events in 

patients assigned to placebo. However, this association was no longer signif icant in 

the group treated wi th pravastatin. Patients wi th evidence o f ongoing in f lammat ion 

as detected by high levels o f hs-CRP appeared to have a greater relative risk 

reduction in subsequent coronary events attr ibutable to pravastatin than those 

w i thou t . 2 4 

In the Airforce/Texas Atherosclerosis Progression Study (AFCAPS/TexCAPS) 
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lovastatin lowered hs-CRP by 14.8% after one year o f t reatment. Patients wi th high 

levels o f hs-CRP at baseline showed increased rates o f coronary events. Lovastatin 

was effective in patients wi th a high T C to HDL ratio. Furthermore, lovastatin was 

also effective in patients w i th a ratio TC to H D L lower than the median and a hs-

CRP level higher than the median, but ineffective in patients wi th a rat io TC to HDL 

and hs-CRP level both lower than the median. So, the authors concluded that statin 

therapy may be effective in the primary prevention o f coronary events among 

subjects wi th relatively low lipid levels but w i th elevated levels o f hs-CRP.25 

Our study differs in impor tant aspects from those previously carried out. First, our 

patient populat ion was different. FH heterozygotes have severely and longstanding 

elevated LDL-c levels, which usually result in extensive atherosclerosis. FH patients are 

therefore increasingly used as a model for atherosclerosis as reflected in our patient 

group wi th hs-CRP values above 2.0 mg / l . 2 2 Second, the fol low-up period in the ASAP 

study was 2 years versus only 24 weeks in the PRINCE tr ial , 8 weeks in the cerivastatin 

study and only 6 weeks in the study comparing pravastatin, simvastatin and 

atorvastat in.10 '12 Furthermore, the ASAP study used high-dose lipid-lowering therapy 

(atorvastatin 80 mg) versus more commonly used dosages in the other studies.10-26 

The association between hs-CRP decrease and IMT change in our study was significant 

in the univariate analysis. As expected this significance was lost in the multivariate 

analysis, including age, baseline IMT and treatment per sé. Recently, two articles have 

been published in which hs-CRP and atherosclerosis as measured by IMT were not 

independently associated27 or only in males with advanced carotid plaques.28 

A potential l imi ta t ion o f our study and the previous mentioned studies is the use o f 

IMT versus clinical endpoints. However, IMT measurements are now widely 

accepted as a surrogate marker for future cardiovascular events.1 4"1 7 2 9 Prospective 

studies w i th hard clinical endpoints will still be required f o r a more definitive answer 

concerning the effect o f hs-CRP lowering by statins and the consequences on 

cardiovascular events. The IDEAL-study addresses this quest ion, since it is a clinical 

end-point tr ial in patients with CVD, also treated wi th either atorvastatin 80mg or 

simvastatin 40mg . ? 0 

Our study clearly shows a decrease o f hs-CRP levels in FH patients by simvastatin 

and atorvastat in and an association between this decrease and IMT change. The 

results o f our study might implicate that the benefits o f high dose atorvastatin 

therapy are a consequence o f the reduction o f both LDL-c and hs-CRP levels as well. 

However, the association between hs-CRP decrease and IMT is small , but 

signif icant and so further prospective studies to elucidate the role o f hs-CRP are still 

needed. 
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Introduction 

Most studies wi th pravastatin report a decrease o f f ibr inogen levels, whereas no 

effect is seen wi th simvastatin or fluvastatin therapy and, in contrast, a rise is 

observed wi th atorvastat in therapy.1 '3 However, a recent elegant albeit short-term 

comparat ive study wi th fluvastatin (80 mg), lovastatin (80 mg), pravastatin (40 

mg) and simvastatin (40 mg) did not observe any differences in f ibr inogen levels 

after 1 2 weeks o f therapy4 In contrast, atorvastatin treatment has been reported to 

lead to elevations o f f ibr inogen levels that ranged from 4% at low dose (10 mg) to 

as much as 46% at high dose (80 mg)5"9 

We recently reported that low density l ipoprotein (LDL) cholesterol reduction by 

atorvastat in 80 mg over a 2 year period resulted in a striking regression o f carot id 

int ima media thickness ( IMT) in patients suffering f rom heterozygous familial 

hypercholesterolemia (FH) . 1 0 IMT is a marker for the extent o f atherosclerotic 

vascular disease and a predictor for coronary artery disease.11 The ASAP (effects o f 

Atorvastat in versus Simvastatin on Atherosclerosis Progression) study was also 

prospectively def ined to assess the effects o f both intervention modalit ies 

(atorvastat in 80 mg and simvastatin 40 mg) on f ibr inogen levels. This provided us 

wi th the unique oppor tun i t y to study these long term effects and to assess whether 

these changes in plasma fibrinogen levels were indeed related to IMT outcome in 

this tr ial . 

Patients and methods 

The design and main results o f the ASAP study have been reported previously.10 '12 In 

short, ASAP was a 2 year, 2 centre, randomised, double-bl ind clinical trial in 

325patients wi th FH. Patients were randomized to either 80 mg atorvastatin or 

simvastatin 40 mg daily. After an 8 week placebo run in, baseline measurements o f 

l ipoprotein parameters, fibrinogen and IMT were performed. These measurements 

were repeated after 2 years. O f the 325 patients in the original ASAP study 

populat ion, 45 patients did not complete the study and 8 patients had missing 

f ibrinogen data on either baseline or at 2 years. FH patients who did not complete the 

study did not differ significantly from FH patients who received treatment for 2 years 

in terms o f demographic and laboratory parameters. Therefore, in this assessment 

272 patients were included. The Institutional Review Boards o f both centres approved 

the protocol and wri t ten informed consent was obtained from all participants. 
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Fasting b lood samples were drawn at baseline and after 2 years o f treatment. Lipid 

measurements were done at each visit. Samples taken to measure f ibr inogen were 

stored at -80 °C, and tested at the end o f the study in a central laboratory. 

Lipoprotein parameters included tota l cholesterol, (calculated) LDL cholesterol, 

high density l ipoprotein (HDL) cholesterol and triglycerides were measured as 

described before.12 Functional f ibr inogen was measured in plasma using a c lot t ing 

rate method according to Clauss13 w i th reference values o f 1.85 - 4.41 g / l . 

Measurements were performed in dupl icate (coefficient o f variat ion < 6%). The 

f inal result represents the mean o f the 2 measurements. 

The IMT measurement procedures have been reported previously.1- For the 

ul trasound examinations a Biosound Phase-2 real t ime scanner (Biosound Esaote, 

USA) equipped wi th a 10 MHz transducer was used. Three 10 mm segments were 

scanned bilaterally: the distal por t ion o f the common carot id artery, the carot id 

bi furcat ion and the proximal por t ion o f the internal carotid artery. The mean IMT 

represents the average over anterior and posterior walls in the common carot id 

artery, the carotid bifurcation and the posterior wall o f the internal carot id artery, 

bilaterally. IMT measurements were performed o f both anterior and posterior walls 

o f the common carot id artery and carot id bifurcation and posterior wall o f the 

internal carotid artery, bilaterally. The ultrasound scannings were made by well-

trained ultrasonographers in the 2 centres. The images were stored on disk and read 

by independent readers blinded to any in format ion on the patients. Images were 

analyzed wi th a semi-automatic software program (Eurequa; TSA company, 

Meudon , France). The intra-observer and inter-observer coefficients o f variat ion 

were < 5%. During the study reproducibi l i ty was checked at regular t ime points. 

The relative change after 2 years as compared to baseline was calculated for 

laboratory and IMT parameters. Mean changes wi th in the treatment groups were 

tested using the paired sample t-test, the Wi lcoxon test was applied for variables 

wi th a skewed distr ibut ion. Mean changes between groups were compared using 

the independent sample t-test and the Mann-Whitney U test was applied for 

variables wi th a skewed distr ibut ion. Icoxon signed rank test was use. 

The strength o f the relationship between the absolute change after two years in 

f ibrinogen and absolute change in IMT was quant i f ied by the Pearson correlation 

coefficient. Statistical analyses were performed using SAS (version 8.02, SAS 

Institute Inc. Cary, NY, USA). 

89 



Part 1 Chapter 6 

Table 1. Baseline characteristics of the patients 

Age (years) 

M e n 

Smoking 

Cardiovascular disease 

Body mass index (kg/m2) 

Blood pressure(mmHg) 

Total cholesterol (mmol/ l ) 

HDL-cholesterol (mmol/ l ) 

LDL-cholesterol (mmol/ l ) 

Triglycerides (mmol/ l ) 

Fibrinogen (g/l) 

Mean IMT(mm) 

Values are means (± standé rd 

(interquartile range) because of 
density lipoprotein; LDL = low 

Atorvastatin 80 mg 

(n= 136) 

47+10 

56(41.2%) 

46 (33.8%) 

36(26.5%) 

25.9 ±3 

130 ± 1 6 / 7 9 ± 8 

10.03 + 1.87 

1.18 ± 0.33 

8.04 ± 1.83 

1.56(1.13-2.27) 

3.44 ± 0.64 

0.93 ± 0.21 

deviation) or number 
a skewed distribution. 

density lipoprotein. 

Simvastatin 40 

(n = 136) 

49 ± 11 

51 (37.5%) 

35 (25.7%) 

35 (25.7%) 

25.8 ± 4 

m g 

130 + 1 5 / 80 ± 8 

10.14± 1.87 

1.17 ± 0.29 

8.20 ± 1.88 

1.65(1.12-2.2 

3.51 ± 0.66 

0.91 ± 0.20 

(%). Triglycerides 
MT= intima media 

) 

are giver 
thickness 

p-value 

0.20 

0.53 

0.14 

0.89 

0.78 

0.81 /0 .33 

0.62 

0.74 

0.50 

0.95 

0.36 

0.43 

as median 
HDL = high 

Results 

O f the 325 patients f rom the original intent ion to treat popu la t ion , 45 patients d id 

not complete the study and 8 patients had missing f ibr inogen data at either 

baseline or at 2 years. FH patients who did not complete the study d id not differ 

signif icantly in terms o f demographic and laboratory parameters f rom FH patients 

who received t reatment for 2 years. The baseline characteristics o f the two 

intervent ion groups are summarised in Table 1. At baseline, no significant 

differences between treatment groups were found in either lipid or l ipoprotein 

levels, nor in f ibr inogen or mean IMT. Table 2 shows laboratory and IMT 

parameters at baseline and after 2 year o f t reatment wi th atorvastatin 80 mg or 

simvastatin 40 mg. Fibrinogen levels increased dur ing atorvastatin and simvastatin 

t reatment signif icantly wi th 3.6% (p = 0.0104) and 3.8% (p = 0.0077), respectively. 

The small difference between the two treatment groups was not signif icant (p = 

0.91). As previously described total cholesterol, LDL cholesterol and triglycerides 

levels were lowered significantly w i th in each treatment group (p<0.0001 for all 

parameters) , whereas atorvastat in 80 mg reduced to ta l cholesterol , LDL 

cholesterol and triglycerides levels significantly more than simvastatin 40 mg. The 
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Table 2 . Fibrinogen levels ( g / l ) at baseline and after two years t reatment wi th 80 mg atorvastatin 

or 4 0 m g simvastatin 

Atorvastatin 

Simvastatin 

Baseline 

3.44 ± 0.64 

3.51 + 0.66 

2 years 

3.53 ±0.69 

3.62 ± 0.76 

% change 

3.6 ± 16.1 

3.8 ± 16.4 

p-value* 

0.0104 

0.0077 

p-value+ 

0.9109 

Values are means ± s tandard dev ia t ion . * w i t h i n the a to rvas ta t in o r s imvastat in g r o u p ; T between 

the a to rvas ta t in and s imvasta t in g roups . 

mean IMT in the atorvastatin group decreased by 0.040 (SD 0.155) m m (3.0% ) 

and increased by 0.044 (SD 0.150) m m (6.4%) in the simvastatin group. This 

difference between the two treatment groups was significant (p<0.0001) . 

In contrast, no association became obvious between the change in f ibr inogen and 

the change in IMT over 2 years. (Figure 1 ) The Pearson correlation coeff icient 

between delta f ibrinogen and delta IMT was - 0.03 (p=0.70) in the atorvastatin and 

0.03 (p=0.76) in the simvastatin group. 

Figure 1. Absolute change of fibrinogen levels in relation to absolute change of 

mean carotid IMT in the atorvastatin and simvastatin groups 

• Atorvastatin 

Simvastatin 

-0,6 

Delta fibrinogen (g/l) 

IMT = 'mtima media thickness 
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Discussion 

This is the f irst long-term and controlled study that was prospectively defined to 

evaluate the effect o f statin treatment on plasma f ibr inogen levels and to assess 

whether these changes were associated wi th a surrogate marker for cardiovascular 

disease. We showed a small but significant rise o f f ibrinogen levels both wi th 80 mg 

atorvastat in and 40 mg simvastatin o f 0.09 g/l (3.6%) and 0.1 g/l (3.8%), 

respectively. This small increase of f ibr inogen levels is statistically significant, but 

definitely not correlated wi th the I M T changes as seen after 2 years and therefore 

probably clinically not relevant. Since IMT is establised as a surrogate marker for 

future cardiovascular events, the small increase o f f ibr inogen levels will quite likely 

have no influence on future cardiovascular disease in these FH patients. 

Moreover, elevated LDL cholesterol levels are more relevant for cardiovascular risk 

in FH than f ibr inogen levels. In addi t ion, elevated f ibr inogen levels are associated 

wi th high triglycerides, small dense LDL cholesterol and postprandial dyslipidemia 

(14) , a s i tuat ion not characteristic for FH. 

In our study both treatment with simvastatin and with atorvastatin showed a similar 

increase o f f ibrinogen levels. This increase was statistically significant but relatively 

small. Some previous studies, however, showed no changes in fibrinogen levels by 

simvastatin but a > 40% increase by high dose atorvastatin. These discrepancies might 

be, at least in part , explained by the dose or the durat ion o f the treatment, by the 

baseline f ibr inogen values, by the heterogeneous nature o f the patients recruited, or 

by the methods used to measure f ibrinogen in the different studies. 

Conclusion 

Fibrinogen is an independent marker for cardiovascular disease. Increase o f 

plasma f ibr inogen induced by long term statin therapy, however, is not associated 

wi th negative effects on intima media thickness, a generally accepted surrogate 

marker for atherosclerosis progression. 
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Abstract 

Background: The beneficial effect o f statins on cardiovascular morbidi ty and 

mor ta l i ty may not only result f rom LDL-cholesterol reduction but also f rom 

modi f ica t ion o f coagulat ion and fibrinolysis. Consequently, the effects o f statins on 

hemostasis have been studied extensively, but the data are still inconclusive. The 

aim o f the present study was to evaluate whether high dose simvastatin therapy 

wou ld modula te markers o f coagulation and fibrinolysis and to evaluate whether 

the al terat ions in these markers were associated wi th changes in int ima media 

thickness ( IMT) o f the arterial wall as surrogate marker for cardiovascular disease 

(CVD). 

Patients and Methods : 1 06 patients wi th Familial Hypercholesterolemia (FH) were 

treated w i th 80mg simvastatin for two years. At baseline and after 6 months o f 

t reatment parameters o f coagulation ( f ibr inogen, coagulat ion factors l l,VII,VIII, XI, 

von Wi l lebrand factor (vWF), prothrombin fragment 1+2 (F1+2)) and fibrinolysis 

(D-dimer, tissue plasminogen activator(tPA), plasminogen activator inhibi tor type 

1 (PAI-1)) were evaluated. IMT changes were evaluated after 2 years o f therapy. 

Results: At baseline, all liver-produced coagulat ion parameters were lower in FH 

patients wi th CVD compared to patients w i t hou t CVD, also levels o f F1 +2, a marker 

for coagulat ion act ivat ion, were decreased. In contrast, fibrinolysis parameters, 

notably PAI-1, were threefold increased in patients wi th CVD. Simvastatin therapy 

produced smal l , but significant changes in a number o f hemostatic parameters. An 

increase was observed for f ibrinogen, factor VI I I , vWF, D-dimer and PAI-1, whereas 

F1+2 and p ro th romb in were decreased. Nevertheless, all these alterations in 

coagulat ion and fibrinolysis parameters were not correlated wi th IMT changes over 

a 2 years t reatment per iod. 

Conclus ion: Both the coagulation and the fibrinolysis system in patients wi th FH is 

signif icantly affected by 80mg simvastatin, but these changes were not associated 

w i th either pro- or regression o f IMT. 

Introduction 

Statins ( H M G - C o A reductase inhibitors) reduce low density l ipoprotein (LDL)-

cholesterol levels and are widely used for the treatment o f hypercholesterolemia. 

Clinical tr ials have demonstrated that statins greatly reduce morbidi ty and 

mor ta l i ty in patients wi th cardiovascular disease (CVD) and in patients at high risk 
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for CVD. The efficacy o f statins to reduce the burden o f CVD is hypothesized not 

only to result f rom LDL-cholesterol reduction but also f rom a number o f addi t ional 

so called pleiotropic effects.1-2 Proposed mechanisms beyond l ipid lowering include 

the favourable effects o f statins on endothel ial funct ion, plaque stabi l i ty, 

in f lammat ion and the b lood coagulat ion system. 

Epidemiological studies have shown that several haemostatic variables are 

independent risk indicators for CVD 3 " 1 0 , and hypercholesterolemia is known to 

correlate wi th some o f these haemostatic risk factors1 1 "13. Such data are consistent 

w i th an impor tan t role for coagulat ion and fibrinolysis in the pathogenesis o f CVD. 

Therefore the effects o f statins on haemostatic variables such as platelet funct ion, 

tissue factor expression, and on parameters o f coagulat ion and fibrinolysis, were 

studied extensively, but the data were inconclusive.2 '14 

In patients wi th severe hypercholesterolemia who are at an increased risk for CVD, 

the levels o f hemostatic risk factors are significantly elevated.12"13 In patients wi th 

Familial Hypercholesterolemia (FH) the severely elevated LDL-cholesterol levels 

cause a rapid progression o f atherosclerosis as is evident f rom an increase in int ima 

media thickness ( IMT) o f the wall o f the peripheral arteries: in FH patients the mean 

arterial wall IMT is even twice as thick as in controls.1 5"1 8 We recently reported in 

FH patients that LDL-cholesterol reduction by aggressive statin therapy over a two 

year period resulted in a striking regression o f I M T 1 9 

The aim o f the present study was to evaluate in FH patients how a high dose o f 

simvastatin therapy would modulate not only the l ipid profiles but also hemostatic 

markers. More important ly we intended to evaluate whether changes in these 

markers were associated wi th IMT changes after two years o f statin therapy in order 

to support or negate the hypothesis that hemostatic variables directly influence the 

atherosclerotic process. 

Methods 

Study population and design 

FH patients (n=1 06) were recruited f rom the outpat ient clinic o f the department o f 

Vascular Medicine at the University o f Amsterdam. The diagnosis o f FH was based 

on either the presence o f a mutat ion in the LDL receptor gene or i f the patient met 

the fo l lowing clinical criteria: an LDL-cholesterol level above the 95ch percentile for 

age and sex, the presence o f typical tendon xanthomas in the patient or in a first-

degree relative, or in combinat ion wi th a paediatric relative wi th an LDL-cholesterol 
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above the 9 5 t h percenti le for age and sex. Secondary causes o f hyper

cholesterolemia, including renal and hepatic disease, alcohol abuse, diabetes 

mell itus and hypothyroidism were excluded in all subjects. Patients wi th a history o f 

myocard ia l i n fa rc t ion , percutaneous t rans lumina l coronary angioplasty or 

coronary artery bypass graft could be included i f the physician thought it was 

medically al lowed for the patient t o have a washout period. After a washout period 

o f 6 weeks, all patients were started on therapy wi th simvastatin 80 mg daily for the 

durat ion o f two years. The Institutional Review Board o f our inst i tut ion approved 

the pro toco l . Wr i t ten informed consent was obtained from all part icipants. 

Biochemical analysis. 

Fasting blood samples were drawn at baseline and after 6 months of treatment. 

Samples taken to measure coagulation and fibrinolysis parameters were stored at -80 

°C, and tested at the end of the study. Lipoprotein parameters included total 

cholesterol (TC), high density l ipoprotein (HDL)-cholesterol and triglycerides (TG) 

and were measured by conventional methods. LDL-cholesterol was calculated 

according to Friedewalds formula. Apol ipoprotein A-l and apolipoprotein B were 

determined by an immunological rate-nephelometric procedure using a polyclonal 

goat ant i -human ant ibody (Array protein system, Beekman Coulter, Netherlands). 

Coagulat ion factor assays (fibrinogen, p ro th rombin , factor VII, factor VIII, and factor 

XI) were performed on an automated coagulation analyser (Behring Coagulation 

System) wi th reagents and protocols f rom the manufacturer (Dade Behring, 

Marburg, Germany). Von Willebrand factor antigen levels were determined wi th an 

ELISA developed in our laboratory using antibodies f rom Dako (Glostrup, Denmark). 

D-dimers and pro thrombin fragment F1+2 (F1+2) were quantitated by sandwich-

type ELISA from Dade Behring (Marburg, Germany). Tissue plasminogen activator 

(tPA) antigen levels were determined by sandwich-type ELISA from Chromogenix 

(Mö lnda l , Sweden). Plasminogen activator inhibi tor type 1 (PAI-1) activity was 

determined by indirect two-stage enzymatic procedure (Biopool , Umea, Sweden). 

Intima-Media Thickness. 

The IMT measurement procedures have been reported previously.19 For the 

ul t rasound examinations a Biosound Phase-2 real t ime scanner (Biosound Esaote, 

USA) equipped wi th a 10 MHz transducer was used. Measurements were made at 

baseline, and after two years of therapy. In both carotid arteries, three 10 m m 

segments were scanned: the distal por t ion o f the common carot id artery, the 

carot id b i furcat ion and the proximal por t ion o f the internal carot id artery. In the 
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right common femoral artery, a 10 mm segment proximal to the branching o f the 

deep femoral artery was scanned. Only IMT data o f images o f the far walls were 

analysed, based on recent advances in ul trasound procedure. The images were 

stored on disk and read by one independent reader bl inded to any informat ion on 

the patients. Reproducibi l i ty tests were performed regularly by the sonographer and 

yielded a coefficient o f variat ion o f < 5%. 

Statistical analysis 

The relative change as compared to baseline was calculated for laboratory and IMT 

parameters. Mean changes were tested using the paired sample t-test, the Wilcoxon 

test was applied for variables wi th a skewed dist r ibut ion. Mean changes between 

groups were compared using the independent sample t-test and the Mann-Whitney 

test was applied for variables wi th a skewed dist r ibut ion. 

The strength o f the relationship between the percentage change after 6 months in 

laboratory parameters and after 2 years in IMT was quant i f ied by the Pearson 

correlation coefficient, when the % change was distr ibuted normal and by the 

Spearman correlat ion coefficient in case o f a skewed distr ibut ion o f one o f the 

parameters. Statistical analyses were performed using SAS (version 8.02, SAS 

Institute Inc. Cary, NY, USA). 

Results 

The baseline characteristics o f the 106 FH patients included in the study are 

summarised in Table 1. Patients wi th FH had higher levels o f f ibr inogen and tPA ag 

and patients wi th FH and wi th CVD also increased PAI-1 activity compared to 

normals. Twenty five (24%) patients experienced a cardiovascular event in the past. 

Patients wi th CVD were older than patients w i thou t CVD and more obese. The 

mean far wall IMT was significant higher in the CVD patients. Interestingly, all levels 

o f liver-produced coagulat ion factors were decreased in the patients wi th CVD. The 

changes were particularly striking for factor VII and factor XI. This d id not result in 

an apparent difference in F1+2 as marker o f coagulat ion act ivat ion. Fibrinolytic 

parameters were also di f ferent between symptomat ic and asymptomat ic 

individuals. In part icular PAI-1 activity was increased three-fold. 

Table 2 shows the demographic and laboratory parameters in the patients wi th the 

lowest tertile and the highest tertile o f baseline mean far wall IMT. Patients wi th an 

IMT > 1.11 m m were older and more obese, experienced more often a 
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Table 1. Baseline demographic and main laboratory parameters of FH patients with and without CVD 

Demographic 

Age (years) 

Male Gender (%) 

Smoking (%) 

Hypertension (%) 

BMI (kg/m2) 

CVD (%) 

Coagulation 

Fibrinogen (g/l) 

F l l (%) 

F VII (%) 

F VI11 (%) 

F XI (%) 

vWF-ag (%) 

F 1+2 (nmol/ l) 

Fibrinolysis 

D-dimer (ug/l) 

t-PA (ng/l) 

PAI-act(IU/ml) 

Lipoproteins 

TC(mmol / l ) 

LDL-c (mmol/ l ) 

HDL-c(mmol/ l ) 

TG (mmol/ l) 

I M T 

Mean Fw IMT (mm) 

all FH patients 

N = 106 

45.0+ 12.4 

55(51.9) 

30 (28.9) 

7(6.6) 

25.0 ± 3.3 

25(23.6) 

3.39 ± 0.74 

100.9 ± 22.2 

103.5 ± 25.4 

104.2 ± 18.2 

105.2 ± 17.6 

102.7 ±32.7 

0.82 ± 0.35 

2 1 7 ( 6 5 - 1119) 

7.00 + 3.46 

7.00(1.0-61.0) 

10.42 ± 1.99 

8.21 ± 2.01 

1.34 ± 0.36 

1.70 (0.40-7.90) 

1.04 ± 0.22 

Values are means ± standard deviation or 
as median (interquartile range) because of 
mass index; CVD = cardio vascular disease; 
t-PA = tissue plasminogen activator; PAI 
cholesterol; HDL-C = high density lipo 
cholesterol; TG = triglycerides; Fw IMT = fa 

FH without CVD 

N = 81 

42.8 ±12.0 

38(46.9) 

24(30.0) 

3(3.7) 

24.7 ±3.2 

-

3.41 +0.76 

103.9 ± 16.7 

107.9 ± 19.8 

105.1 ± 19.7 

107.9± 17.7 

103.4 ± 33.2 

0.84 ±0.34 

212(100-578) 

6.65 ±3.58 

5.00(1.0-66.0) 

10.40 ± 1.96 

8.21 ± 2.00 

1.36 ±0.36 

1.70(0.40-7.90) 

1.00 + 0.19 

FH with CVD 

N = 25 

52.2 ± 11.1 

17(68.0) 

6(25.0) 

4(16.0) 

26.0 ± 3.3 

25 (100) 

3.33 ±0.66 

91.7 ±32.8 

90.0 ±35.2 

101.5 ± 12.5 

97.0 ± 14.8 

103.4± 31.8 

0.78 ±0.38 

270 (65-1119) 

8.12 ± 2.80 

15.0(1.0-61.0) 

10.49 ±2.84 

8.20 ± 2.10 

1.24 ± 0.83 

1.70(0.80-7.50) 

1.16 ±0.25 

p-value 

0.008 

0.065 

0.635 

0.052 

0.067 

0.651 

0.086 

0.022 

0.286 

0.006 

0.697 

0.484 

0.226 

0.082 

0.014 

0.828 

0.984 

0.131 

0.215 

0.001 

lumber (%). Triglycerides, D-dimer and PAI-act are given 
a skewed distribution. BP = blood pressure; BMI = body 
F II = Factor II; vWF-ag = von Willebrand Factor antigen; 
= plasminogen activator inhibitor type 1; TC = total 

xotein cholesterol; LDL-C = low density lipoprotein 
rvvall intima media thickness. 

cardiovascular event and had a higher plasma level o f factor I I , t-PA ant igen, PAI-1 

activity, to ta l cholesterol and triglycerides than patients wi th an IMT <0.92 mm. 

After 6 months o f t reatment with simvastatin 80 mg (Table 3) , the tota l cholesterol, 

LDL-cholesterol and triglycerides decreased significantly wi th 40, 48 and 3 1 % 
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Table 2 . Baseline demographic and main 

relationship with 

Demographic 

Age (years) 

Ma le Gender (%) 

S m o k i n g (%) 

Hyper tens ion (%) 

BMI ( k g / m 2 ) 

CVD (%) 

Coagulat ion 

Fibr inogen ( g / l ) 

F II (%) 

F VII (%) 

F V I I I ( % ) 

F XI (%) 

vWF-ag (%) 

F 1+2 ( n m o l / l ) 

Fibrinolysis 

D-d imer (ug / l ) 

c -PA(ng / l ) 

P A I - a c t ( I U / m l ) 

Lipoproteins 

T C ( m m o l / l ) 

L D L - c ( m m o l / l ) 

HDL-c ( m m o l / l ) 

T G ( m m o l / l ) 

I M T 

mean I M T measu remen ts , 

all FH pat ients 

N = 106 

4 5 . 0 ± 12.4 

5 5 ( 5 1 . 9 ) 

3 0 ( 2 8 . 9 ) 

7 ( 6 . 6 ) 

25.0 + 3.3 

2 5 ( 2 3 . 6 ) 

3.39 ± 0 . 7 4 

100.9 ± 22.2 

103.5 ± 2 5 . 4 

104.2 ± 18.2 

105.2 ± 17.6 

1 0 2 . 7 ± 3 2 . 7 

0.82 ± 0 . 3 5 

2 1 7 ( 6 5 - 1 1 1 9 ) 

7.0 ± 3 . 4 6 

7 . 0 ( 1 . 0 - 6 1 . 0 ) 

10.42 ± 1.99 

8.21 ± 2 . 0 1 

1.34 ± 0.36 

1 . 7 0 ( 0 . 4 0 - 7.90) 

M e a n F w l M T ( m m ) 1.04 ± 0 . 2 2 

Values are means 

as med ian (incerq 

mass index; CVD 

laboratory parameters o f FH patients 

as assessed in tertiles 

I M T < 0.92 m m 

N = 33 

38 .7 ± 12.2 

1 6 ( 4 8 . 5 ) 

1 0 ( 3 0 . 3 ) 

2 ( 6 . 1 ) 

24 .0 ± 3.4 

5 ( 1 5 . 5 ) 

3 .46 ± 0.71 

90 .0 ± 22 .3 

96 .3 ± 27.8 

1 0 4 . 7 ± 17.7 

105.7 + 17.4 

102.7 ± 3 2 . 9 

0.79 ± 0.42 

1 8 9 ( 9 5 - 1 1 1 9 ) 

5.3 ± 2.4 

4 . 0 ( 1 . 0 - 3 2 . 0 ) 

10 .20 ± 1.67 

8.08 ± 1.73 

1.36 ± 0 . 3 9 

1.30 (0 .6 -4 .7 ) 

0 .83 ± 0 . 0 9 

I M T > 1.11 m m 

N = 34 

5 0 . 7 + 12.5 

1 9 ( 5 5 . 8 ) 

11 (32 .4 ) 

3 ( 8 . 8 ) 

25 .8 + 3.0 

1 3 ( 3 8 . 2 ) 

3 .46 ± 0.74 

106.0 ± 20.0 

105.6 ± 24.6 

101.4 ± 19.0 

106.6 ± 17.5 

99 .4 ± 28.4 

0.87 ± 0.35 

2 5 3 ( 1 0 1 - 9 9 5 ) 

8.2 ± 2.9 

1 3 . 0 ( 1 . 0 - 6 1 . 0 ) 

11.27 ± 2.11 

8.99 ± 2 . 1 3 

1.26 ± 0.33 

1 .95(0 .8 -7 .5 ) 

1.27 ± 0.161 

± s tandard dev ia t ion or n u m b e r (%). Triglycerides, D-d imer and PAI-

uar t i le range) because o f a skewed d i s t r i bu t i on . BP - b l o o d pressure; 

= card io vascular disease; F II = Factor I I ; vWF-

t-PA = tissue p lasminogen ac t i va to r ; PAI = 

and their 

p-value 

0 .0002 

0.545 

0 .857 

1.00 

0 .023 

0 .033 

0 .969 

0 .003 

0.155 

0 .465 

0 .828 

0 .666 

0 .410 

0 .089 

0 .0001 

0 .002 

0 .024 

0 .059 

0 .277 

0 .010 

i c t are given 

BMI = b o d y 

ag = von W i l l eb rand Factor an t igen ; 

p lasminogen ac t iva tor i nh ib i to r type 1 ; 

cho les tero l ; HDL-C = high densi ty l i pop ro te i n cho les tero l ; 

cho les tero l ; T G = tr iglycerides; Fw I M T = far 

LDL-C = low densi ty 

wal l i n t ima media thickness. 

TC - t o t a l 
l i pop ro te in 

respectively, and the HDL cholesterol increased wi th almost 8%. Fibrinogen 

increased wi th 12%. Factor II decreased wi th 3.2%, Factor VIII and vWF-ag 

increased wi th 3.7 and 1 1 % respectively, whereas Factor VII and Factor XI remained 
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unchanged. The D-dimer, F1+2 and PAI-1 changed wi th 12.7, -9.3 and 43.7% 

respectively and no change was found in t-PA. 

After 24 months o f treatment wi th 80mg simvastatin the mean far wall was 

decreased significantly wi th 0.059 m m (5.1%). 

No association could be demonstrated between the changes in coagulat ion and 

fibrinolysis parameters and changes over two years in mean far wall IMT, the marker 

for atherosclerosis progression (data not shown). 

Table 3. Changes in main aboratory parameters 

of 80 mg simvastatin therapy 

Coagulation 

Fibrinogen (g/l) 

F II (%) 

F VII (%) 

F VI11 (%) 

F XI (%) 

vWF-ag (%) 

F 1+2 (nmol/l) 

Fibrinolysis 

D-dimer (ug/l) 

t-PA(ng/l) 

PAI-act (lU/ml) 

Lipoproteins 

TC(mmol / l ) 

LDL-c (mmol/ l ) 

HDL-c(mmol/ l ) 

TG (mmol/ l ) 

I M T 

Mean Fw IMT (mm) 

Values are means 
as median (incerq 
mass index; CVD 

baseline 

N=106 

3.39 + 0.74 

100.9 ± 22.2 

103.5 ± 25.4 

104.2 ± 18.2 

105.2 ± 17.6 

102.7 ± 32.7 

0.82 + 0.35 

217(65 - 1119) 

7.0 ±3.46 

7.0(1.0 - 61.0) 

10.42 ± 1.99 

8.21 +2.01 

1.34 + 0.36 

1.70(0.40- 7.90) 

1.04 i 0.22 

± standard deviation or number 
uartile rar 

after 6 months and mean 

(%). 

6 months 

N = 102 

3.75 ± 1.00 

97.2 ± 20.7 

100.6 ± 25.8 

107.3 ± 18.5 

106.7+ 18.4 

112.0 ± 48.5 

0.74 ±0.30 

241 ( 6 4 - 8 6 2 ) 

7.3 ± 3.2 

9 .0 (1 .0 -68 .0 ) 

6.18 ± 1.24 

4.21 ± 1.20 

1.42 ± 0.36 

1.00 (0.30-8.70) 

0.98 ± 0.18 

IMT after 24 months 

p-value 

<0.0001 

0.0069 

0.2846 

0.0035 

0.0483 

0.0068 

<0.0001 

0.0004 

0.1477 

0.0008 

<0.0001 

<0.0001 

<0.0001 

<0.0001 

0.0016 

Triglycerides, D-dimer and PAI-act are given 
ge) because o f a skewed distribution. BP = blood 

= cardio vascular disease; F II = Factor 
t-PA = tissue plasminogen 
cholesterol; HDL-C = hig 
cholesterol; TG = triglycerid 

activator; PAI = plasminc 
i density lipoprotein 

II; vWF-ag-von Wille 
pressure; BMI = body 
brand Factor antigen; 

gen activator inhibitor type 1; TC = total 
cholesterol; LDL-C = low density lipoprotein 

es; Fw IMT= far wall intima media thickness. 
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Discussion 

Several studies have assessed the effects o f cholesterol- lowering agents on 

hemostat ic parameters, the present study, however, seeks to per form a 

comprehensive analysis o f the effects o f high dose simvastatin therapy on a panel o f 

parameters o f coagulat ion and fibrinolysis and provides the correlat ion wi th IMT. 

The baseline data indicate that the recruited FH patient cohor t had very high LDL-

cholesterol levels and 24% o f the generally older patients had already experienced a 

cardiovascular event. As in most FH studies, mean arterial wall IMT was increased 

in our FH patients at baseline and at least twice as thick as in controls.1 5"1 8 Mean 

IMT was even more increased in the CVD patients than in those w i thout CVD. These 

grossly abnormal IMT values must be the consequence o f the very rapid progression 

o f atherosclerotic lesions in FH patients. Treatment wi th simvastatin 80mg for two 

years resulted in a significant decrease in IMT . 

We realize that the changes in hemostatic parameters were evaluated after six 

months o f simvastatin treatment and IMT changes after 2 years. Changes in IMT 

cannot be expected in several months; Wendelhag et al calculated an increased 

progression rate o f 0.009 mm/yr in adul t FH patients compared to 0.005 mm/yr in 

controls,1 8 and we showed a decrease o f IMT in FH patients treated wi th 80mg 

atorvastatin o f only 0.031 m m / 2 years19. Therefore, we decided to measure IMT in 

the present study after a fo l low-up treatment period o f 2 years. 

Parameters of Coagulation and Fibrinolysis in FH patients 

In the present study, coagulat ion factors VII and XI were lower in the FH patients 

wi th CAD. The difference is small in absolute terms and therefore probably not 

clinically relevant. 

Patients in the highest IMT tertile group showed a signif icant higher factor II. This 

could support the hypothesis that (pro- ) thrombin is not only essential in thrombus 

format ion but also acts as a growth factor for vascular smooth muscle cells. 

High f ibr inogen and PAI-1 levels are often found in patients wi th high cholesterol, 

speculated to reflect an increased risk for arterial thrombosis.1 2 , 1 3 '2 1 The FH 

patients in our study conf irmed these findings as they had elevated f ibr inogen, t-PA 

antigen and also high PAI-1 activity at baseline. 

The patients who experienced a cardiovascular event had even significantly higher 

PAI-1 levels than those who did not. This is in line wi th several large and prospective 

epidemiologic studies report ing an increased risk o f ischemic cardiovascular events 

wi th increased PAI-1 levels.22"24 Conversely, the high PAI-1 levels could also be 
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att r ibuted to the older age or to the higher body mass in these patients. The elevated 

tPA antigen level could be explained by the increased concentrat ion o f circulat ing 

complexes o f tPA wi th its inhibi tor PAI-1. The high tPA level is then caused by the 

high plasma PAI-1 activity rather than by an increased f ibr inolyt ic activity. 

Changes in coagulation parameters by statin therapy 

After 6 months o f high dose simvastatin therapy, the present study showed an 

increase (12%, p<0.0001) o f f ibr inogen. The increase o f f ibr inogen, however, did 

not influence the f inal IMT outcome after 2 years, as evidenced by the lack o f 

correlat ion between the f ibrinogen and IMT changes. This is in accordance w i th the 

experimental results o f Dangas et al., who showed in an elegant study that the 

increase o f f ibr inogen by statin treatment was not associated wi th thrombus 

format ion upon an injured vascular surface.25 The results o f several studies 

examining the influence o f statins on f ibrinogen levels in hypercholesterolemic 

patients have been inconsistent, w i th some studies showing a decrease, others no 

change, or even an increase o f f ibrinogen levels.2-11"29 The variable effects o f statins 

on f ibr inogen may be the result o f different actions on f ibr inogen-regulat ing 

cytokines, differences in study populat ions wi th genetic variat ion at the f ibrinogen 

locus, or o f a different methods used to determine f ibr inogen.3 1-3 2 An increase o f 

f ibr inogen may also be explained by metabolic changes in hepatocyte funct ion 

caused by HMG-CoA reductase inhib i t ion, in part icular at high dose as we used in 

the present study.32 Therefore, we conclude that the increase o f f ibrinogen by 

simvastatin is not related to clinical outcome, but rather a 'side-effect' o f statin 

t reatment. 

Simvastatin treatment in the present study was accompanied by depression o f 

th rombin generation, as evidenced by a significant reduction in prothrombin 

fragment 1 +2 (F1 +2). This f inding is in line wi th several studies that also show that 

cholesterol reduct ion by statins decreased the th romb in generat ion in 

hypercholesterolemia. For example, Szczeklik et a l . 3 3 demonstrated that the 

generation o f th rombin cleavage peptides in bleeding time blood was inhibited by 

simvastatin. Aspirin had a similar effect, and there was no further reduction in 

th rombin cleavage peptides upon addit ion o f simvastatin to aspirin. He suggested 

that the reduction in thrombin generation by simvastatin was secondary to an 

antiplatelet effect. Dangas et al confirmed the findings o f Szczeklik and coworkers33 , 

insofar that pravastatin reduced thrombus generation in an ex vivo model where the 

patients blood was passed through a perfusion system, and that this reduction in 

thrombosis was attenuated in patients on aspirin.26 These studies both suggest that 
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scatins exert their anti thrombot ic effect largely as a result o f an antiplatelet activity. 

Since platelets o f patients with elevated LDL-cholesterol levels are more sensitive to 

aggregating agents than platelets f rom normocholesterolemic patients33 and 

pravastatin is known to decrease both LDL-cholesterol and platelet aggregability,34 '35 

it is likely that the effects seen on F1+2 are a reflection o f the influence o f LDL lowering 

on platelet aggregability and thereby on thrombin generation. 

An alternative explanation for the signif icant decrease in F1 +2 may be the effect o f 

H D L on th rombin generation. Grif f in et al demonstrated that HDL enhances the 

ant icoagulant protein C pathway in vitro and speculated that H D L may help 

downregulate th rombin generation in vivo.36 In our patients HDL increased 

significantly wi th almost 8%, while the F1 +2 levels decreased wi th 9%. 

The decrease o f factor II by statin treatment could be seen as a beneficial effect wi th 

regards to atherosclerosis progression, since th rombin acts as growth factor for 

vascular smooth muscle cells.20 However, we could not demonstrate a positive 

correlat ion o f factor II w i th IMT change after two years o f statin therapy in our 

patient group. 

The changes in coagulat ion factor VII, factor VIII and factor XI , are small and 

thereby probably not cl inical ly relevant. They could also be induced by 

aforementioned changes in biological activity o f the hepatocyte. 

Changes in fibrinolytic parameters by statin therapy 

In the present study simvastatin improved global f ibrinolyt ic activity as determined 

by D-dimer. The level o f D-dimers, degradation products o f cross-linked f ib r in , is 

considered to reflect the overall activity o f clot format ion and clot lysis. Because D-

dimer is not artif icially generated in vitro during blood col lect ion, its measurement 

more consistently reflects in vivo hemostatic activity than do other assays for 

coagulat ion and f ibrinolyt ic activities. 

Diverging results exist regarding the effects o f statins on the parameters o f the 

f ibr inolyt ic system. Most studies evaluated the f ibrinolyt ic mechanism by measuring 

PAI-1. Administrat ion o f statins to humans increased, decreased, or had no effect 

on PAI-1 levels, independent o f the dose or the statin used. In this respect, 

simvastatin administrat ion has also produced contradictory results: w i th no change 

in PAI-1 in one study36 and an increased effect on PAI-1 in another3 7 as in the 

present study. Recently Bourcier et a l . 3 8 demonstrated that simvastatin reduced 

levels o f PAI-1 antigen released f rom smooth muscle cells and endothelial cells, 

while levels o f cell derived tPA increased. Decreased PAI-1 antigen was correlated 

w i t h reduced mRNA t ranscr ip t ion and activity o f the PAI-1 p romoto r . 
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Hypertr iglyceridemia, linked to insulin resistance is related to increased PAI-1 levels. 

Accordingly, reductions o f plasma triglycerides by drugs like fibrates and niacin 

results also in decreased PAI-1 mRNA expression and PAI-1 levels. Treatment o f 

hypercholesterolemia wi th statins may not only reduce plasma PAI-1 levels through 

a direct act ion o f statins on human vascular smooth muscle cells and endothelial 

cells but also indirectly by reducing cholesterol and triglycerides.23 In the present 

study triglycerides decreased 31%(p<0.0001), PAI-1 activity however increased 44% 

(p=0.0008) . We do not have a reasonable explanation for this f inding. 

Fibrin D-dimer indicates intravascular turnover o f f ibr in by identifying a primary 

degradat ion product o f cross linked f ibr in. Thus it is a direct marker o f endogenous 

f ibrinolysis. 

High dose statin therapy resulted in a slightly enhanced fibrinolysis. This is however 

not reflected in IMT changes after 2 years o f therapy. 

Conclus ion: In the present study hemostat ic parameters were significantly affected 

by simvastatin in patients wi th FH treated for 6 months, but these changes were not 

associated wi th changes in IMT. 
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Abstract 

The D9N subst i tut ion is a common mutat ion in the l ipoprotein lipase (LPL) gene. 

This muta t ion has been associated wi th reduced levels o f HDL cholesterol and 

elevated triglycerides (TG) in a wide variety o f patients. We investigated the 

influence o f this D9N mutat ion on lipid and l ipoprotein levels and risk for 

cardiovascular disease (CVD) in patients wi th famil ial hypercholesterolemia (FH). 

A tota l o f 2091 FH heterozygotes, all o f Dutch extract ion, were screened for the 

D9N mutat ion using standard polymerase chain reaction techniques, fol lowed by 

specific enzyme digestion. A total o f 94 FH subjects carried the D9N mutat ion at a 

carrier frequency o f 4,5%. Carriers o f other common LPL mutat ions, such as the 

N291S and the S447X were excluded. Clinical data on 80 FH individuals carrying 

the D9N were available and were compared wi th a FH control group matched for 

age, sex, and body mass index (n = 203). Analysis revealed significantly higher TG 

(p=0.01) and lower HDL-cholesterol levels (p=0.002) . Dyslipidaemia was more 

pronounced in D9N carriers with higher body mass index. Moreover, FH patients 

carrying the c o m m o n LPL mutat ion were at higher risk for CVD, (odds rat io=2.8; 

95% CI , 1.43 to 5.32; p=0.002).The common D9N LPL muta t ion leads to increased 

TG and decreased HDL plasma levels in patients wi th FH. These effects are most 

apparent in those FH heterozygotes w i th an increased body mass index. 

Furthermore, this muta t ion , present in 4.5% o f Dutch FH heterozygotes, leads to 

increased risk fo r CVD. 

Introduction 

The association between elevated triglyceride levels (TG) and the incidence o f 

coronary artery disease is well established1. As triglycerides themselves do not 

accumulate in atherosclerotic lesions, their atherogenicity must be related to the 

associated adverse quantitative and qualitative changes in other circulating 

l ipoproteins. In part icular, decreased levels o f high-density l ipoprotein (HDL) 

cholesterol and increased levels of both small, dense, low-density l ipoprotein (LDL) 

and remnant particles are thought to contr ibute towards this propensity for 

atherosclerotic vascular disease2. 

TG-r ich l ipoproteins, both chylomicrons and VLDLs, are catabolized by the rate 

l imi t ing enzyme in TG metabol ism, l ipoprotein lipase (LPL)3. LPL is a dimeric 

plasma enzyme that acts at the endothelial surface o f extrahepatic capillaries, 
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providing parenchymal cells wi th fatty acids for direct energy use or storage3. This 

l ipolytic process is central to l ipoprotein metabol ism and to the removal o f 

l ipoproteins f rom the circulat ion. 

LPL has also been proposed as a key protein in the retention o f lipoproteins in the 

arterial wall by enabling their adherence to extracellular matrix.4 Moreover, local 

secretion o f LPL by macrophages and its postulated function as a monocyte adhesion 

protein may favour foam cell format ion, a key initial step in atherogenesis.5 '6 Both 

homo- and heterozygous LPL deficiency have been demonstrated to predispose to 

premature CAD and increased progression o f coronary atherosclerosis.7"9 In 

addi t ion, low LPL activity has been associated wi th markers o f decreased vascular 

compliance such as elevated systolic b lood pressure, decreased nitric oxide 

product ion, and decreased forearm bloodf low.1 0 '1 1 

One amino acid subst i tut ion in the LPL prote in, D 9 N , underlies heterozygosity for 

LPL deficiency in approximately 2 to 5% o f Caucasians and is therefore a very 

common variant in the general popu la t ion . 1 2 ' 1 3 This D9N mutat ion leads to 

increased TG and decreased HDL cholesterol levels, and promotes the progression 

o f angiographically assessed coronary atherosclerosis.9 '12 '13 A recent meta-analysis 

reported that this variant carried a summary odds ratio o f 1.59, representing a 59% 

increase in CAD risk.1 A number o f studies assessing the D9N muta t ion , however, 

have indicated that full expression o f the associated atherogenic l ipoprotein profi le 

requires the presence o f addit ional environmental or genetic factors.1 3 , 1 5 

Individuals wi th FH have a significantly increased predisposit ion to premature CVD, 

al though there is generally unexplained variabil i ty wi th respect to biochemical and 

clinical phenotype. Recently we demonstrated that another common variant o f the 

LPL gene, the N291S muta t ion , has a significant effect on cardiovascular risk in 

patients wi th FH and could explain part o f the variation in clinical manifestations 

o f CVD. Therefore, we wished to determine whether another frequent variant in the 

LPL gene, the D9N muta t ion , had a similar effect on l ipid and l ipoprotein levels and 

whether this mutated allele consti tuted an addi t ional risk factor for CVD in patients 

heterozygous for FH. If this were the case, the combined frequency these 2 LPL 

mutat ions in the FH populat ion could represent a significant cause o f the variabil ity 

in l ipid phenotype and predisposit ion to CVD.Here we have assessed the 

consequences o f heterozygosity for the D9N variant in a large cohort o f patients 

wi th FH. 
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Materials and Methods 

Study Population 

A tota l o f 2091 unrelated FH patients o f Dutch white origin were included in the 

study. Al l subjects were ascertained at l ipid clinics throughout the Netherlands and 

had a diagnosis o f molecular or definite clinical FH. The diagnosis o f FH was based 

on either the presence o f a mutat ion in the LDL receptor gene or i f the patient met 

the fo l lowing clinical criteria: an LDL cholesterol level above the 95 c h percentile for 

age and sex, the presence o f typical tendon xanthomas in the patient or in a first-

degree relative, or in combinat ion wi th a paediatric relative wi th an LDL cholesterol 

above the 9 5 t h percenti le for age and sex. Secondary causes o f hyper

cholesterolemia, including renal and hepatic disease, alcohol abuse, diabetes 

mell itus and hypothyroidism were excluded in all subjects. At baseline, when b lood 

was collected for chemistry and l ipid prof i le, none o f the subjects was taking l ipid-

lowering medicat ion for at least 8 weeks. Cases were FH patients who carried the 

D9N muta t ion , and in w h o m the common N291S and S447X LPL variants were 

excluded. Controls were FH patients selected f rom the remaining FH cohor t , who 

did not carry any LPL mutat ion, including D 9 N , N291S and S447X amino acid 

subst i tut ions. These individuals were randomly selected as nested controls, and 

were matched for age, sex and body mass index (BMI) . Every control-subject wi th 

the same age ± 2 years, gender and BMI as each case-subject was included. 

Furthermore, control FH patients were selected in a blinded fashion for b lood 

pressure, smoking, alcohol intake, the presence o f CVD, or l ipid and l ipoprotein 

levels, and other biochemical values. The study was approved by the Inst i tut ional 

Review Board and informed consent was obtained f rom all part icipants. 

DNA-Analysis 

Genomic DNA was isolated from leucocytes as previously descibed.18 The D9N 

muta t ion was ascertained by amplifying LPL exon 2 by means o f polymerase chain 

reaction methods, as described previously.19 After ampl i f icat ion, the polymerase 

chain reaction product was digested wi th Taq l , using a 40-nucleotide Guanine, 

Cytosine clamp (Eurogentec) in the forward primer. Subsequently, fragments were 

separated on a 4% agarose gel.19 

Biochemical -Analysis 

Total plasma cholesterol was determined by an enzymatic colometric procedure using 

cholesterase and cholesterol oxidase (CHOD-PAP, Boehringer Mannheim).2 0 '2 1 
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HDL cholesterol was determined after precipitat ion o f chylomicrons, VLDL and 

LDL, using phosphotungstic acid and magnesium ions.2 2 , 2 3 LDL cholesterol was 

calculated by use o f the Friedewald fo rmula . 2 4 

Cardiovascular Disease 

To determine the significance o f the D9N mutat ion for cardiovascular risk we 

calculated the number o f patients wi th defini te clinical manifestat ions o f 

cardiovascular disease in the FH patients wi th and w i thout the D9N mutat ion. 

Patients were classified as having clinically manifest cardiovascular disease i f their 

history revealed one or more o f the fo l lowing: a myocardial infarct ion documented 

by electrocardiogram abnormali t ies and enzyme changes; an ischemic stroke 

proven by CT-scan; stable angina pectoris assessed by the ROSE questionnaire and 

requiring anti-anginal medicat ion; intermit tent c laudicat ion, or an intervention 

when either peripheral or coronary bal loon angioplasty or bypass surgery had been 

performed. FH patients were classified as free o f cardiovascular disease, when they 

did not meet any o f the above mentioned criteria. 

Statistical Analysis 

FH patients wi th the D9N mutat ion were compared wi th FH patients w i thou t this 

mutat ion wi th respect to baseline characteristics, lipids and l ipoproteins. Mean 

values o f the various parameters o f both FH cohorts were compared using Student's 

t-tests. Triglyceride data were log t ransformed before statistical tests, but 

untransformed levels are reported in the tables. Chi-square analysis was used to 

compare the frequency o f FH heterozygotes wi th and w i thout the D9N mutat ion in 

TG, H D L and BMI tertiles. The odds ratio for cardiovascular disease was calculated 

using Fisher's exact test. To assess the impact o f this muta t ion on l ipid 

abnormali t ies, environmental factors and cardiovascular risk, we used the logistic 

regression model. All statistical analyses were performed using the Statistical 

Package for the Social Sciences (SPSS 7.5 Benelux B.V.). A probabi l i ty o f <0.05 was 

used to indicate statistical significance. 

Results 

Frequency of the D 9 N mutation 

In our cohort o f 2091 unrelated FH patients, 94 D9N carriers were ident i f ied, 

yielding a carrier frequency o f 4.5%. Subsequently, fourteen patients were excluded 
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f rom fur ther analyses, since theyalso carried the N291S mutat ion (n=7), the S447X 

muta t ion (n=6) or were homozygous for the D9N mutat ion (n = 1). The remaining 

FH patients wi th the D9N mutat ion were matched in a case-control manner wi th 

regard to age, gender and BMI, w i th 203 FH control subjects, not carrying any o f 

the c o m m o n LPL variants. 

Baseline Characteristics 

Consequently, a tota l o f 80 FH heterozygotes (36 male and 44 females) wi th the 

D9N muta t ion (cases) and 203 FH heterozygotes (87 males and 116 females) 

w i t hou t the D9N muta t ion (controls) were studied in greater detai l . The baseline 

characterist ics o f both cohorts are shown in Table 1. Both groups were 

appropr iate ly matched for age, gender and BMI . In add i t ion , both groups were 

comparable wi th respect to blood pressure, smoking habits, alcohol intake and 

plasma glucose levels. 

Table 1. Baseline Characteristics of FH patients carrying the LPL D9N mutation and matched FH 

control subjects 

FHwithD9N n=80 FH without D9N n=203 

Age (y) 

BMI (kg/m2) 

M/F 

SBP(mm Hg) 

DBP(mm Hg) 

Smoking 

Never 

Current 

Alcohol 

Never 

<3 u/day 

2=3 u/day 

Glucose (mmol/L) 

39±19(5-78) 41±16(6-67) 

24+4(14-34) 24±4 (14-32) 

36/44 87/116 

130+18 130±17 

81+10 81±12 

62% 64% 

38% 36% 

31% 27% 

59% 64% 

10% 9% 

4.9+0.8 4.9±0.6 

M/F denotes male/female ratio; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic 
blood pressure. Values are given as means tstandard deviation, with ranges in parentheses for age 
and BMI. All baseline characteristics did not statistically. 
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Table 2 Lipid,l 

in matched FH 

T C 

LDL-C 

HDL-C 

T G 

ApoA1 

ApoBlOO 

TC/HDL 

poprotein, and apolipoprotein levels 

contro patients 

FH with D9N n=80 

8.6+2.1 (4-16) 

6.6*2.0(2-13) 

1.17±0.37 (0.73-2.8) 

1.83±1.39 (0.56-8.72) 

1.37±0.27* (0.83-2.10) 

2.0410.54* (0.70-3.02 

8.04±3.16(2.86-18.91) 

TC indicates total cholesterol; TG, triglyceride level 
indicated apol 

n FH patients carrying the 

FH without D9N n=203 

8.611.6(5-14) 

6.6+1.7(3-12) 

1.32+0.37(0.65-2.77) 

1.4310.65 (0.29-3.75) 

1.53+0.32+. (0.84-2.48) 

2.15+0.604: (1.04-4.04) 

7.01+2.51 (3.25-16.84) 

D9N mutation and 

p-value 

ns 

ns 

0.002 

0.01 

0.0001 

ns 

0.01 

values in mmol/ l ) ; and ApoA1 and ApoB100, 
poprotein-A1 and B100 (values in g/l); P values were calculated 

t test. All values are given as mean levels tstandard d 
*D9N carriers: ApoA1 and B100, n= 61. :):Non-D9N 

using the student's 
eviation, with ranges in parentheses. 
carriers: ApoA1 and B100, n=172. 

Lipids and Lipoproteins 

Mean lipid and l ipoprotein levels are given in Table 2. No significant differences were 

found for total cholesterol or LDL-cholesterol levels. However, FH patients carrying 

the D9N variant exhibited significantly higher TG (1.83 ± 1.39 vs 1.43 ± 0.65 m m o l / l , 

p=0.01) and lower HDL cholesterol; (1.17 + 0.37 vs 1.32 ± 0 . 3 7 m m o l / l , p =0.002) 

and apo Al levels (1.37 ± 0.27 vs 1.53 ± 0.32 g / l , p=0.0001). Conversely, T C / H D L 

ratio's (8.04 ± 3.16 vs 7.01 ± 2 .51 , p =0.01) were significantly higher in FH 

heterozygotes carrying the D9N mutat ion. When all subjects wi th an age < 1 8 years 

old were excluded, the observed differences wi th respect to TG and T C / H D L ratio 

became more prominent, as was the case f o r T G levels (2.12 ± 1.46 vs 1.49 ± 0.64, 

p =0.001) and the T C / H D L ratio (8.76 ± 3.16 vs 7.12 ± 2.52, p =0.0001) (Table 3). 

Table 3. Association between the D9N mutation and the low HDL/High TG phenotype 

HDL<0.91 

TG>2.8 

HDL<0.91 andTG>2.8 

Prevalence 

With D9N 

21 (26) 

12 (15) 

6(8) 

(%) 

Without D9N 

25(12) 

10(15) 

3 (1 ) 

OR 

2.53 

3.41 

5.4 

D 9 N 

p-value 

0.0007 

0.01 

0.02 

95% CI 

1.32-4.86 

1.41-8.24 

1.32-2.22 

Values of TG and HDL are in mmol/ l . OR and CI indicate odds ratio and confidence intervan, 
respectively. 
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Frequency of D 9 N mutation by TG and HDL fertile 

Both FH cohorts were further analysed by HDL and TG tertiles. Fifty percent (40 80) 

o f the subjects carrying the D9N mutat ion were found in the lowest HDL tertile 

versus 26% o f FH patients not carrying this mutat ion (53/203) (p=0.0002). In 

add i t ion , there were significantly more non-D9N mutat ion carriers in the upper HDL 

tertile when compared to those carrying the D9N mutat ion (39% vs 2 1 % , p=0.005). 

In add i t ion , a significant enrichment o f FH patients carrying the D9N mutat ion 

became evident in the upper terti le for triglyceride levels (FH with D 9 N ; 35 80 

(44%) vs FH wi thout D 9 N ; 60 203,(30%), p=0.03). 

The association between the D9N mutat ion and the high TG/ low HDL phenotype 

is i l lustrated in Table 3. The odds for having this trait when carrying the D9N 

muta t ion is 5.4 (p=0.02) . As expected, an increased likelihood became apparent for 

the presence o f either low HDL (odds ratio (OR)=2.53; 95% CI, 1.32 to 4.86; 

p=0.007) or high TG (OR=3.41; 95% CI , 1.41 to 8.24, p=0.01) for carriers o f this 

muta t ion . 

Figure 1. Triglyceride levels in FH patients wit an without the D 9 N mutation by 

BMI tertile 

4.50 r 

3.60 

2.70 

0.90 -

0.00 

with D9N 

without D9N 

<22.6 22.6-25.0 

BMI tertile 

>25.0 

Number of patients +D9N/-D9N; tertile 1: n=27/66, tertile 2: n=23/72, tertile 3: n=30 65. 
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Influence of BMI 

Subsequently, the FH cohor t (n=283) was divided into tertiles for BMI . The first 

terti le contained all subjects wi th a BMI o f < 22.6 kg/m2. This terti le contained 

27 D9N carriers (34%) and 66 noncarriers (33%). In the second tertile contained all 

subjects wi th a BMI > 22.6 but < 25 kg /m 2 . This tertile contained 23 D9N (29%) 

carriers and 72 noncarriers (35%) were present. The th i rd tertile contained all 

subjects wi th a BMI over 25 kg /m 2 . In this terti le, 30 D9N (38%) carriers and 

65 noncarriers (32%) were found. Wi th in each tert i le, TG (Figure 1) and HDL 

cholesterol levels were then calculated. In all three BMI tertiles mean HDL levels 

were lower in D9N carriers, whereas TG levels were higher. However, the largest 

differences in HDL and TG levels between carriers and noncarriers became evident 

in the upper terti le. The FH heterozygotes carrying the D9N had significantly higher 

TG levels; (2.19 ± 1.18 vs 1.61 ± 0.70, p=0.02), and a trend towards lower HDL 

levels (1.19 ± 0.46 vs 1.38 ± 0.36, p=0.06). 

In the lowest BMI tert i le, mean TG levels were similar between the 2 FH groups, 

whereas the H D L concent ra t ion was lower, but not s igni f icant ly, in FH 

heterozygotes wi th the D9N muta t ion , (1.18 ± 0.28 vs 1.32 ± 0.32, p=0.06). 

D 9 N and Cardiovascular Disease 

For this analysis, only adults (age > 18) were included. In the FH cohort carrying the 

D9N mutat ion (n=62), 21 patients had definite clinical manifestations o f CVD 

(33.9%) whereas in the FH cohort not carrying the mutat ion (n=185), 29 cases of 

CVD were present (15.7%). This difference resulted in an OR for CVD in D9N carriers 

o f 2.8 (Table 4) . There was no difference between the age o f onset o f CVD between 

the FH heterozygotes wi th the D9N mutat ion (48.8 ± 12.5 vs 46.7 ± 8.8, p=0.6) and 

Table 4. Frequency of and odds ratio for CVD in 

matched FH control patients. 

FH with D9N 

FH without D9N 

Frequency (%) 

21/62(33.87) 

29/185(15.68) 

FH patients carrying th 

Odds ratio 

2.76 

CVD denotes cardiovascular disease, defined as myocardial infarction, 
documented stroke, and surgery for peripheral arterial disease, 
hypercholesterolemia. 
*p=0.002 (Fisher exact test) 

e LPL D9N mutation and 

Confidence interval 

1.43-5.32* 

definite angina 
FH indicates 

pectoris, 
familial 
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chose not carrying the D9N mutation. When further analyzing the type o f CVD, no 

differences could be observed. In both groups more than half o f the FH heterozygotes 

had clinical manifestations of cardiac disease. In addi t ion, the prevalence o f 

combined vascular disease was similar in both groups (data not shown). 

Logistic Regression Analysis 

Logistic regression analysis revealed a significant influence o f the D9N mutat ion on 

the l ikel ihood o f developing CVD in the FH cohort . In this model , in which we 

included age, BMI , b lood pressure, alcohol intake, HDL and TG, the effect o f the 

D9N mutat ion for developing CVD remained significant. Age was the most 

signif icant predictor (OR=1.3, CI, 1.0-1.1, p<0.0001), fol lowed by BMI (OR=1.3; 

95% CI , 1.0-1.3, p = 0 . 0 2 ) a n d the presence o f the D9N mutat ion (OR=2.2, 95% CI, 

1.0-4.8, p = 0 . 0 4 ) ( T a b l e 5 ) . 

Discussion 

We have investigated the influence of the D9N mutat ion in the LPL gene on l ipid 

and l ipoprotein levels and the impact o f this mutat ion on cardiovascular risk in a 

large cohor t o f FH patients. We show that patients who carry a mutat ion both in 

the LPL and the LDL receptor gene exhibit significantly lower HDL and apoAl levels, 

higher TG levels and a higher TC/HDL ratio. This was particularly apparent when 

FH patients were divided into tertiles and a significant enrichment o f D9N carriers 

in the lowest H D L tert i le and the upper TG terti le was apparent. In add i t ion , we 

show that heterozygosity for the D9N mutat ion is strongly associated wi th the high 

T G / l o w H D L trai t . Several studies in other patient groups than FH have shown 

Table 5. Influence of the D9N mutation on cardiovascular risk after adjustment for known 

cardiovascular risk factors. 

Parameter* 

Mutation 

Age 

BMI 

OR 

2.2 

1.3 

1.3 

CI 

1.0-4.8 

1.0-1.1 

1.0-1.3 

p-value 

0.04 

<0.0001 

0.02 

* additional factors included the model where, alcohol, blood pressure, and TG and HDL 
cholesterol. 
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previously that the D9N mutat ion in the LPLgene is associated wi th a decreased LPL 

activity and wi th both higher fasting TG and VLDL levels and lower HDL 

levels.12-25-26 In add i t ion , it has been postulated that heterozygosity for this 

mutat ion may promote the progression o f atherosclerosis. 

However, because not all D9N mutat ion carriers have elevated TG levels and /o r 

decreased HDL levels, environmental as well as other genetic factors most likely 

contr ibute to the expression o f the clinical phenotype in subjects carrying this LPL 

variant. Possibly the most significant environmental factor that can enhance the 

expression o f the D9N mutat ion is increased body mass. This gene/environment 

in teract ion in subjects carrying the D 9 N muta t i on has previously been 

descr ibed.1 2 , 2 6 In line wi th these observations we demonstrate here that the effects 

o f the D9N mutat ion are most apparent in subjects wi th increased body mass. We 

reported similar results for FH heterozygotes carrying another common t variant in 

the LPL gene, the N291S muta t ion . 1 9 This may have a part icular clinical relevance 

in terms o f patient management. FH patients wi th LPL variants should clearly be 

encouraged to attain normal body mass and to part icipate in weight-reduction 

programs. The mechanism o f this interaction is not entirely clear. In a previous 

study on chylomicronemia in pregnancy, it was postulated that carriers o f either the 

D9N or the N291S mutat ion are able to maintain l o w T G levels in the fasting state, 

but when body mass increases, augmented VLDL secretion f rom the liver overcomes 

the capacity o f the lipolytic cascade and hypertriglyceridemia ensues.27 In another 

study, it was hypothesized that the D9N mutat ion could cause a delay in the 

secretion o f the LPL protein in the postprandial state. 

W i th respect to apoB/apoAl rat io, as well as apoB levels o f carriers and noncarriers, 

no differences could be detected. Higher levels o f apoB would be expected in the 

D9N carriers reflecting the more atherogenic "small dense LDL" phenotype, 

commonly associated wi th elevated levels o f TGs; we have no explanation for our 

f indings in this respect. 

We also report here that in addi t ion to the detr imental l ipid prof i le, FH 

heterozygotes carrying the D9N variant have an odds ratio o f 2.8 for CVD. The 

overall incidence o f CVD in our study popula t ion was 17.6%, which is in line w i th 

the reported CVD incidence for FH heterozygotes o f this age.15 The increased 

incidence o f CVD in FH patients carrying the D9N mutat ion can in part be explained 

by their l ipid and l ipoprotein abnormal i t ies, such as impaired hydrolysis o fTG-r ich 

l ipoproteins, low HDL cholesterol, increased levels o f both remnant particles and 

small dense LDL particles, all favouring the progression o f atherosclerosis. 

However, in our logistic regression model we demonstrate that the D9N is also 
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independently associated wi th CVD risk. This f ind ing, also reported for the N291S 

var iant, may be related to altered proteoglycan binding or l ipid particle uptake at 

the level o f the vessel wall or to the associated endothelial dysfunction or other 

proatherogenic changes in these cells. 

In conclus ion, the common D9N LPL muta t ion leads to increased TG levels and 

decreased H D L levels in patients wi th FH. This effect is exponentially increased 

when increased body mass is present.12 '26 '28 Frequent variants o f the LPL gene, such 

as the D9N and the N291S mutat ions, are apparently present in 10% o f FH 

heterozygotes and are a major addi t ional risk factor for the development o f 

premature coronary disease in these subjects, who are already exposed to a very 

high a priori risk o f CVD. 
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Abstract 

We tested the hypothesis that an increase in spontaneous aggregability o f platelets 

in vitro predicts morta l i ty and coronary events in patients who have survived a 

recent myocardial infarct ion. A cohor t o f 149 survivors o f infarct ion entered our 

study three months after the index infarct ion and was fol lowed for five years. At 

entry and at intervals o f six months, spontaneous platelet aggregation (SPA) was 

tested and graded as positive (aggregation within 10 minutes), intermediate 

( a g g r e g a t ' o n after 10 to 20 minutes) , or negative (no aggregation wi th in 

20 minutes). 

Dur ing fo l low-up, 6.4% (6 o f 94) o f the patients in the SPA-negative group died, as 

compared wi th 10.3% (3 o f 29) in the SPA-intermediate group and 34.6% (9 o f 26) 

in the SPA-positive group. As compared with the SPA-negative group, the SPA-

intermediate group had a relative risk o f death o f 1.6 (95% CI, 0.5 to 5.5) and the 

SPA-positive group had a r i sko f5 .4 (95% CI, 2.2 to 13.4). A t least one cardiac event 

(cardiac death or recurrent nonfatal myocardial infarct ion) occurred in 14.9% (14 

o f 94 patients) o f the SPA-negative group, 24 .1% (7 o f 29) o f the SPA-intermediate 

group, and 46.2% (12 o f 26) o f the SPA-positive group. A positive test result 

cont inued to have prognostic value throughout the five-year study. 

We conclude that spontaneous platelet aggregation in vitro is a useful biologic 

marker for the predict ion o f coronary events and mortal i ty in this low-risk group o f 

survivors o f a myocardial infarct ion. A causal relation is suggested but not proved 

by our study. 

Introduction 

Platelets have an impor tan t role in atherosclerosis, and its compl icat ions, such as 

acute coronary ischemia.1"4 The pathophysiologic mechanism by which platelets 

contr ibute to the acute manifestations o f coronary artery disease is not fully 

understood. A causal role o f platelet hyperreactivity or o f local platelet activation in 

an acute coronary event has been suggested but never proved.5 Platelet products in 

plasma (be ta - th rombog lobu l i n , t h romboxane , and platelet factor 4) have 

been measured to determine platelet activation in patients with coronary artery 

disease.6"9 The results o f these tests remain controversial and di f f icul t to interpret. 

It has not yet been possible to select a platelet-function test that can be used to 

detect platelet act ivat ion in relation to the compl icat ions o f atherosclerosis. 
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Moreover, most o f these studies have been done in the setting o f an acute coronary 

event. 

Tof ler et a l . 1 0 have shown that increased platelet aggregability in the morn ing is 

concomi tant wi th an increased frequency o f myocardial infarction and sudden 

cardiac dea th , suggesting a causal re la t ion. Several cl inical studies have 

demonstrated that inhibi t ion o f platelet funct ion by drugs such as aspirin exerts a 

beneficial effect on the course o f coronary artery disease by reducing the risk o f 

sudden death, myocardial infarct ion, and unstable angina.1 1 '1 5 

In two case reports, a syndrome characterized by peripheral ischemia o f the fingers 

and toes has been described in patients wi th thrombocythemia and spontaneous 

platelet aggregation (SPA). Treatment wi th aspirin prevented the aggregation and 

the clinical signs o f ischemia, both o f which recurred after discont inuat ion o f the 

t reatment.1 6"1 7 

Finding a platelet-function test that is relevant to the prognosis o f patients wi th 

coronary artery disease could be a f irst step toward identifying patients who wou ld 

benefit f rom treatment wi th antiplatelet drugs. Therefore, we tested the hypothesis 

that increased platelet aggregability, as measured by SPA in vitro in patients w i th a 

recent myocardial infarct ion, is related to future mortal i ty and coronary events. To 

this end, we prospectively fol lowed a cohor t o f survivors o f myocardial infarct ion 

for five years. 

Methods 

Patients 

The study cohor t consisted o f 149 survivors o f myocardial infarction less than 71 

years o f age, who were referred to an outpat ient unit o f the Academic Hospital o f 

the University o f Amsterdam after complet ing their clinical rehabi l i tat ion period. All 

were in New York Heart Association (NYHA) funct ional class I or II. 

Study Entry 

Since platelet funct ion may be affected by an acute ischemic event, the f irst 

aggregation study was performed three months after the index myocardial 

infarct ion. Base-line clinical characteristics relevant to prognosis were also recorded 

at that t ime. 
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Clinical Follow-up 

All patients were evaluated at regular intervals dur ing a five-year fo l low-up per iod. 

Since the use o f aspirin affects thrombocyte aggregation and leads to a uni formly 

negative test result,18"19 the patients were encouraged at each visit not to use any 

platelet- inhibi t ing drug. Test results in the patients who admit ted using such drugs 

in the week before testing for platelet aggregation were excluded. 

Dur ing the first year after myocardial in farct ion, all patients part icipated in a 

secondary prevention study (the Amsterdam Metoprolo l Tr ia l )2 0 in which they 

received metopro lo l (100 mg twice daily) or a placebo after randomizat ion. 

Treatment for angina pectoris, cardiac pump fai lure, and hypertension was given 

according to a predetermined protocol . 

End Points 

The data were analysed for two outcomes: death due to any cause and cardiac 

events. A cardiac event was defined as a nonfata l recurrent myocardial infarction or 

cardiac death; cardiac death was defined as death occurring in the hospital after a 

conf i rmed myocardial infarct ion, or as death occurr ing suddenly wi thout previous 

symptoms or wi th in 24 hours after the onset o f new symptoms o f heart disease. In 

the hierarchy o f events, death superseded any earlier event. Likewise, only the f irst 

recurrent nonfatal myocardial infarction was considered to be an event in patients 

who were alive after complet ing five years o f fo l low-up. 

Platelet Aggregation 

Aggregation studies were performed at entry and at six-month intervals. All 

venipunctures were performed between 9 and 10 a.m. Blood samples were drawn 

w i thou t stasis f rom an antecubital vein, w i th use o f a 21-gauge needle. Nine 

volumes o f b lood were collected in one volume o f 3.2% tr isodium citrate in plastic 

tubes. The b lood samples were left in capped plastic tubes for 15 minutes at room 

temperature and were centrifuged for 10 minutes at 100xg to obta in platelet-rich 

plasma. The remaining volume o f b lood was centrifuged further for 20 minutes at 

900xg to obta in platelet-poor plasma. The platelet count o f the platelet-rich 

plasma was determined. The plasma samples were left in capped plastic tubes at 

room temperature. Subsequently, aggregometry was performed at 37°C according 

to the method o f Born 2 1 with the use o f a Payton Dual Channel Aggregometer 

(Payton Ltd . , Scarborough, Ont., Canada). The aggregometer was adjusted before 

each test so that in each patient the value for l ight transmission for platelet-rich 

plasma was 0% and that for platelet-poor plasma was 100%. The occurrence o f 
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SPA in each sample was assessed one hour after venipuncture. After 0.4 ml o f 

platelet-rich plasma was stirred in the aggregometer at 450 rpm for 20 minutes, 

aggregation was measured; an increase o f 20% or more in the light transmission o f 

the platelet-rich plasma was considered to indicate SPA. No correction for platelet 

count was made. The interval between the start o f stirr ing and the deflect ion o f 

the aggregation curve was expressed in minutes. In contrast to the current 

pract ice,1 8"1 9 according to which SPA is described as positive or negative, we 

categorized SPA as positive, intermediate, or negative. Three types o f response 

were identi f ied and defined: SPA negative - no aggregation occurred wi th in 20 

minutes o f st irr ing; SPA intermediate - aggregation occurred between 10 and 20 

minutes o f st irr ing; and SPA positive - aggregation occurred wi th in 10 minutes o f 

st irr ing. 

Statistical Analysis 

Univariate analysis o f the results o f platelet-function tests and clinical variables was 

performed; the analysis concentrated on the risk ratios for mortal i ty and the 

occurrence o f cardiac events. Cont inuous variables were divided into three classes -

low, medium, and high; the first class served as a reference category. The 95% CIs for 

the respective risk ratios were calculated according to the method o f Miett inen and 

Nurminen. 2 2 I f the 95% CI o f the risk ratio for mortal i ty exceeded 1.0, the association 

o f the respective variable wi th the risk o f dying within five years was statistically 

significant at the 5% level. Logistic mult iple regression analysis was performed wi th 

the BMDP statistical package23 to select the base-line variables capable o f being 

independently predictive. Indicator variables were used throughout; these variables 

have a value o f 1 i f the property under consideration is present, and 0 i f it is not. The 

advantage o f indicatorvariables is that each regression coefficient directly represents 

the log odds o f death when all the other variables in the model are control led. For 

continuous variables, the indicator variables for the categories o f medium and high 

risk were considered for inclusion in the model. The BMDP program settings were 

such that variables were included in the model i f they substantially improved the log 

likelihood (P<0.10); they were retained only i f their removal substantially decreased 

the log likelihood (P<0.15). P values were two-tai led. Survival curves were constructed 

according to the method described by Peto et a l . 2 4 
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Table 1. Characteristics of 

Characteristic 

age 

Sex (male) 

First infarction 

Infarct site 

Anterior wall 

Inferior wall 

NYHA functional class 

I 

II 

III or IV 

Smoking status 

Former smoker 

Current smoker 

Drug treatment 

Diuretics 

Digitalis 

Coumarins 

Antiarrhythmics 

Nitrates 

Metoprolol* 

Platelet count 

(platelet rich plasma) 

"Some patients were partic 

patients at entry 

Cohort 

(N = 149) 

55.6+8.7 

122(82) 

137(92) 

70(47) 

79(53) 

122(82) 

27(18) 

0 

111(75) 

31(21) 

37(25) 

14(9) 

65 (44) 

18(12) 

40(27) 

69(46) 

pating in a secondary 

negative 

(N-94) 

54.6±8.6 

79(84) 

89(95) 

44(47) 

50(53 

80(85) 

14(15) 

0 

67(71) 

20(21) 

20(21) 

5 (5 ) 

36(36) 

14(15) 

23(24) 

38(40) 

526 

SPA-Status group 

intermediate 

(N=29) 

Years (mean ±SD) 

No. 

cells 

56.7±9.5 

ofpatients(%) 

22(76) 

28(97) 

10(35) 

19(66) 

21 (72) 

8(28) 

0 

23(79) 

3(10) 

7(24) 

4(14) 

14(48) 

3(10) 

8(28) 

15(52) 

x W9/liter 

531 

intervention trial (see text). 

positive 

(N=26) 

57.8±7.6 

21(81) 

20(77) 

14(54) 

46(46) 

21 (81) 

5 (19) 

0 

21 (81) 

8 (31) 

10(38) 

5 (19) 

15(58) 

1 (4 ) 

9(35) 

16(62) 

495 
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Table 2. Clinical outcome according to SPA 

Outcome 

Mortality 

No. of patients (%) 

Relative risk (95% CI)* 

Cardiac events 

No of patients (%) 

Relative risk (95% CI)* 

Cohort 

(N-149) 

18(12.1) 

33(22.1) 

status group 

Negative 

(n -94 ) 

6(6.4) 

14(14.9) 

SPA-Status Group 

Intermediate 

(n-29) 

3 (10.3) 

1.6(0.5-5.5) 

7(24.1) 

1.6(0.7-3.5) 

Positive 

(n=26) 

9(34.6) 

5.2 (2.2-13.4) 

12(46.2) 

3.1 (1.6-5.8) 

*CI= confidence interval 

Results 

Clinical End Points 

The characteristics o f the patients at the t ime o f entry into the study are shown in 

Table 1. All patients were fol lowed for five years. The relation between the features 

o f platelet aggregation at entry and the clinical outcome during five-year fo l low-up 

is shown in Table 2. Eighteen patients died (death was due to cardiac causes in 15 

and to carcinoma in 3). When the two groups o f patients wi th any SPA were 

compared wi th the group wi thout SPA, the relative risk o f dying was 1.6 (95% CI, 

0.5 to 5.5) in the group wi th intermediate SPA and 5.4 (95% CI, 2.2 to 13.4) in the 

group wi th positive SPA. At least one cardiac event occurred in 33 patients. The 

relative risk o f a cardiac event in intermediate-SPA group was 1.6 (95% CI , 0.7 to 

3.5) and 3.1 in the SPA-positive group (95% CI, 1.6 to 5.8), as compared wi th the 

SPA-negative group. For both outcomes (morta l i ty and cardiac events), the relative 

risk increased wi th increasing aggregability. 

Table 3 shows the clinical characteristics at study entry in relation to the total 

mortal i ty and cardiac events. A significantly increased relative risk o f death was 

observed in patients who had a peak creatine kinase MB fraction o f > 80 U per liter 

and in patients who were taking diuretics, digitalis, or metopro lo l . The relative risk 

o f cardiac events was increased in patients who had had an infarction or who were 

taking digitalis. 
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Table 3. Clinical outcome according to ch 

Characteristic 

(No. of patients) 

All patients (149) 
Sex 

Female (27) 
Male (122) 

Age 

<50yr(37) 
50-60 yr (63) 
>60yr(49) 

Smoking status 
Former smoker 

No (38) 
Yes (111) 

Current smoker 
No (118) 
Yes (31) 

First infarction 
Yes (137) 
No (12) 

PeakCK-MB 
<40 U/l (54) 

40-80 U/l (51) 
>80 U/l (44) 

Drug Treatment 

Diuretics 
No(112) 
Yes (37) 

Digitalis 
No (135) 
Yes (14) 

Coumarins 
No (84) 

Yes(65) 
Antiarrhythmics 

No (131) 
Yes (18) 

Nitrates 
No (109) 
Yes(40) 

Metoprolol 
No (80) 
Yes(69) 

*RR=relative risk; CI=con 

aracteristics at entry* 

Mortality 

No. (%) 

18(12.1) 

2 (7.4) 

16(13.1) 

4(10.8) 
8 (12.7) 
6(12.2) 

6(15.8) 
12(10.8) 

15 (12.7) 
3(9.7) 

15(10.9) 
3 (25.0) 

3(5.6) 
7(13.7) 
8(18.2) 

10(8.9) 
8(21.6) 

13(9.6) 
5(35.7) 

7(8.3) 
11 (16.9) 

15(11.5) 
3(16.7) 

14(12.8) 
4(10.0) 

5(6.3) 
13(18.8) 

fidence interval 

RR(95%CI) 

1.8(0.5-6.8) 

1.2(0.4-3.5) 
1.1 (03-3.6) 

0.7(0.3-1.7) 

0.8(0.2-2.4) 

2.3(0.7-5.8) 

2.5 (0.7-8.5) 
3.3(1.0-11.0) 

2.4(13-5.5) 

3.7(1.5-8.1) 

2.0 (0.9-4.8) 

1.5 (0.5-4.0) 

0.8(0.3-2.1) 

3.0(1.2-7.8) 

Cardiac 

No. (%) 

33 (22.1) 

4(14.8) 
29 (23.8) 

7(18.9) 
12(19.0) 
14(28.6) 

9(23.7) 
24(21.6) 

25(21.2) 
8(25.8) 

27(19.7) 
6(50.0) 

11 (20.4) 

11 (21.6) 
11 (25.0) 

21 (18.8) 
12(32.4) 

27(20.0) 

6(42.9) 

20(23.8) 
13(20.0) 

28(21.4) 

5(27.8) 

25 (22.9) 
8(20.0) 

14(17.5) 
19 (27.5) 

Events 

RR(95%CI) 

1.6(0.7-4.2) 

1.0(0.5-2.3) 
1.5(0.7-3.4) 

0.9(0.5-1.8) 

1.2 (0.6-2.5) 

2.5(1.2-4.5) 

1.1 (0.5-2.2) 
1.2(0.6-2.5) 

1.7 (0.9-3.0) 

2.1 (1.0-3.9) 

0.8 (03-1.5) 

1.3 (0.6-2.7) 

0.9(0.4-1.7) 

1.6(0.9-2.9) 
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Table 4. Logistic multiple regression analysis of mortality d 

Variable No. of 

patients 

Cohort 149 

SPA-positive status 26 

Digitalis 14 

Variable 

SPA-positive status Digitalis 

Yes Yes 

Yes No 

No Yes 

No No 

*After the variable was included in 

Coefficient 

-0.5 

1.8 

1.4 

Observec 

Patients at risk 

5 

21 

9 

114 

the model in the 

SE 

0.7 

0.6 

0.7 

mortal 

uring 

[y 
Patients c 

order sh 

3 

6 

2 

7 

own. 

five 

ead 

years of follow-up\ 

Log P value 

Likelihood* 

-54.9 

-49.0 0.001 

-47.0 0.048 

Predicted mortality 

% 
60 

29 

22 

6 

The variables shown in Tables 2 and 3 were also used in logistic mult iple regression 

analysis. For the risk o f death wi th in 5 years, a positive SPA status, digitalis therapy, 

and metoprolo l t reatment were the only independent predictive variables. Including 

metoprolo l t reatment in the regression analysis increased the log l ikel ihood only 

marginally (p = 0.08). The influence o f metoprolo l - i f any - was hard to explain, and 

we believed that the effect observed in this study was spurious. Therefore, we 

l imited ourselves to including SPA positivity and digitalis therapy in the regression 

model (Table 4) . SPA positivity was the most powerful predictor; it increased the 

predicted five-year mortal i ty rate f rom 6% to 29% among the patients who were not 

taking digitalis at entry and f rom 22% to 60% among those who were. 

The percentage o f patients who had no end-point events (death or recurrent 

myocardial infarct ion) dur ing the fo l low-up period after the myocardial infarction 

is shown in Figure 1. Seventy-nine o f the 94 patients in the SPA-negative group 

(84%), 22 o f the 29 in the SPA-intermediate group (76%), and 1 2 o f the 26 in the 

SPA-positive group (46%) were event-free at 60 months. 

Platelet-Aggregation Studies during Follow-up 

Figure 2 shows the results o f platelet-aggregation studies performed at intervals o f 6 

or 12 months during the five-year fol low-up period, according to the SPA index 

determined at entry. In the group o f patients who were SPA-negative at entry, more 
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Figure 1. Event-free survival during 5 years of follow-up, according to SPA status 

at entry 
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Survival is shown in the groups that were SPA-negative (A), SPA-intermediate (B), and SPA-

positive (C) at study entry three months after myocardial infarction. Events included noncardiac 

deaths, cardiac deaths, and recurrent myocardial infarction. 

than 90% o f the tests performed during fol low-up were negative. In the group o f 

patients who were SPA-positive at entry, more than 50% o f the tests were positive and 

less than 20% were negative during the first three years o f fol low-up. Patients in the 

SPA-intermediate group at entry occasionally had positive tests during fol low-up; 

more of ten, their tests either continued to be SPA-intermediate or were SPA-negative. 

Table 5 shows the clinical outcomes in the groups in relation to the results o f 

platelet- aggregation tests performed at different intervals after the index 

myocardial in farct ion. The platelet-aggregation tests performed dur ing fo l low-up 

consistently showed the same relation to subsequent mortal i ty and cardiac events 
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Table 5. Clinical outcome 

SPA status 

3 Months 

Total 

SPA-negative 

SPA-in termed iate 

SPA-positive 

6 Months 

Total 

SPA-negative 

SPA-intermediate 

SPA-positive 

12 Months 

Total 

SPA-negative 

SPA-intermediate 

SPA-positive 

18 Months 

Total 

SPA-negative 

SPA-intermediate 

SPA-positive 

24 Months 

Total 

SPA-negative 

SPA-intermediate 

SPA-positive 

30 Months 

Total 

SPA-negative 

SPA-intermediate 

SPA-positive 

36 Months 

Total 

SPA-negative 

SPA-intermediate 

SPA-positive 

48 Months 

Total 

SPA-negative 

SPA-intermediate 

SPA-positive 

according to SPA status 

No. of patients 

149 

94 

29 

26 

129 

81 

31 

17 

113 

79 

19 

15 

106 

69 

19 

18 

101 

77 

14 

10 

82 

54 

16 

12 

109 

81 

12 

16 

79 

65 

7 

7 

during follow 

Mortality 

No. 

18 

6(6.4) 

3(10.3) 

9(34.6) 

14 

4(4 .9) 

3(9.8) 

7(41.2) 

12 

3(3.8) 

1(5.3) 

8(53.3) 

11 

3 (4.4) 

1(5.3) 

7(38.9) 

9 

5(6.5) 

0 

4(40.0) 

6 

1(1.9) 

1 (6.3) 

4(33.3) 

3 

2(2.5) 

0 

1 (6.3) 

2 

1(1.5) 

0 

1 (14.3) 

up 

Cardiac events 

of patients (%) 

33 

14(14.9) 

7(24.1) 

12(46.2) 

30 

16(19.8) 

5(16.1) 

8(47.1) 

33 

10(12.7) 

4(21.1) 

9(60.0) 

21 

7(10.2) 

5(26.3) 

9(50.0) 

18 

8(10.4) 

5(35.7) 

5 (50.0) 

11 

5(9.3) 

2(12.5) 

4(33.3) 

9 

6(7.4) 

1 (8.3) 

2(12.5) 

4 

3(4.6) 

0 

1(14.3) 
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as, the tests performed at entry. The rate o f mortal i ty and cardiac events was lowest 

in the SPA-negative group, highest in the SPA-positive group, and intermediate in 

the SPA-intermediate group. 

Discussion 

This study found a positive association between, platelet hyperreactivity in v i t ro and 

both mor ta l i ty and cardiac events in survivors o f myocardial infarct ion. Dur ing a 

fo l low-up period o f five years, the relative risk o f death was 5.4 times higher in the 

group wi th SPA wi th in 10 minutes (the SPA-positive group) than in the group 

w i thou t this characteristic (the SPA negative group). The 95% CI lies between 2.2 

and 13.4, indicat ing that the risk o f death in the SPA-positive group was at least 2.2 

but possibly even 13.4 times as high as in the SPA-negative group. The f ind ing that 

6.4% (6 o f 94) o f patients died in the SPA-negative group, 10.3% (3 o f 29) in the 

SPA-intermediate group, and 34.6% (9 o f 26) in the SPA-positive group illustrates 

the clinical relevance o f this association. 

Since the deaths o f 1 5 o f the 18 patients who died were due to cardiac causes, it is 

likely that platelet hyperaggregability is associated wi th the development o f 

compl icat ions o f atherosclerotic heart disease. This is corroborated by the f ind ing 

that the relative risk o f cardiac events (cardiac death or recurrent nonfatal 

myocardial infarct ion) was 3.1 times as high (95% CI, 1.6 to 5.8) in the SPA-positive 

group as in the SPA-negative group. 

The cumulative morta l i ty o f 12.1% over a period o f five years in this cohor t is low 

but not surprising. Evaluation of the patients' characteristics at entry showed a high 

prevalence o f f irst myocardial infarctions, the absence o f angina pectoris o f NYHA 

classes III and IV, and a low prevalence o f symptomatic heart failure as reflected by 

the low rate o f the use o f diuretics or digitalis. In fact, 82% o f our patients were in 

NYHA funct ional class I at entry. Al though none o f our patients underwent 

coronary angiography or studies o f left ventricular funct ion at entry, we are 

conf ident that the clinical criteria mentioned above indicated that the patients were 

at low risk.25"27 This has two implications. First, the results o f our study cannot be 

generalized to all survivors o f myocardial infarct ion. Second, platelet aggregability 

as a risk factor apparently has an impor tan t role when the prevalence o f other 

known risk factors for coronary events occurr ing after myocardial infarct ion is low. 

No conclusions can be drawn from this study about the role o f platelet aggregability 

in patients wi th a high risk o f dying after myocardial infarct ion. We do not know 
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whether the effects o f platelet aggregability would be fundamental ly different in 

such patients. Univariate analysis o f the clinical features at entry showed that only 

infarct size, the need for diuretics or digitalis, and the use o f metopro lo l increased 

the risk o f death during fo l low-up (Table 3). The association between the use o f 

metoprolo l dur ing the first year o f the study (administered in double bl ind fashion 

according to a concurrent research protocol) and an increased risk o f death at the 

end o f five years o f fo l low-up is not clear. There is some controversy about the 

secondary preventive effect o f metopro lo l .2 8 "2 9 It is highly unlikely that the adverse 

effects encountered in our study were due to a rebound effect30 when metoprolo l 

was discontinued after one year at the end o f the trial o f secondary prevention. 

Figure 2. Changes in SPA status during Follow-up, according to SPA status at entry 
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O f the 13 patients who took metoprolol at entry and died dur ing fo l low-up, none 

died wi th in three months after withdrawal o f the drug. 

It is o f interest that smoking did no t seem to influence the clinical outcomes in our 

cohor t . This may be due to its small size. When the variables in the univariate 

analysis were used in multivariate analysis, SPA remained a powerful predictor o f 

five-year mor ta l i ty and cardiac events in this cohor t at low risk. A positive SPA value, 

in combina t ion w i th the use o f digitalis as an indirect indicator o f decreased cardiac 

func t ion , increased the estimated morta l i ty risk to 60%. 

It is unlikely tha t our results are based on a chance f ind ing made three months after 

in farct ion, as shown by the data in Table 5. Figure 2 also illustrates that this is not 

the case, because the patients with a negative test for platelet aggregation at entry 

had a very low chance o f having positive tests (black bars) dur ing fol low-up. Also, 

the patients wi th positive tests at entry had a chance o f more than 50% o f 

cont inu ing to have positive tests dur ing the f irst three years o f fo l low-up. 

This study demonstrates that SPA is a useful biologic marker for predicting future 

coronary events and morta l i ty in a subset o f patients who have had a myocardial 

in farct ion. As yet, it cannot be concluded that this relation is causal. Also, the 

pathophysiologic importance of ou r results is uncertain. SPA may be the result o f 

change in th rombocyte funct ion, o r it may be caused by a factor related to extensive 

atherosclerotic vascular damage or factors related to abnormal endothelial 

funct ion. Our results, showing a strong association between a positive SPA status 

and an adverse prognosis, together wi th the presence o f a biologic gradient,5 

strongly suggest a relat ion between thrombocyte funct ion and the complicat ions o f 

coronary artery disease. The results o f other platelet-aggregation studies4"9 support 

this concept. Treatment w i th aspirin has been shown to have a beneficial effect in 

patients wi th unstable angina.11"14 Because spontaneous thrombocyte aggregation 

has not been measured in these studies, further studies o f interventions in patients 

wi th atherosclerotic heart disease and spontaneous thrombocyte aggregation are 

needed to prove a causal relation. The results o f our study provide a basis for further 

intervention studies wi th antiplatelet drugs in survivors o f myocardial infarct ion. 
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Abstract 

Background: The platelet glycoprotein (GP) Ilia PIA variant is associated wi th 

platelet dysfunct ion, but the clinical relevance for coronary artery disease (CAD) is 

disputed.We therefore studied this polymorphism in relation to CAD, angiographic 

progression o f CAD and the response to aspirin (ASA) in both CAD patients and 

controls. 

Me thods : Platelet GP li la PIA1/A2 genotypes were determined in 753 o f the 885 

part ic ipants o f the Regression Growth Evaluation Statin Study, a placebo-

contro l led l ipid lowering regression trial and in 222 controls. CAD progression was 

measured by quanti tat ive coronary angiography at baseline and after two years. 

Results: The PIA2 allele frequencies in patients and controls were 0.17 and 0.14 

respectively, in accordance with Hardy-Weinberg equ i l ib r ium. Angiographic 

progression was unrelated to the platelet GP Ilia PIA genotype, but placebo treated 

patients receiving ASA therapy who carried the PIA2 allele showed a significantly 

greater loss o f mean segment diameter than patients not on ASA therapy (0.17 

versus 0.07, p=0.03) . This difference was not observed in the statin treated 

patients. 

Conclusions: The Gp Ilia PIA polymorphism is not associated wi th CAD nor wi th 

CAD progression. However, CAD patients carrying the PIA2 allele did not benefit 

f rom ASA therapy, and may therefore be candidates for other antiplatelet 

t reatment. 

Introduction 

Platelets adhere and aggregate at the site o f ruptured coronary atherosclerotic 

plaques, resulting in the formation o f a platelet-rich thrombus, wi th acute 

myocard ia l i n fa rc t ion as a possible cl inical outcome. 1 , 2 lncreased platelet 

aggregability is associated with myocardial infarct ion and is an independent risk 

factor for recurrent myocardial infarct ion.3-4 The platelet glycoprotein l lb / l l la 

surface receptor plays a pivotal role in this process: the receptor is able to bind 

f ibr inogen and von Wil lebrand factor, thereby l inking platelets together into larger 

aggregates.3 It has been suggested that these platelet-membrane glycoproteins are 

involved in the pathogenesis o f coronary artery disease (CAD) and they have 

become targets in the treatment o f acute coronary syndromes. Clinical trials wi th 

agents blocking the glycoprotein l lb / l l l a receptor demonstrated a reduction in 
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morbid i ty and mortal i ty in patients wi th unstable angina and acute myocardial 

in farct ion, as well as a reduced restenosis rate after angioplasty.6 ,7 

The polymorphism o f the platelet glycoprotein (GP) l i la PIA1/A2 is associated wi th 

platelet dysfunct ion. Recent studies have focussed on the question whether this 

polymorphism is associated wi th either a higher risk o f CAD or altered therapeutic 

responsiveness to platelet antagonists. The data , however, have been conf l ic t ing. In 

1994, Weiss et al. reported that patients wi th A M I , in part icular when they were 

young, were more likely to carry the PIA2 allele, which was later conf i rmed by other 

investigators.8 ,9 However, other studies failed to detect this association, including 

the largest prospective t r ia l .1 0 "1 2 Subsequently, several studies showed a significant 

association between the GP Ilia PIA polymorphism and the risk o f restenosis after 

coronary stent placement,1 3 , 1 4 which again could not be conf irmed by others.15 

Although the results so far have not provided a defini te answer wi th regard t o the 

relevance for platelet funct ion o f this receptor polymorphism in vivo, in vitro studies 

did show differences in the presence o f a PIA2 allele, such as both increased platelet 

aggregabil ity16 and f ibrinogen b inding. 1 7 Therefore we hypothesised that, if indeed 

the PIA2 allele is associated wi th an altered platelet response in vivo, this could 

result in a differential effect o f anti-platelet therapy in CAD patients. In the present 

study, we evaluated platelet GP Ilia PIA polymorphism in relation to the risk o f CAD, 

the angiographic progression o f CAD, and the response to ASA. 

Methods 

Study population 

The study subjects were male patients who had part ic ipated in the REGRESS tr ial . 

This trial was a double-bl ind, placebo-control led mult icenter study that assessed 

the effect o f pravastatin on the progression o f coronary atherosclerosis in 885 male 

subjects wi th average tota l cholesterol levels between 4 and 8 m m o l / l . Quanti tat ive 

Coronary Angiography (QCA) was performed at baseline and after two years. As 

described in the original article, for QCA the coronary tree was divided into 13 

segments according to the American Heart Association classification. Obstruct ions 

wi th in these segments were coded and analysed separately by an experienced 

cardiologist bl inded to treatment al locat ion. The primary outcome measure was a 

comparison between the group treated wi th the cholesterol-lowering agent and the 

placebo group o f changes in average mean segment diameter (MSD) and changes 

in average min imum obstruct ion diameter ( M O D ) per patient. To calculate average 
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MSD per patient, the MSD's of all qualifying segments were added and divided by 

the number o f cont r ibut ing segments; segments that were occluded distal to and at 

either baseline or fo l low-up were not included because no meaningful MSD value 

can be calculated for these cases. Calculat ions for average M O D were done in the 

same manner, except that obstructions that had progressed to occlusion or 

occlusions that had recanalysed were not excluded ( M O D o f occlusion equals 0). 

ASA was used by 427 o f the 885 (57%) o f the patients. DNA samples were available 

f rom 753 o f the 885 patients. 

The controls were healthy, normol ip idemic males selected f rom the general 

popu la t ion , w i thou t a history of angina, myocardial infarction or clinical signs o f 

cerebrovascular or peripheral arterial disease. 222 control subjects were selected 

f rom this larger cohor t according to the fo l lowing criteria: men o f Dutch ancestry, 

tota l cholesterol between 4 and 8 m m o l / l , no diabetes, no medication for 

hypertension or hypercholesterolemia, a Body Mass Index between 20 and 

30 k g / m - , and alcohol intake less than 3 consumptions per day. 

D N A Analysis 

Genomic DNA was extracted f r om leukocytes as previously described.19 The 

PIA1/A2 polymorphism is the result o f a cytosine/thymidine subst i tut ion at 

posit ion 1565 in exon 2 o f the Gp Ilia gene. It creates an Mspl restriction site and 

therefore a restriction-fragment length polymorphism (RFLP). To detect this RFLP, 

a 279 bp fragment contain ing exon 2 was ampl i f ied f rom genomic DNA isolated 

f rom whole b lood by polymerase chain reactions (PCR).20 The PCR product was 

digested wi th the restriction enzyme Msp l ; the fragments obtained were separated 

on a 3% agarose gel and visualised after staining wi th ethidium bromide. 

Statistical analysis 

PIA1/A2 and PIA2/A2 (PIA2 allele carriers) were combined for data analysis, and 

compared wi th PIA1/A1. 

The HardyAA/einberg equil ibrium o f the GP Ilia PIA polymorphism was tested in 

each group studied, and subsequently the allele frequencies were compared using 

the chi-square test. Characteristics o f patients wi th and wi thout the PIA2 allele were 

compared using Students't-test, the Mann-Whi tney test, or the chi-square test as 

appropr iate. Angiographic changes dur ing the REGRESS trial were evaluated wi th 

covariance analysis wi th baseline values as covariates. Changes in patients o f f or on 

ASA therapy were also compared using covariance analysis. 

144 



PLATELET GP MIA PLA POLYMORPHISM 

Table 1 PIA polymorphism 

REGRESS pat ients 

REGRESS cont ro ls 

in REGRESS 

p|A1 / p |Al 

n (%) 

527(70) 

162(73) 

patients and REGRESS 

p|A1 /p|A2 

n (%) 

207(28) 

58(26) 

cont ro ls 

p|A2 /p|A2 

n (%) 

1 9 ( 3 ) 

2 ( 1 ) 

Results 

Frequency of the GP Ilia PIA polymorphism 

PIA genotypes could be determined in 753 o f the 885 REGRESS patients, in all 

222 age- and sex- matched healthy normol ip idemic controls. The PIA2 allele 

frequencies in these three groups were 0.16 and 0.14 respectively (p=0.30) , in 

accordance wi th Hardy-Weinberg expectations (Table 1). 

Table 2 . Baseline characteristics of REGRESS patients according to PIA geno 

Var iab le 

Age years 

Body mass index ( k g / m 2 ) 

Ever smok ing 

Systolic BP ( m m H g ) 

Diasto l ic BP ( m m H g ) 

H is to ry o f M l 

To ta l cholestero l ( m m o l / l ) 

H D L cholestero l ( m m o l / l ) 

LDL cholestero l ( m m o l / l ) 

Tr iglycerides ( m m o l / l ) 

Pravastat in 

ACE inhibitor 

Beta blockers 

Aspir in 

M S D m m 

M O D m m 

SD = s tandard dev ia t ion ; 

l i pop ro te i n ; LDL = lovv-d 

obs t ruc t i on d iamete r 

mean (SD) 

mean (SD) 

n (%) 

mean : (SD) 

mean (SD) 

n (%) 

mean (SD) 

mean (SD) 

mean (SD) 

mean (SD) 

n (96) 

n (%) 

n (%) 

n (%) 

mean (SD) 

mean (SD) 

p|A1 /p|A1 

n = 5 2 7 

5 6 . 0 ( 8 . 3 ) 

2 6 . 0 ( 2 . 6 ) 

4 6 4 ( 8 8 ) 

135 (19 ) 

81 (10 ) 

2 5 5 ( 4 8 ) 

6 . 0 9 ( 0 . 8 5 ) 

0 . 9 3 ( 0 . 2 2 ) 

3 . 3 4 ( 0 . 7 8 ) 

1.65 ( 0 . 4 4 ) 

2 7 8 ( 5 3 ) 

5 7 ( 1 1 ) 

3 9 4 ( 5 6 ) 

3 0 4 ( 5 7 ) 

2 . 7 4 ( 0 . 3 7 ) 

1 . 7 6 ( 0 . 3 5 ) 

p|Al/p|A2 +p|A2 

n=226 

5 6 . 6 ( 7 . 5 ) 

26.1 (2 .8 ) 

1 9 9 ( 8 8 ) 

1 3 6 ( 1 8 ) 

8 2 ( 1 0 ) 

106 (47 ) 

5 . 9 0 ( 0 . 9 0 ) 

0 . 9 0 ( 0 . 2 3 ) 

4.21 (0 .80 ) 

1 . 5 9 ( 0 . 4 4 ) 

1 0 8 ( 4 8 ) 

2 0 ( 9 ) 

1 6 0 ( 7 1 ) 

1 2 2 ( 5 4 ) 

2.73 ( 0 . 3 9 ) 

1 . 7 6 ( 0 . 3 6 ) 

BP = b l ood pressure; M l = myocard ia l i n fa rc t i on ; 

ensity l i p o p r o t e i n ; M S D = mean 

type 

/ P |A2 

HDL 

p value 

0.28 

0.50 

0.99 

0.28 

0.78 

0.71 

0.01 

0.09 

0 .04 

0.31 

0.21 

0 .41 

0.26 

0.63 

0.80 

0.90 

= h igh-dens i ty 

segment d iameter ; M O D = m i n i m a l 
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Table 3. Change in angiographic parameters according to PIA genotype 

M S D loss in m m (SD) 

Placebo g r o u p : 

Pravastat in g r o u p : 

p|A1 /R |A1 

n = 5 2 7 

0 .10 (0 .19 ) 

0 .07 (0 .19 ) 

p |A l / P |A2 + p|A2 / P |A2 

n = 2 2 6 

0 . 1 2 ( 0 . 2 3 ) 

0 .07 ( (0 .17 ) 

p-value 

0.42 

0.81 

SD = s tanda rd dev ia t i on , M S D = mean segment d iameter . 

Baseline characteristics 

Baseline characteristics o f the patients group homozygous for the PIA1 allele and o f 

patients carrying the PIA2 allele are shown in Table 2. Total cholesterol and HDL-

cholesterol levels were higher in the PIA1 homozygous group than in the PIA2 allele 

carriers. Besides these, there were no other significant differences in baseline 

characteristics among patients wi th in each genotype wi th regard to risk factors for 

CAD, medicat ion or angiographic parameters. From the 855 patients o f the 

REGRESS popu la t i on DNA was avai lable o f 753 patients. The baseline 

characteristics and the parameters o f disease progression in these 753 patients and 

in the 132 pat ient w i th no available DNA were comparable. 

Table 4. Influence o f asp 

M S D loss m m (SD) 

Placebo g r o u p : 

p|A1 / p |A1 

p |A l / p |A2 + P |A2 / P |A2 

M S D loss m m (SD) 

Pravastat in g r o u p : 

p|A1 / p |A1 

p|A1 / p |A2 + p|A2 / p |A2 

SD = s tandard dev ia t i on . 

irin or 

M S D 

angiog 

n 

108 

58 

115 

4 6 

= mean 

raphic parameters 

no ASA 

n=327 

0 . 0 9 ( 0 . 1 9 ) 

0 . 0 7 ( 0 . 2 2 ) 

0 . 0 4 ( 0 . 1 8 ) 

0 . 1 0 ( 0 . 2 0 ) 

segment d iameter , 

accord 

n 

141 

60 

163 

62 

ASA = c 

n g to P I A genotype 

on ASA 

n=426 

0 . 1 0 ( 0 . 2 0 ) 

0 . 1 7 ( 0 . 2 4 ) 

0 . 0 8 ( 0 . 2 0 ) 

0 . 0 5 ( 0 . 2 2 ) 

spir in 

p value 

0.04 

n.s. 
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Angiographic Assessment 

Quanti tat ive Coronary Angiography (QCA) was performed at baseline and after 

two years o f fo l low up. At baseline MSD and M O D were similar in both genotypes 

(Table 2). Atherosclerosis progression, measured by QCA and expressed as a loss o f 

MSD or M O D , was not related to PIA polymorphism, neither in the group o f 

patients treated wi th placebo nor in the group treated wi th pravastatin (Table 3). 

In the pravastatin-treated group, the MSD loss was significantly less than in the 

placebo-treated group as described earlier.18 In the placebo-treated group, there 

was no difference in MSD loss in the patients homozygous for the PIA1 allele o f f or 

on ASA therapy. However, patients wi th a PIA2 allele on ASA therapy showed a 

significantly greater loss o f MSD than patients wi th a PIA2 allele w i thou t ASA 

therapy (0.1 7 mm and 0.07 mm respectively, p=0.039). In the pravastatin-treated 

group there were no differences in MSD in the patients o f f or on ASA therapy 

according to PIA genotype (Table 4) . There was no difference observed in M O D in 

the patients related to PIA genotype and ASA or pravastatin treatment. 

At the end o f the fo l low-up per iod, 65 o f the 367 (18%) placebo-treated and 41 o f 

the 386 (11%) pravastatin-treated patients in the study group had experienced a 

new cardiovascular event (p= 0.008). This difference in cardiovascular event rate 

was not related to the PIA polymorphism. Influence o f ASA treatment on clinical 

outcome could not be demonstrated in the different genotypes. 

Discussion 

Our results indicate that the PIA polymorphism o f GP Ilia is not associated w i th the 

development o f CAD nor wi th the progression o f CAD as measured by QCA in our 

study populat ion. Interestingly, the placebo treated patients wi th a PIA2 allele 

showed twice the rate o f atherosclerosis progression on ASA therapy, as measured 

by QCA and expressed as a decrease in MSD, as patients not on ASA therapy 

(p=0.039). This subgroup o f patients does apparently not benefit f rom ASA therapy 

and in the absence o f l ipid lowering medication shows clear progression. If these 

results are conf i rmed, PIA genotyping may select patients who are candidates for 

other antiplatelet t reatment, i f these are shown to be more affective than ASA. 

Weiss et al .8 showed in 1996 that the incidence o f the PIA2 polymorphism was 

twice as high in CAD patients as in controls (39.4% versus 19.1%, p=0.01 ). 

Subsequently, larger studies have failed to conf i rm that the PI A2 allele carries an 

addit ional r isk.1 1 '1 5 '2 0 '2 1 
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The results o f our study are in contrast wi th the f irst reports on this issue. It should 

be noted, however, that studies observing differences tend to contain small 

numbers o f patients and usually show a low prevalence o f the allele invo lved. 2 2 2 3 

The most str iking f ind ing o f our study is that the patients in the placebo group wi th 

a PIA2 allele on ASA therapy showed a higher rate o f atherosclerosis progression, 

as compared to those not receiving ASA. However, we only found a significant 

difference for MSD and not for M O D . A possible explanation could be that MSD 

and M O D reflect two different aspects o f progression o f coronary atherosclerosis. 

Changes in MSD mainly reflect diffuse changes, whereas changes in M O D mainly 

reflect focal narrowing o f atherosclerotic lesions, and the development o f new 

lesions. 

Al though our observat ion is based on a relative small number o f patients and 

therefore should be interpreted wi th caut ion, it suggests that platelet PIA2 

polymorphism may have an important influence on the response to antiplatelet 

agents and the subsequent atherosclerotic process. Is there a plausible biological 

mechanism to explain this finding? Feng et a l . 1 6 demonstrated that the presence o f 

one or two PI A2 alleles was associated wi th increased platelet aggregability as 

indicated by incremental ly lower threshold concentrat ions for epinephrine and 

ADP. Since ASA only inhibits the arachidonic acid activation pathway o f the 

GPIIb/ l l la receptor, this therapy could be insufficient when platelet hyperreactivity 

exists in the presence o f a PI A2 allele. Al though ASA has been shown to be 

beneficial in both pr imary and secondary prevention o f CAD 2 4 , 2 5 there is growing 

evidence o f a substantial heterogeneity in the response o f patients to ASA 

therapy.2 6"3 0 Our results might point to a useful marker to predict such a lack o f 

response to therapy. It is conceivable that combinat ion therapy o f ASA wi th other 

ant iplatelet drugs, such as clopidogrel, which blocks another (ADP) pathway o f 

activation o f the GPI Ib / l l la receptor, might improve the therapeutic benefit in such 

patients. 

In our study, pravastatin-treated patients on ASA therapy did not exhibit increased 

atherosclerosis progression as was observed in the placebo-treated group. It is well 

known that platelets f rom patients with elevated LDL-cholesterol levels are more 

sensitive to aggregat ing agents than platelets f rom normocholestero lemic 

patients.31 Nurden hypothesized that these effects result f rom different cholesterol 

concentrat ions in the microenvironment o f the cell membrane around the GP 

I lb/11 la complex, which might alter receptor func t ion . 3 2 Furthermore, pravastatin is 

known to decrease platelet aggregability33 and to inhibit th rombus format ion on an 

in jured ar tery . 3 4 The present study demonst ra ted that the increase in 
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atherosclerosis progression as observed in the placebo group o f patients on ASA 

wi th a PIA2 allele could be counterbalanced by pravastatin therapy. This supports 

the study o f Walter et a l . , 3 5 who demonstrated that the increased restenosis rate in 

patients wi th a PIA2 allele could completely be reversed by statin therapy and 

supports the recent study o f Bray et al . , who observed in the CARE study populat ion 

that the PIA1/A2 genotype was associated wi th an excess o f recurrent coronary 

events in patients after M l , who did not receive pravastat in.3 6 

We realize that the aspirin treatment was not randomised in our study. Since ASA 

therapy was not yet consequently given to all CAD patients in the study per iod, we 

do not th ink that clinical criteria for not giving ASA were confounders. 

This study conf irms the absence o f an association o f the platelet GP Ilia PIA 

polymorphism wi th CAD as seen in the larger studies and is the first report that 

indicates that the PIA polymorphism is not associated wi th progression o f CAD. We 

do not th ink this is due to insufficient power. First, and foremost, the differences in 

mean MSD and M O D loss between the genotypes are small , both in treated and in 

untreated patients. Secondly, the sample sizes are such that there is 78% power or 

more for diameter differences between variants o f 0.05 or more. Naturally, for 

smaller differences (<0.04 mm) there is less power, but we consider such differences 

as clinically not relevant. 

In our study the difference in cardiovascular event rate was not related to the PIA 

polymorphism. Influence o f ASA treatment on clinical outcome could not be 

demonstrated in the different genotypes. However it should be remembered that the 

REGRESS trial was not designed nor powered to evaluate clinical events occurrence. 

Conclusions 

The platelet glycoprotein (GP) Ilia PIA variant is associated w i th platelet 

dysfunction. The clinical relevance in coronary artery disease (CAD) is, however, 

debated. In this study platelet GP li la PIA1/A2 genotypes proved not to be 

associated wi th CAD or the progression o f CAD. A subgroup o f CAD patients on 

ASA therapy who carried the PIA2 allele, however, showed a significantly greater 

loss o f mean segment diameter o f the coronary arteries after two years than 

patients not on ASA therapy. This indicates that patients carrying the PI A2 allele 

may not benefit f rom ASA therapy alone and should possibly be prescribed different 

antiplatelet medicat ion. Before our findings could have an impact on therapeutic 

decisions, they should be verified and extended in larger, prospective studies. 

149 



Part 2 Chapter 2 

Acknowledgements 

We wish to thank the investigators o f the REGRESS study. We thank Esther Vogels 

for technical assistance. 

References 

1. Ross R. The pathogenesis of atherosclerosis: a perspective for the 1990s. Nature 1993;362:801-9. 

2. Fuster V, Badimon L, Badimon JJ, et al. The pathogenesis of coronary artery disease and the acute 

coronary syndromes. New Engl J Med 1992;326:242-50. 

3. Wu KK. Platelet activation mechanisms and markers in arterial thrombosis.///ifern Med 1996;239:17-34. 

4. Trip MD, Cats VM, van Capelle FJL, et al. Platelet hyperreactivity and prognosis in survivors o f 

myocardial infarction. N Engl J Med 1990;322:1549-54. 

5. LefkovitsJ, Plow EF, Topol EJ. Platelet glycoprotein l lb/ l l la receptors in vascular medicine. New Engl 

J Med 1995;332:1553-59. 

6. The EPIC Investigators. Use o f a monoclonal body directed against the platelet glycoprotein l lb/l l la 

receptor in high risk coronary angioplasty. New Engl J Med 1994;330:956-61. 

7. Madan M, Berkowitz SD, TchengJE. Glycoprotein llb/llla integrin blockade. Circulation 1998;98:2629-35. 

8. Weiss EJ, Bray PF, Tayback M, et al. A polymorphism of a platelet glycoprotein receptor as an 

inherited risk factor for coronary thrombosis. New Engl J Med 1996;334:1090-94. 

9. Carter AM, Ossei-Geming N, Wilson IJ, et al. Association of the platelet PIA polymorphism of 

glycoprotein l lb/ l l la and the fibrinogen Bis 448 polymorphism with myocardial infarction and extent 

of coronary artery disease. Circulation 1997;96:1424-31. 

10. Aleksic NJujena H, Folsom AR, et al. Platelet PIA allele and incidence of coronary heart disease. 

Results from the atherosclerosis risk in communities (ARIC) study. Circulation 2000;102:1901-5. 

11. Samani NS, Lodwick D. Glycoprotein Ilia polymorphism and risk of myocardial infarction. 

Cardiovascular Research. 1997;33:693-7. 

12. Ridker PM, Hennekens CH, SchmitzC, et al. PIA polymorphism of platelet glycoprotein Ilia and risks 

of myocardial infarction, stroke, and venous thrombosis. Lancet 1997;349:385-8. 

13. Walter DH, Schweninger V, Eisner M, et al. Platelet glycoprotein Ilia polymorphism's and risk of 

coronary stent thrombosis. Lancet 1997;350:1217-9. 

14. Kastrati A, Schömig, A Seyfarth M, et al. PIA polymorphism of platelet glycoprotein Ilia and risk of 

restenosis after stent placement. Circulation 1999; 99:1005-10. 

15. Mamotte CDS, van Bockxmeer FM, Taylor RR. PIA polymorphism of glycoprotein Ilia and risk of 

coronary artery disease and restenosis following coronary angioplasty. AmJ Cardiol 1998;82:13-6. 

16. Feng DL, Lindpaintner K, Larson MG, et al. Increased platelet aggregability associated with platelet 

Gp III PIA2 polymorphism, The Framingham Offspring Study. Arterioscler Thromb Vase Biol 1999;19: 

1142-7 

17. Roos CM, Boudoulas KD, Bray PP, et al. The PIA2 polymorphism of glycoprotein IIB4IIA increases 

adhesiviness to fibrinogen. The role o f phosphatidylinositol 34<inase and nitric oxide. Circulation 

1999;100: suppll 1714. 

150 



PLATELET GP IMA PLA POLYMORPHISM 

18. Jukema JW, Bruschke AVG, van Boven AJ, et al.; on behalf of the REGRESS study group. Effects of 

lipid lowering by pravastatin on progression and regression of coronary artery disease in 

symptomatic men with normal to moderately elevated serum cholesterol levels. The Regression 

Growth Evaluation Study (REGRESS). Circulation 1995;91:2528-40. 

19. Technical tips : an efficient salt-chloroform extraction of DNA from blood and tissues. Trends Genet 

1989,5:391. 

20. Herrmann SM, Poirie O, Marques-Vidal P, et al. The Leu33/Pro polymorphism (PIA1/PIA2) o f the 

glycoprotein Ilia (GPIIIa) receptor is not related to myocardial infarction in the ECTIM study. Thromb 

Haemostasis 199/';77:1179-81. 

21. Laule M, Cascorbi I, Stangl V, et al. A1/A2 polymorphism of glycoprotein Ilia and association with 

excess procedural risk for coronary catheter interventions: a case-control study. Lancet 

1999;353:708-12. 

22. DeLoughery TG. Coagulation abnormalities and cardiovascular disease. Curr Op'm Lipidol 

1999;10:443-8. 

23. Ridker PM, Stampfer MJ. Assessment o f genetic markers of coronary thrombosis: promise and 

precaution. Lancet 1999;353:687-8. 

24. Antiplatelet Trialists' Collaboration. Collaborative overview of randomized trials o f antiplatelet 

therapy. I. Prevention of death, myocardial infarction, and stroke by prolonged antiplatelet therapy 

in various categories of patients. Br Med'J 1994;308:81-106. 

25. Hennekes CH, Dijken ML, Fuster V. Aspirin as a therapeutic agent in cardiovascular disease. A 

statement for healthcare professionals from the American Heart Association. Circulation. 

1997;97:2751-3. 

26. Grotemeyer KH, Scharafinski HW, Husstedt IW. Two-year follow-up of aspirin responder and aspirin 

non-responder. A pilot-study including 180 post stroke patients. Thromb Res 1993;71:397-403. 

27. Helgason CM, Bolin KM, HoffJA, et al. Development of aspirin resistance in persons with previous 

ischaemic stroke. Stroke 1994;25:2331-6. 

28. FarrelTP, Heyes KA.Tracey PB, et al. Unexpected, discordant effects of aspirin on platelet reactivity. 

J Am Coll Cardiol 1995;31:352A. 

29. Mueller MR, Salat A, Stang P, et al. Variable Platelet response to low dose ASA and the risk of limb 

deterioration in patients submitted to peripheral arterial angioplasty. Thromb Haemost 1997;78:1003-7. 

30. Buchanan MR, BristerSJ. Individual variation in the effects of ASA on platelet function: implications 

for the use of ASA clinically. Can J Cardiol 1995;11:221-7 

31. Le Quan Sang KH, Levenson J, Megnien JL, et al. Platelet cytosolic Ca2+ and membrane dynamics 

in patients with primary hypercholesterolemia: effects of pravastatin. Arterioscler Thromb Vase Biol 

1995;15:759-61. 

32. Nurden AT. Platelet glycoprotein Ilia polymorphism and coronary thrombosis. Lancet 1997;350:1189-9. 

33. LaCoste L, LamJYT, HungJ, et al. Hyperlipidemia and coronary disease: correction o f the increased 

thrombogenic potential with cholesterol reduction. Circulation 1995;92:3172-7. 

34. LaCoste L, Lam JYT. Comparative effect of pravastatin and simvastatin on platelet-thrombus 

formation in hypercholesterolemic coronary patients.,/ Am Coll Cardiol 1996,27:413A. 

35. Walter DH, Mach S, Auch-Schwelk W, Eisner M. Statin therapy abrogates increased restenosis rates 

following coronary stent implantation in carriers of the glycoprotein l lb/ l l la receptor polymorphism 

PIA2. Circulation 1999;100:452A. 

151 



Part 2 Chapter 2 

36. Bray PF, Cannon PC, Goldschmidt-Clermont P, et al. The platelet PIA2 and angiotensin-converting-

enzyme (ACE) D allele polymorphisms and the risk of recurrent events after acute myocardial 

infarction. AmJ Cardiol2001;88:347-52. 

152 



Part 2 Chapter 3 

Genetic variations o f the haemostatic system 
as risk factors 

for arterial thrombotic disease 

Rendrik F Franco1, Mieke D Trip2, Pieter H Reitsma1 

'Laboratory for Experimental Internal Medicine, and -Department of Cardiology, 

Academic Medical Centre, The Netherlands 

3Haemophilia and Thrombophilia Centre, School of Medicine of Ribeirao Preto, 

University of Sao Paulo, Brazil 

Current Genetics 2002; in press 



Part 2 Chapter 3 

Abstract 

Arterial thrombosis (clinically manifested as myocardial infarct ion, ischaemic 

stroke, and peripheral occlusive artery disease) represent major health problems 

that are associated wi th high rates o f morbidi ty and mortal i ty, part icularly in 

Western societies. Numerous condi t ions are known to predispose to arterial 

thrombosis, commonly referred t o as risk factors. General accepted risk factors for 

arterial thrombosis include cigarette smoking, physical inactivity, dysl ipidaemia, 

hypertension, diabetes, obesity, metabolic syndrome, menopause, hyperhomo-

cysteinemia, male gender, and a positive family history o f arterial disease. This 

l isting also serves to show that there is not a single cause o f arterial thrombosis, and 

that this is better understood as a complex or mult i factorial trait . In addi t ion to the 

ment ioned well-established risk factors for arterial thrombosis, several lines o f 

evidence point to a role o f novel genetic risk factors, related to the haemostatic 

system, in inf luencing thrombot ic risk. In fact, it is becoming increasingly clear that 

the analysis o f genetic risk factors and plasmatic factors, together wi th private life 

style and environmental factors may contr ibute significantly to our understanding 

o f the genetic predisposit ion to thrombosis. Plasmatic levels o f proteins o f the 

haemostatic system have also been alleged to determine the onset and outcome o f 

arterial thrombosis, and several studies examined the relationship between genetic 

markers o f the haemostatic system and arterial disease. The results f rom such 

studies are frequently conf l ict ing, and large prospective studies remain needed in 

order to evaluate the significance o f haemostatic gene variations in arterial 

th rombot ic diseases. Such investigations are particularly impor tan t in order to 

reach the ul t imate goal o f characterising phenotypic and genetic markers for 

arterial thrombosis, which would enable the establishment o f individual profiles o f 

arterial th rombot ic risk, and which might eventually result in new and individualised 

prognostic and therapeutic measures. 

Introduction 

Vascular thrombot ic diseases are major health problems associated wi th high rates o f 

morbidi ty and mortal i ty, especially in Western societies. Arterial thrombosis (clinically 

manifested as myocardial infarction, ischaemic stroke, or peripheral occlusive artery 

disease) is, in most cases, a consequence o f atherosclerosis, a degenerative 

inf lammatory disease o f the intima o f medium and large arterial vessels.1'2 Arterial 
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thrombi are primarily composed by platelets and are formed in areas o f rapid blood 

f low. Several factors are known to predispose to atherothrombosis and such factors 

are usually called "risk factors" or "risk indicators".3 The well-established risk factors 

for arterial thrombosis are cigarette smoking, physical inactivity, inherited or acquired 

dyslipidaemia, hypertension, diabetes, obesity, metabolic syndrome, menopause, 

hyperhomocysteinemia, male gender, and a positive family history o f arterial 

disease.4'5 These lists o f risk factors clearly illustrate that there is not a single cause o f 

arterial thrombosis. Indeed, atherothrombosis is better understood as multifactorial 

(or "complex") disease, in which not only acquired or environmental factors but also 

inherited factors play a significant role. 

The concept that genes contr ibute to the occurrence o f arterial thrombosis may 

also be inferred f rom the f ind ing that a familial component is often present in cases 

presenting wi th atherothrombosis.6"9 In the case o f arterial thrombosis, the risk 

linked to a positive family history cannot be exclusively at t r ibuted to familial 

aggregation o f "classical" risk factors8 . Addit ional ly, the effect o f a positive family 

history seems t o be o f part icular relevance in patients at (apparently) low risk o f 

arterial disease.8 

In addit ion to the above-mentioned risk factors and indicators, the blood coagulation 

system has also been claimed to determine the onset and outcome o f 

atherosclerosis.10,11 There are two important features that give support to this 

presumption. Firstly, cleavage products from the coagulation system (i.e., the activated 

form o f coagulation proteins such as th rombin , factor Xa, factor Vi la, and activated 

protein C), may modulate pro- and anti- inf lammatory properties o f endothelial cells 

and leukocytes.12 Indeed, the inf lammatory responses o f these cells to blood-borne 

factors are thought to play a key role in atherogenesis.13"13 Secondly, clot formation as 

occurs in for instance myocardial infarction and ischaemic stroke, is a leading 

complication o f atherosclerosis.16,17 Subtle inter-individual differences in the response 

o f the coagulation system may therefore modify the risk o f arterial thrombosis. 

The search for haemostatic candidate genes and polymorphisms involved in the 

predisposit ion to arterial thrombosis became an impor tan t step towards a more 

comprehensive understanding o f the pathogenesis o f cardiovascular disease.18" ] In 

fact, an enormous number o f polymorphisms in genes coding for proteins o f the 

haemostat ic system have been claimed to inf luence t h rombo t i c r isk.2 2"2 7 

Coagulat ion gene variations, however, are not consistently and unequivocally linked 

to arterial thrombosis and phenotypic or genotypic analyses o f the haemostatic 

system have no part to play in the current routine management o f subjects wi th 

arterial thrombot ic disease. 
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A review o f current data on candidate haemostatic risk factors is quite complicated 

in arterial thrombosis. There are several reasons for this. The first problem is 

inherent to the two putative roles o f the coagulat ion system, i.e. modulat ing the 

in f lammatory response and determining the rate o f clot fo rmat ion , and which are 

not always easily dist inguished in an invest igat ion o f pat ients w i th 

a thero thrombot ic disease. Secondly, sources o f data are heterogeneous, and both 

descriptive and analytic investigations have yielded f indings which are often 

contradictory. Diversity o f study design may contr ibute to the discrepancies, 

making direct comparisons between studies compl icated. Many studies also suffer 

f rom a sample size which is too small to conf i rm or rule out the presence o f a 

relevant epidemiological association between specific polymorphisms and arterial 

disease. Moreover, the lack of data showing a clear funct ional consequence on 

protein phenotype o f several gene variations hampers the interpretat ion o f data 

derived f rom many studies aimed at testing associations.20 In add i t ion , it is unlikely 

that specific haemostat ic gene variations are, in isolat ion, very strong risk factors 

for arterial disease. More probable is the scenario where haemostatic gene 

polymorphisms influence atherosclerosis or arterial th rombot ic risk by interacting 

wi th other established genetic or acquired risk factors. Such interactions may not 

be apparent in all investigations due to the influence o f factors such as sample size, 

ethnicity, selection and recall bias in case-control studies, and clinical end-points. 

Finally, several candidate polymorphisms may be in linkage disequil ibrium wi th 

actual disease causing polymorphisms (a variat ion located somewhere in the 

regulatory or cod ing region o f the same gene or even in another gene). The degree 

o f disequi l ibr ium may vary from popula t ion to popu la t ion , a fact that may also be 

responsible for some o f the discrepancies between studies analysing the same gene 

variat ion as a risk factor for arterial thrombosis. 

In spite o f these di f f icul t ies, which are inherent to genetic association studies, the 

objective o f def in ing which gene haemostatic abnormalit ies are actual risk factors 

for thrombosis remains important . Indeed, i f the ul t imate goal o f characterising 

phenotypic and genetic markers for arterial thrombosis was reached, it would 

enable one to establish individual profiles o f th rombot ic risk, which might 

eventually result in new and individualised prognostic and therapeutic measures. 

In this paper, we short ly review the published data that relate gene abnormalit ies o f 

the haemostatic system wi th arterial thrombosis. 
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Polymorphisms in genes coding fo r platelet surface proteins 

Glycoprotein la-lla 

Gp la- l la, also referred to as a 2 P 1 integrin, is the major constitutive collagen 

receptor on the platelet surface, which is involved in platelet adhesion to the 

subendothelial matr ix.2 8 A silent d imorphism at nucleotide posit ion 807 (C807T) 

o f the Gpla- l la gene was reported to affect a2f51 integrin density on platelets and 

collagen receptor act iv i ty .2 9 3 0 The C807T polymorphism is in t ight linkage 

disequi l ibr ium with a second Gp la-lla polymorphism (G873A) and wi th other 

variations in the same gene.29,3 

The 807T allele (l inked to high a2(31 density) was associated wi th a significant 

1.6-fold increased risk o f Ml in a large study investigating male patients undergoing 

coronary angiography.31 The odds ratios for M l linked to the 807T allele increased 

wi th decreasing age, point ing to a more relevant role o f this polymorphism in 

determining arterial th rombot ic risk in young patients.31 Subsequent reports also 

found the 807T allele to be a risk factor for M l and stroke, particularly in young 

pat ients3 2"3 4 , but others did not conf i rm these f indings.3 5"3 8 Thus, there are data 

suggesting that the C 8 0 7 T G p la-lla polymorphism may be a risk factor for arterial 

thrombosis, but the issue is controversial, po in t ing to the need o f addit ional studies 

dealing wi th larger patient populat ions to resolve this issue.39 

Glycoprotein Ib-V-IX 

Gp Ib-V-IX is a constitutively active platelet receptor for von Wi l lebrand factor 

(vWF), and mediates platelet b inding to vWF present in the perivascular matr ix.2 8 

Two polymorphisms in the gene coding Gp Iba were identif ied which affect the 

phenotype (HPA-2 and a VNTR).4 0"4 2 The HPA-2 alloantigen system is defined by 

the presence o f a C to T subst i tut ion at nucleotide posit ion 3550 (which results in 

a Thr145Met subst i tut ion). The VNTR is a repeat o f 39-bp in the macro-

glycopeptide region o f the Gp Iba, and the fo l lowing alleles are known: D ( four 

repeats), C (three repeats), B ( two repeats), and A (one repeat). Each repeat results 

in the addi t ion o f 13 amino acids to the protein, and it is thought that the addi t ion 

o f amino acids modif ies the distance between the vWF-binding domain and the 

platelet surface. The exact funct ional consequence o f this alteration on platelet 

funct ion is, however, poorly def ined. 4 0 ' 4 2 The HPA-2 and the VNTR polymorphisms 

are in t ight linkage disequil ibr ium: HPA-2a (Thr at posit ion 145) is linked to the C 

and D VNTRs, whereas HPA-2b (Met at posit ion 145) is associated wi th the A and 

B VNTR alleles. 
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The HPA-2 and the VNTR Gp Ibex polymorphisms were examined as risk factors for 

arterial th rombot ic diseases in several investigations. Both positive associations 

(between HPA-2b and VNTR B allele and increased risk o f Ml and stroke) and 

negative f indings were reported.4 3"5 0 The cont r ibut ion o f Gp lb( gene variations to 

arterial thrombosis is therefore unclear. 

Recently, a gene polymorphism in the Kozak sequence o f the Gp Iba receptor has 

been descr ibed.2 3 4 This variation is a T / C d imorphism at nucleotide -5, which is 

located in the translat ion init iation codon o f the Gp Iba gene. The -5C allele is 

associated wi th more efficient mRNA translat ion and increased levels o f the 

Ibareceptor on the platelet surface.51 In a recent study, Frank et al. investigated the 

-5C allele as a risk factor for Ml and stroke in a populat ion-based study involving 

relatively young women.-''2 The po lymorphism had a neutral effect on the risk o f 

stroke, and , paradoxically, a trend towards protect ion against Ml by the -5C allele 

(odds rat io 0.53) was observed.52 Further studies are certainly warranted to better 

delineate the role o f this polymorphism in arterial th rombot ic disease. 

Glycoprote in llb-llla 

Gp l lb- l l la (also referred to as integrin <x,.p3) mediates platelet aggregation by 

funct ion ing as the f ibr inogen receptor on the platelet surface. In platelets at rest, 

Gp l lb- l l la exhibits a low affinity fo r f ibr inogen, but upon activation this af f in i ty is 

markedly increased. Gp l lb-l l la may also serve as a receptor for vWF and other 

soluble l igands.3 8 '5 3 A number of Gp l lb- l l la gene variations have been described in 

the general popu la t ion . The polymorphism which received part icular at tent ion 

regarding its association wi th arterial disease is a common variation in the Gp Ilia 

gene: a T to C transi t ion at nucleotide 1565, which results in a Pro to Leu 

subst i tut ion at amino acid position 33 . 5 4 The Pro33 allele (also referred to as PIA2) 

is known to exhibit a heterogeneous ethnic distr ibut ion and was claimed to result 

in increased platelet aggregability55, but the exact funct ional consequences o f this 

po lymorphism are still unclear.56 

PIA2 was associated wi th a 2.8-fold increased risk o f Ml in an initial report .5 7 Since 

then numerous studies investigated the PIA2 allele as a risk factor for coronary 

th rombot ic disease, and most of these studies d id not conf i rm the hypothesis that 

this polymorphism modif ies thrombot ic risk.38"69 In most studies aimed at exploring 

the relationship between the PIA2 allele and stroke, a negative result was found 4 3 - 6 0 , 

but at least one investigation suggested that this polymorphism increases the risk o f 

cerebral vascular disease in relatively young subjects.45 In a recent study by Renner et 

al. the PIA2 allele was found with similar frequency in 815 patients wi th documented 
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peripheral artery disease and in two groups o f c o n t r o l s / 0 A recently published meta

analysis compar ing the frequency o f the PIA2 polymorphism in 4839 patients wi th 

myocardial infarction wi th the frequency in 5799 controls yielded no significant 

association.71 The conf l ict ing results regarding the relationship between the PIA2 

polymorphism and arterial disease are diff icult to judge, and only will be clarified 

when more data f rom larger samples become available. 

Another Gp l lb- l l la gene variat ion that has been investigated in its association wi th 

arterial th rombot ic disease is the Gp Mb lle843Ser po lymorphism, wi th most studies 

yielding negative results.72"74 One study suggested that the Ser843 allele is 

associated wi th increased risk o f M l in young women (aged less than 45 years), in 

the presence o f other major risk factors for atherosclerosis such as smoking, positive 

family history o f M l and high cholesterol levels.75 Further investigations are 

warranted to conf i rm these f indings. 

Polymorphisms in coagulation factors 

Fibrinogen 

Fibrinogen is the precursor o f f ibr in and its levels influence platelet aggregation, 

b lood viscosity, and endothelial cell injury, mechanisms which all play a role in 

atherosclerosis and arterial thrombosis. Thus, it is conceivable that , as a 

determinant o f hypercoagulabil ity, plasma fibrinogen level may influence the risk. 

Based on this hypothesis, several studies have addressed the risk o f cardiovascular 

disease for high in comparison wi th low fibrinogen levels in plasma.7 6"8 0 A meta

analysis o f 22 o f these studies (13 prospective, 5 cross-sectional and 4 case-control) 

showed that elevated plasma fibrinogen levels (wi thin the highest tertile) are 

associated wi th an overall two- fo ld increased risk o f cardiovascular disease both in 

healthy subjects and in high-risk subjects.81 The effect o f f ibr inogen as a 

determinant o f arterial th rombot ic risk seems to be independent f rom other 

classical risk factors for arterial disease. Fibrinogen exhibits interactive effects wi th 

other risk factors, mainly smoking and hypertension. Moreover, high f ibr inogen 

levels appear to improve prediction o f recurrence o f arterial th rombot ic events by 

8%, point ing to a possible relevant prognostic role o f measuring f ibr inogen levels in 

patients wi th arterial th rombot ic disease. It should be mentioned however that 

f ibrinogen is an acute phase reactant and therefore the observed effect o f elevated 

f ibrinogen levels may at least in part reflect the degree o f the in f lammat ion that 

accompanies atherosclerotic disease. 
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The f ibr inogen molecule is a glycoprotein conta in ing two copies o f three 

polypeptide chains ( a , (3 and 7) encoded by three distinct genes located on the long 

arm o f chromosome 4 (q23-32). Various polymorphisms have been identif ied in all 

three genes, mainly in the locus encoding the f5 chain o f f ibr inogen. Most at tent ion 

has been paid to two dimorphisms in the (3-chain gene: the Hae\\\ polymorphism 

(a G to A subst i tut ion at position -455 in the 5'- promoter region) and the 

Bcl\ po lymorphism in the 3'- untranslated region. These two polymorphisms are in 

linkage disequi l ibr ium wi th each other. The 5'- promoter polymorphism is o f 

par t icu lar interest because o f its locat ion nearby an inter leukin-6 and a 

hepatocyte nuclear factor I responsive element.82 Indeed, the -455G/A substi tut ion 

was found to be a determinant o f plasma f ibr inogen levels in d i f ferent 

investigations.83"87 These findings prompted several authors to look for an 

association between this f ibrinogen gene variation and risk o f arterial thrombosis, 

but conf l ic t ing results were reported.8 5 , 8 8"9 2 In fact, the results from studies 

addressing this issue have not been consistent and it could be argued that there is 

hardly any evidence tha t the predicted genotype-disease relationship indeed exists 

for arterial disease.93 

Another f ibr inogen gene variation that has drawn some at tent ion is the a-chain 

Thr312Ala po lymorphism in the coding region.9 4 It was claimed that the 321 Ala 

allele increases c lot stability,9-"1 and this polymorphism has been investigated as a 

risk factor for arterial disease in a few studies. In the ECTIM study, Thr312Ala did 

not influence the risk o f M l . 9 6 In another investigation, the 312Ala allele was 

associated w i th decreased survival after stroke and wi th increased risk o f pulmonary 

embol ism. 9 7 The exact role o fThr312Ala in thrombot ic disorders remains to be 

clarif ied. 

Factor II 

In 1996, a novel genetic factor involved in the aetiology o f VTE was described: 

a G^*A transi t ion at nucleotide position 20210 in the 3'- untranslated region o f the 

coagu la t ion fac tor II gene (FN, p ro th romb in ) causing increased mRNA 

accumulat ion and protein synthesis98. This mutat ion is found in 1 -3% o f subjects in 

the general popu la t ion , and in 6-18% o f patients wi th VTE9 8 "1 0 5 . These studies 

established that Fll G20210A is linked to a 2- to 5-fold increased risk o f VTE. 

Conf l ic t ing results were reported regarding the role o f FM G20210A as a risk factor 

for arterial t h rombot i c disease, and the issue remains undecided. 4 8 , 1 0 6 ' 1 1 1 It 

has been claimed that in particular subgroups o f patients ( for instance, young 

subjects, and smokers), Fll G20210A may amplify arterial th rombot ic risk by 
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interacting wi th established risk factors for a thero- thrombosis . 1 1 0 ' 1 1 2 Recently, 

Psaty et a l . reported an interactive effect between FN G20210A carriership and use 

o f hormone replacement therapy in determining the risk o f M l in postmenopausal 

women . 1 1 3 

Tissue fac tor 

The major ini t iator o f the blood coagulat ion cascade is tissue factor (TF). A recent 

study asked the question whether individual differences in TF gene expression wou ld 

predispose to thrombosis . 1 1 4 Sequencing o f the promoter region o f the TF gene 

yielded six novel polymorphisms that were distr ibuted over two haplotypes wi th 

equal frequencies (designated 1208 D and 1208 I). Al though the haplotype was 

claimed to determine plasma levels o fTF , the 1208 D/l genotype did not influence 

the risk o f coronary thrombot ic disease in a case-control study involving 2354 

individuals.1 1 5 

Factor V 

In 1993 Dahlback and colleagues described an abnormal i ty that was highly 

prevalent in patients wi th venous thrombosis . 1 1 6 In a modif ied APTT assay, the 

authors observed that addi t ion o f activated PC to the plasma o f patients wi th VTE 

did not result in the expected prolongat ion o f the c lot t ing t ime, a phenomenon that 

was referred to as "activated protein C resistance" (APCR). 

Inherited APCR is, in most cases, the result o f a gain-of-funct ion point mutat ion in 

coagulat ion factor V: a G- *A transit ion at nucleotide posit ion 1691, leading to the 

subst i tut ion o f arginine (R) by glutamine (Q) at amino acid posit ion 506 (a 

cleavage site for activated PC in the factor V molecule). This point mutat ion was 

f irst described in 1994 and is currently referred to as factor V Leiden (FVL).1 1 7 

In contrast w i th the clear propensity towards veno-occlusive disorders, the 

association o f FVL wi th arterial thrombosis is less clear. Most studies failed to 

demonstrate that APCR or FVL is a risk factor for arterial disease.48 '118"134 As is the 

case for the FM G20210A polymorphism, some investigations claimed that FVL may 

contr ibute to athero-thrombosis by act ing synergistically when other major risk 

factors are also present.1 3 3 '1 3 5 For instance, an increased risk for myocardial 

infarct ion was present in young women carrying FVL, who also reported cigarette 

smoking.1 3 3 These data suggest that FVL is not perse a major risk factor for arterial 

th rombot ic disease, but the mutat ion may increase the risk conferred by classical 

risk factors. 
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Factor VII 

Coagulat ion factor VII (FVII) is a v i tamin K-dependent glycosylated plasma protein 

that circulates as an inactive zymogen and is activated by proteolysis mediated by 

factor IXa, Xa and XIla. FVII was one o f the first coagulat ion genes for which 

relationships between common DNA polymorphisms and plasma levels have been 

reported. The interest in this coagulat ion protein was aroused by f indings in the 

Nor thwick Park Heart Study that elevated levels were prospectively associated wi th 

arterial occlusive disease.136 These f indings have been partly conf i rmed in another 

large prospective study, the PROCAM, although the results concerning the 

association between FVII levels and arterial disease were not clear-cut since it was 

not found to be an independent risk factor for Ml after adjustment for potent ial 

confounders. 1 3 7 Furthermore, addi t ional studies did not conf i rm elevated plasma 

FVII levels to be a risk factor for arterial th rombot ic disease.138"142 

Several polymorphisms in the FVII gene have been described and shown to influence 

plasma FVII levels. Most attent ion has been focused on the Arg353Gln muta t ion in 

exon 8, which is located in the catalytic domain o f FVII. The Gln353 allele is linked 

to lower FVII antigen and coagulant activity in plasma, and has been investigated as 

a risk factor for arterial thrombosis in several studies. In a case-control study 

involving 165 relatively young patients wi th familial M l , the Gln353 allele was 

reported to confer a strong protective effect against the occurrence o f M l . 1 4 3 Other 

larger case-control studies however failed to conf i rm these f indings, since the allelic 

d is t r ibut ion o f this polymorphism was the same in patients wi th arterial disease and 

contro ls .4 8 '1 3 8 -1 4 0 -1 4 4 '1 4 5 

Given the doubt fu l association between plasma FVII levels and athero-thrombosis, 

and the contradic tory findings concerning the association o f FVII polymorphisms 

wi th arterial disease, the role ofFVII is determining arterial th rombot ic risk is more 

than questionable at present. 

Factor VII I 

Plasma factor VIII concentrations reflect the combined influence o f inherited and 

acquired factors. For example, genes encoding ABO blood groups and von 

Wi l lebrand factor influence factor VIII levels. Addit ional ly, familial aggregation o f 

elevated factorVI I I (not linked to b lood group orvVVF) was also described, po in t ing 

to the existence o f unknown genetic components determin ing factor VIII 

concentrat ions.1 1 

Elevated plasma FVII I activity levels have been associated wi th increased risk o f 

arterial thrombosis.2 1 '1 4 6 "1 4 8Thecausat ive nature o f th is risk relationship, however, 
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may be questioned, since FVIII is known to be a phase-acute reactant. In add i t ion , 

no specific molecular abnormal i ty in FVIII gene has been identif ied that explains the 

higher levels or the increased risk o f arterial thrombosis. 

Von Willebrand factor 

Similarly to FVIII, elevated plasma vWF levels have been linked to increased risk o f 

arterial thrombot ic events in several studies assessing the issue, but independent 

associations have not been consistently reported.2 1 , 1 3 9 , 1 4 2 '1 4 6~1 5 0 Moreover, no 

gene polymorphisms in the vWF have been so far demonstrated to influence athero-

th rombot ic risk. 

Factor XIII 

FXIII Val34Leu1 5 1 was found to protect against the occurrence o f myocardial 

infarction and stroke in several studies.1 5 1"1 5 5 Such a protective effect was, however, 

not conf i rmed in other investigations.156 '157 As is the case for its relationship wi th 

VTE, prospective studies wil l be necessary to define the role o f FXIII Val34Leu in 

arterial thrombosis. 

Mutations and polymorphisms in the anticoagulant system 

Antithrombin, protein C and protein S deficiency 

During activation o f the coagulat ion system, serine proteases wi th procoagulant 

activity are sequentially generated, eventually resulting in the format ion o f a stable 

f ibr in clot. The activity o f these proteases is down-regulated by a group o f proteins 

usually referred to as natural anticoagulants or as physiological coagulat ion 

inhibi tors, o f which the main components are ant i thrombin (AT), protein C (PC) 

and protein S (PS). 

Genetic defects in these coagulat ion inhibitors are \jery rare in the general 

populat ion, but result in a pro thrombot ic state and increased risk o f venous 

thrombosis. However, the role o f AT, PC and PS inherited deficiencies in arterial 

disease is much unclear and it is unlikely that such defects impor tant ly contr ibute 

to arterial th rombot ic risk. A possible exception is that in children presenting wi th 

stroke o f apparently unident i f ied aetiology ant icoagulant deficiencies may 

contr ibute to the thrombot ic event1 5 8 '1 5 9 , but even in this clinical context some 

controversy exists.30 
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Thrombomodulin 

Th rombomodu l i n is an integral membrane protein o f endothelial cells and 

monocytes. When th romb in binds to t h rombomodu l i n , it loses its procoagulant 

activity but becomes capable of act ivat ing protein C. Given this crucial funct ion in 

the protein C pathway, a hereditary deficiency o f th rombomodu l in might very well 

play a role as a risk factor for thrombot ic disease. 

Several variat ions have been identified in the th rombomodu l i n gene. The Ala455Val 

po lymorphism was claimed to influence the risk o f arterial thrombosis because the 

A allele was found to be more frequent in survivors o f myocardial infarction ( M l ) in 

an init ial report , but this was not conf i rmed in a second s tudy . 1 6 0 1 6 1 Recently, W u 

and colleagues reported that the 455Val allele is linked to a 6 .T fo ld increased risk 

o f coronary heart disease in Blacks but does no t significantly influence risk among 

Whi tes . 1 6 2 

Another T M polymorphism that has been investigated in its relation wi th arterial 

disease is the G to A substitution at nucleotide posit ion 127 in the gene, which 

predicts an Ala25Thr substitution in the protein. The 25Thr allele was found to be 

more prevalent among 560 male patients wi th M l , than in 646 controls in the 

"Study o f Myocardial Infarctions Leiden" (SMILE), yielding an odds ratio for M l o f 

2.0. 3 A part icularly high risk (6.5-fold increase) was observed in relatively young 

patients (aged below 50) and in the presence o f addi t ional risk factors such as 

smoking and metabol ic risk factors (9-fo ld increased risk). In contrast, in two 

subsequent investigations the Ala25Thr polymorphism was not found to be a risk 

factor for coronary artery disease164 or stroke.1 6 5 

Recently, Li et al reported that a polymorphism in the th rombomodu l in gene 

promoter (-33 G/A) influences plasma soluble t h rombomodu l i n levels and is linked 

to a 1.8-fold increased risk for coronary heart disease in the Chinese popu la t ion . 1 6 6 

The same group also reported a signif icant association between carriership o f the -

33A allele and a 2.4-fold increased risk for the occurrence o f carot id atherosclerosis 

in subjects aged less than 60 years.167 

The potent ial role o f th rombomodu l in mutat ions in M l recently also received 

further support f rom the documentat ion o f a frameshift mutat ion in a family wi th 

arterial disease.168 Again, the data are not definit ive, but add further to the not ion 

that t h rombomodu l i n mutations may be more impor tan t in arterial than in venous 

th rombot i c disease. 

Tissue-factor pathway inhibitor 

TFPI is a so-called Kunitz-type inhibi tor that plays a major role in the inhibi t ion o f 
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the extrinsic coagulat ion pathway.1 6 9 Inhibi t ion takes place by the format ion of a 

quaternary complex between tissue factor, factor Vi la, factor Xa and TFPI. Because 

o f its inhibi tory funct ion, TFPI is a candidate risk factor for th rombot ic disease; 

however, w i th plasmatic assays, no clear qualitative or quanti tat ive deficiency states 

have been found. 

Recently, systematic sequencing o f the TFPI gene has yielded four different 

polymorphisms (P ro l51 Leu, Val264Met ,T384C exon 4 , and C-33T intron 7) 170,171, 

but their association wi th thrombot ic disease is doub t fu l . 1 7 2 " 1 7 4 The recently 

described -287 T / C polymorphism in the 5'-untranslated region did not alter TFPI 

levels in a contro l populat ion analysed, and does not appear to influence the risk o f 

coronary athero-thrombosis.1 7 1 Data on the role ofTFPI in arterial thrombosis are 

still scarce, and the role o fTFP I gene polymorphisms as potential risk factors 

remains poorly explored. 

Endothelial protein C receptor 

In a prel iminary report, the 23-base-pair insertion in exon 3 o f the EPCR gene was 

linked to an increased risk o f athero- thrombot ic disease.17;> However, a recent study 

did not conf i rm the EPCR insertion to be a risk factor for myocardial infarct ion.1 7 

Recent data demonstrated that the insertion is linked to impaired funct ion o f the 

receptor.177 It is possible that a significant relationship between carriership o f the 

mutat ion and arterial thrombosis has not been demonstrated heretofore on 

account o f the rarity o f the insertion in the general popu la t ion . If this is the case, 

only large studies will unravel a significant risk modi f icat ion associated wi th the 

EPCR insert ion. 

Polymorphisms in the fibrinolytic system 

Plasminogen activator inhibitor (PAI -1 ) 

PAI-1 is a member o f the serpin (serine protease inhibi tor) superfamily. PAI-1 

functions as an impor tan t inhibi tor o f plasminogen activation thereby regulating 

f ibr inolysis.178 Augmented PAI-1 mRNA expression in macrophages and vascular 

smooth muscle cells was found in human atheroma plaques.1 7 9"1 8 0 Increased 

plasma PAI-1 levels have been also related to increased risk o f arterial thrombosis 

in a number o f investigations, al though not uni formly.1 8 1"1 9 0 The putative 

relationship o f plasma PAI-1 levels wi th the risk o f arterial disease is thought to be 

influenced by other risk modifiers in the presence o f insulin resistance.191,192 
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Several gene variations are known for the PAI-1 gene, including a variat ion 

at a CA(n) dinucleot ide repeat in intron 3, a H'md\\\ VNTR polymorphism in the 

3 ' -unt rans la ted reg ion, and a 4 G / 5 G de le t ion / inser t ion p romo te r poly

morph ism. • 9 3 The latter d imorphism has been more widely investigated wi th 

respect to putative physiopathologic and clinical importance. The 4G allele was 

reported to exhibit increased mRNA transcript ion in comparison wi th the 5G allele, 

in in vitro experiments using HepG2 human hepatoma cell lines transiently 

transfected wi th the two alleles and stimulated wi th inter leukin-1.1 9 4 In add i t ion , 

the 4G/5G polymorphism is also known to determine PAI-1 levels, the 4G genotype 

being associated wi th higher plasma concentrat ions.1 9 5"1 9 8 The 4 G / 5 G promoter 

po lymorphism has been also investigated as a risk factor for arterial th rombot ic 

disease in numerous studies, and controversial results emerged from these analyses. 

Several investigations claim that the 4G genotype is a risk factor for coronary 

thrombosis in subgroups o f patients wi th cardiovascular disease1 9 6 1 " - 2 0 2 ^ ^ u t 

other studies did not conf i rm these f ind ings. 1 5 7 1 8 6 - 2 0 3 " 2 0 5 A recent meta-analysis 

found that the 4G allele is associated wi th a mi ld increase (1.2-fold) in the risk o f 

M l .206 

Tissue-plasminogen act ivator ( t -PA) 

t-PA, also referred t o as tissue-type PA, is a plasma serine protease which mediates 

p lasmin generat ion and clot lysis by specif ical ly cleaving c l o t -bound 

p lasminogen.1 7 8 Increased plasma t-PA levels have been (paradoxically) associated 

w i th increased risk o f coronary t h rombo t i c disease.2 0 7 -2 0 8 Numerous 

polymorphisms have been reported for the t-PA gene.209 It has been reported that 

an Alu insert ion/delet ion polymorphism in the t-PA gene influences release rates o f 

to ta l t -PA.2 1 0 Homozygosity for the Alu insertion po lymorphism has been 

associated w i th a two- fo ld increased risk o f Ml in the Rotterdam study2 1 1 , but this 

f ind ing could not be conf i rmed in other investigations.212"215 Thus, the role o f this 

variat ion in arterial disease is uncertain. 

Recently, eight novel t-PA gene polymorphisms have been described.2 1 5 Three o f the 

polymorphisms are in st rong linkage disequil ibrium with the Alu po lymorphism, 

and influence t-PA release rates. The other variations were silent and wi thout 

apparent effect on t-PA release.215 The relation o f these polymorphisms wi th 

arterial disease is as yet unknown. 
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Table 1 . Haemostat ic gene variations in arterial thrombot ic disease 

Haemostatic system 

component 

Platelets 

CP la Ha (a2 subunit) 

CPIb-V-IX(lbusubunit) 

GP llb-llla (Ilia subunit) 

GPIIb-llla (lib subunit) 

Procoagulant factors 

Fibrinogen (p-chain) 

Fibrinogen (a-chain) 

Factor II 

Tissue factor 

Factor V 

Factor VII 

Factor VIII 

on Willebrand factor 

Factor XIII (u-subunit) 

Gene 

symbol 

ITGA2 

GP1BA 

ITGB3 

ITGA2B 

FGB 

FGA 

F2 

F3 

F5 

F7 

FSC 

VWF 

F13A1 

Anticoagulant proteins 

Antithrombin 

Protein C 

Protein S 

Thrombomodulin 

Tissue factor 

pathway inhibitor 

Endothelial protein C 

receptor 

Fibrinolytic proteins 

Plasminogen activator 

inhibitor 1 

Tissue-type plasminogen 

AT3 

PC 

PR0S1 

THBD 

TFPI 

EPCR 

PLANH1 

PLAT 

Chromosome 

Localization 

Sq23-31 

17pter-p12 

17q21-32 

17q21-32 

4q31 

4q31 

11p11-q12 

1p22-21 

1q23 

13q34 

Xq28 

12p13 

6p24-25 

1q23-25 

2q13-14 

3p11.1-q11.2 

20p11.2 

2q31-32.1 

7q22.1-22.3 

8p12-q11.2 

"Candidate" gene variation 

for arterial disease 

02 C807T 

C3570T(Thr145Met) 

39-bp VNTR 

T-5C (Kosak polymorphism) 

T1S6SC(Pro33Leu) 

He843Ser 

G-455A (Hüelll polymorphism) 

Bell polymorphism (3'-UT region) 

Thr312Ala 

G20210A(3'-UT region) 

1208 D/l promoter haplotypes 

G1691A(ArgS06Gln) 

Arg3S3Gln 

None 

None 

Val34Leu 

> 250 loss-of-function mutations 

> 160 loss-of-function mutations 

> 130 loss-of-function mutations 

Ala455Val 

Ala25Thr 

G-33A 

Pro1S1Leu,Val264Met, 

T384C exon 4. and C-33T intron 1 

T-287C 

23-bp insertion in exon 3 

-675 4G/5G (D/l) polymorphism 

Alu insertion/deletion 

Functional consequence 

variation 

Determinant of integrin density 

and collagen receptor activity 

Unclear 

Unclear 

Unclear 

Unclear 

Unclear 

Determinant of plasma level 

Determinant of plasma level 

Increased clot stability 

Determinant of plasma level 

Determinant of plasma level 

Activated protein C resistance 

Determinant of plasma level 

Influences enzyme activity 

AT deficiency 

PC deficiency 

PS deficiency 

Unknown 

Unknown 

Determinant of plasma soluble 

T M level 

Val264Met is a determinant of 

plasma level 

No effect on plasma level 

Receptor with impaired function 

Determinant of plasma level 

Unclear 

Association 

of the gene 

with arterial 

disease 

Disputed 

Disputed 

Disputed 

Unconfirmed 

(single study) 

Disputed 

Disputed 

Disputed 

Disputed 

Disputed 

Disputed 

Unconfirmed 

(single study) 

Disputed 

Disputed 

Disputed 

Unknown 

Unknown 

Unknown 

Disputed 

Disputed 

Unconfirmed 

(single study) 

Unknown 

Unconfirmed 

(single study) 

Disputed 

Disputed 

Disputed 
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Concluding remarks 

A comparat ive analysis o f data on haemostatic gene polymorphisms in arterial 

thrombosis yields several important observations. 

It seems clear that levels o f some haemostatic factors predict disease risk. A notable 

example is plasma f ibr inogen level. However, the causal role o f haemostatic plasma 

markers as predictors o f arterial disease is still uncertain, because frequently 

inconsistent and conf l ic t ing results from the genetic studies. Uncertainty is further 

augmented by the fact that positive results were more often than not found in post-

hoc subgroup analyses (Table 1 ). Given that the relationship between genetic 

determinants o f the haemostatic system and arterial disease remains elusive, it is 

our op in ion that there is no need for c lot t ing factor analysis in the routine 

management o f pat ients with a the ro th rombo t i c cardiovascular disease. 

Consequently the main challenge presented to researchers is to conduct sufficiently 

large and well designed investigations that wil l not only identify haemostatic 

variat ions playing a significant role as risk modif iers but also wil l decipher relevant 

synergistic effects between such genetic markers and the well established 

cardiovascular risk factors. 

In conclusion, no convincing data exist for haemostatic gene variations playing a 

signif icant role in arterial thrombosis. Investigations in this area are particularly 

impor tan t because i f the ultimate goal o f characterising phenotypic and genetic 

markers for thrombosis was reached, it would enable one to establish individual 

profi les o f th rombot ic risk, and might eventually result in new and individualised 

prognostic and therapeutic measures. 

Acknowledgements 

R.F. Franco was supported by Fapesp (Grants N. 98 /02821-0 , 98/14247-6, and 

00 /02623-5 ) . The cont inuing support o f Prof. M.A. Zago is also gratefully 

acknowledged. 

References 

1. Henderson AH. Coronary heart disease: overview. Lancet 1996,348 (Suppl.j: sl-s4. 

2. Ross R. Atherosclerosis- an inflammatory disease. N Engl J Med 1999;340:115-26. 

168 



GENETIC VARIATION OF TH E HAEMOSTATIC SYSTEM 

3. Hennekens C H . Increasing burden o f card iovascular disease: cur ren t knowledge and fu tu re 

d i rec t ions for research on risk factors . Circulation 1998;97:1095-102. 

4 . Glass CK, W i t z t u m J L Atheroscleros is : the road ahead. Cell2001;104:503-16. 

5. Tegos TJ, Ka lod ik i E, Sabetai M M , Nico la ides A N . The genesis o f atherosclerosis a n d risk factors : 

a review. Angiology 2001,52:89-8. 

6. BriggsJB. Recurrent ph leb i t is o f obscure or ig in . John H o p k i n s Hosp Bul l 1 9 0 5 ; 1 6 : 2 2 8 - 3 3 . 

7. Jordan FLJ, N a n d o r f f A. T h e fami l ia l tendency in t h r o m b o - e m b o l i c disease. Acta Med Scandin 

1956;156:267-75. 

8. Hams ten A. Mo lecu la r genetics as the route t o unde rs tand ing , p reven t ion , and t rea tment . Lancet 

1996;348:sl7-s19. 

9. Fr iedlander Y, A rgobas t P, Schwartz S M , et a l . Fami ly h is to ry as a risk fac to r fo r early onset 

myocard ia l in fa rc t ion in y o u n g w o m e n . Atherosclerosis 2001 ;156:201 -07. 

10. Cooper JA, Mi l le r GJ, Bauer KA, et al . C o m p a r i s o n o f novel hemosta t i c fac tors and convent iona l 

risk factors for p red i c t i on o f co rona ry heart disease. Circulation 2000;102:2816-22. 

1 1 . Rosendaal FR. Venous t h rombos i s : a mul t icausa l disease. Lancet 1999;353:1167-73. 

1 2. Esmon C, Tay lor F, Snow T. I n f l a m m a t i o n and coagu la t i on : l inked processes potent ia l ly regulated 

t h r o u g h a c o m m o n pa thway media ted by p ro te in C. Thromb Haemost 1991;66:160-5. 

13. Buja L, W i l l e r sonJ . Role o f i n f l a m m a t i o n in coronary p laque d i s rup t i on . Circulation 1994;89:503-5. 

14. Libby P. A t h e r o m a : more than mush . Lancet 1996, 348 (Suppl.): s4-s7. 

15. Tracy RP. Ep idemio log ica l evidence for i n f l a m m a t i o n in card iovascu lar disease. Thromb Haemost 

1999;82:826-31. 

16. Fuster V, Fal lon JT, Nemerson Y. Co rona ry th rombos is . Lancet 1996;348(Suppl.):s7-sl0. 

17. Rentrop KP. Th romb i in acute coronary syndromes. Revisited and revised. Circulation 2000;101 ;1619-26. 

18. Risch NJ. Searching for genetic de te rminants in the new m i l l e n n i u m . Nature 2000;405:847-56. 

19. Mar t i ne l l i I. Risk fac tors in venous t h r o m b o e m b o l i s m . Thromb Haemost 2001 ;86:395-403. 

20 . S i m m o n d s RE, He rm ida J, Rezende S M , Lane DA. Haemos ta t i c genetic risk fac tors in arter ia l 

t h rombos is . Thromb Haemost 2001;86:374-85. 

2 1 . Fo lsom AR. Hemos ta t i c risk fac tors for a t h e r o t h r o m b o t i c disease: an ep idemio log ic view. Thromb 

Haemost 2001;86:366-73. 

22. Lane DA, G ran t PJ. Role o f hemosta t ic gene p o l y m o r p h i s m in venous a n d ar ter ia l t h r o m b o t i c 

disease. Bloos 2000;95:1517-32. 

23 . Lowe G .D .O . Haemos ta t i c risk fac tors fo r arter ia l and venous t h rombos i s . In : Recent Advances in 

B lood Coagu la t i on (ed. by L. Poller and C.A. Lud lam) . Churchill Livingstone, 1997 London, pg. 69-96. 

24 . Mar ian AJ. Genet ic risk fac tors for myocard ia l i n fa rc t i on . Curr Opin Cardiol 1998;13:171-8. 

25 . SykesTC, Fegan C, M o s q u e r a D. T h r o m b o p h i l i a , p o l y m o r p h i s m s , a n d vascular disease. Mol Pathol 

2000;53:300-6. 

26 . W i n k e l m a n n BR, Hage rJ . Genet ic var ia t ion in co ronary heart disease and myocard ia l i n fa rc t ion : 

me thodo log i ca l overview and cl in ical evidence. Pharmacogenomics 2000;1 J3-94. 

27. Reiner AP, Siscovick DS, Rosendaal FR. Hemosta t i c risk factors and ar ter ia l t h r o m b o t i c disease. 

Thromb Haemost 2001;85:584-95. 

28 . Geo rgeJN . Platelets. Lancet2000;355:1531-9. 

29 . Kunick i TJ, Kritzik M , Ann is DS, Nugent DJ. Hered i tary va r ia t i on in p late let in tegr in a2 |51 densi ty is 

associated w i t h t w o silent po l ymorph i sms in the a 2 c o d i n g sequence. Blood 1997;89:1939-43. 

169 



Part 2 Chapter 3 

30. Kriczik M, Savage B, Nugent DJ, ec al. Nucleotide polymorphisms in the ct2 gene define multiple 

alleles that are associated with differences in platelet a2 | t , density. Blood 1998;92:2382-8. 

3 1 . Santoso S, Kunicki TJ, Kroll H, et al. Association of the platelet glycoprotein la C80?T gene 

polymorphism with nonfatal myocardial infarction in younger patients. Blood 1999;93:2449-53 

32. Carlsson LE, Santoso S, Spitzer C, et al. The a 2 gene coding sequence Tg 0 7 /Ag 7 3 o f the platelet 

collagen receptor integrin ct,p\ might be a genetic risk factor for the development of stroke in 

younger patients. Blood 1999;93:3583-6. 

33. Moshfegh K, Wuillemin WA, Redondo M, et al. Association of two silent polymorphisms of 

platelet glycoprotein la/1 la receptor with risk o f myocardial infarction: a case-control study. Lancet 

1999;353:351-4. 

34. Reiner AP, Prasanna NK, Schwartz SM, et al. Genetic variants of platelet glycoprotein receptors 

and risk of stroke in young women. Stroke 2000;31:1628-33. 

35. Corral J, Gonzalez-Conejero R, Rivera J, et al. Role of the 807 C/T polymorphism o f the u., gene in 

platelet GP la collagen receptor expression and function. Effect in thromboembolic diseases. Thromb 

Haemost 1999:81:951-6. 

36. Croft SA, Hampton KK, Sorrell JA, et al. The GPIa C807T dimorphism associated with platelet 

collagen receptor density is nota risk factor for myocardial infarction. Br J Haematol 1999;106:771-6. 

37. von Beckerath N, Koch W, MehilliJ, et al. Glycoprotein la gene C807T polymorphism and risk for 

major adverse cardiac events within the first days after coronary artery stenting. Blood 

2000;95:3297-301. 

38. Morita H, Kurihara H, Imai Y, etal. Lack of association between the platelet glycoprotein laC807T 

gene polymorphism and myocardial infartion in Japanese. An approach entailing melting curve 

analysis with specific fluorescent hybridization probes. Thromb Haemost 2001;85:226-30. 

39. BeerJH, Pederiva S, Pontiggia L. Genetics o f platelet receptor single-nucleotide polymorphisms: 

clinical implications in thrombosis. Ann Medicine 2000;32:10-4. 

40. LopezJA, Ludwig EH, McCarthy BJ. Polymorphism of human platelet glycoprotein Iba results from 

a variable number o f tandem repeats o f a 13-amino acid sequence in the mucin4ike 

macroglycopeptide region: structure/functions implications. J Biol Chem 1992;267:10055-61. 

4 1 . Mazzucato M, Pradelles P, de Angelis V, et al. Frequency and functional relevance o f genetic 

threonines/methionine1 4 5 dimorphism in platelet glycoprotein Ibc. in Italian population. 

Transfusion 1996,36:891 -4. 

42. Li CQ, Garner SF, Davies J, Smethurst PA, et al. Threonine-145/methionine-145 variants of 

baculovirus produced recombinant ligand binding domain of GPIbu express HPA-2 epitopes and 

show equal binding of von Willebrand factor. Blood 2000;95:205-11. 

43. Carlsson LE, Greinacher A, Spitzer C, et al. Polymorphisms of the human platelet antigens HPA-1, 

HPA-2, HPA-3 and HPA-5 on the platelet receptors for fibrinogen (GPIIb/ll la), von Willebrand 

factor (Gplb/IX) and collagen (GPIa/lla) are not correlated with an increased risk of stroke. Stroke 

1997;28:1392-5. 

44. Murata M, Matsubara Y, Kawano K, et al. Coronary artery disease and polymorphisms in a 

receptor mediating shear stress-dependent platelet activation. Circulation 1997;96;3281-6. 

45. Carter AM, Catto AJ, BamfordJM, Grant PJ. Platelet GP Ilia PIA and GP lb variable numbertandem 

repeat polymorphisms and markers of platelet activation in acute stroke. Arterioscler Thromb Vase 

Biol 1998;18:1124-31. 

170 



GENETIC VARIATION OF THE HAEMOSTATIC SYSTEM 

46. Gonzalez-Conejero R, Lozano ML, Rivera J, et al. Polymorphisms of platelet membrane 

glycoprotein Ibex associated with arterial thrombotic disease. Blood 1998;92:2771-6. 

47. Murata M, Kawano K, Matsubara Y, et al. Genetic polymorphisms and risk of coronary artery 

disease. Semin Thromb Hemost 1998;24:245-50. 

48. Ardissino D, Mannucci PM, Merlini PA, et al. Prothrombotic genetic risk factors in young survivors 

of myocardial infarction. Blood 1999;94:46-51. 

49. Mercier B, Munier S, Bertault V, et al. Myocardial infarction: absence of association with VNTR 

polymorphism ofGP Ibalpha. Thromb Haemost 2000;84:921-2. 

50. Sonoda A, Murata M, Ito D, et al. Association between platelet glycoprotein Iba genotype and 

ischemic cerebrovascular disease. Stroke 2000,31:493-7. 

51. Afshar-Kharghan V, Li CQ, Khoshnevis-Asl M, López JA. Kozak sequence polymorphism of the 

glycoprotein (GP) Iba gene is a major determinant of the plasma membrane levels of the platelet 

GP Ib-IX-V complex. Blood 1999;94:186-91. 

52. Frank MB, Reiner AP, Schwartz SM, et al. The Kozak sequence polymorphism of platelet 

glycoprotein Iba and risk of nonfatal myocardial infarction and nonfatal stroke in young women. 

Blood 2001;97:875-9. 

53. Topol EJ, ByzovaTV, Plow EF. Platelet GPIIb-llla blockers. Lancet 1999;353:227-31. 

54. Newman PJ, Derbes RS, Aster RH. The human platelet alloantigens, PIA1 and PIA2, are associated 

with a leucine33/proline33 amino acid polymorphism in membrane glycoprotein lila, and are 

distinguishable by DNA typing J Clin Invest 1989;83:1778-81. 

55. Feng D, Lindpaintner K, Larson MG, at al. Increased platelet aggregability associated with platelet 

GPIIIa PIA2 polymorphism. The Framingham Offspring Study. Arterioscler Thromb Vase Biol 

1999;19:1142-7 

56. Meiklejohn DJ, UrbaniakSJ, Greaves M. Platelet glycoprotein Ilia polymorphism HPA 1b(PIA2): no 

association with platelet fibrinogen binding. Br J Haematol 1999;105:664-6. 

57. Weiss EJ, Bray PF, Tayback M, et al. A polymorphism of a platelet glycoprotein receptor as an 

inherited risk factor for coronary thrombosis. N Engl J Med 1996;334:1090-4. 

58. Marian AJ, Brugada R, Kleiman NS. Platelet glycoprotein Ilia PIA polymorphism and myocardial 

infarction. N Engl J Med 1996;335:1071-2. 

59. Herrmann SM, PoirierO, Marques-Vidal P, etel.The Leu33/Pro polymorphism (PIA1/PIA2) o f the 

glycoprotein Ilia (GPIIIa) receptor is not related to myocardial infarction in the ECTIM Study. 

Etude Cas-Temoins de I'lnfarctus du Myocarde. Thromb Haemost 1997 ;77:1179-81. 

60. Ridker PM, Hennekens CH, Schmitz C, et al. PIA1/A2 polymorphism of platelet glycoprotein Ilia 

and risks of myocardial infarction, stroke, and venous thrombosis. Lancet 1997;349:385-8. 

61. Samani NJ, Lodwick D. Glycoprotein Ilia polymorphism and risk of myocardial infarction. 

Cardiovasc Res 1997;33:693-7 

62. Durante-Mangoni E, Davies GJ, Ahmed N, et al. Coronary thrombosis and the platelet 

glycoprotein lila PIA2 polymorphism. Thromb Haemost 1998;80:218-9. 

63. Mamotte CD, van Bockxmeer FM, Taylor RR. PIA1/A2 polymorphism of glycoprotein Ilia and risk 

of coronary artery disease and restenosis following coronary angioplasty. Am J Cardiol 1998,82:13-

6. 

64. Aleksic NJuneja H, Folsom AR, et al. Platelet Pl(A2) allele and incidence of coronary heart disease: 

results from the Atherosclerosis Risk in Communities (ARIC) Study. Circulation 2000;102:1901-5. 

171 



Part 2 Chapter 3 

65. Carter A M , Ossei-Gerning N, Grant PJ. Platelet glycoprotein Ilia PIA polymorphism in young men 

with myocardial infarction. Lancet 1996;348:485-6. 

66. Carter A M , Ossei-Gerning N, Wilson IJ, Grant PJ. Association of the platelet PIA polymorphism of 

glycoprotein l lb/ l l la and the fibrinogen B|> 448 polymorphism with myocardial infarction and 

extent o f coronary artery disease. Circulation 1997;96:1424-31. 

67. Pastmen T, Perola M, Niini P, etal. Array-based multiplex analysis of candidate genes reveals two 

independent and additive genetic risk factors for myocardial infarction in the Finnish population. 

Hum Mol Genet 1998;7:1453-62. 

68. Zotz RB, Winkelmann BR, Nauck M, et al. Polymorphism of platelet membrane glycoprotein Ilia: 

human platelet antigen lb (HPA-lb/PIA-') is an inherited risk factor for premature myocardial 

infarction in coronary artery disease. Thromb Haemost 1998;79:731-5. 

69. Mikkelsson J, Perola M, Laippala P, et al. Glycoprotein Ilia PIA polymorphism associates with 

progression of coronary artery disease and with myocardial infarction in an autopsy series of 

middle-aged men who died suddenly. Arterioscl Thromb Vase Biol 1999;19:2573-8. 

70. RennerW, Brodmann M, WinklerM, etal.The PIA1/A2 polymorphism of platelet glycoprotein Ilia 

is not associated with peripheral arterial disease. Thromb Haemost 2001;85:745-6. 

71. Zhu M M , Weedon J, Clark LT. Meta-analysis of the association of platelet glycoprotein Ilia 

PIA1/A2 polymorphism with myocardial infarction. Am J Cardiol 2000;86:1000-5. 

72. Hato T, Minamoto Y, Fukuyama T, Fujita S. Polymorphisms of HPA-1 through 6 on platelet 

membrane glycoprotein receptors are not a genetic risk factor for myocardial infarction in the 

Japanese population. AmJ Cardiol 1997;80:1222-4. 

73. Bottiger C, Kastrati A, Koch W, et al. Polymorphism of platelet glycoprotein lib and risk of 

thrombosis and restenosis after coronary stent placement. AmJ Cardiol 1999;84:987-91. 

74. Bottiger C, Kastrati A, Koch W, et al. HPA-1 and HPA-3 polymorphisms of the platelet 

fibrinogen receptor and coronary artery disease and myocardial infarction. Thromb Haemost 

2000;83:559-62. 

75. Reiner AP, Schwartz SM, Prasanna NK, et al. Platelet glycoprotein lib polymorphism, traditional 

risk factors and non-fatal myocardial infarction in young women. Br J Haematol 2001;112:632-6. 

76. Wilhelmsen L, Svardsudd K, Korsan-Bengsten K et al. Fibrinogen as a risk factor for stroke and 

myocardial infarction. N Engl J Med 1984;311:501-5. 

77. YarnellJW, Sweetnam PM, Elwood PC, et al. Haemostatic factors and ischaemic heart disease: the 

Caerphilly study. Br Heart} 1985;53:483-7. 

78. Kannel WB, Wolf PA, Castelli WP, D'Agostino RB. Fibrinogen and risk of cardiovascular disease: 

the Framingham study.JAMA 1987;258:1183-6. 

79. Bolibar I. Kienast J, Thompson SG, et al. Relation of fibrinogen to presence and severity of 

coronary artery disease is independent of other coexisting heart disease. The ECAT Angina Pectoris 

Study Group. Am Heart] 1993;125:1601-5. 

80. Sweetnam PM, Thomas HF, Yarnell JW, et al. Fibrinogen, viscosity and the 10-year incidence of 

ischaemic heart disease. Eur Heart} 1996;17:814-20. 

8 1 . Maresca G, Di Blasio A, Marchioli R, Di Minno G. Measuring plasma fibrinogen to predict stroke 

and myocardial infarction. An update. Arterioscler Thromb Vase Biol 1999;19:1368-77. 

82. Dalmon J, Laurrent M, Courtois G. The human ^-fibrinogen promoter contains hepatocyte 

nuclear factor 1-dependent interleukin-6-responsive element. Mol Cel Biol 1993;13:1183-93. 

172 



GENETIC VARIATION OFTHE HAEMOSTATIC SYSTEM 

83. Humphries SE, Ye S, Talmud P, et al. European Atherosclerosis Research Study: genotype at the 

fibrinogen locus (G-455-Ap-gene) is associated with differences in plasma fibrinogen levels in 

young men and women from different regions in Europe. Evidence for gender-genotype-

environment interaction. Arterioscler Thromb Vase Biol 1995;15:96-104. 

84. Behague I, Poirier O, Nicaud V, et al. p fibrinogen polymorphisms are associated with plasma 

fibrinogen and coronary artery disease in patients with myocardial infarction. The ECTIM study. 

Circulation 1996;93:440-9. 

85. Gardemann A, Schwartz O, Haberbosch W, et al. Positive association of the fibrinogen H1/H2 gene 

variation to basal fibrinogen levels and to increase in fibrinogen concentration during acute phase 

reaction but not to coronary artery disease and myocardial infarction. Thromb Haemost 1997;77:1120-6. 

86. Tybjaerg-Hansen A, Agerholm-Larsen B, Humphries SE, et al. A common mutation (G-455-»A) in 

the p-fibrinogen promoter is an independent predictor of plasma fibrinogen, but not of ischemic 

heart disease. A study of 9,127 individuals based on the Copenhagen City Heart Study.7 Clin Invest 

1997;99:3034-9. 

87. Nishiuma S, Kario K, Yakushijin K, et al. Genetic variation in the promoter of the ^-fibrinogen gene 

is associated with ischemic stroke in a Japanese population. Blood Coagul Fibrinol 1998;9:373-9. 

88. Carter AM, Mansfield MW, Stickland M H , Grant PJ. ^-fibrinogen gene -455 G/A polymorphism 

and fibrinogen levels: risk factors for coronary artery disease in subjects with NIDD. Diabetes Care 

1996;19:1265-8. 

89. Zito F, Di Castelnuovo A, Amore C, et al. Bell polymorphism in the fibrinogen p-chain gene is 

associated with the risk of familial myocardial infarction by increasing plasma fibrinogen levels: a 

case-control study in a sample of GISSI-2 patients. Arterioscler Thromb Vase Biol 1997;17:3489-94. 

90. de Maat MP, Kastelein JJ, Jukema JW, et al. -455G/A polymorphism of the p-fibrinogen gene is 

associated with the progression of coronary atherosclerosis in symptomatic men: proposed role 

for an acute phase reaction pattern of fibrinogen. Arterioscl Thromb Vase Biol 1998;18:265-71. 

91. Wang XL, Wang J, McCredie RM, Wilcken DEL Polymorphisms of factor V, factor VII, and 

fibrinogen genes: relevance to severity of coronary artery disease. Arterioscler Thromb Vase Biol 

1997;17:246-51. 

92. Folsom AR, Aleksic N, Ahn C, et al. Beta-fibrinogen gene -455G/A polymorphism and coronary 

heart disease incidence: the Atherosclerosis Risk in Communities (ARIC) Study. Ann Epidemiol 

2001;11:166-70. 

93. Boekholdt SM, Bijsterveld NR, Moons AH, et al. Genetic variation in coagulation and fibrinolytic 

proteins and their relation with acute myocardial infarction: a systematic review. Circulation 

2001;104:3063-8. 

94. Baumann RE, Henschen AH. Human fibrinogen polymorphic site analysis by restriction 

endonuclease digestion and allele-specific polymerase chain reaction amplification: identification 

of polymorphisms at position Aa312 and Bb448. Blood 1996;82:2117-24. 

95. Musbeck L, Adany R, Mikkola H. Novel aspects of blood coagulation factor XIII. I. Structure, 

distribution, activation and function. Crit Rev Clin Lab Sci 1996;33:357-421. 

96. CurranJM, Evans A, Arveiler D, etal.The a-fibrinogenT/A312 polymorphism in the ECTIM study. 

Thromb Haemost 1998;79:1057-8. 

97. Carter AM, Catto AJ, Grant PJ. Association ofthe a-fibrinogen Thr31 2Ala polymorphism with post 

stroke mortality in subjects with atrial fibrilation. Circulation 1999;99:2423-6. 

173 



Part 2 Chapter 3 

98. Poort SW, Rosendaal FR, Reicsma PH, Bercina RM. A common genetic variation in the 3'-

untranslated region of the prothrombin gene is associated with elevated plasma prothrombin 

levels and an increase in venous thrombosis. Blood 1996;88:3698-703. 

99. Cattaneo M, Chantarangkul V, Taioli E, et al. The G2021OA mutation o f the prothrombin gene in 

patients with previous first episodes of deep-vein thrombosis: prevalence and association with 

factor V G1691A, methylenetetrahydrofolate reductase C677T and plasma prothrombin levels. 

ThrombRes 1999;93:1-8. 

100. Hillarp A, Zoller B, Svensson PJ, Dahlback B. The 20210 A allele of the prothrombin gene is a 

common risk factor among Swedish outpatients with verified deep venous thrombosis. Thromb 

Haemost 1997;78:990-2. 

101. Cumming A M , Keeney S, Salden A, et al.The prothrombin gene G20210A variant: prevalence in a 

U.K. anticoagulant clinic population, Br J Haematol 1997;98:353-35. 

102. Kapur RK, Mills LA, Spitzer SC. Hultin MB. A prothrombin gene mutation is significantly 

associated with venous thrombosis. Arterioscler Thromb Vase Biol 1997;17:2875-9. 

103. LeroyerC, Mercier B, Oger E, etal. Prevalence of 20210 A allele of the prothrombin gene in venous 

thromboembolism patients. Thromb Haemost 1998;80:49-51. 

104. Franco RF, Santos SEB, Elion J, et al. The prevalence of the G20210A polymorphism in the 3'-

untranslated region of the prothrombin gene in different human populations. Acta Haematol 

1998;100:9-12. 

105. Rosendaal FR, Doggen CJ, Zivelin A, et al. Geographic distribution of the 20210 G to A 

prothrombin variant. Thromb Haemost 1998;79:706-8. 

106. Franco RF.Trip MD, ten Cate H,et al.The 20210 G-»A mutation in the 3'- untranslated region of 

the prothrombin gene and the risk for arterial thrombotic disease. Br J Haematol 1999;104:50-4. 

107. Ferraresi P, Marchetti G, Legnani C, et al. The heterozygous 20210 G/A prothrombin genotype is 

associated with early venous thrombosis in inherited thrombophilias and is not increased in 

frequency in artery disease. Arterioscler Thromb Vase Biol 1997;17:2418-22. 

108. Bentolila S, Ripoli L, Drouet L, Mazoyer E. Thrombophilia due to 20210 G-»A prothrombin 

polymorphism and cerebral ischemia in the young. Stroke 1997,28:1846 

109. Martinelli I, Franchi F, Akwan S, etal. The transition G to A at position 20210 in the3'-untranslated 

region of the prothrombin gene is not associated with cerebral ischemia. Blood 1997,90:3086. 

110. Rosendaal FR, Siscovick DS, Schwartz SM, et al. A common prothrombin variant (20210 G to A) 

increases the risk of myocardial infarction in young women. Blood 1997;90:1747-50. 

111. Watzke H, SchuttrumpfJ, Graf S, et al . Increased prevalence of a polymorphism in the gene coding 

for human prothrombin in patients with coronary artery disease. ThrombRes 1997;87:521-6. 

112. De Stefano V, Ghiusolo P, Paciaroni K, et al. Prothrombin G20210A mutant genotype is a risk 

factor for cerebrovascular ischemic disease in young patients. Blood 1998;91:3562-5. 

113. Psaty BM, Smith NL, Lemaitre RN, et al. Hormone replacement therapy, prothrombotic 

mutations, and the risk of incident nonfatal myocardial infarction in postmenopausal women, 

JAMA 2001;285:906-13. 

114. Arnaud E, Barbalat V, Nicaud V, et al. Polymorphisms in the 5' regulatory region of the tissue 

factor gene and the risk o f myocardial infarction and venous thromboembolism: the ECTIM and 

PATHROS studies. Etude Cas-Temoins de I'lnfarctus du Myocarde. Paris thrombosis case-control 

study. Arterioscler Thromb Vase Biol 2000;20:892-8. 

174 



GENETIC VARIATION OF THE HAEMOSTATIC SYSTEM 

11 5. Öhlin AK, Norlund L, Marlar RA. Thrombomodulin gene variations and thromboembolic disease. 

Thromb Haemost 1997;78:396-400. 

116. Dahlback B, Carlsson M, Svensson PJ. Familial thrombophilia due to a previously unrecognized 

mechanism characterized by poor anticoagulant response to activated protein C: Prediction of a 

cofactorto activated protein C. Proc Natl Acad Sci USA 1993;90:1004-8. 

11 7. Bertina RM, Koeleman RPC, Koster T, et al. Mutation in blood coagulation factor V associated 

with resistance to activated protein C. Nature 1994;369:64-7. 

118. Ridker PM, Hennekens CH, Lindpaintner K, et al. Mutation in the gene coding for coagulation 

factor V and the risk of myocardial infarction, stroke, and venous thrombosis in apparently healthy 

men. N Engl J Med 1995;332:912-7 

119. Catto A, Carter A, Ireland H, et al. Factor V Leiden gene mutation and thrombin generation in 

relation to the development of acute stroke. Arterioscler Thromb Vase Biol 1995;15:783-5. 

120. Demarmels BF, Merlo C, Furlan M, et al. No association of APC resistance with myocardial 

infarction. Blood Coagul Fibrinol 1995;6:456-9. 

121. EmmerichJ, PoirierO, Evans A, etal. Myocardial infarction, Arg 506 to Gin factor V mutation, and 

activated protein C resistance. Lancet 1995,345:321. 

122. Heinrich J, Budde T, Asmann G. Mutation in the factor V gene and the risk of myocardial 

infarction. N Engl J Med 1995,333:88. 

123. Kontula K, Ylikorkala A, Miettinen H, et al. Arg506Gln factor V mutation (factor V Leiden 

mutation) in patients with ischaemic cerebrovascular disease and survivors of myocardial 

infarction. Thromb Haemost 1995;73:558-60. 

124. Marz W, Seydewitz H, Winkelmann B, et al. Mutation in coagulation factor V associated 

with resistance to activated protein C in patients with coronary artery disease. Lancet 

1995;345:526-7. 

125. Prohaska W, Mannebach H, Schmidt M, et al. Evidence against heterozygous coagulation factor 

V1 691 G-»A mutation with resistance to activated protein C being a risk factor for coronary artery 

disease and myocardial infarction. J Mol Med 1995;73:521-4. 

126. van Bockxmeer FM, Baker Rl, Taylor RR. Premature ischaemic heart disease and the gene for 

coagulation factor V. Nat Med 1995;1:185. 

127. Ardissino D, Peyvandi F, Merlini PA. Factor V (Arg 506-»Gln) mutation in young survivors of 

myocardial infarction. Thromb Haemost 1996;75:701-2. 

128. Foley PWX, Irvine CD, Standen GR, et al. Activated protein C resistance, factor V Leiden and 

peripheral vascular disease. Cardiovasc Surg 1997;5:157-60. 

129. Jeffery S, Leatham E, Zhang Y, et al. Factor V Leiden polymorphism (FV Q506) in patients with 

ischaemic heart disease, and in different population groups. J Hum Hypert 1996;10:433-4. 

130. Iniesta JA, Corral J, Fernandez-Pardo J, et al. Factor V (Arg506-»Gln) mutation in ischemic 

cerebrovascular disease. Haemostasis 1997;27:105-11. 

131. Sanchez J, Roman J, de la Torre MJ, et al. Low prevalence of the factor V Leiden among patients 

with ischemic stroke. Haemostasis 1997;27:9-15. 

132. Amowitz LL, Komaroff AL, Miletich JP, Ridker PM. Factor V Leiden is not a risk factor for 

myocardial infarction among young women. Blood 1999;93:1432-3. 

133. Rosendaal FR, Siscovick DS, SchwartzSM, etal. FactorV Leiden (resistance to activated protein C) 

increases the risk of myocardial infarction in young women. Blood 1997;89:2817-21. 

175 



Part 2 Chapter 3 

134. Siscovick DS, Schwartz SM, Rosendaal FR, Psaty BM. Thrombosis in the young: effect o f 

atherosclerotic risk factors on the risk of myocardial infarction associated with prothrombotic 

factors. Thromb Haemost 1997;78:7-12. 

135. Doggen CJM, Manger Cats V, Bertina RM, Rosendaal FR. Interaction of coagulation defects and 

cardiovascular risk factors: increased risk of myocardial infarction associated with factor V Leiden 

or prothrombin 20210A. Circulation 1998;97:1037-41. 

136. Meade TW, Mellows S, Brozovic M, et al. Haemostatic function and ischaemic heart disease: 

principal results of the Northwick Park Heart Study. Lancet 1986;2:533-7. 

137. HeinrichJ, Balleisen L, Schulte H,et al. Fibrinogen and factor VII in the prediction of coronary risk. 

Arterioscler Thromb 1994;14:54-9. 

138. Lane A, Green F, Scarabin PY, etal. Factor VII Arg/Gln353 polymorphism determines factor VII 

coagulant activity in patients with myocardial infarction (Ml) and control subjects in Belfast and 

in France but it is not a strong indicator of AMI risk in the ECTIM study. Atherosclerosis 

1996;119:119-27. 

139. Folsom AR, Wu KK, Rosamond WD, et al. Prospective study of hemostatic factors and incidence 

o f coronary heart disease. The Atherosclerosis Risk in Communities (ARIC) Study. Circulation 

1997;96:1102-08. 

140. Heywood DM, Carter AM, CattoAJ, et al. Polymorphisms of the factor VII gene and circulating FVII:C 

levels in relation to acute cerebrovascular disease and poststroke mortality. Stroke 1997;28:816-21. 

141. Junker R, HeinrichJ, Schulte H, et al. Coagulation factor VII and the risk of coronary heart disease 

in healthy men. Arterioscler Thromb Vase Biol 1997;17:1539-44. 

142. Smith FB, Lee AJ, Fowkes FGR, etal. Hemostatic factors as predictors of ischemic heart disease 

and stroke in the Edinburgh Artery Study. Arterioscler Thromb Vase Biol 1997;17:3321-5. 

143. lacoviello L, Di Castelnuovo A, de Knijff P, et al. Polymorphisms in the coagulation factor VII gene 

and the risk of myocardial infarction. N EnglJ Med 1998;338:79-85. 

144. Moor E, Silveira A, van't Hooft F, et al. Coagulation factor VII mass and activity in young men with 

myocardial infarction at a young age. Role of plasma lipoproteins and factor VII genotype. 

Arterioscler Thromb Vase Biol 1995;15:655-64. 

145. Doggen CJM, Manger Cats V, Bertina RM, et al. A genetic propensity to high factor VII is not 

associated with the risk of myocardial infarction in men. Thromb Haemost 1998;80:281-5. 

146. Tracy RP, Arnold AM, Ettinger W, et al. The relationship of fibrinogen and factors VII and VIII to 

incident cardiovascular disease and death in the elderly: results from the cardiovascular health 

study. Arterioscler Thromb Vase Biol 1999;19:1776-83. 

147. Folsom AR, Rosamond WD, Shahar E, et al. Prospective study of markers of hemostatic function 

with risk of ischemic stroke. The Atherosclerosis Risk in Communities (ARIC) Study Investigators. 

Circulation 1999; 100:736-42. 

148. Meade TW, Cooper JA, Stirling Y, et al. Factor VIM, ABO blood group, and the incidence o f 

ischaemic heart disease. Br J Haematol 1994;88:601-7. 

149. Rumley A, Lowe GD, Sweetnam PM, etal. Factor VIII, von Willebrand factor and the risk of major 

ischaemic heart disease in the Caerphilly Heart Study. Br J Haematol 1999;105:110-6. 

150. CattoAJ, Carter A M , Barrett J H, Bamford J, et al. von Willebrand factor and factor VIM :C in acute 

cerebrovascular disease. Relationship to stroke subtype and mortality. Thromb Haemost 

1997;77:1104-8. 

176 



GENETIC VARIATION OF THE HAEMOSTATIC SYSTEM 

151. Mikkola H,SyrjalaM, Rasi V, etal. Deficiency in the A-subunic of coagulation factor XIII: two novel 

point mutations demonstrate different effects on transcript levels. Blood 1994, 84: 517-524 

152. Kohier HP, Stickland MH, Ossei-Gerning N, et at. Association of a common polymorphism in the 

factor XIII gene with myocardial infarction. Thromb Haemost 1998, 79: 8-13 

153. Wartiovaara U, Perola M, Mikkola H, et al. Association o f FXIII Val34Leu with decreased risk of 

myocardial infarction in Finnish males. Atherosclerosis 1999, 142: 295-300 

154. Elbaz A, Poirier O, Canaple S, et al. The association between the Val34Leu polymorphism in the 

factor XIII gene and brain infarction. Blood2000, 95: 586-591 

155. Franco RF, Pazin-Filho A, Tavella MH, et al. Factor XIII Val34Leu and the risk of myocardial 

infarction. Haematologica 2000, 85: 67-71 

156. Corral J, Gonzalez-Conejero R, IniestaJA, et al. The FXIII Val34Leu polymorphism in venous and 

arterial thromboembolism. Haematologica 2000;85:293-7. 

1 57. Canavy I, Henry M, Morange PE, et al. Genetic polymorphisms and coronary artery disease in the 

South of France. Thromb Haemost 2000;83:212-6. 

1 58. Nowak-Göttl U, Strater R, Heinecke A, et al, for the Child Stroke Study Group: Lipoprotein (a) and 

genetic polymorphisms of clotting factor V, prothrombin, and methylenetetrahydrofolate reductase 

gene are risk factors of spontaneous ischemic stroke in childhood. Blood 1999;94:3678-82. 

159. DeVeber G, Monagle P, Chan A, et al. Prothrombotic disorders in infants and children with 

cerebral thromboembolism. Arch Neurol 1998;55:1539-4. 

160. Norlund L, Holm J, Zöller B, Öhlin AK. A common thrombomodulin amino acid dimorphism is 

associated with myocardial infarction. Thromb Haemost 1997;7:248-51. 

161. Ireland H, Kunz G, Kyriakoulis K, et al Thrombomodulin gene mutations associated with 

myocardial infarction. Circulation 1997;96:15-8. 

162. Wu KK, Aleksic N, Ahn C, et al. Atherosclerosis Risk in Communities Study (ARIC) Investigators: 

Thrombomodulin Ala455Val polymorphism and risk of coronary heart disease. Circulation 

200V.103: 1386-9. 

163. Doggen CJM, Kunz G, Rosendaal FR, et al. A mutation in the thrombomodulin gene, 127G to A 

coding for Ala25Thr, and the risk of myocardial infarction in men. Thromb Haemost 1998;80:743-8. 

1 64. Norlund L, Holm J, Zoller B, Ohlin AK. The Ala25-Thr mutation in the thrombomodulin gene is 

not frequent in Swedish patients suffering from ischemic heart disease. Thromb Haemost 

1999;82:1367-8. 

165. Warner D, Catto A, Kunz G, etal. The thrombomodulin gene mutation G(127)-»A(Ala25Thr) and 

cerebrovascular disease. Cerebrovasc Dis 2000;10:359-63. 

166. Li YH, Chen JH, Wu HL, et al. G-33A mutation in the promoter region of thrombomodulin gene 

and its association with coronary artery disease and plasma soluble thrombomodulin levels. AmJ 

Cardiol 2000;85:8-12. 

167. Li YH, Chen CH, Yeh PS, et al. Functional mutation in the promoter region of thrombomodulin 

gene in relation to carotid atherosclerosis. Atherosclerosis 2001;154:713-9. 

168. Kunz G, Ireland HA, Stubbs PJ, et al. Identification and characterization of a thrombomodulin 

gene mutation coding for an elongated protein with reduced expression in a kindred with 

myocardial infarction. Blood2000;95:569-76. 

169. Broze GJ Jr. Tissue factor pathway inhibitor. Thromb Haemost 1995;74:90-3. 

170. Kleesiek K, Schmidt M, Götting C, et al. A first mutation in the human tissue factor pathway 

177 



Part 2 Chapter 8 

inhibitor gene encoding |P151 L]TFPI. Blood 1998;92:3976-7. 

171. Moatti D, Seknadji P, Galand C, etal. Polymorphisms of the tissue factor pathway inhibitor (TFPI) 

gene in patients with acute coronary syndromes and in healthy subjects: impact of the V264M 

substitution on plasma levels of TFPI. ArteriosclerThromb Vase Biol 1999;19:862-9. 

172. Gonzalez-Conejero R, Lozano ML, Corral J, et al. The TFPI 536C—»T mutation is not associated 

with increased risk for venous or arterial thrombosis. Thromb Haemost 2000;83:787-8. 

173. Moatti D, Haidar B, Fumeron F, etal. A newT-287C polymorphism in the 5' regulatory region of the 

tissue factor pathway inhibitor gene. Association study of the T-287C and C-399T polymorphisms 

with coronary artery disease and plasma TFPI levels. Thromb Haemost 2000;84:244-9. 

174. Franco RF, Reitsma PH. Gene polymorphisms of the haemostatic system and the risk of arterial 

thrombotic disease. Br J Haematol 2001;115:491-506. 

1 75. Merati G, B, Biguzzi F, Oganesyan N, et al. A 23bp insertion in the endothelial protein C receptor 

(EPCR) gene in patients with myocardial infarction and deep vein thrombosis. Thromb Haemost 

1999;82:507. 

176. Van de Water NS, French JK, McDowell J, Browett PJ. The endothelial protein C receptor (EPCR) 

23 bp insert in patients with myocardial infarction. Thromb Haemost2001;85:749-51. 

177. Biguzzi E, Merati G, Liaw PCY, etal. A 23bp insertion in the endothelial protein C receptor (EPCR) 

gene impairs EPCR function. Thromb Haemost 2001;86:945-8. 

178. Collen D. The plasminogen (fibrinolytic) system. Thromb Haemost 1999;82:259-70. 

179. Schneiderman J, Sawdey MS, Keeton MR, et al. Increased type 1 plasminogen activator inhibitor 

gene expression in atherosclerotic human arteries. Proc Nat Acad Sci USA 1992;89:6998-7002. 

180. Lupu P, Heim DA, Bachmann F, et al. Plasminogen activator expression in human atherosclerotic 

lesions. Arterioscler Thromb Vase Biol 1995;15:1444-55. 

181. Thögersen AM, Jansson J, Boman K, et al. High plasminogen activator inhibitor and tissue 

plasminogen activator levels in plasma precede a first acute myocardial infarction in both men and 

women. Evidence for the fibrinolytic system as an independent primary risk factor. Circulation 

1998;98:2241-7 

182. Chandler WL, Stratton JR. Laboratory evaluation of fibrinolysis in patients with a history of 

myocardial infarction. Am J Clin Pathol 1994;102:248-52. 

183. Margaglione M, Di Minno G, Grandone E, et al. Abnormally high circulation levels of tissue 

plasmingogen activator and plasminogen activator inhibitor-1 in patients with a history of 

ischemic stroke. Arterioscler Thromb 1994;14:1741-5. 

184. Salomaa V, Stinson V, Kark JD, et al. Association of fibrinolytic parameters with early 

atherosclerosis. The ARIC study. Circulation 1995;91:284-90. 

185. Mansfield MW, Stickland MH, Grant PJ. Circulating levels of factor VII, fibrinogen and von 

Willebrand factor and features of insuline resistance in first degree relatives of patients with 

NIDDM. Circulation 1996;94:2171-6. 

186. Catto AJ, Carter A M , Stickland M, et al. Plasminogen activator inhibitor-1 (PAI-1) 4G/5G 

promoter polymorphism and levels in subjects with cerebrovascular disease. Thromb Haemost 

1997;77:730-4. 

187. Ossei-Gerning N, Mansfield MW, Stickland MH, et al. Plasminogen activator inhibitor-1 promoter 

4G/5G genotype and plasma levels in relation to a history of myocardial infarction in patients 

characterized by coronary angiography. Arterioscler Thromb Vase Biol 1997;17:33-7. 

178 



GENETIC VARIATION OF THE HAEMOSTATIC SYSTEM 

188. Lowe GDO, Yarnell JWG, Sweetnam PM, et ai. Fibrin D-dimer, tissue plasminogen activator, 

plasminogen activator inhibitor, and the risk of major ischaemic heart disease in the Caerphilly 

Study. Thromb Haemost 1998;79:129-33. 

189. Cesari M, Rossi GP. Plasminogen activator inhibitor type 1 in ischemic cardiomyopathy. Arterioscler 

Thromb Vase Biol 1999;19:1378-86. 

190. Folsom AR. Fibrinolytic factors and atherothrombotic events: epidemiological evidence. Ann Med 

2000;32:85-91. 

191. Juhan-Vague I, Alessi MC, Vague P. Increased plasma plasminogen activator inhibitor I levels: a 

possible link between insulin resistance and atherothrombosis. Diabetologia 1991;34:457-62. 

192. Mansfield MW, Stickland MH, Grant PJ. PAI-1 concentrations in first degree relatives of patients 

with non-insulin-dependent diabetes mellitus: metabolic and genetic associations. Thromb Haemost 

1997;77:357-61. 

193. Grant PJ, Humphries SE. Genetic determinants of arterial thrombosis. Baillière's Clin Hematol 

1999;12:505-32. 

194. Dawson SJ, Wiman B, Hamsten A, et al. The two allele sequences of a common polymorphism in 

the promoter of the plasminogen activator inhibitor-1 (PAI-1) gene respond differently to 

interleukin-1 in hepG2 cells.7 Biol Chem 1993;268:10739-45. 

195. Burzotta F, Di Castelnuovo A, Amore C, et al. 4G/5G promoter PAI-1 polymorphism is associated 

with plasmatic PAI-1 activity in Italians: a model of gene-environment interaction. Thromb Haemost 

1998;79:354-8. 

196. Iwai N, Shimoike H, Nakamura Y, et al. The 4G/5G polymorphism of the plasminogen activator 

inhibitor gene is associated with the time course of progression to acute coronary syndromes. 

Atherosclerosis 1998; 136:109-14. 

197. Margaglione M, Cappucci G, d'Addedda M, et al. PAI-1 plasma levels in a general population 

without clinical evidence of atherosclerosis: relation to environmental and genetic determinants. 

Arterioscler Thromb Vase Biol 1998;18:562-7 

198. Stegnar M, Uhrin P, Peternel P, et al. The 4G/5G sequence polymorphism in the promoter of 

plasminogen activator inhibitor-1 (PAI-1) gene: relationship to plasma PAI-1 level in venous 

thromboembolism. Thromb Haemost 1998;79:975-9. 

199. Mansfield MW, Stickland MH, Grant PJ. Plasminogen activator inhibitor-1 promoter polymorphism 

and coronary artery disease in non-insulin dependent diabetes. Thromb Haemost 1995;74:1032-4. 

200. Eriksson P, Kallin B, van't Hooft FM, et al. Allele-specific increase in basal transcription of the 

plasminogen-activator inhibitor 1 gene is associated with myocardial infarction. Proc Natl Acad Sci 

U5A 1995;92:1851-5. 

201. Margaglione M, Cappucci G, Colaizzo D, et al. The PAI-1 gene locus 4G/5G polymorphism is 

associated with a family history of coronary artery disease. Arterioscler Thromb Vase Biol 1998;18:152-6. 

202. Gardemann A, Lohre J, Katz N, et al. The 4G4G genotype of the plasminogen activator inhibitor 

4G/5G gene polymorphism is associated with coronary atherosclerosis in patients at high risk for 

this disease. Thromb Haemost 1999;82:1121-6. 

203. Ye S, Green FR, Scarabin PY, et al. The 4G/5G genetic polymorphism in the promoter o f the 

plasminogen activator inhibitor-1 (PAI-1) gene is associated with differences in plasma PAI-1 

activity but not with risk of myocardial infarction in the ECTIM study. Thromb Haemost 

1995;74:837-41. 

179 



Part 2 Chapter 3 

204. Ridker PM, Hennekens CH, Lindpaintner K, et al. Arterial and venous thrombosis is not associated 

with the 4G/5C polymorphism in the promoter of the plasminogen activator inhibitor gene in a 

large cohort of US men. Circulation 1997;95:59-62. 

205. Doggen CJM, Bertina RM, Manger Cats V, et al. The 4G/5G polymorphism in the plasminogen 

activator inhibitor-1 gene is not associated with myocardial infarction. Thromb Haemost 

1999;82:115-20. 

206. lacovello L, Burzotta F, Di Castelnuovo A, et al. The 4G/5G polymorphism of PAI-1 promoter gene 

and the risk of myocardial infarction: a meta-analysis. Thromb Haemost 1998;80:1029-30. 

207. Ridker PM, Vaughan DE, Stampfer MJ, et al. Endogenous tissue-type plasminogen activator and 

risk of myocardial infarction. Lancet 1993;341:1165-8. 

208. Thompson SG, KienastJ, Pyke SD, et al. Hemostatic factors and the risk of myocardial infarction 

or sudden death in patients with angina pectoris. N Engl J Med 1995;332:635-41. 

209. Tishkoff SA, Ruano G, Kidd JR, Kidd KK. Distribution and frequency of a polymorphic Alu 

insertion at the plasminogen activator locus in humans. Hum Genet 1996;97:759-64. 

210. Jem C, Ladenwall P, Wall U, Jern S. Gene polymorphism of t-PA is associated with forearm vascular 

release rate of t-PA. Arterioscler Thromb Vase Biol 1999;19:454-9. 

211. van der BomJG, de Knijff P, Haverkate F, et al. Tissue plasminogen activatorand risk of myocardial 

infarction. The Rotterdam study. Circulation 1997;95:2623-7. 

212. lacovello L, Di Castelnuovo A. de Knijff P, et al. Alu-repeat polymorphism in the tissue-type 

plasminogen activator (tPA) gene, tPA levels and risk of familial myocardial infarction (Ml) . 

Fibrinolysis 1996; 10:13-6. 

213. Ridker PM, Baker MT, Hennekens CH, et al. Alu-repeat polymorphism in the gene coding for 

tissue-type plasminogen activator (tPA) gene and risks of myocardial infarction among middle-

aged men. Arterioscler Thromb Vase Biol 1997;17:1687-90. 

214. Steeds R. Adams M. Smith P, et al. Distribution of tissue plasminogen activation insertion/deletion 

polymorphism in myocardial infarction and control subjects. Thromb Haemost 1998;79:980-4. 

215. Ladenvall P, Wall U, Jern S, Jern C. Identification of eight novel single-nucleotide polymorphisms 

at human tissue-type plasminogen activator (t-PA) locus: association with vascular t-PA release in 

vivo. Thromb Haemost 2000;84:150-5. 

180 



Part 2 Chapter 4 

The 20210G-^A mutation in the 3'-untranslated 
region o f the prothrombin gene and the risk for arterial 

thrombotic disease 

Rend rik F Franco1, Mieke D Trip2, Hugo ten Cate1, Abraham van den Ende4, 

Martin H Prins3, John JP Kastelein4 Pieter H Reitsma1 

'Laboratory for Experimental Internal Medicine, Departments of-Cardiology, Clinical Epidemiology 

and Biostatistics, and "Vascular Medicine, Academic Medical Centre, Amsterdam, The Netherlands 

-"'Department of Clinical Medicine, School of Medicine of Ribeirao Preto, 

University of Sao Paulo, Brazil 

Br J Haematol 1999;104:50-54 



Part 2 Chapter 4 

Summary 

A sequence variat ion in the 3'-untranslated region o f the pro thrombic (PT) gene 

(20210 G—*A) was recently claimed to be associated wi th elevated plasma 

pro th rombin levels and an increased risk for venous and arterial thrombosis. We 

examined the prevalence o f the 20210 A allele in the p ro th rombin gene in 400 

healthy controls and in 263 patients with proven premature atherosclerotic disease. 

In add i t ion , we measured prothrombin, pro thrombin fragment 1 + 2, th rombin-

ant i th rombin (TAT) complex and D-dimer levels in plasma f rom carrier and non-

carrier patients. The frequency o f the variant allele was 1% in the control subjects 

and 2.7% in the pat ient group, yielding a relative risk (RR) for the 20210 A allele o f 

2.7 (95% CI 0.8-9.4). Al l heterozygotes in the patient group were found to have had 

a myocardial infarct ion ( M l ) , yielding a RR for Ml o f 4.2 (95% CI 1.2-14.6). Plasma 

pro th rombin levels in carriers (126 ± 10) were higher than in non-carriers (103 ± 1, 

p=0.02). The level o f the TAT complexes (16 ± 9 vs 6 ± 1 ug /m l , p=0.02) as well as 

o f p ro th rombin fragment 1 + 2 (1.5 ± 0.3 vs 1.0 ± 0.1 nmo l / l , p=0.02) were also 

elevated in carriers o f the mutat ion. Our findings suggest that the 20210 G^»A 

muta t ion in the p ro th romb in gene is a genetic risk factor for M l . In add i t ion , our 

data provide evidence for an association o f the mutat ion wi th excessive th rombin 

generation, which may contr ibute to the understanding o f its role in venous and 

arterial disease. 

Introduction 

Atherosclerotic vascular disease is a mult i factorial clinical entity in which genetic 

and acquired risk factors play a ro le 1 2 In addi t ion to well-accepted major risk 

factors such as smok ing , serum cholesterol and hyper tens ion, unknown 

environmental and inherited factors contr ibute to arterial disease.3 

Haemostat ic variables are candidate risk factors for arterial disease. Previous 

studies have shown that elevated plasma f ibr inogen, factor VII and factor VIII and 

PAI-1 levels, for instance, are associated wi th arterial thrombosis.4"6 Moreover, an 

increased predisposit ion for myocardial infarction in young women was linked to 

factor V Leiden, a common genetic abnormal i ty that is also causally related to 

venous thrombosis. -b 

Recent studies have shown a putative association between a nucleotide change in 

the 3'-untranslated region o f the pro thrombin gene (a G to A transi t ion at posit ion 
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20210) and an increase in venous and arterial th rombot ic disease.9"14 This genetic 

var iat ion, located in a potential regulatory site for gene expression 5 was also found 

to be associated wi th elevated plasma pro th rombin levels, but the exact mechanism 

by which the genetic abnormal i ty contr ibutes to hyperprothrombinaemia and how 

it results in venous thrombosis is unclear.9 

In the present study we examined the prevalence o f the recently described 20210 

G—*A mutat ion in the pro thrombin gene in healthy controls and in patients wi th 

premature atherosclerotic disease in order to further delineate the role o f this 

genetic abnormal i ty as a risk factor for arterial vascular disease. Finally, we assessed 

the relationship between the 20210 mutat ion and markers o f thrombin metabol ism 

in an at tempt to better understand the mechanisms by which the abnormal i ty 

confers thrombot ic risk. Our data indicated that the variant pro thrombin increased 

the risk for myocardial infarction and provided evidence for an association o f this 

muta t ion wi th augmented thrombin generation. 

Material and Methods 

Subjects 

263 unrelated individuals (218 men aged 24-50 years, mean 40 years; 45 women, 

aged 21-50 years, mean 40 years) referred to the Academic Medical Centre in 

Amsterdam for investigation o f symptomat ic coronary and / or peripheral arterial 

disease and wi th angiographically-proven atherosclerotic disease made up de 

pat ient group. 213 patients suffered f rom coronary disease, 38 f rom peripheral 

disease and 12 f rom a combinat ion o f peripheral and coronary disease. The 

diagnosis o f atherosclerosis was based on angiography that showed significant 

arterial stenosis (> 50% o f obstruct ion o f a major artery). In the coronary subgroup 

163/213 patients and in the combined subgroup 10/12 patients had experienced 

an acute myocardial infarct ion, diagnosed on the basis o f cl inical, enzymatic and 

electrocardiographic criteria. 

Controls were healthy volunteers (n=400) w i thou t a history o f cardiovascular 

disease, mostly recruited among the employees o f the Academic Medical Centre in 

Amsterdam, and for whom informat ion regarding presence o f risk factors for 

atherosclerosis was not available. Al though unmatched for sex and age, patient and 

controls had the same ethnic background, i.e. Caucasians f rom the Netherlands. All 

individuals gave their informed consent to part icipate in the study, which had been 

approved by the local Ethics Commit tee. 
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Methods 

DNA analysis was performed by PCR ampl i f icat ion o f genomic DNA extracted f rom 

peripheral leucocytes using standard methods, fol lowed by digestion wi th the 

restr ict ion enzyme Hind III to identify the variant allele at posit ion 20210 o f the 

p ro th romb in gene. The primers and PCR condi t ions used were previously 

described.9-16 

Markers o f p ro th romb in metabolism were assessed only in patients' samples. Blood 

was drawn from the antecubital vein and collected in tubes containing buffered 

ci trate. Venepuncture for patients wi th myocardial infarction was carried out at 

least 3 months after the acute event. Plasma prothrombin antigen levels were 

determined by an ELISA method (Dako, Glostrop, Denmark). Activat ion o f 

coagulat ion was assessed by measurement o f markers for thrombin generation, 

p ro th romb in fragment 1 + 2 (F1 + 2) and th rombin-ant i th rombin (TAT) complexes, 

w i th respective ELISAs (Behringwerke AG, Marburg , Germany). Activation o f 

f ibrinolysis was measured with a sensitive assay for D-dimer (Behringwerke AG, 

Marburg , Germany). Plasma measurements were performed only for subjects not 

tak ing any medicat ion at the time o f b lood col lect ion. 

Statistics 

Differences in p ro th romb in TAT, F1 + 2, and D-dimer levels between pro th rombin 

genotype groups were analysed by the Mann-Whitney U test using the SPSS for 

W indows statistical package; p< 0.05 was considered statistically significant. Odds 

ratios (OR), as a measure for relative risk were calculated in the standard 

unmatched fashion. A 95% confidence interval was calculated according to 

standard techniques. To calculate overall OR, the Mantel-Haenzel method was 

used on the raw figures, by entering each study as a separate st ratum. 

Table 1. Risk for 

Genotype 

GG 

GA 

myocardial infarction 

Patients with Ml 

166(96) 

7(4) 

(Ml) and 20210 G/A prothrombin genotype 

Controls 

396(99) 

4 ( 1 ) 

Values refer to number of patients; percentages in parentheses 
GA= heterozygosity for the prothrombin mutation. 

Odds ratio 

1.0 

4.2 

95% CI 

1.2-14.5 

GG= wild-type genotype. 
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Results 

Heterozygosity for the 20210 G^*A mutat ion in the 3'- untranslated region o f the 

prothrombin gene was found in 7/263 (2.7%) patients, and in 4 /400 healthy controls 

(1%). No homozygotes for the mutat ion were detected. These data yielded an odds 

ratio for arterial disease related to the 20210 A allele o f 2.7 (95% CI 0.8-9.4). 

In 173/263 patients arterial disease had resulted in acute myocardial infarct ion. 

Interestingly, all mutat ion carriers fell w i th in this group. Separate analysis o f the risk 

for Ml associated w i th the pro thrombin d imorphism gave an odds ratio o f 4.2 (95% 

CI 1.2 -14 .6 ) , which was statistically significant (Table 1). 

Table 2 indicates the general characteristics and cardiovascular risk factors for the 

two pro thrombin genotypes among patients. The data show that , as expected, 

Table 2. General characteristics of the patients according to genotype 

Prothrombin genotype 

G/G(n=256) A/G (n=7) 

Male 

Female 

Age ( years) 

Acute myocardial infarction 

Cholesterol (mmol/ l) 

>6.5 

LDL (mmol/ l) 

>4.5 

HDL (mmol/ l) 

<0.9 

Triglycerides (mmol/ l) 

>2.3 

Body mass index (mean 

>30 

Diabetes mellitus 

Smokers 

Hypertension 

Values represent actual 
G/G= wild-type genotyp 

±SE) 

213(83.2) 5(71.4) 

43(16.8) 2(28.6) 

40 + 1 41 ± 2 

166(64.8) 7(100) 

6.1 ± 0.1 5.7 ± 0.4 

85(33.2) 2(28.6) 

4.1 ±0.1 3.7 ±0.3 

86(33.2) 1 (14.3) 

1.05 ±0.02 1.09 ±0.12 

71 (27.7) 2(28.6) 

2.11 1 0.09 2.14 ±0.70 

71 (27.7) 1 (14.3) 

26.9 ± 0.3 29.3 ± 2.8 

49(19.1) 3(42.8) 

16(6.2) 2(28.6) 

201(78.5) 4(57.1) 

55(21.4) 1(14.3) 

numbers of patients or means +SE. Percentage are given in parentheses, 
e; G/A indicates heterozygous state for the prothrombin mutation. 
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major risk factors play an important role in the two groups. Most carriers o f the 

20210 A allele have at least one addit ional cardiovascular risk factor such as 

smoking, obesity, diabetes, hypertension, or an abnormal l ipid profi le. 

Poort et a l . 9 dealt w i th a risk factor analysis in venous thrombosis. Therefore we 

searched the patients files for venous thrombot ic events associated wi th the 20210 

muta t ion . Two o f the seven (28.6%) carriers o f the mutat ion reported a family 

history o f venous thrombosis in first-degree relatives (data not shown). Only seven 

o f the 256 (2.7%) non-carrier patients had such a positive family history (p < 0.02). 

Table 3 shows that heterozygosity fo r the 2021 0 polymorphism was associated wi th 

elevated plasma p ro th romb in levels. The mean levels in 7 carriers o f the rare allele 

were about 25% higher than in 256 homozygotes for the common allele (p= 0.02). 

Next we establ ished whether the p ro th romb in mu ta t i on was associated 

wi th increased t h romb in generation. As can be seen in Table 3, this does appear 

to be the case. In heterozygous carriers, mean TAT levels were 2-3- fo ld 

increased compared to the levels in non-carriers o f the muta t ion . The increase in F1 

+ 2 levels was more moderate bu t also significant (p= 0.02). D-dimer levels, as 

indicators o f f ibr in degradation, showed a similar trend wi th higher, albeit not 

significantly different (p= 0.39), values in mutat ion carriers as compared to non-

carriers. 

Table 3. Prothrombin, TAT, 

20210 G->A mutation 

F1+2 and D-dimer levels (±SE) in carriers and non-carriers of the 

Prothrombin G20210A genotype 

Marker 

Prothrombin antigen (%) 

TAT(ug/ l) 

F1+2(nmol/ l) 

D-dimer (ug/l) 

TAT= thrombin-antitrombin 

C/G (n=256) G/A(n=7) 

103+1 126±10 

6+1 16±9 

1±0.1 1+0.1 

253±14 253±14 

complex ; F1 +2= prothrombin fragment 
genotype; G/A= heterozygosity for the prothrombin mutation. 

1+2 

p-value 

0.02 

0.02 

0.02 

0.39 

G/G= wild type 
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Discussion 

We have investigated the pro thrombin 20210 G ^ A mutat ion as a risk factor for 

arterial thrombosis in a populat ion comprised o f relatively young patients suffering 

f rom atherosclerotic disease, in whom the influence o f genetic risk factors 

cont r ibut ing to arterial disease is supposed to be most evident when compared to 

older individuals, for whom age-related risk factors contr ibute more important ly . 

Even though the prevalence o f the pro thrombin G ^ A mutat ion was found to be 

2.7-fold higher among patients wi th atherosclerotic disease than in healthy 

controls, this difference did not reach statistical significance (95% CI 0.8-9.4). 

However, when data f rom patients in which arterial disease had resulted in acute 

myocardial infarct ion, i.e. thrombus format ion in a coronary artery, were analysed 

separately, the risk conferred by the mutat ion was significantly higher (odds rat io 

4.2; 95% CI 1.2-14.6). This is an indicat ion that the mutat ion is linked to an 

increased thrombot ic tendency. This interpretat ion was strengthened by the 

biochemical observations presented in this study. Firstly, we conf irmed that 

heterozygosity for the 20210 A allele was associated wi th a 25% increase in 

c i rcu lat ing p ro th romb in levels. Secondly, we showed that these elevated 

p r o t h r o m b i n levels were associated w i th increased t h romb in f o rma t i on 

as evidenced by elevated levels o f TAT complexes and pro thrombin F1 + 2. 

Therefore our data provided evidence for an association o f the 20210 G—>A 

mutat ion in the pro thrombin gene wi th excessive th rombin generation and 

activation o f the coagulat ion. A "p ro th rombo t i c " interpretat ion is also in keeping 

wi th the fact that the 20210 mutat ion was originally described as a risk factor for 

venous thrombosis, an observation that has been conf irmed in other recent 

studies.10 '11 '13 

It must be emphasized that our study and previous studies were based on small 

numbers o f mutat ion carriers in patients and controls. Therefore the confidence 

intervals for the calculated odds ratios are wide. However, the number o f carriers in 

the controls agreed well wi th recent data in a cohor t o f 467 Dutch control 

individuals where a 0.9% prevalence was f ound 1 7 , and wi th a recent study in 5527 

healthy individuals in which the prevalence o f the mutant pro thrombin appeared to 

be lower in Northern Europe (1.7%, 95% CI 1.3 -2.2%) than in Southern Europe 

(3.0%, 95% CI 2.3-3.7%).18 

At present there are nine published studies on the prevalence o f the 20210 variant 

in diseases other than venous thrombosis.1 2"1 4 '1 7 , 1 8 '2 0"2 4 The results in most studies 

lacked statistical power as a result o f the rarity o f the A allele. 
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Table 4 lists these studies and puts our data into perspective. The top half o f the 

table summarizes the crude odds ratio for patients who suffered f rom M l . Each o f 

the five studies, and also the aggregated data, support the theory that the 20210 A 

variant is a moderate risk factor for M l . The overall odds ratio for myocardial 

infarct ion derived f rom 1115 patients and 1888 controls, including those from the 

present study, was 2.5 (95% CI 1.5-4.3). In the lower hal f o f the table the data f rom 

studies on mixed populat ions o f patients and on patients wi th cerebrovascular 

disease are listed. The overall odds ratio for these studies was 1.3 (95% CI 0.8 - 2.6, 

not signif icant). It should be noted that the odds ratios for cerebrovascular disease 

were particularly low in the studies that specifically examined this issue. This f inding 

stresses the necessity o f careful selection o f patients for the evaluation o f the risk o f 

the 20210 A allele. 

The available results in patients with arterial disease should initiate further research 

on the importance o f genetic variations in c lot t ing factor genes in arterial 

thrombosis. Al though the relative risk o f the prothrombin 20210 A allele in these 

patients as a group is relatively modest, the net risk may become substantial in M l , 

part icular ly when it is associated wi th other risk factors. Therefore the 

characterization o f this and other genetic abnormalit ies may become an important 

means o f predicting individual risk profiles for cardiovascular disease. Finally, the 

demonstrat ion that the mutant prothrombin was found to be associated wi th 

hyperprothrombinaemia and increased th rombin generation contributes to the 

understanding o f the role o f this genetic variation in venous and arterial thrombosis. 
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Abstract 

Background: Pseudoxanthoma Elasticum (PXE) is an inborn disorder o f the 

connective tissue w i th specific skin, ocular and cardiovascular disease (CVD) 

manifestat ions. Recently, we and others have identif ied mutat ions in the gene 

coding for the ABCC6 transporter in PXE patients wi th ocular and skin involvement. 

In the Netherlands, as in the rest o f Europe, a part icular premature truncat ion 

variant ABCC6 (R1141X) was found in a large cohor t o f PXE patients. Given the 

association between CVD and PXE we hypothesized that heterozygosity o f this 

ABCC6 muta t ion could also confer an increased risk for CVD. 

Methods and results: To assess the relationship between the frequent R1141X 

muta t ion in the ABCC6 gene and the prevalence o f premature coronary artery 

disease (CAD) , we conducted a case-control study o f 441 patients under the age o f 

50 years w i th definite CAD and 1057 age- and sex-matched populat ion-based 

controls who were free o f coronary disease. Strikingly, the prevalence o f the R1141X 

muta t ion was 4.2 times higheramong patients than among controls (3.2% vs. 0.8%; 

p < 0.001). Consequently, among subjects wi th the R1141X muta t ion , the odds 

ratio for a coronary event was 4.23 (95% CI: 1.76 - 1 0.20, p=0.001). 

Conclus ion: The presence o f the R1141X muta t ion in the ABCC6 gene is associated 

wi th a sharply increased risk of premature CAD. 

Introduction 

Pseudoxanthoma Elasticum (PXE) is an inborn disorder, the hallmark o f which is 

dystrophic mineral izat ion o f elastic tissue o f the skin, retina and arterial walls.1"4 

Most PXE patients seem random, but autosomal recessive and autosomal 

dominan t inheritance also is observed.5-6 The frequency o f PXE in the general 

popula t ion is unknown, particularly because it is likely that individuals wi th a mi ld 

clinical phenotype wil l escape diagnosis. Recently, we and others elucidated the 

molecular basis o f PXE by demonstrating mutat ions in an ATP- binding cassette 

(ABC) t ransporter gene (ABCC6) as the cause for this disorder.7"12 Cardiovascular 

manifestat ions o f PXE include accelerated atherosclerosis, which results in 

myocardial infarct ion at a young age, at t r ibuted to calcif ication o f the internal 

elastic laminae o f the coronary arteries. On several occasions we were struck by the 

fact tha t , in our patients suffering f rom premature cardiovascular disease, PXE was 

found to be concomi tant ly present. Whether carriership o f a single ABCC6 gene 
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mutat ion on one allele would also confer addit ional risk for CAD was hitherto 

impossible to assess. This situation changed wi th the elucidation o f the molecular 

basis o f PXE. In parallel studies (Xiaofeng Hu , unpublished data) , we found that the 

R1141X mutat ion is the most common mutat ion in the Dutch PXE patients and 

families, and it seems as though this is the case for the rest o f Europe as wel l . We 

therefore studied the prevalence o f the R1141X mutat ion in the ABCC6 gene in 

patients wi th premature CAD and in a large populat ion based group o f healthy 

controls to further delineate the role o f this genetic variat ion as a risk factor for 

CAD. 

Methods 

Case and Control Population 

Consecutive Dutch patients under the age o f 50 years wi th CAD (n = 441) referred 

between 1995 and 2001 to the Atherosclerosis Outpat ient Clinic o f the Academic 

Medical Center o f the University o f Amsterdam were included in the study. Patients 

quali f ied for inclusion after a myocardial infarct ion, surgical or percutaneous 

coronary revascularisation, or a coronary angiogram wi th evidence o f at least a 70% 

stenosis in a major epicardial artery. The Institutional Review Board approved the 

pro toco l . All patients gave informed consent. 

Cont ro l subjects (n = 1057) were selected f rom the par t ic ipants o f the 

Cardiovascular Disease Risk Factor Moni tor ing Project, a large project that screened 

for cardiovascular risk factors and was carried out in three Dutch towns 

(Amsterdam, Doetinchem and Maastricht) between 1987 and 1991. All participants 

completed an informed consent form, agreeing to the use o f stored b lood samples 

for further scientific research. A detailed description o f these examinations is 

previously publ ished.1 3 Approximately 2 controls per case were selected, group 

matched for sex and age (within 5 years). All controls were Dutch and reported no 

history o f myocardial in farct ion, percutaneous transluminal angioplasty, or 

coronary artery bypass graft ing in a self-administered questionnaire. 

Mutation analysis: 

Genomic DNA was extracted according to standard protocols. The polymerase 

chain reaction primers used to ampli fy exon 24 were MRP6 ex 

24F: AAGGTCTTCTCTGCCCTGGCTCTT and MRP6 ex 

24R: CTTCCCTCTCCCATCCATCCTTCT. 
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After PCR (20 ng/ ui DNA in 25 ul) the product and an internal control were 

digested wi th the restr ict ion enzyme BsiYI. Mutated products remain uncut. The 

fragments obtained were separated on a 3% agarose gel and visualized after 

staining wi th eth id ium bromide. The presence o f the muta t ion was conf i rmed by 

direct sequencing. 

Biochemical analysis: 

For the CAD patients the plasma cholesterol and triglycerides were determined wi th 

commerc ia l l y avai lable enzymatic methods (Boehr inger M a n n h e i m , FRG, 

Nos.237574, and Sera-PAK, Miles, Italy, no 6639, respectively). To determine high-

density l ipoprotein cholesterol, the polyethylene glycol 6000 precipitat ion method 

was used. Low-density l ipoprotein cholesterol was calculated by the Friedewald 

formula. The biochemical analysis for the controls is described previously.13 

Statistical analysis: 

Fisher's exact test was applied to compare allele frequencies between groups, and 

exact 95% confidence intervals were calculated for the odds rat io, wi th adjustment 

for matching criteria. Risk factors were compared between cases and controls, and 

between carriers and non-carriers using Fisher's exact or t-test, where appropriate. 

Table 1. Characteristics o f 

Characteristic 

ABCC6 mutation carriers 

Male sex 

Age, years 

BMI, kg/m2 

Total cholesterol (mmol/ l ) 

HDL-cholesterol (mmol/ l ) 

Smokers 

Hypertension 

D M 

History o f Ml 

Values are mean ± SD or n 
infarction. 

cases 

(%). 

and controls 

Cases 

n = 4 4 1 

14(3.2%) 

358 (81%) 

40.4 ±6.2 

27.0 ±4.0 

5.83 ± 1.54 

1.10 ± 0.31 

320 (73%) 

168(38%) 

125(28%) 

323 (78%) 

BMI= body mass 

Controls 

n = 1057 

8 (0.8%) 

801(76%) 

39.4 ± 6.9 

25.3 ±3.8 

5.39 ± 1.04 

1.22 ±0.33 

390(37%) 

158(15%) 

6 (0.6%) 

index; DM= diabetes mellitus 

p-value 

0.001 

0.029 

0.006 

<.001 

<.001 

<.001 

< 0.001 

<0.001 

<0.001 

Ml= myocardial 
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Results 

The characteristics o f the 441 cases and 1057 controls are presented in Table 1. As 

expected, the frequency o f increased body mass index, dyslipidemia, smoking, 

hypertension and diabetes was increased in cases versus controls. In cases, 14 out 

o f 441 (3.2%, 95% CI: 1.9-5.6%) were carriers o f the R1141X truncat ion variant, 

whereas 8 out o f 1057 controls (0.8%, 95% CI: 0.3-1.5%) carried this ABCC6 

muta t ion , yielding a statistically significant difference at a probabi l i ty value o f 

<0.001 wi th an odds ratio corrected for age and sex o f 4.23 (95% CI: 1.76 to 

10.20). 

We subsequently categorized the premature CAD patients in carriers (n = 14) and 

non-carriers (n = 427) o f the R1141X variant o f the ABCC6 gene (Table 2). The 

major risk factors for CAD were equally divided in both groups. 

Table 2. Baseline 

Variable 

Age years 

Male sex, 

Age at diagnosis 

History o f Ml 

Smoking 

BMI, kg/m2 

Hypertension 

DM II 

characteristics of patients accordi 

Family history CAD 

Total cholesterol 

HDL-cholesterol, 

LDL-cholesterol, 

mmol/ l 

mmol/l 

mmol/l 

Triglycerides, mmol/ l 

Values are mean ± SD or 
BMI = body mass index; 
cholesterol; LDL-cholestero 

n (%) 
DM = 
= low 

Heterozygous 

N-14 

48.1 ± 6.0 

10(71%) 

39.6 ±6.9 

11 (79%) 

4 (29%) 

26.4 ±3.6 

8 (57%) 

6 (43%) 

9 (64%) 

5.96 ± 1.36 

1.01 ± 0.17 

3.96 ± 1.27 

2.19 ± 1.43 

Ml = myocardia 
diabetes mellitus 

i g to R1141X genotype 

Wild type 

N = 427 

47.3 ± 6.0 

322 (80%) 

40.6 + 6.1 

312(78%) 

113(28%) 

26.8 ±4.0 

145(36%) 

111 (27%) 

229(57%) 

5.81 ± 1.60 

1.10 ± 0.31 

3.82 ± 1.53 

2.09 ± 2.12 

infarction; CAD 
HDL-cholesterol 

density lipoprotein cholesterol. 

p-value 

0.64 

0.43 

0.56 

0.93 

0.84 

0.71 

0.13 

0.13 

0.33 

0.73 

0.29 

0.74 

0.43 

= coronary artery disease; 
= high density lipoprotein 
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Discussion 

We demonstrate in a large case-control study that a strong association exists 

between a frequent muta t ion in the ABCC6 gene (R1141X) and the presence o f 

premature CAD. Carriers o f this mu ta t i on had an odds ratio o f 4.2 for CAD when 

compared wi th non-carriers. In add i t i on , we could not f ind a relation between this 

muta t ion and other major CAD risk factors, suggesting that this mutat ion in the 

ABCC6 transporter is operating through a novel pathway in atherogenesis. 

PXE is character ized by deranged elastic f iber metabo l i sm, resul t ing in 

f ragmentat ion and calcif ication o f elastic f ibres, wi th resultant changes in the skin, 

eyes, gast ro in test ina l t ract and cardiovascular system. Cardiovascular 

manifestat ions in PXE include premature CAD, cerebrovascular disease, peripheral 

vascular disease and renovascular hypertension. Calcium deposits in the elastic 

lamina o f the arterial wall indeed resemble the other calcium deposits seen in PXE 

patients. 

PXE-like elastic tissue disorders have also been documented in sickle cell disease, 

(j-thalassemia and sickle thalassemia, in Marfan 's syndrome, Ehlers-Danlos's 

syndrome and Paget's disease.14 The pathology o f these PXE-like syndromes is 

generally considered to be one o f the manifestations o f the underlying systemic 

illness. PXE, or at least a number o f its clinical manifestations, could therefore also 

be considered as secondary to an underlying systemic disorder.15 

Recently, mutat ions in the ABCC6 gene have been established as the cause o f PXE. 

The exact biological funct ion of ABCC6, however, is presently still unknown, as is 

the funct ional relationship o f this t ransmembrane transporter to the pathogenesis 

o f the PXE phenotype. ABCC6 messenger-RNA was reported to be highly expressed 

in the liver and kidney in contrast to tissues characteristically affected by PXE.16 

Whatever the specific pathophysiology o f PXE, our study results seem to indicate 

that mutat ions in the ABCC6 gene are not rare in the general populat ion and 

contr ibute to an increased propensity towards premature atherosclerotic vascular 

disease. If our data are subsequently conf i rmed in other cohorts, this might have 

impl icat ions for genetic screening in PXE kindreds and may require a more 

aggressive approach towards CAD prevention in these individuals. 
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Abstract 

Background: Recently, polymorphisms in th rombospond in (TSP) genes coding for 

TSP-1 (N700S), TSP-2 (a T ^ G subst i tut ion in the 3'-untranslated region), and 

TSP-4 (A387P) genes were proposed to modulate the risk o f premature coronary 

artery disease (CAD) or myocardial infarct ion (M l ) . It was our objective to verify 

this hypothesis in an independent cohor t . 

Methods and results: We performed a large case-control study among patients (n 

= 503) who were referred to our inst i tut ion for symptomatic CAD that occurred 

before the age o f 50, and a group o f age- and sex-matched populat ion-based 

controls free o f CAD (n = 1071). 

The TSP-1 mutan t allele was not significantly associated wi th an altered risk o f 

premature CAD or M l . Homozygosity for the TSP-2 mutant allele and the TSP-4 

387P allele were significantly associated wi th a reduced risk o f premature M l , 

compared to wi ld-type homozygotes (OR=0.43, 0.22-0.85 and OR= 0.48, 0.24-

0.96, respectively). 

Conclusions: We conclude chat a relat ionship between the TSP-1 N700S 

polymorphism and premature CAD is highly unlikely, and that for the TSP-4 A387P 

po lymorph ism, further studies are required to elucidate its role in premature CAD. 

In add i t ion , we conclude that the TSP-2 polymorphism is associated wi th reduced 

risk o f premature M l . 

Introduction 

Thrombospond ins form a family o f mul t idomain extracellular matrix proteins wi th 

related sequences but diverse tissue distr ibut ions and a wide variety o f funct ions. 

Recently, three polymorphisms in th rombospond in -1 , -2, and -4 (TSP-1, -2 and -4, 

respectively) were hypothesized to modulate the risk o f premature coronary artery 

disease (CAD) or myocardial infarct ion ( M l ) : an A ^ G substi tut ion at posit ion 

8831 o f the TSP-1 gene predicting an asparagine to serine substi tut ion at posit ion 

700 (N700S) , a T ^ G substi tut ion in the 3'-untranslated region o f the TSP-2 gene 

(3 'UTR) , and a G - * C substitut ion at posit ion 29926 o f the TSP-4 gene predict ing 

an alanine to proline substitution at posit ion 387 (A387P).1 

TSP-1 promotes smooth muscle cell prol i ferat ion and migrat ion in v i t ro 2 , and 

inh ib i ts endothel ia l cell prol i ferat ion and mig ra t ion . 3 TSP-1 expression is 

upregulated in response to vascular injury.4 TSP-1 has been detected in human 
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atherosclerotic plaque5 and in bal loon-injured vessels.4 TSP-2 is present in 

perivascular connective tissues6 and has impor tan t funct ions in the organization 

and vascularization o f scar tissue dur ing wound healing.7 TSP-4 is less well 

evaluated but has structural similarities to the other family members and been 

shown to bind to various extracellular matrix proteins. 

The fact that thrombospondins are involved in the modulat ion o f a wide range o f 

processes in the vessel wall makes them plausible risk factors for premature CAD. 

Variation in the genes coding for this protein family could therefore modulate this 

CAD risk, as has recently been put forward by the GeneQuest investigators.1 As 

stated by these colleagues, their f indings require independent replication in other 

populat ions. Therefore, we tested their hypothesis in a larger group o f individuals 

wi th CAD that occurred before the age o f 50. 

Methods 

Design and population 

Cases (n=503) were consecutive unrelated individuals referred to the Academic 

Medical Centre in Amsterdam for symptomatic CAD that occurred before the age 

o f 50. Patients quali f ied for inclusion after M l (according to W H O criteria), surgical 

or percutaneous coronary revascularization, or coronary angiogram wi th evidence 

o f at least 70% stenosis in a major epicardial artery. The protocol was approved by 

our Insti tut ional Review Board. All patients gave informed consent. Control 

subjects (n = 1071) were selected f rom the part icipants o f the Cardiovascular 

Disease Risk Factor Mon i to r ing Project, a large screening project for cardiovascular 

risk factors that was carried out in three Dutch towns (Amsterdam, Doetinchem 

and Maastr icht) .9 Approximately two controls per case were selected, group 

matched for sex and age (wi th in 5 years). All controls had the Dutch nat ional i ty and 

reported no history o f CAD. All part icipants gave informed consent. 

Data collection and genotyping 

Non-fast ing blood samples were obtained in EDTA-coated vacutainer tubes. 

Genomic DNA was extracted according to a standard protocol . PCR ampl i f icat ion 

was performed on 1 pi DNA in 10 pi ReddyMix™ PCR Master Mix (ABgene, Epsom, 

UK). 

ForTSP-1 the fol lowing primers were used: forward: GCATGGTGTACCCTCAGGTG 

reverse: TG I I I IGATAAGGTGATGGGC. The annealing temperature was 54°C. PCR 
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products were 293 bp long and digestion with Bsrl restriction enzyme (3 hours, 65°C) 

generated two addit ional fragments o f 191 and 102 bp in the presence o f the G allele. 

ForTSP-2 the fol lowing primers were used: forward: CTGTGCATGCCATGGTCCCTAGA 

reverse: TATCATAATGGCTTATGCACAGTATTCCGTTCA. The annealing temperature 

was 50°C. PCR products were 363 bp long and digestion wi th Ddel restriction 

enzyme (12 hours, 3 7 ° C ) generated three fragments o f 27, 134 and 202 bp in the 

presence o f the T allele, and an addit ional 336 bp band in the presence o f the 

G allele. 

ForTSP-4 the fol lowing primers were used: forward: ATATTATGCCCACATGTTGTAG 

reverse: CGTCAGATTACCATTCTACCCG. The annealing temperature was 50°C. 

PGR products were 310 bp long and digestion wi th Cac8l (12 hours, 37°C) 

generated two fragments o f 142 and 168 bp in the presence o f the G allele, and an 

addi t ional band at 310 bp in the presence o f a C allele. Al l restriction enzymes were 

obtained f rom New England Biolabs, Beverly, M A , USA. The digest was analyzed by 

electrophoresis in a 2% agarose gel in TAE-buffer. Researchers and laboratory 

personnel had no access to identifiable in format ion, and could identify samples by 

a number only. 

Stat ist ical analysis 

Sample size calculat ions were based on the f indings f rom GeneQuest, and we used 

the po lymorphism wi th the strongest association ( thrombospondin-4) in our 

calculat ions. We expected similar allele frequencies in our patients and controls and 

we aimed at inc luding 500 patients and 1 000 controls to have 80% power. For each 

po lymorph ism, risk factors were compared between the 3 genotypes (wild-type 

homozygotes, heterozygotes and mutant homozygotes) and also between non-

carriers and carriers o f the rare allele. These results did not differ impor tant ly and 

thus, for the sake o f brevity, only comparisons between carriers and non-carriers are 

presented. Differences between groups were assessed wi th a Fisher's exact test and 

t-test where appropr iate. For triglycerides, Mann-Whi tney and Kruskall-Wallis tests 

were used where appropr iate. Odds ratios (OR) and associated 95% confidence 

intervals (95%CI) were calculated to quanti fy the risk o f premature CAD and 

premature M l for heterozygotes and mutant homozygotes, compared to wild-type 

homozygotes. 
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Results 

The demographic characteristics o f 503 cases and 1071 controls are presented in 

Table 1. The average ages o f cases and controls were 40 + 6 and 39 + 7 years, 

respectively, and percentages males were 8 1 % and 76%, respectively. As expected, 

cases were more likely than controls to have classical risk factors such as 

dysl ipidemia, hypertension, and diabetes. Genotyping for the TSP-1, TSP-2, and 

TSP-4 polymorphisms was successful in 97 .1%, 96 .1%, and 93 .3%of the individuals. 

Both cases and controls were in Hardy-Weinberg equil ibr ium for all three 

polymorphisms. 

Compared to wi ld-type homozygotes o f the TSP-1 po lymorph ism, mu tan t 

homozygotes were not at increased risk for having premature CAD (OR=0.41,0 .12-

1.41) or M l (OR=0.22, 0.03-1.65. Homozygotes for the TSP-2 rare allele d id not 

have an altered CAD risk (OR=0.62, 0.38-1.03) but did have a significantly lower 

risk o f premature M l (OR=0.43, 0.22-0.85). 

Similarly, TSP-4 mutant homozygosity was not significantly associated wi th an 

altered risk o f premature CAD (OR= 0.60, 0.35-1.02) but homozygotes did have a 

lower risk o f premature Ml (OR=0.48, 0.24-0.96). Subsequently, we categorized the 

premature CAD patients into carriers and non-carriers for each polymorphism 

(Table 2). The major CAD risk factors were equally distr ibuted in carriers and non-

carriers except for a small difference in triglycerides between TSP-4 carriers and non-

carriers. 

Discussion 

We found in our populat ion that the recently reported TSP-1 N700S polymorphism 

was no t significantly associated wi th premature CAD or M l . Homozygosity for the 

TSP-2 mutan t allele was significantly associated wi th a lower risk o f premature M l , 

which is in line wi th the GeneQuest f indings. Homozygosity for the TSP-4 387P 

allele was also associated wi th a reduced risk o f premature M l , which is in sharp 

contrast w i th the result o f the GeneQuest investigators who observed a significantly 

higher risk o f premature Ml for TSP-4 387P homozygotes. 

In recent years, numerous genetic variations have been proposed as risk factors for 

cardiovascular disease. After an initial publ icat ion, many investigators seek to 

conf i rm the initial f inding in independent populat ions. Only few candidates have 

consistently wi thstood this test o f repl icat ion. In fact, the GeneQuest investigators 
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Pari 2 Chapter 6 

themselves report that they failed t o replicate their f indings for the TSP-4 A387P 

po lymorphism in two smaller series o f patients wi th premature CAD.1 More often 

than not , the proposed risk factor status for genetic polymorphisms are first 

reported in small case-control studies, but cannot be conf i rmed in larger studies.10 

This may be caused by the fact that larger studies usually use less strict inclusion 

criteria. Both the GeneQuest study and ours had very strict criteria that were very 

similar, a l though not identical. Inclusion in GeneQuest required that at least one 

sibl ing o f the proband also fulfil led the criteria for premature CAD, a requirement 

not used for our study. However, in our populat ion a positive family history for 

premature CAD was equally distributed among all genotypes (Table 2). Second, 

inclusion in GeneQuest required the development o f symptomat ic CAD before the 

age o f 45 years i f male, while our study used an age limit o f 50 for both genders. 

However, it is unlikely that this small age difference led to the difference in results. 

Our study was designed to avoid the potential biases and confounders that can f law 

case-control studies investigating genotype-disease relationships.11 Our study was 

larger than the study tha t first proposed a significant role for these polymorphisms, 

both in terms o f patients and in terms o f controls. In add i t ion , inclusion criteria 

were very similar, and the control populat ion was matched to the patient group by 

sex, age and ethnicity in order to avoid genetic admixture. We therefore conclude 

that our observations are at least as solid as the ones f rom the GeneQuest 

investigators. 

The exact mechanism by which TSP-2 polymorphism modulates risk o f premature 

M l needs to be e lucidated. This may involve the regulat ion o f matr ix 

metal loproteinase-2 a protein linked to the vulnerabi l i ty o f atherosclerotic 

p laque.1 2 TSP2-null f ibroblasts produce a 2-fold increase in this protein which was 

shown to be lower in CAD patients than in controls.1 3 Alternatively, TSP-2 deficient 

mice have an increased vascular density and a bleeding diathesis, which can both 

be hypothesized to reduce the risk o f M l . 1 4 

For the TSP-1 N700S polymorphism we conclude that a role as genetic risk factor 

for premature CAD is highly unlikely. For the TSP-4 A387P polymorphism, further 

studies are required to elucidate its role in premature CAD. We conclude that the 

TSP-2 3'UTR polymorphism is associated wi th a reduced risk o f premature M l . 
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Part 2 Chapter 7 

Summary 

It has been proposed that iron accumulat ion may contr ibute to atherogenesis by 

increasing free radical formation and oxidative stress. Epidemiological studies in 

which the association o f iron status with atherosclerosis was assessed raised 

conf l ic t ing results. To test whether genetic haemochromatosis is associated wi th 

increased atherosclerosis, we determined the prevalence o f two mutat ions in the 

HFE gene related to haemochromatosis (845G^*A : Cys282Tyr, and 187C^*G, 

His63Asp) in 265 consecutive patients wi th premature (<50 years o f age) 

angiographical ly proven atherosclerotic disease (coronary and /o r peripheral) and 

in 272 healthy controls. PCR ampl i f icat ion fol lowed by Rsa\ (Cys282Tyr analysis) 

and Bcl\ (His63Asp analysis) restriction digestion was employed to define the 

genotypes. The mutan t Cys282Tyr allele had a frequency o f 0.07 among controls 

and 0.04 among patients (carrier frequency o f 14.0% and 8.3%, respectively). The 

frequency o f the His63Asp mutant allele was 0.14 (28.6% o f carriers) in controls 

and 0.11 (22.2% o f carriers) in patients. Five o f 265 patients (1.1 %) and 9/272 

controls (3.3%) were compound heterozygotes. In conclusion, a lower prevalence 

o f the Cys282Tyr muta t ion and a similar frequency o f the His63Asp mutat ion was 

observed in patients wi th atherosclerotic disease in comparison with normal 

controls. These f indings do not support an association between haemochromatosis 

and atherogenesis. 

Introduction 

The observation that iron increases free radical format ion and oxidative stress lead 

to the hypothesis that iron accumulation might contr ibute to atherogenesis.1,2 

However, the relat ionship between iron status and atherosclerotic disease remains 

a controversial issue, since several large epidemiological studies designed to assess 

the association yielded conflicting results.2"10 

Hereditary haemochromatosis ( H H ) is an autosomal recessive disease o f iron 

metabol ism which leads to progressive iron accumulat ion and mult i-organ 

dysfunct ion, and may be lethal when undetected.1 1 Recently, the recognition that 

two mutat ions in the HFE gene o n chromosome 6 are associated wi th H H has 

significantly improved current knowledge concerning the molecular genetics o f the 

disease, which is arguably the most common genetic disorder o f Europeans (disease 

frequency is est imated at 1/300 in populat ions o f Northern European or igin).1 2"1 5 
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The Cys282Tyr mutat ion (845 G - * M ) is associated wi th haemochromatosis, and is 

considered a disease-causing mutat ion. In contrast, the association o f the second 

mutat ion (His63Asp; 187 C^»G) wi th HH is less evident, and it seems to cause 

haemochromatosis when inherited together wi th the Cys282Tyr muta t ion . 1 5 Since 

both mutat ions may have a deleterious effect, it remains unknown why the 

haemochromatosis mutat ions have reached high frequencies in different Caucasian 

populat ions, and the possibility o f a selective advantage for heterozygotes must be 

considered.1 2 , 1 4 

The identi f icat ion o f the Cys282Wr and His63Asp mutat ions in the HFE gene as 

haemochromatosis-related mutat ions provides the unique oppor tun i ty to test the 

association between haemochromatosis and atherosclerosis by determining the 

prevalence o f the two mutat ions in normal controls and in patients wi th 

atherosclerotic disease. In the present study we demonstrated that the Cys282Tyr 

muta t ion had a significantly lower prevalence in patients wi th premature arterial 

th rombot ic disease than in healthy controls, a f ind ing that diminishes the l ikelihood 

that genetic haemochromatosis is a risk factor for arterial thrombosis, at least in 

relatively young patients. 

Materials and Methods 

Patients and controls subjects. 

265 consecutive patients (213 men, mean age 40, range 25-40 years, and 

52 women, mean age 4 1 , range 2-50 years) wi th premature atherosclerosis 

(coronary and /o r peripheral disease) documented by angiography were recruited to 

the patient group. 215 patients suffered f rom coronary disease, 38 f rom peripheral 

disease and 12 f rom a combinat ion o f peripheral and coronary disease. 272 

unmatched, apparently healthy, individuals composed the control group. Although 

unmatched for sex and age, patients and controls had the same ethnic background, 

i.e. Dutch Caucasians. All individuals gave their informed consent for the study. 

Methods. 

Genomic DNA was extracted f rom peripheral b lood leucocytes employing standard 

methods. DNA analysis was carried out by PCR ampl i f icat ion fol lowed by digestion 

wi th the restriction enzyme Rsa\ (Cys282Tyr analysis) and Bcl\ (His63Asp analysis). 

The primers and PCR condit ions employed have been previously reported.1 2 Allele 

frequencies were determined directly by count ing genes f rom the observed 
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genotypes. The p-values were calculated according to standard techniques, 

employing the SPSS for Windows statistical package. 

Results 

The Cys282Tyr mutat ion was found to be heterozygous in 38 /544 control 

chromosomes (allele frequency 0.07; carrier frequency 14.0%), and in 22 /530 

chromosomes (allele frequency 0.04; carrier frequency 8.3%) f rom patients wi th 

premature arterial disease (Table 1). This difference was statistically signif icant 

(p<0.05) . No homozygote for the Cys282Tyr muta t ion was found. The frequency o f 

the His63Asp mutant allele was 0.14 among controls and 0.11 among patients 

Table 1. Allele frequencies of HFE mutations 

arterial disease 

Mutation 

Cys 282Tyr* 

His63Aspt 

Number of mutated 
parentheses 
* Difference between 
1.0-2.8). 
f Difference between 

Controls 

38/544(0.07) 

79/544(0.14) 

in healthy controls and patients 

Patients 

22/530(0.04) 

59/530(0.11) 

with premature 

:hromosomes/number of chromosomes analysed allele frequencies are given in 

patients and controls was statically significant (p<0.05); odd ratio 1.7 (95% CI 

patient and control group was not significant (p=0.07) 

Table 2. Haemochromatosis genotypes in controls and premature arterial disease patients 

genotype 

Patients (n=265) 

Controls (n=272) 

C282Y+/+ 

H63D -/-

0 (0%) 

0 (0%) 

C282Y +/-

H63D -/-

(1 ) 

19(7.1%) 

29(10.6%) 

C282Y -/-

H63D +/ + 

(2 ) 

4(1.5%) 

1 (0.4%) 

C282Y -/-

H63D+/ -

(3) 

48 (18.1%) 

68 (25.0%) 

C282Y +/-

H63D +•/-

(4 ) 

3(1.1%) 

9 (3.3%) 

C282Y -/-

H63D -/-

191 (71.7%) 

165 (60.6%) 

C282Y and H63D indicate Cys282Tyr and His63Asp mutations, respectively. Differences shown in 
(1), (2) and (4) were not statistically significant; p-values (1) p=0.15, (2) p=0.2. (4) p=0.3. 
Differences shown in (3) was marginally significant (p=0.05). 
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(Table 1), which was not stat ist ical ly s igni f icant (p=0 .07 ) . C o m p o u n d 

heterozygosity for both mutat ions was observed in 9/265 controls (3.3%) and 

3/265 patients (1.1%) (p=0.08) . The frequency o f the His63Asp mutat ion among 

Cys282Tyr heterozygotes was 3/22 (13.6%) among patients and 9/38 (23.6%) 

among controls. Haemochromatosis genotypes o f controls and arterial disease 

patients are shown in Table 2. 

Discussion 

The prevalence o f 14% for the Cys282Tyr mutat ion in the HFE gene in a normal 

Dutch populat ion is in agreement wi th the high prevalence o f this mutat ion among 

Caucasian populat ions o f Northern European origin1 4-1 5 and shows that the 

Cys282Tyr mu ta t i on is also common ly found in the Dutch p o p u l a t i o n . 

Interestingly, the Cys282Tyr mutat ion was found to be less prevalent among 265 

patients wi th angiographically proven atherosclerotic disease. These data indicated 

that heterozygosity for the Cys282Tyr mutat ion was not associated wi th increased 

susceptibil ity for premature atherosclerotic vascular disease. Conversely, should our 

f indings be further conf i rmed, a protective effect against atherosclerosis in carriers 

o f the Cys282Tyr mutat ion might be suggested. In this respect, the ident i f icat ion o f 

a possible protect ion o f haemochromatosis for atherogenesis is intr iguing, since 

iron overload would be expected to accelerate atherosclerosis progression, i f one 

considers the hypothesis that iron increases free radical product ion and oxidative 

stress16- which theoretically might contr ibute to atherogenesis.1 '2 On the other 

hand, it must be emphasized that , al though attractive, the ' iron hypothesis' was not 

conf i rmed in several epidemiological studies which have failed to demonstrate any 

association between iron status and cardiovascular disease.2 Moreover, a recent 

study employing a hypercholesterolaemic rabbit model to test the effects o f both 

iron deficiency and iron overload on atherosclerosis reported a 56% reduction in 

aort ic atherosclerosis fo rma t ion in rabbits submit ted to iron overload in 

comparison wi th controls, whereas iron deficiency d id not seem to influence 

atherosclerosis.17 The authors suggested that iron excess decreased atherosclerosis 

by exerting a hypocholesterolaemic effect.17 Even though these data were obtained 

in an animal model, they support the present f indings, which may also suggest a 

protective effect o f haemochromatosis in atherosclerosis. 

The prevalence o f the His63Asp mutat ion in the HFE gene was not statistically 

different between controls and patients wi th arterial disease, suggesting that , in 
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isolat ion, this po lymorphism does not influence atherosclerosis outcome. This 

muta t ion was found to be highly prevalent in both groups (allele frequency 0.14 

and 0 .11 , respectively), and was similar to that o f other Caucasian European 

popula t ions. 1 4 The His63Asp mutat ion was previously found at a higher rate in 

haemochromatosis patients who were heterozygous for the Cys282Tyr muta t ion , 

than in normal individuals.1 2 '1 5The frequency o f the His63Asp was not increased in 

patients w i th porphyria cutanea tarda (PCT) in comparison wi th normal controls 

in one study1 8 , but , in contrast, a high prevalence o f this mutat ion was recently 

observed among Italian patients wi th PCT19. In our study the frequency o f the 

His63Asp muta t ion among Cys282Tyr heterozygotes was similar among controls 

and patients. 

The compound heterozygous state for Cys282Tyr and His63Asp mutat ions was 

associated w i th i ron overload and genetic haemochromatosis2 0 , wi th a higher, but 

not signif icantly dif ferent, prevalence among controls than among patients wi th 

atherosclerosis in the present study (Table 2). This f ind ing also suggests that 

haemochromatos is does not indicate an increased predisposi t ion for 

atherosclerosis progression. 

In conclusion, the present study represents the first extensive investigation o f the 

Cys282Tyr and His63Asp mutations in the HFE gene in patients wi th premature 

arterial t h rombot i c disease. Our data do not support an association between iron 

accumulat ion and increased atherosclerosis. 
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Abstract 

An increased to ta l plasma homocysteine level is an established risk factor for 

atherosclerotic vascular disease. The plasma level o f homocysteine is influenced by 

both environmental and genetic factors. An impor tan t genetic determinant o f 

plasma homocysteine is a common amino acid d imorph ism (Ala222Val) in the 

methylenetetrahydrofolate reductase (MTHFR) gene. Individuals homozygous for 

the Val allele have significantly higher homocysteine levels than those wi th an 

Ala/Val or A la /A la genotype. Moreover, the Val/Val genotype has been claimed to 

be a strong genetic risk factor for atherosclerosis. 

The aim o f the present study is: (1) to determine the risk associated wi th the 

MTHFR d imorph ism by comparing the genotype distr ibut ion in patients wi th 

premature atherosclerosis with tha t in a group o f healthy controls; and (2) to 

investigate the relationship between the MTHFR genotype and parameters o f 

homocysteine metabol ism. 

The pat ient g roup consisted o f 257 consecutive referred individuals wi th 

angiographical ly proven premature ( < 50 years o f age) arterial disease (coronary, 

and /o r peripheral vascular disease). A tota l o f 272 healthy hospital workers w i thout 

a history ofvascular disease were selected as a control group. The MTHFR-genotype 

was determined by PCR and gel-electrophoresis. A methionine- loading test was 

performed on 245 patients, and, in addit ion t o homocysteine, levels o f folate and 

v i tamin B12 were measured. 

We found a s t rong correlat ion between MTHFR genotype and plasma 

homocysteine levels both before and after methionine loading. In addi t ion, the 

MTHFR genotype seems impor tant for the inverse re lat ionship between 

homocysteine and folate and vitamin B12 levels. Lastly, the MTHFR genotype 

d ist r ibut ion was not different between patient and contro l groups. MTHFR 

genotype is a strong determinant o f plasma homocysteine levels. Moreover, 

the plasma level o f fo late, which by itself influences homocysteine levels, is 

also dependent on the MTHFR genotype. In Val/Val genotypes, low levels o f both 

folate and B12 lead to a relatively large increase in homocysteine levels. 

Nevertheless, the MTHFR genotype does not increase the risk for premature 

coronary artery disease. 
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Introduction 

Severe inherited hyperhomocysteinemia was first considered a risk factor for 

cardiovascular disease in 1969.1 In recent years, mild hyperhomocysteinemia has 

also become an established risk factor for atherosclerotic vascular disease, as was 

demonstrated by numerous epidemiological studies.2"8 

Methylenetetrahydrofolate reductase (MTHFR) catalyses the reduction o f 5,10-

methylenetetrahydrofolate to 5-methyl tetrahydrofolate, which constitutes the 

predominant circulating form o f folate, and is a methyldonor for the remethylation 

o f homocysteine to methionine. Molecular defects in MTHFR gene, underlying 

MTHFR deficiency, cause severe hyperhomocysteinemia, premature atherosclerotic 

vascular disease and neurological disorders.1 '9 '10 A less severe and common defect 

results f rom a C to T mutat ion at nucleotide posit ion 677 in the cDNA. 1 1 This 

mutat ion predicts replacement o f 222Ala by Val which appears to reduce the basal 

activity o f the enzyme by 50% and leads to decreased thermostabi l i ty in homozygote 

individuals.1 2 , 1 3 Moreover, homozygosity for this variant allele is associated wi th 

elevated fasting and post-methionine loading homocysteine levels.14"17 

There is uncertainty about the significance o f the MTHFR variant as a risk factor for 

arterial and thromboembol ic disorders. Several recent studies have claimed that 

homozygous carriers o f the thermolabi le variant (+ / + or Val/Val genotype) are at 

an increased risk for these disorders.13 '18"21 On the other hand, a variety o f studies 

has been unable to conf i rm these f indings.2 2"2 8 

Deficiencies o f both folate and vi tamin B12 increase plasma homocysteine levels, 

and fo late levels have been shown to negatively correlate w i th plasma 

homocysteine.29"32 Recently it was demonstrated that individuals carrying the +/+ 

genotype showed a disproport ionate increase o f plasma homocysteine, suggestive 

o f dependence o f folate intake27 . Another study however showed no significant 

relation between homocysteine and vi tamin B6 or v i tamin B12 levels among the 

different genotypes.13 

Our f irst aim was to analyze the distr ibut ion o f the MTHFR genotype in a carefully 

selected, large cohort o f patients suffering f rom premature cardiovascular disease 

(< 50 years o f age) and in controls. Our second objective was to determine vi tamin 

status and plasma homocysteine before and after methionine loading in these 

patients in order to further explore the relationship between MTHFR genotype and 

homocysteine levels. 
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Subjects and methods 

Patients and controls 

A to ta l o f 257 consecutive referred patients (both males and females) wi th 

premature (< 50 years o f age) cardiovascular disease (coronary and /o r peripheral 

vascular disease) proven by angiography or ul trasound were included in our study. 

These patients were referred to the Academic Medical Centre in Amsterdam for 

investigation o f symptomat ic coronary and /o r peripheral arterial disease. The 

diagnosis o f atherosclerosis was based on angiography that showed signif icant 

arterial stenosis (> 50% obstruct ion o f a major artery). No angiographical 

evaluation was available for 26 patients wi th proven myocardial infarct ion. 

Controls were healthy volunteers (n = 272) w i thout a history o f cardiovascular 

disease, mostly recruited among the employees o f the Academic Medical Center in 

Amsterdam. 

Biochemical analysis 

Only patients were subjected t o a methionine loading test.33 Homocysteine 

concentrat ions before and after loading were measured according to Ubbink et 

a l . w i th minor modif icat ions. Folic acid and vitamin B12 concentrations were 

measured in heparinized plasma (Dualcount , Diagnostic Products, Los Angeles, 

CA) . 3 5 

Mutation analysis 

DNA was obta ined f rom whole b lood samples by a standard sal t ing-out 

procedure.3 6 PCR ampli f icat ion was performed wi th the fo l lowing buffer: 67 m M 

Tr isHCI, pH 8.8; 6.7 m M MgCI2; 10 m M p-mercaptoethanol; 6.7 uM EDTA; 

16.6 m M ( N H 4 ) 2 S 0 4 ; 1 ul DMSO; 5 ug BSA; 6 m M dNTP's (1:1:1:1); 40 ng o f 

fo rward and reverse primer9 and 0.2 U Taq polymerase (Perkin Elmer, Branchburg, 

NJ) in a tota l volume o f 10 ul.The mixture was denatured initially at 95 °C for 3 mm, 

fo l lowed by 34 cycles o f denaturat ion at 94 °C for 1 min, primer annealing at 56 °C 

for 1 mm and pr imer extension at 72 °C for 30 s. Blank controls were included wi th 

each PCR-set to exclude contaminat ion. PCR fragments were digested wi th Hinf l 

restriction enzyme according to instructions o f the manufacturer (New England 

Biolabs, Beverly, MA) . The digest was analyzed by electrophoresis in a 2% agarose 

gel in TBE-buffer. 
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Statistics 

A X2-test was performed on the results f rom the DNA analysis. The mean as well as 

the standard deviation (S.D.) was calculated for homocysteine- and vi tamin-

concentrat ions. Means were compared by Students's t-test. Correlat ion analyses 

were performed by Spearman's rank correlation test. Associations o f plasma 

homocysteine levels wi th genotype were further tested by analysis o f variance 

control l ing for age, sex, folate and vitamin B12 levels (general linear model 

procedure). In all statistical analysis, homocysteine and v i tamin levels were natural 

log-transformed but untransformed means are presented in the tables. The 

statistics were computed wi th SPSS for Windows (Release 7.5, SPSS, Chicago, IL) 

Results 

Details o f the patient group are listed in Table 1. In women, tota l cholesterol and 

LDL cholesterol were significantly lower and HDL cholesterol was significantly higher 

then in men. In concordance wi th lower folate levels, postload homocysteine levels 

in women were increased compared to men. Since gender does not seem to play an 

important role in our study objectives, and because the trends were similar for both 

sexes, data were combined for males and females in further statistical analyses. 

Table 1. Continuous and discrete 

Characteristics 

Age of onset (years) 

BMI (kg/m2) 

Total cholesterol (mmol/ l ) 

LDL cholesterol (mmol/ l) 

HDL cholesterol (mmol/l) 

Triglycerides (mmol/ l) 

Fastening Homocysteine (umol/l) 

Postload Homocysteine (umol/l) 

Foliate (ug/l) 

Vitamin B12 (pmol/l) 

Values are mean ±SD except for tr 
* Not all individuals were tested fc 

characteristics of the 

Male(n=211)* 

40±6 

27±4 

6.3±1.5 

4.3*1,3 

1.0±0.3 

1.7[0.3-6.8| 

14±7 

41±16 

8.2±3.7 

431*191 

patient group 

Female (n= 

40+7 

27±6 

5.7±1.3 

3.8±1.3 

1.2±0.3 

1.5(0.4-10 

14±7 

54+33 

6.6±2.4 

396±246 

glycerides ( median and range) 
r all parameters. ( M nimum 193 ma 

46)* 

.0) 

p-value 

n.s. 

n.s. 

<0.02 

<0.02 

<0.02 

n.s. 

n.s. 

<0.001 

<0.01 

n.s. 

es, 40 females) 
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Figure 1. Relation of homocysteine, folate and vitamin B12 in the different 

genotype groups 

-/- genotype 

r = -0 .262, P = 0.04 

10.0 20.0 30.0 

In fo la te* In vit. B12 

- / - genotype 

r = - 0 . 2 7 1 , P = 0.013 

10.0 20.0 30.0 

In fo la te* In vit. B12 

- / - genotype 

r = -0 .193, P = 0.038 

fr 150 

" 100 
_ l 

1 50 

0 

'—- — _ 

0.0 10.0 20.0 30.0 

In fo la te* In vit. B12 

-/- genotype 

r = -0 .318, P = 0.003 

0.0 10.0 20.0 30.0 

In fo la te* In vit. B12 

- / - genotype 

r = -0 .482, P - 0.011 

0.0 10.0 2 0 . 0 ^ - 3 0 . 0 

In fo la te* In vit . B12 

200 

fr 150 

^ 100 

1 50 

0 

-/- genotype 

r = -0.570, P = 0.002 

^ ^ ^ 
" ^ ^ ^ 

0.0 10.0 20.0 " l i ï f . 

In fo la te* In vit. B12 

Concentrations of homocysteine in pmol/l, folate in pg/'l and vitamin B12 in pmol/l. Both 

intercept and slope of the + / + genotype are different from other genotypes (fasting: p<0.001 

and p=0.001, respectively, postload: p=0.003 and p=0.018, respectively). 
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M T H F R genotype distribution 

Homozygosity for the MTHFR-polymorphisrn (+/+ genotype) was found in 14.0% 

o f the control subjects compared to 10.5% o f the patients (Table 2). There was no 

significant difference between patients and controls in prevalence o f the + / + 

genotype (p = 0.23). When the patients wi th only peripheral disease were excluded 

the difference in allele frequency between controls and patients increased but 

remained not significant (p= 0.075, see Table 2, odds ratio (OR = 0.78 (95% CI 

0.59-1.03)). The prevalence o f the + / + genotype in the small number o f patients 

wi th peripheral artery disease is higher than in controls and coronary artery disease 

patients, but this difference is not signif icant. 

Vitamin and homocysteine concentrations 

Substantial differences were found between homocysteine levels o f the different 

genotypes. Patients w i t h the ' thermolab i le ' MTHFR var iant had elevated 

homocysteine levels before and after methionine loading (Table 3). The OR for 

elevated homocysteine (exceeding 95% CI according to den Heijer et al.37)between 

the + / + genotype group and the combined group o f + / - and - / - genotypes is 5.4 

(95% CI: 2.0-14.2) before loading and 4.5 (95% CI: 2.0-10.4) after loading. 

The folate concentrat ion o f the + / + genotype was significantly lower than in the 

- / - genotype groups (Table 3) . This is in agreement wi th a previous study.27 

Table 4 and Fig 1 examine the relationship between folate and B12 and pre- and 

post load homocysteine for the different genotypes. A strong correlation was found 

between folate, vi tamin B12 and fasting homocysteine levels (Table 4). 

Table 2. MTHFR 

Controls 

Patients 

Female 

Male 

Diagnoses* 

Coronary 

genotype distribution (n (%)) 

Artery disease 

Peripheral 

* More than one 

vascular disease 

diagnosis possible 

+/+ 

38(14) 

27(10.5) 

5(10.9) 

22(10.4) 

19(8.8) 

8(16.7) 

+/• 

105(38.6) 

93(36.2) 

18(39.1) 

75(35.5) 

83(38.2) 

14(29.2) 

-/-

129(47.4) 

137(53.3) 

23(50.0) 

114(54.0) 

115(53.0) 

26(54.2) 

Total 

272 

257 

46 

211 

217 

48 
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Tabel 3. Relationship between MTHFR genotype and homocysteine and vitamin levels 

Genotype Fasting tHcy PML increase Folic acid Vitamin B12 

-/- 12.74(8.00-22.45) 24.57(12.39-72.07) 7.54(4.13-16.34) 388.3(162.3-907.6) 

+/- 13.18(8.00-22.45) 26.24(12.49-63.50) 7.26(3.53-14.91) 367.8(165.7-709.8) 

+/+ 17.64*(8.75-49.78) 32.43f(14.81-64.53) 6.33^(2.88-20.86) 384.8(80.6-1007.4) 

Total plasma homocysteine concentration in \i mol/ l , folate in nmol/l and vitamin B12 in pmol/ l . 
Data represents geometric means with 5th to 95th percentile ranges, PML= post-methionine loading. 
*Significantly different from other genotypes (P<0.01); 
f Significantly different from other genotypes (P<0.01); 
% +/+ vs. -/- genotype significantie different (P<0.05) 

Table 4. Spearmans rank correlation between fasting total plasma homocysteine concentration 

and vitamins for the different MTHFR genotypes (Rs(n)) 

Genotype 7- +/- */+ 

flvs. B12 

tHcy* vs. f l * 

tHcy vs. B12' 

0.215(125):): 

-0.155(117) 

-0.349(117)# 

tHcy vs. In fl.ln B12 -0.262(117) ^ 

0.314(86) $ 

-0.227(84) f 

-0.195(84) 

-0.271(84)$ 

0.905(27) 

-0.467(27) $ 

-0.307(27) 

-0.482(27)$ 

0256(239)# 

-0.246(229)# 

-0.280(229)# 

-0.302(229) # 

* tHcy= total plasma homocysteine; fl= folate; B12=vitamin B12 

t p<0.05 

} p<0.02 

#p<0.001 

We also analyzed the relationship between genotype and fasting or postload tHcy 

in a regression model that also includes age, sex, folate and vitamin B1 2. This model 

explains 24% o f the variance in plasma homocysteine concentrat ion (p< 0.001). 

When we dichotomize folate status as > median and < median, and evaluate the 

relat ionship between fasting tHcy levels and MTHFR genotype the association was 

only apparent in the lower than median group. The R-value was 0.28 (p< 0.003) in 

the < median group and 0.08 (n.s.) in the > median group. 

Correlat ion wi th homocysteine was significant for all three genotypes when the 

product o f In folate and In vitamin B12 was taken into account. The product o f the 

v i tamins was used since both may be rate l imi t ing in the homocysteine metabolic 
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pathway and therefore may interact. The relationship between pre- and postload 

plasma homocysteine and the product o f In folate and In B12 levels is graphically 

depicted in Fig 1 for the different genotypes. The significantly steeper negative 

regression line (B = - 9.30 vs. - 4.6 1; p< 0.0 1) in the + / + genotype group compared 

wi th the other two genotypes implicates a stronger dependence o f homocysteine 

levels on a combinat ion o f folate and v i tamin B12 intake. The slope o f the 

regression line in the post-load homocysteine graph was twice as large as in the 

fasting homocysteine plot , which further strengthens this f inding. 

Discussion 

In the present study, we investigated the relationship between MTHFR-genotype, 

folate and vi tamin B12 status, and plasma homocysteine concentrations before 

and after methionine loading in patients wi th atherosclerotic vascular disease. The 

results clearly show that MTHFR genotype is an impor tan t determinant o f plasma 

homocysteine levels: + / + genotype carriers have significantly higher levels than 

carriers o f other genotypes. Moreover, the data show that this difference in plasma 

homocysteine levels is only pronounced at low folate levels. Given the generally 

accepted role o f increased homocysteine levels as a risk factor2"8 one would predict 

f rom this f ind ing that the + / + genotype predisposes carriers to cardiovascular 

disease. Our results, however, indicate that this is not the case. In fact, the 

prevalence o f the + / + genotype is several percentage points lower albeit not 

significantly, in patients than in controls. 

Our results add to a series o f recent reports on the relationship between MTHFR 

genotype and cardiovascular or thrombo-embol ic disease.13 '18"28 These studies 

differ considerably in size and in the selection o f the cohor t o f patients and controls. 

The data f rom these studies were recently summarized and the conclusion based on 

the then available data was that the + / + genotype is not an impor tan t risk factor 

for cardiovascular disease.21 Wi th two exceptions18 ,20 , this conclusion is supported 

by more recent publ icat ions - 4"2 6 and the present report . 

This f inding raises doubts on the putative causal relationship between mild 

increases in plasma homocysteine and cardiovascular disease. One might even 

argue that these results are contradictory to any causal relationship. Plasma 

homocysteine may merely reflect atherosclerosis as an ' innocent bystander' and in 

that case, mild hyperhomocysteinemia could be a marker instead o f a cause for 

disorders o f the vessel wal l . 
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The question o f causality is all the more impor tant in the light o f recent proposals 

to fort i fy food products wi th folate and /o r vitamins that have a beneficial effect on 

homocysteine leve ls . 8 , 3 9 In view o f the f inding that + / + individuals display a 

stronger negative relationship between homocysteine and vi tamin levels27(this 

study), it is clear that + / + carriers will benefit more f rom such supplements than 

individuals wi th the other genotypes. It even remains possible that the + / + 

genotype is only a risk factor for cardiovascular disease in individuals wi th a poor 

folate status. 
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Summary 

In this thesis, the genetic component o f premature atherosclerosis is investigated. 

The first part focuses on Familial Hypercholesterolemia (FH), a single gene disorder 

leading to hypercholesterolemia and to premature cardiovascular disease (CVD). In 

FH patients the influence o f accompanying metabolic and genetic factors and the 

effect o f t reatment was assessed. The second part presents the investigation o f a 

wide variety o f novel metabolic and genetic risk factors for atherosclerosis in a 

patient cohor t w i th premature CVD. The implications o f the f indings for our 

understanding o f the pathogenesis o f atherosclerosis and the prevention o f 

premature CVD are discussed. 

Part I 

Chapter 1 is a clinical report o f two young patients demonstrat ing that FH may 

cause sudden cardiovascular complicat ions and death. Timely diagnosis o f FH, 

assisted by tak ing a careful history, alertness for anginal complaints, a thorough 

physical examination and early administ rat ion o f cholesterol lowering medication 

may prevent myocardial infarctions and save lives in these patients. 

Muta t ions in the genes encoding the LDL receptor or apoprotein B-100 are 

responsible for FH. Mu ta t i on screening in families facilitates the identi f icat ion o f 

individuals wi th FH in order to start l ipid lowering therapy at an early stage. In 

Chapter 2 the frequency and the geographical distr ibut ion o f 13 known mutat ions 

in a cohor t o f 1 223 Dutch FH patients is described. 

A l though the genetic basis o f FH is definitely monogenic there is a wide variation in 

the onset and the severity o f symptoms o f CVD in FH patients, even when they share 

the same muta t ion . It was unknown whether this variation was reflected in the 

in t ima media thickness ( IMT) of the peripheral arterial walls, as a marker o f the 

extent o f atherosclerosis. We measured IMT by quantitat ive B-mode ultrasound in 

142 FH patients w i thou t and in 106 FH patients wi th clinical manifestations o f 

CVD. The results o f this study are described in Chapter 3. The IMT in all FH patients 

were severely thickened compared to normals and the mean IMT of, in particular, 

the c o m m o n femoral artery is thicker in patients wi th CVD compared to those 

w i thou t . 

It was shown in prospective studies that assessment o f IMT could predict coronary 

artery disease and IMT measurement became a well validated surrogate marker in 
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clinical intervention trials. Therefore, we designed a statin intervention trial to 

answer he question whether aggressive cholesterol lowering wi th statins could alter 

int ima media thickening to a greater extent than conventional therapy in patients 

wi th FH. The acronym o f the study was ASAP-study (The Atorvastat in versus 

Simvastatin on Atherosclerosis Progression study). The study results are discribed 

in Chapter 4 . The ASAP study was a double-bl ind clinical trial in 325 patients wi th 

FH. Patients were given either atorvastatin 80mg (n = 160) or simvastatin 40mg 

(n = 1 65) daily, on an intent-to-treat basis. The primary endpoint was the change o f 

IMT over 2 years o f fo l low-up. The overall baseline IMT, comb in ing the 

measurements o f the common and internal carotid artery and the carot id bulb on 

both sides, was 0.93 mm (SD 0.22) and 0.92 m m (0.21) in the atorvastatin and 

simvastatin groups, respectively. After treatment wi th atorvastatin for 2 years, IMT 

decreased (-0.031 mm [95% CI -0.007 to -0 .055] ; p=0.0017), whereas in the 

simvastatin group it increased (0.036 [0 .014-0 .058] ; p=0.0005) . The change in 

IMT differed significantly between the two groups (p=0.0001) . Atorvastat in 

showed greater reductions in cholesterol concentrations than did simvastatin. Both 

drug regimens were equally well tolerated. We concluded that aggressive LDL-

cholesterol reduction was accompanied by regression o f carot id IMT in patients 

wi th FH, whereas conventional LDL-cholesterol lowering was not. This implicates 

that FH patients should be treated wi th high dose statin therapy to reduce LDL-

cholesterol sufficiently to obta in atherosclerosis regression. 

In recent years it was shown that in f lammatory and thrombot ic mechanisms play a 

pivotal role in atherogenesis and its clinical sequelae and that the beneficial effect 

o f statins on cardiovascular morb id i ty and mortal i ty may not only result f rom LDL-

cholesterol reduction but also f rom processes that modify these mechanisms. We 

were interested i f these so called pleiotropic effects o f statins wou ld influence the 

outcome o f high dose statin treatment in FH patients. Therefore we evaluated 

whether high dose simvastatin therapy would modulate markers o f in f lammat ion , 

coagulat ion and fibrinolysis and whether the alterations in these markers were 

associated wi th changes in the IMT o f the arterial wall as a marker for 

atherosclerosis progression in FH patients. 

In the ASAP study popula t ion we determined highly sensitive C-reactive protein (hs-

CRP), the best and most extensively studied marker o f in f lammat ion , at baseline 

and after 1 and 2 years o f treatment. The results are described in Chapter 5. We 

could show that atorvastat in 80mg reduces hs-CRP levels to a greater extent than 

simvastatin 40mg and that the extent o f hs-CRP reduction is associated wi th the 

regression rate o f the atherosclerotic process as measured by I M T The results o f our 
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study might implicate that the benefits o f high dose statin therapy are a 

consequence o f the reduction o f both LDL-cholesterol and hs-CRP levels. 

We also studied the long-term effects o f atorvastat in and simvastatin on f ibrinogen 

levels in relat ion to the progression o f IMT in the ASAP study populat ion and 

describe the results in Chapter 6. Fibrinogen, an independent risk factor for CVD is 

modulated by statin therapy, which might have clinical consequences. We showed, 

indeed, that f ibr inogen level was increased significantly both by treatment wi th 

80mg atorvastat in (0.09 g/l (3.6%, p = 0.0104)) and wi th 40mg simvastatin 

(0.11 g/l ( 3.8%, p = 0.0077)). These small changes, however, were not related to 

changes in the IMT that occurred over a 2 year per iod. The fact that the increase o f 

plasma f ibr inogen was not related to progression o f atherosclerosis is impor tan t in 

cardiovascular risk management and implies that the choice for a l ipid lowering 

agent has to be made on the capacity to improve the l ipoprotein profi le and not on 

the modu la t ion o f f ibr inogen levels. 

We also investigated whether high dose simvastatin therapy would modulate 

markers o f coagulat ion and fibrinolysis and whether alterations o f these markers 

are associated w i th changes in I M T In Chapter 7 the results o f the study are 

described. We treated 106 FH patients wi th 80mg simvastatin for two years. At 

baseline and after 6 months o f t reatment parameters o f coagulat ion and 

fibrinolysis were evaluated and IMT changes were calculated after 2 years o f 

therapy. Simvastatin therapy produced smal l , but significant changes in a number 

o f hemostatic parameters. An increase was observed for f ibr inogen, coagulat ion 

factor VII I , von Wi l lebrand Factor, D-dimer and plasminogen activator inhibi tor 

type 1, whereas p ro th romb in fragment 1+2 and pro thrombin were decreased. 

Nevertheless, all these alterations in coagulat ion and fibrinolysis parameters were 

not correlated wi th IMT changes over a 2 years treatment per iod. So we concluded 

that both the coagulat ion and the fibrinolysis system in patients wi th FH were 

signif icantly affected by 80mg simvastatin, but that these changes were not 

associated wi th either pro- or regression o f IMT. 

We already ment ioned that the FH phenotype is influenced by addit ional genetic 

and metabol ic factors. One o f these genetic factors is a common D9N substi tut ion 

in the gene encoding l ipoprotein lipase. This mutat ion has been associated wi th 

reduced levels o f HDL-cholesterol and elevated triglycerides. We screened a cohor t 

o f 2091 FH for the D9N mutat ion and found 94 (4.5%) carriers. The FH patients 

w h o carried the D 9 N muta t ion had significant higher triglycerides and lower HDL-

cholesterol levels and , moreover, they were at higher risk for CVD (odds rat io=2.8; 

95% CI , 1.43 to 5.32; p=0.002) . We described these study results in Chapter 8 and 
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concluded that the common D9N l ipoprotein lipase muta t ion , present in 4.5% o f 

Dutch FH heterozygotes, leads to increased triglycerides and decreased HDL-

cholesterol levels and to increased risk for CVD. This again supports the hypothesis 

that the observed large variation in clinical manifestations in FH is explained by 

addi t ional genetic risk factors acting in conjunct ion wi th the LDL receptor defect. 

Part II 

Premature atherosclerosis has a strong famil ial component . However, single gene 

defects , such as FH, account only for a small f ract ion o f less than 5% o f premature 

CVD, indicat ing that the genetic basis o f CVD is complex; not only inherited but also 

acquired or environmental factors play a signif icant role in it's pathogenesis. It is 

becoming increasingly clear that the analysis o f genetic and biological risk factors, 

together wi th life style and environmental factors may contr ibute significantly to 

our understanding o f the predisposit ion to CVD. We performed several studies to 

unravel some o f the components that may predispose to premature CVD. 

Chapter 1 gives the results o f a study we started in 1983. At that t ime aspirin 

t reatment after myocardial infarction was not yet common , so we still had the 

oppor tun i ty to perform a study on platelet aggregation wi th a fo l low-up period o f 

five years in 94 myocardial infarction survivors not using aspirin. We showed that 

spontaneous platelet aggregation in vitro predicted coronary events and mortal i ty 

in patients who survived myocardial infarct ion. 

Since then, large scale clinical intervention studies have demonstrated the beneficial 

affect o f aspirin treatment on cardiac morbid i ty and mortal i ty in patients wi th CVD 

and nowadays anti-platelet drugs are routinely recommended and prescribed. 

Platelets play a pivotal role in atherosclerosis and its compl icat ions, wi th the 

platelet glycoprotein l lb / l l l a surface receptor as central po int in the process o f 

platelet aggregation. The PIA1 / A 2 polymorphism o f the platelet glycoprotein Ilia is 

associated wi th platelet dysfunct ion, but the clinical relevance for CVD is disputed. 

We therefore studied this polymorphism in relation to CVD, angiographic 

progression o f CVD and the response to aspirin in 753 CVD patients, part icipants 

o f the Regression Growth Evaluation Statin Study, a placebo-control led l ipid 

lowering regression trial wi th a fo l low up o f 2 years and in 222 controls. The study 

results are described in Chapter 2. The PIA 2 allele frequencies in patients and 

controls were 0.17 and 0.14 respectively, in accordance wi th Hardy-Weinberg 

equ i l ib r ium. Angiographic progression measured by quant i ta t ive coronary 
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angiography after 2 years was unrelated t o the platelet glycoprotein Ilia P1 A 

genotype. Placebo treated patients, however, receiving aspirin therapy who carried 

the PlA - allele showed a significantly greater loss o f mean segment diameter than 

patients not on aspirin therapy (0.17 versus 0.07, p=0.03). This difference was not 

observed in the statin treated patients. We concluded that the glycoprotein Ilia P 1 A 

polymorphism is not associated wi th CAD nor wi th CAD progression. However, 

patients carrying the PIA 2 allele may not benefit f rom aspirin therapy alone and 

should possibly be prescribed different antiplatelet medicat ion. Before our f indings 

are translated to therapeutic decisions, they should be conf i rmed in larger, 

prospective studies. 

Not only genetic variat ion in platelets but also in other components o f the 

haemostatic system were claimed as risk factors for CVD. Characterising the genetic 

markers for thrombosis would enable us to establish individual profiles o f 

th rombot ic risk, and might eventually result in new and individualised prognostic 

and therapeutic measures. In Chapter 3 we review the published data that relate 

gene abnormalit ies o f the haemostatic system with arterial thrombosis. The overall 

picture was rather disappointing since no convincing evidence exists in favor o f the 

not ion that haemostatic gene variations play a significant role in arterial thrombosis. 

We performed a study on a sequence variat ion in the 3'-untranslated region o f the 

p ro th rombin gene (20210 G—»A), that was recently claimed to be associated wi th 

elevated plasma p ro th romb in levels and an increased risk for venous and arterial 

thrombosis. We examined the prevalence o f the 20210 A allele in the pro thrombin 

gene in 400 healthy controls and in 263 patients wi th proven premature CVD. The 

20210 A allele was found in 1% o f controls and in 2.7% o f patients in the patient 

group, (RR for the 20210 A allele o f 2.7 (95% CI 0.8-9.4)). All heterozygotes in the 

pat ient group were found to have had a myocardial infarct ion (RR for M l o f 4.2 

(95% CI 1.2-14.6)). Plasma prothrombin levels, the level o f TAT complexes as well 

as o f p ro th rombin fragment 1+2 were higher in carriers than in non-carriers. Our 

f indings suggest that the 20210 G—*A mutat ion in the pro thrombin gene is a 

genetic risk factor for myocardial infarct ion, associated wi th excessive th rombin 

generat ion, which may contr ibute to the understanding o f its role in and arterial 

disease as we described in Chapter 4. 

Very recently we discovered a mutat ion in the ABCC6 gene (R1141X), a cause o f 

Pseudoxanthoma Elasticum (PXE), to be associated wi th a strong increase in the 

prevalence o f CAD. This f inding is described in Chapter 5. PXE is an inborn 

disorder, the hallmark o f which is dystrophic mineralization o f elastic tissue o f the 

skin, retina and arterial walls. Cardiovascular manifestations o f PXE include 
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accelerated atherosclerosis, which results in myocardial infarct ion at a young age. 

Recently, we and others have identif ied mutat ions in the gene coding for the ABCC6 

transporter in PXE patients wi th ocular and skin involvement. In The Netherlands, 

as in the rest o f Europe, a part icular premature truncat ion variant ABCC6 (R1141X) 

was found in a large cohor t o f PXE patients. Given the association between CVD 

and PXE we hypothesized that heterozygosity for this ABCC6 muta t ion could also 

confer an increased risk for CVD. Therefore, we conducted a case-control study o f 

441 patients under the age o f 50 years wi th definite CAD and 1057 age- and sex-

matched populat ion-based controls who were free o f CAD. Strikingly, the 

prevalence o f the R1141X mutat ion was 4.2 times higher among patients than 

among controls (3.2% vs. 0.8%; p < 0.001). Consequently, among subjects wi th the 

R1141X muta t ion , the odds ratio for a coronary event was 4.23 (95% CI: 1.76 -

10.20, p=0.001) .Thus, the presence o f the R1141X mutat ion in the ABCC6 gene is 

associated wi th a increased risk o f premature CAD. The exact biological funct ion o f 

ABCC6, however, is presently still unknown, as is the funct ional relationship o f this 

transmembrane transporter to the pathogenesis o f the PXE phenotype. In addi t ion, 

we could not f ind a relation between this mutat ion and other major CAD risk 

factors, suggesting that this mutat ion in the ABCC6 transporter is operating 

through a novel pathway in atherogenesis. This intr iguing f ind ing wil l be an 

impor tant issue in future research. 

Another study on the genetic basis o f CVD focused on th rombospond in and is 

described in Chapter 6. Thrombospond ins form a family o f mu l t idomain 

extracellular matrix proteins wi th related sequences but diverse tissue distr ibut ion 

and a wide variety o f funct ions. The fact that thrombospondins are involved in the 

modulat ion o f a range o f processes in the vessel wall makes them plausible risk 

factors for premature CAD. Variation in the genes encoding for this protein family 

could therefore modulate this CAD risk. Recently, three polymorphisms in 

th rombospond in -1 , -2 , and -4 (TSP-1 N700S, TSP-2 T ^ G subst i tut ion in the 3'-

untranslated region, TSP-4 A387P) were proposed to modulate the risk o f 

premature CAD. It was our objective to verify this hypothesis in an independent 

cohort . In a case-control study among 503 patients < 50 years wi th symptomatic 

CAD and 1071 age- and sex-matched populat ion-based controls free o f CAD we 

demonstrated that a relationship between the TSP-1 N700S polymorphism and 

premature CAD was highly unlikely, that the TSP-2 polymorphism was associated 

wi th reduced risk o f premature myocardial infarction and that for the TSP-4 A387P 

polymorphism further studies are required to elucidate its role in premature CAD. 

It has also been proposed that iron accumulat ion may contr ibute to atherogenesis 
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by increasing free radical format ion and oxidative stress. 

Epidemiological studies in which the association o f iron status wi th atherosclerosis 

was assessed raised confl ict ing results. To test whether genetic haemochromatosis is 

associated wi th increased atherosclerosis, we determined the prevalence o f two 

mutat ions in the HFE gene related to haemochromatosis (G845A and C187T) in 265 

consecutive patients wi th premature CVD and in 272 healthy controls. The G845A 

mutant allele had a frequency of 0.07 among controls and 0.04 among patients. The 

frequency o f the C l 87T mutant allele was 0.11 in patients and 0.14 in controls. The 

compound heterozygous state for these mutations is associated wi th iron overload 

and genetic haemochromatosis. In our study 5/265 patients (1.1%) and 9/272 controls 

(3.3%) were compound heterozygotes. These f indings, described in Chapter 7, do 

not support an association between haemochromatosis and atherogenesis. 

In recent years, mild hyperhomocysteinemia is increasingly considered a novel risk 

factor for CVD, as was demonstrated by numerous epidemiological studies, but 

whether the relationship between hyperhomocysteinemia and CVD is causal is still 

subject o f debate. The plasma level o f homocysteine is influenced by both 

environmental and genetic factors. The C677T mutat ion in the 

methylenetetrahydrofolate reductase (MTHFR) gene, which renders the enzyme 

thermolabile and less active, is a genetic cause o f hyperhomocysteinemia. Moreover, 

theTT-genotype has been claimed to be a strong genetic risk factor for atherosclerosis. 

We performed a case-control study in 257 patients wi th premature CVD and in 272 

healthy controls, we found a strong correlation between MTHFR genotype and 

plasma homocysteine levels, but the MTHFR genotype distr ibut ion was not 

different between patient and control groups. Therefore we concluded in Chapter 8 

that the MTHFR genotype does not influence the risk for CVD. 
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Samenvatting 

In die proefschrift wo rd t de invloed van genetische factoren op premature 

atherosclerose onderzocht en besproken. Het eerste deel is geheel gericht op 

Familiaire Hypercholesterolemie, een aandoening waarbi j een mutat ie in één gen 

l i jdt to t een verhoogd cholesterol en daardoor op vaak zeer jeugdige leeftijd to t 

hart- en vaatziekten. De resultaten van onderzoek naar verscheidene metabole en 

genetische factoren, die het fenotype van Familiaire Hypercholesterolemie (FH) 

mede beïnvloeden, evenals de resultaten van klinische interventie onderzoek worden 

gepresenteerd. In het tweede deel word t in een aantal onderzoeken bij jonge 

mensen die een hart infarct doormaakten aan de hand van een breed scala van 

nieuwe genetische risicofactoren de complexiteit van de pathogenese van hart- en 

vaatziekten gedemonstreerd. Welke consequenties di t kan hebben voor preventie en 

therapie is punt van discussie. 

Deel I 

De klinische verschijnselen van FH worden in hoofds tuk 1 gedemonstreerd aan de 

hand van de ziektegeschiedenissen van twee jonge FH patiënten. Hieruit bl i jkt het 

grote belang van vroegtijdige diagnostiek en behandeling van deze aandoening om 

hart infarcten en plotse dood op jonge leeftijd te voorkomen. Omda t het genetisch 

defect dat aan FH ten grondslag ligt, een mutat ie in het gen dat codeert voor de 

LDL-cholesterol receptor o f voor het apoproteine-B100, bekend is, is het mogelijk 

o m met behulp van DNA onderzoek in FH families vroegti jdig dragers van het gen 

op te sporen en met cholesterolverlagende medicatie te behandelen. In hoofds tuk 2 

word t het resultaat van mutat ie analyse en familieonderzoek gegeven met daarbi j de 

frequentie en de geografische distributie van de 13 meest voorkomende mutaties in 

Neder land. 

Het is opmerkel i jk dat de klinische expressie van FH met name wat betreft aanvang 

en ernst van hart- en vaatziekten (HVZ) sterk kan verschillen, zelfs als er sprake is 

van eenzelfde gen mutat ie . Andere genetische en omgevingsfactoren spelen 

klaarbl i jkel i jk een belangrijke rol bij de uitgebreidheid ven het proces van 

atherosclerose bij FH. 

Inmiddels hebben we een betrekkelijk eenvoudige, goed gevalideerde methode to t 

onze beschikking, waarmee we de in t ima media dikte ( int ima media thickness, IMT) 

van de grote perifere arteriën kunnen meten om als maat voor de uitgebreidheid van 
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atherosclerose te gebruiken. Wi j deden IMT metingen bij 142 FH patiënten, die 

reeds bekend waren met HVZ en 106 FH patiënten zonder HVZ. De IMT van de 

gehele groep FH patiënten was significant dikker dan die van een controle groep en 

de IMT van FH patiënten met HVZ was dikker dan die van FH patiënten zonder HVZ. 

Deze resultaten zijn opgetekend in hoofdstuk 3. 

Samen met het Academisch Ziekenhuis te Nijmegen verrichtten wij een klinische 

interventie studie bij 325 FH patiënten en toonden wij aan dat agressieve 

cholesterol verlagende therapie met 80mg atorvastatine gedurende 2 jaar de IMT 

deed verminderen (-0.031 mm [95% Cl -0.007 to -0 .055] ; p=0.0017) , en dat 

daarentegen conventionele therapie met 40mg simvastatine de IMT deed toenemen 

(0.036 [0 .014-0 .058] ; p=0.0005) . De LDL-cholesterol verlaging in de atorvastatine 

groep was significant sterker dan in de simvastatine groep, de IMT verandering was 

daarbij ook significant verschillend (p=0.0001) . De resultaten van deze ASAP 

(Atorvastat in versus Simvastat in on Atherosclerosis Progression) studie zij 

beschreven in hoofdstuk 4. 

Met ons onderzoek is aangetoond dat het niet alleen van belang is om vroegti jdig 

mensen met FH op te sporen, maar ook om hen op krachtige wijze met 

cholesterolverlagend medicatie te behandelen om progressie van atherosclerose en 

daarmee hart- en vaatziekten te voorkomen. 

De laatste jaren is veel onderzoek gepubliceerd waarin het belang van processen van 

ontsteking en thrombose bij het ontstaan en bij de complicaties van atherosclerose 

word t aangetoond en waarin het gunstige effect van statines op het beloop van 

hart- en vaatziekten niet alleen toegeschreven wordt aan de LDL-cholesterol dal ing, 

maar ook aan de gunstige beïnvloeding van deze processen. 

Ook wij vroegen ons a f o f deze zogenaamde pleiotrope effecten van statines bij FH 

patiënten de progressie van atherosclerose beïnvloeden. Daarom onderzochten wij 

o f markers van ontsteking, stol l ing en fibrinolyse met het gebruik van hoge dosis 

statine veranderen en o f deze veranderingen gerelateeerd zijn met progressie o f 

regressie van I M T 

In de ASAP studie populat ie bepaalden we C-reactieve proteine (hs-CRP) als maat 

voor ontsteking en toonden aan dat 80mg atorvastatine hs-CRP meer reduceert 

dan 40mg simvastatine en dat de mate van dal ing direct geassocieerd is met de 

mate van atherosclerose regressie, ui tgedrukt in I M T Deze resultaten zijn 

beschreven in hoofdstuk 5. 

Ookf ibr inogeen, een onafhankeli jke risicofactor voor hart- en vaatziekten, zou door 

de statines gemoduleerd worden, hetgeen klinische consequenties zou kunnen 

hebben. In de ASAP studie bleek het fibrinogeen zowel met 80mgatorvastat ine als 
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met 40mg simvastatine gering, doch wel significant te stijgen met respectievelijk 

0.09 g/l (3.6%, p = 0.0104) en 0.11 g/l ( 3.8%, p = 0.0077). Deze stijging ging echter 

niet gepaard met veranderingen in de IMT na 2 jaar, zodat wij in hoofdstuk 6 

pleitten voor een statine keuze op basis van het l ipiden verlagende effect en niet op 

het bi jkomende effect op fibrinogeen. 

Wi j deden ook onderzoek naarde effecten van een hoge dosis statine op stollings-

en fybrinolyse-parameters en de invloed daarvan op IMT bij 106 FH patiënten, die 

gedurende 2 jaar met 80mg simvastatine behandeld werden. Wi j zagen wederom 

een signif icante sti jging van fbr inogeen, maar ook van stollings factor VII I , von 

Wi l lebrand factor, D-dimer en plasminogen activator inhibi tor type 1 en een dal ing 

van p ro th romb in fragment 1 +2 en prothrombine. Deze veranderingen echter bleken 

niet gecorreleerd met toename o f afname van IMT na twee jaar, zodat wij in 

hoo fds tuk 7 concluderen dat statines weliswaar parameters van stoll ing en 

fibrinolyse veranderen doch dat dit geen invloed heeft op het proces van 

atherosclerose in twee jaar. 

Het fenotype van FH, een monogenetisch bepaalde ziekte, staat onder invloed van 

bi jkomende metabole en genetische factoren. In het kader daarvan onderzochten 

wi j een groot coho r t bekend FH patiënten op een frequent voorkomende D9N 

substitutie van het l ipoproteine lipase gen, welke geassocieerd is met een verlaagd 

HDL-cholesterol en een verhoogd triglyceriden. Onder deze 2091 FH patiënten 

waren 94 (4.5%) carriers van deze D9N mutatie met een significant lager HDL-

cholesterol en hoger triglyceriden spiegel en, belangrijker nog, een hoger risico op 

hart- en vaatziekten dan niet-dragers van deze mutatie (odds rat io=2.8; 95% Cl , 

1.43 to 5.32; p=0.002) , zoals beschreven in hoofds tuk 8. 

Deel II 

Premature hart- en vaatziekten blijken frequent in families op te treden, hetgeen kan 

worden toegeschreven aan een belangrijke erfelijke component . Slechts in ongeveer 

5% is er sprake van een sterk genetisch defect zoals bij FH, maar in het overgrote deel 

kennen we de onderl iggende defecten niet. Naast talloze genetische factoren spelen 

ook verworven en omgevingsfactoren een aanzienlijke ro l ; hart- en vaatziekten 

hebben een complexe genetische en metabole pathogenese. Een breed scala van 

risicofactoren werd door ons onderzocht in een jonge pat iënten-populat ie met 

hart- en vaatziekten, bij uitstek geschikt om de invloed van genetische factoren te 

onderzoeken. 
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In hoofdstuk 1 worden de resultaten gegeven van een onderzoek dat startte in 

1983. Gedurende 5 jaar werden 94 patiënten, die een hart infarct doormaakten 

gevolgd en werd bij hen de bloedplaatjes aggregatie op gestandaardiseerde wijze 

gemeten. Uit deze studie bleek dat een toegenomen aggregatie van bloedplaatjes 

een marker is voor een slechtere prognose. Sinds de jaren 90 worden alle patiënten, 

na het doormaken van een hart infarct behandeld met een plaatjes agregatie 

remmer, omdat inmiddels is aangetoond dat d i t de prognose sterk verbetert. 

Bloedplaatjes spelen een centrale rol zowel bij de pathogenese van atheroclerose als 

bij de complicaties zoals een acuut myocardinfarct. De plaatjes glycoproteine 

receptor l lb / l l la speelt een centrale rol bij de aggregatie van bloedplaatjes. Het PIA2 

po lymor f isme van glycoproteine l i la is geassocieerd met dysfunctie van 

boedpaatjes. Wi j bestudeerden di t polymorf isme in een 753 patiënten, die 

participeerden in REGRESS (Regression Growth Evaluation Statin Study), een 

placebo-gecontroleerde statine studie, waarbi j voor en na twee jaar behandeling 

quantitat ieve coronairangiografie werd verricht als maat voor atherosclerose. Wi j 

toonden aan dat het dragen van een PIA2 al lel niet geassocieerd is met de 

uitgebreidheid o f met de progressie van atherosclerose. Wi j lieten echter ook zien 

dat de patiënten in de placebogroep, die aspirine gebruikten, een grotere afname 

van coronairvatdiameter te zien gaven dan de patiënten die pravastatine en aspirine 

gebruikten (0.1 7 mm versus 0.07 mm p=0.03). Patiënten met een PIA2 allel hebben 

well icht geen baat bij aspirine alleen, hetgeen wij beschreven in hoofdstuk 2. Als 

onze bevindingen bevestigd zouden kunnen worden door andere onderzoekers in 

grotere groepen patiënten, zou di t consequenties kunnen hebben voor de keuze van 

plaatjes aggregtie-remmers bij patiënten met HVZ.. 

In hoofdstuk 3 word t een overzicht gegeven van de publicaties over de genetische 

variaties in het hemostatische systeem in relatie to t arteriele thrombose. Hieruit 

bli jkt dat veel genetische defecten, die wel een belangrijke rol spelen bij veneuze 

thrombose, geen belangrijke invloed hebben op arteriele thrombose. 

De resultaten van een eigen onderzoek naar de mogelijke rol van het prothrombine 

gen in de pathogenese van het myocard infarct wordt besproken in hoofdstuk 4. Wi j 

deden onderzoek naar een sequentie variatie in het prothrombine gen (G2021 0A), 

dat geassocieerd zou zijn met verhoogde plasma prothrombine spiegels en met 

een verhoogd risico op veneuze en arteriele thrombose. Bij 7/263 (2.7%) patiënten 

met bewezen HVZ en bij 4 /400 (1%) gezonde controles werd het variant 20210A 

allel gevonden, hetgeen een RR geeft voor het 20210A allel van 2.7 (95% Cl 0.8-

9.4). Alle heterozygoten in the patiënten groep hadden een myocardinfarct 

doorgemaakt (RR voor myocard infarct 4.2 (95% Cl 1.2-14.6)). Bovendien waren de 
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plasmaspiegels prothrombine, TAT complexen en prothrombine fragment 1+2 

hoger in carriers dan in niet-carriers. Onze bevindingen wijzen er dan ook op, dat de 

G20210A mutat ie in het prothrombine gen een genetische risicofactor is voor 

myocardinfarct , geassocieerd met toegenomen thrombine generatie. 

In hoofdstuk 5 maken we melding van een zeer recente bevinding. Wi j hebben 

aangetoond dat een mutatie in het gen dat codeert voor de ABCC6 transporter 

geassocieerd is met een toename van de incidentie voor hart- en vaatziekten. 

Mutat ies in het ABCC6 gen zijn de oorzaak van Pseudoxanthoma Elasticum (PXE), 

een aangeboren ziekte van de stofwisseling die gepaard gaat met dystrofische 

mineralisatie van de elastische weefsels in de hu id , de retina en de vaatwand en 

ondermeer kan leiden to t premature atherosclerose. In Nederland werd de R1141X 

variant van het ABCC6 gen gevonden bij een groot cohor t van PXE patiënten met 

huid en oogafwi jkingen. Gezien de associatie tussen PXE en hart- en vaatziekten, 

formuleerden wij de hypothese dat heterozygotie voor deze mutat ie een verhoogd 

risico voor hart- en vaatziekten zou inhouden. In een patiënt-controle studie met 

441 patiënten met HVZ onder de 50 jaar en 1 057 gezonde controles (voor leeftijd 

en geslacht gematcht) , bleek de prevalentie van de R1141X mutat ie 4.2 maal hoger 

in de patiënten populat ie dan in de controle groep (3.2% vs. 0.8%; p < 0.001). De 

odds rat io voor een cardiale gebeurtenis was 4.23 (95% Cl: 1.76 - 1 0.20, p=0.001). 

Daarmee concluderen wij dat de R1141X mutat ie in het ABCC6 gen geassocieerd is 

met een toegenomen risico op hart- en vaatziekten. Wi j vonden echter geen relatie 

tussen deze mutat ie en andere risicofactoren voor hart- en vaatziekten. Aangezien 

ook de biologische functie van de ABCC6 transmembraan transporter niet bekend 

is, zou men kunnen speculeren dat de ABCC6 transporter via een nog onbekend 

mechanisme ingri jpt in de pathogenese van atherosclerose. Toekomstig onderzoek 

zal op deze intrigerende hypothese gericht zijn. 

In hoofdstuk 6 worden de resultaten beschreven van een onderzoek naar de 

genetisch basis van hart- en vaatziekten in relatie to t thrombospondine. De 

thrombospondines behoren tot de familie van de extracellulaire matrix proteïnen, 

die een breed scala van vaatwand processen reguleren en daarmee kandidaat 

r isicofactoren voor hart- en vaatziekten zi jn. Recent zijn drie polymorfismes 

beschreven in de genen die coderen voor th rombospond in -1 , -2, and -4 (TSP-1 

N700S, TSP-2 T ^ G substitutie in de 3'-untranslated region, TSP-4 A387P), en die 

het risico op hart en vaatziekten zouden kunnen moduleren. Wi j hebben deze 

hypothese getest in een pat ient-controle-control studie bij 503 patiënten < 50 jaar 

met symptomat isch HVZ en bij 1071 leefti jd en geslacht gematchte controles 

zonder HVZ. Wi j toonden aan dat een relatie tussen het TSP-1 N700S polymorf ism 
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en premature HVZ hoogst onwaarschijnl i jk is, dat het TSP-2 polymorphism 

geassocieerd is met een verminderd risico op HVZ en dat er naar hetTSP-4 A387P 

polymorf isme verder onderzoek nodig is om een eventuele relatie met HVZ aan te 

tonen o f uit te sluiten. 

Door verscheidene onderzoekers is gesuggereerd dat ijzerstapeling in de vaatwand 

en daarmee toegenomen vrije radicaal vorming bij zou dragen aan het proces van 

atherosclerose. Epidemiologische studies hiernaar gaven echter tegenstrijdige 

resultaten. Om te onderzoeken o f aangeboren hemochromatose geassocieerd is 

met een verhoogd risico op hart- en vaatziekten hebben wi j in een patiënt-controle 

studie uitgevoerd en twee mutaties (G845A and C187T) in het HFE gen, welke 

geassocieerd zijn met di t ziektebeeld, onderzocht. Het 845A allel had een frequentie 

van 0.04 in de patiënten groep en 0.07 in de controle groep (p<0.05) en het 1 87T 

allel respectievelijk 0.11 en 0. 14 (p=0.07). Er werden geen homozygoten gevonden. 

Wel bleken 3/265 patiënten (1.1%) en 9/265 controles (3.3%) compound 

heterozygoot voor beide mutaties. Een associatie tussen hemochromatose en 

atherosclerose lijkt op grond van deze resultaten, beschreven in hoofdstuk 7, niet 

waarschijnli jk. 

De laatste jaren is op grond van epidemiologisch onderzoek hyperhomocysteinemie 

als onafhankelijke risicofactor aangemerkt. O f er echter ook een causaal verband is 

tussen een verhoogde homocysteine spiegel en atherosclerose bli j f t de vraag. 

Plasma homocysteine spiegels worden zowel door genetische als door omgevings 

factoren bepaald. De C677T mutatie in het methyl tetrahydrofol iumzuur (MTHFR) 

gen is een genetische oorzaak voor hyperhomocysteinemie, en volgens sommige 

onderzoekers ook geassocieerd met premature atherosclerose. 

W i j hebben een patiënt-controle studie verricht in 257 patiënten met premature 

HVZ en 272 gezonde controles. Wi j vonden weliswaar een sterke correlatie tussen 

het MTHFR genotype en plasma homocysteine spiegels, doch het MTHFR genotype 

was gelijkelijk verdeeld over de patiënten en de controle groep. Wi j concluderen dan 

ook in hoofdstuk 8 dat het MTHFR genotype het risico op hart- en vaatziekten niet 

beïnvloedt. 

243 



244 





Dankwoord 

Na veel aandringen ben ik toch gezwicht voor het schrijven van een proefschrift. Het 

is een bloemlezing geworden, een selectie uit artikelen die in de loop der jaren samen 

met veel medeonderzoekers en -auteurs geschreven zijn. Mi jn dank gaat uit naar al 

degenen, die het mogelijk maakten, dat ik vele jaren naast mijn dagelijkse werk in de 

pat iëntenzorg ook met veel plezier wetenschappelijk onderzoek heb kunnen doen. 

Prof. dr. J.J.P. Kastelein, beste john, ik ben voor ons beiden blij dat j i j mijn p romoto r 

bent geworden. Steeds onderweg om weer terug te komen met nieuwe plannen en 

ideeën, vind je alt i jd weer geschikte mensen en voldoende financiën o m nieuwe 

studies te starten en to t een goed einde te brengen. Onvermoeibaar, waar ook ter 

wereld, lees j i j manuscripten door. Mi jn positie aan het thuisfront is daarbij dankzij 

de goede communicat ie met jou per telefoon o f fax een heel plezierige. Ik dank je 

voor alle steun en vertrouwen, graag teken ik bij voor nog enkele jaren samen 

werken. 

Prof. dr. H.R. Büller, beste Harry, als copromotor , maar meer nog als hoofd van de 

afdel ing Vasculaire Geneeskunde, heb j i j mi j weer enthousiast gemaakt voor de 

stol l ing. Ik bewonder de manier waarop j i j soms heel ingewikkelde zaken weet 

samen te vatten en de grote lijn weet vast te houden. 

Prof. dr. P.H. Reitsma, beste Pieter, j i j hebt nog nooi t nee gezegd als ikje hulp inriep 

en gastvrijheid vroeg voor een student, die op j o u w lab graag een polymorf isme o f 

een mutat ie wi lde onderzoeken in de patiënten met premature atherosclerose. Jouw 

deur stond al t i jd open, j i j maakte alt i jd t i jd . Dank voor alle goede suggesties en dat 

j i j mi jn cop romoto r wilde zijn. 

Prof. dr. J.W. ten Cate, beste Jan Wouter , j i j inspireerde mij vanaf mijn eerste dag in 

Paviljoen 1, mijn eerste co-schap, mijn eerste art ikel, mijn eerste voordracht in 

Parijs. Jouw enthousiasme voor alles wat met patiënten en onderzoek te maken had 

was zeer aanstekelijk. Jij bent mijn leermeester. 

Prof. dr. K.I.Lie, beste Henk, sinds j i j hoofd werd van de afdeling Cardiologie kreeg 

ik alle kans en ruimte mijn ideeën uit te voeren. Jij steunde mij direct toen ik de 

pol ik l iniek voor premature atherosclerose wi lde oprichten. Gastvrij gaf j i j ook 

binnen de afdeling Cardiologie ruimte aan onze groeiende onderzoeksgroep. 

Prof. dr. J J . Piek, beste Jan, j i j bent alt i jd geïnteresseerd in ons onderzoek. Ik hoop 

dat onze samenwerking in de toekomst nog meer gestalte mag krijgen. Je hebt gelijk, 

d i t proefschrif t is te dik geworden. 

Prof. dr. M.H.Prins, beste Mart in, vele jaren bemanden wij samen de polikl iniek 

voor Premature Atherosclerose. Jij bleek de deskundige bij uitstek om mij met de 

246 



DANKWOORD 

statistische analyses te helpen. Dank da t je voor mijn promot ie weer een dag naar 

Amsterdam wil t komen. 

Prof. dr. A.H.F. Stalenhoef, beste An ton , de ASAP studie was een gezamelijke klus, 

met rappe inclusie, gezellige etentjes en mede dank zij j o u w constructieve bijdrage 

een goed resultaat. Jij was een belangrijke pijler in d i t proefschrift , waarvoor dank. 

Prof. dr W.M.Wiers inga, beste Wi lmar, wij deden samen heel wat Cordarone werk, 

bi jna een proefschrift vol. Van j ou leerde ik op grote vellen papier met pot lood en 

gum in de hand tabellen te maken, berekeningen uit te voeren en resultaten op te 

schrijven. Herinneringen aan een goede en leerzame t i j d , dank daarvoor en 

natuurl i jk ook da t j e nu in de promot ie commissie wilde gaan. 

In 1980 vroeg Prof. D. Durrer mij om als internist te komen werken op de afdeling 

Cardiologie zowel als consulent voor de patiëntenzorg als voor onderwijs aan 

assistenten en voor onderzoek. Hij was zijn t i jd daarmee ver voorui t , hij zag toen al 

het belang van geintegreerde vasculaire geneeskunde. De afdeling Cardiologie is 

sindsdien mijn vaste plek, waar ik met veel plezier werk. Ik dank alle Cardiologen en 

assistenten-Cardiologie voor de jarenlange goede samenwerking. Ik voel me 

inmiddels een beetje Cardioloog. 

Het vaatcentrum met ons tr ial-buro is het hart van alle onderzoek, waar op 

topniveau gewerkt wordt en waar het gezellig theedrinken is. Jet, Yvonne, Trees, Mia , 

Johan, Linda, Liesbeth, Patrick, Elsa, Jantje, Coby, Claartje, Christie, Gaby, M i m i , 

Helmy, dat er patiënten aan onderzoek mee blijven doen is jul l ie verdienste. 

Zonder laborator ium geen meetresultaten, geen tabel len, geen antwoord op 

vragen. Joost, W i l , Marianne, Pieter, Esther, Bart-Jan, Olivier, Matth i js , Franco, 

Bram, Hans, Joep, Jacoline, Arthur, het werk werd met velen gedaan. 

Zonder secretariaat was er chaos. Andrea, Fanny, Caroline, Hi lde, Elsa, Els, Regina, 

Mar ianna, op jul l ie kon ik alt i jd rekenen. Marleen en Hanneke met jul l ie type-hulp 

was ik erg bl i j . 

Onderzoek doe je niet alleen, hulp bij databases, statistiek, vastlopende computers, 

MEC perikelen, rekenen, schrijven, patiënten zoeken, maar ook gezellig samen op 

reis. Dank aan alle collega's door de jaren heen, Tineke, Janneke, Marjel, Angelique, 

Greetje, Sanne, Kees, Pernette, Saskia, Raaj, Radjesh, M a u d , Eric, Mi r jam. 

Epidemiologie en statistiek een vak apart, Frans, Mar t i n , Koos en Barbara, dank 

voor het vele rekenwerk en de goede adviezen. 

Patiëntenzorg, een gezamenlijke verantwoordel i jkheid, een constante bron van 

vragen, discussiepunten en onderzoek. Peter, John, Harry, Erik, Rianne, Saskia, ik 

dank jull ie voor de goede samenwerking. 

Er word t steeds kritisch gekeken naar contacten van artsen met de farmaceutische 
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industrie, maar zonder bijdrage van integere farmaceutische bedrijven was di t 

klinisch onderzoek niet mogelijk geweest. Samenwerking, resulterend in voordrachten 

op internationale congressen en publicaties in internationale t i jdschri f ten, is een 

goede zaak. 

Vele groepen patiënten zijn altijd weer bereid om uren vrij te maken, zich te laten 

prikken en nieuwe medicijnen te slikken. Dank aan alle patiënten die participeerden 

in RIFH, ASAP, ExpresFH en Regress studie en alle patiënten van de polikl iniek die 

er nooi t een probleem van maakten, dat wij hun gegevens en DNA gebruikten voor 

onderzoek. 

Pieter, j i j hielp me professioneel met lay-out, omslagen drukwerk, d a n k j e w e l . 

Paranimfen Dick en Ron, ski- en zeilmaten, rotsen in de branding, het is een 

geruststelling dat jul l ie naast mij wil len staan. 

Dick, mi jn steun en toeverlaat, 

Marleen en Hanneke, onze fantastische dochters, 

samen met jul l ie is het leven een feest. 

Mieke Trip 

december 2002 
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