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Chapterr 1 

INTRODUCTIO N N 

Cardiovascularr  disease 

Cardiovascularr disease (CVD) is the most important clinical consequence of 

atherosclerosiss and is currently the major cause of morbidity and mortality in the 

Westernn world. World Health Organization (WHO) statistics illustrate that this trend 

wil ll  continue into this new millennium, with an even more impressive contribution 

too disease statistics.1 

I tt was probably Leonardo da Vinci (1452-1519) who first recognized the macroscopic 

changess of atherosclerotic vascular disease. While sketching the arterial lesions at 

autopsyy of an elderly man he attributed the vascular changes to an excessive nutrition 

fromm the blood. Much later, in 1913, the Russian researcher and physician Anitschkow 

confirmedd these findings in animals. He fed rabbits with egg-yolk and demonstrated 

thatt increased serum cholesterol accelerated atheroma formation in the walls of the 

aorta.. Development of atherogenesis is characterized by different stages, which are 

evidentt in studies in animals as well as in humans who died from other causes. The 

firstt stage of atherogenesis comprises fatty streak formation where foam cells 

accumulatee in the subcndothelial space. These foam cells undergo necrosis and become 

coveredd by a fibrous cap of smooth muscle cells, that have proliferated together with 

differentt structural elements including collagen. This comprises the fibrous plaque. 

Patientss with these plaques wil l develop clinical symptoms only if blood flow 

downstreamm of this plaque is insufficient which wil l lead to ischemia (stable angina 

orr claudication intermittens) or conversely if the plaque ruptures and thrombosis 

followss with complete obstruction of the arterial blood flow resulting in infarction 

(acutee myocardial infartion or cerebral infartion). 

Clearly,, both genetic and environmental factors play a major role in the causation of 

CVD.. Genes contribute to coronary risk factors such as lipoprotein production and 

clearance,, blood pressure dynamics and glucose metabolism, but they also contribute 

too an individuals' response to environmental challenges such as diet, drugs and tobacco. 

Forr example, studies have shown that some patients respond better to a change in 

dietaryy cholesterol than other others2 and that patients can exhibit a smoking-

dependentt risk of coronary artery disease associated with a polymorphism of the 

endotheliall  nitric oxide synthase gene.3 

Furthermore,, our genes play a significant role in determining altered predisposition 

too CVD over time, in the way we respond to obesity and diabetes mellitus. Therefore, 
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Generall  introduction 

geneticc testing is likely to be more predictive of our predisposition to CVD than 

currentt testing of known risk factors. Especially in young patients with CVD, genetic 

influencess wil l predominate over the environmental influences. The actual mechanisms 

thatt predispose people to CVD have until recendy remained undetermined. However, 

recentlyy research has led to a greater understanding of the genetic basis of 

atherosclerosis.. Disturbances in lipids, changes in blood vessel wall and macrophages 

andd the thrombolytic system contribute to this susceptibility-. 

Familia ll  hypercholesterolemia 

I nn 1873, initially, familial hypercholesterolemia (FH) was recognized as a skin disease 

withh xanthomas and xanthelasmas.4 Many years later, in 1938, Muller found that FH 

wass associated with a high incidence of premature atherosclerosis, resulting in 

coronary,, cerebral or peripheral vascular disease.5 I t was Khachadurian who 

demonstratedd in 1963 the autosomal dominant mode of inheritance. The heterozygous 

andd homozygous forms of FH, and their distinctive clinical expression, were also 

recognizedd at that time/' Later, it became evident that the increased level of plasma 

low-densityy lipoprotein (LDL)-cholesterol was the hallmark of the disease. After 

thiss observation, the role of the LDL-receptor in clearing LDL-cholesterol became 

clear// In 1953 Watson and Crick discovered the structure of DNA. The knowledge 

off  the DNA structure in combination with the autosomal inheritance of FH and the 

rolee of the LDL-receptor finally led to the discovery of the underlying molecular 

defectt of FH consisting of mutations in the LDL-receptor gene. This observation 

byy Brown and Goldstein led to the Medical Nobel Prize in 1985. 

Thee LDL-receptor gene locus is located on the short arm of chromosome 19 and 

spanss 45 kb with 18 exons and 17 intervening introns, encoding a mature protein of 

8399 amino-acids. At present, 920 mutations in this gene are known to underlie FH 

andd still new mutations are identified regularly.8'9 The frequency of FH in the 

populationn of Europe and North America averages about one in 500. However, in 

somee regions of the world the prevalence is much higher owing to founder effects 

thatt occur when a mutant allele is introduced within a population, in which physical 

isolationn gives rise to limited mixture with persons of other origins. An increased 

frequencyy of consanguineous marriages and large numbers of offspring is often 

encounteredd in this situation. Moreover FH is a disease where patients usually reach 

adultt age and can therefore create a next affected generation. The highest frequency 

off  FH occurs in South Africa, where one in 100 white Afrikaners have the disorder. 
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Chapterr 1 

Thee V408M mutation in exon 9, which is found in 15% of FH cases in Afrikaners, is 

aa fairly common mutation in Dutch FH patients (1.6%) and has not been described 

inn persons of other ancestry. In addition, haplotype analysis that showed that at least 

partt of the Dutch FH patients carrying the V408M mutation in exon 9 shared the 

samee haplotype with Afrikaner patients. These findings support the hypothesis that 

thee V408M mutation originated in the Netherlands and was introduced in the 

Afrikanerr population in the 17,h century by Dutch settlers.1" 

Thee estimated FH population in the Netherlands is 35.000 persons, but case-finding 

researchh in the northern part of the country showed an even higher prevalence of 

1:4000 n. Some parts in the Netherlands show an especially high prevalence of a 

specificc mutation, but mostly many different mutations can be found. More than 150 

differentt mutations have been identified in the Netherlands.12 In contrast, in Iceland, 

onlyy 3 different mutations explain almost all FH patients due to the homogeneity of 

thee Icelandic people.1-1 

Inn general, mutations consist of point mutations, small insertions and deletions and 

largee rearrangements. Based on the effect of the mutation on the LDL-receptor 

proteinn function, LDL receptor mutations can be divided into five classes. Class 1 

mutationsmutations fail to produce receptor protein (null-alleles). Class 2 mutations encode proteins 

thatt arc blocked, either partially or completely, in transport between the FR and the 

Golgii  complex (transport-defective alleles). Class 2 mutations can be subclassified 

intoo class 2A and class 2B mutations. Class 2A mutations produce proteins that are 

transportedd at a detectable, but reduced rate. Class 2B mutations encode for proteins 

thatt arc characterized by slow transports to the Golgi. Class 5 mutations encode proteins 

thatt are synthesized and transported to the cell surface, but fail to bind LDL normally 

(binding-defectivee alleles). Class 4 mutations have a normal synthesis of the LDL 

receptorr protein and normal binding of LDL , but clustering in coated pits and 

internalizationn of the receptor complex does not take place (defective-alleles). These 

mutatedd receptors are synthesized normally, folding and transport are normal, but 

clusteringg in coated pits is impossible {class 4A) and sometimes the receptors are 

evenn secreted after they have reached the cell surface [class 4B). Class 5 mutations arc 

mutationss in the domain that mediates the acid-dependent dissociation of receptor 

andd ligand in the endosome, an essential event for receptor recycling (recycling-

defectivee alleles).1415 

Apartt from mutations in the LDL-receptor, a disease named familial defective 

apolipoproteinn B (FDB) is clinically identical to FH. In patients with FDB a mutation 
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Generall  introduction 

inn the ligand binding domain of the apolipoprotein B gene causes a defective binding 

off  LDL particles to the LDL-receptor. Only a molecular diagnosis can differentiate 

betweenn FH and FDB patients.16 

I nn FH, due to an impaired function of the LDL-receptor, LDL-cholesterol is 

insufficientlyy taken up by the receptor in the liver and LDL-cholesterol concentration 

inn plasma wil l rise to approximately twice-normal levels. This leads to excessive 

depositionn of cholesterol in the arterial wall and peripheral tissues, leading to 

acceleratedd atherosclerosis and premature cardiovascular disease. Coronary artery 

diseasee may manifest in the fourth or even third decade of life. Typically, approximately 

45%% of male and 20% of female patients have documented coronary artery disease 

(CAD)) by the age of 50.17 

FHH is characterised by large differences in the expression of the clinical phenotype. Even 

FHH patients with identical mutations and LDL- C levels can have significant differences in 

clinicall  outcome, such as widely different ages of onset of CVD.'8 It is hypothesised that 

bothh genetic and environmental factors contribute to this phenomenon. For example, 

FHH patients living in China have significandy lower LDL- C levels compared to family 

memberss who immigrated to Canada. Furthermore, neither xanthomas nor premature 

CADD were seen in rural Chinese patients but did occur in Canadian relatives.1<J However, 

solidd data addressing the contribution of environmental and genetic factors to the variable 

phenotypicc expression of FH are scarce. 

Recendy,, new additional risk factors have been identified in populations other than 

FHH patients. Among these are homocysteine levels, remnant-like particles levels, 

bilirubinn levels and many fibrinolytic and coagulation parameters. The strategy to 

investigatee possible risk factors involves a combination of genetic and biochemical 

studiess of candidate genes. These candidate genes are likely to affect lipoprotein 

phenotypee such as genes coding for apolipoproteins, enzymes and lipoprotein 

receptors.. Many genes encoding proteins critical in lipoprotein metabolism have been 

clonedd and sequenced. Among these are lipoprotein lipase (LPL), apolipoprotein E, 

microsomall  triglyceride transfer protein and cholesteryl ester transfer protein. 

FHH as a disease can be used as a model to test diese candidate genes in the pathogenesis 

off  atherosclerosis because the disease caries such a high a priori risk for CVD. In 

orderr to better quantify the atherosclerotic process in these studies we have developed 

surrogatee markers, such as intima-media thickness of the carotid and femoral arteries. 
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Int ima-medi aa thickness 

AA well validated non-invasive method for the assessment of atherosclerosis is the 

inrimaa media thickness (IMT) , as measured by B-mode ultrasonography in the carotid 

andd femoral arteries. The edges of the lumen-intima and media-adventitia ultrasound 

interfacess of the posterior artery walls represent the boundaries of the intima-media 

complex.. The distance between the interfaces is therefore called intima-media thickness 

(IMT )) (figure l).2"'21 

Figur ee 1. B-mode (IMT) ultrasound technique. 
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Increasedd intima media thickness (IMT) in a FH patient. The distance between the left and right arrow 
indicatess the IMT-complex (figure 1A). The distance between the leading ultrasound interfaces of the 
double-linee pattern of the arterial far wall, the intima-media thickness (IMT) is directly related to the 
thicknesss of the histological defined intuna-media complex (figure IB). 

IM TT is associated with age and cardiovascular risk factors such as LDL-C, blood 

pressuree and smoking.22"2"' Moreover, intervention trials have shown that by reducing 

riskk factors, such as LDL- C levels, progression of atherosclerosis was inhibited,26 or 

evenn led to regression of this process.27 IM T measurements are therefore now widely 

acceptedd as a standardized and validated surrogate marker for atherosclerotic vascular 

disease.28'3" " 

Wee were the first to demonstrate that intensive lipid lowering with 80 mg atorvastatin 

resultedd in the actual regression of carotid IM T in the majority of FH patients, and 

thatt 40 mg of simvastatin only led to less progression of vascular wall IMT 2 

14 4 

http://lllBi.ai.lt


Generall  introduction 

T H EE EXPRESS STUDY: A M U L T I - C E N T ER STUDY 

(Examinationn of Probands and Relatives in Statin Studies with Familial 

Hypercholesterolemia) ) 

Al ll  participating sites in the ExPRESS study were members of the MedPed (Make 

Earlyy Diagnosis to Prevent Early Death) program. This network has been created to 

tracee family members of FH patients who are at increased risk of developing 

cardiovascularr disease. MedPed is an international organisation with more than 34 

countriess currently participating.31 The importance of the efficacy of selective 

screeningg in families with FH has been recognized internationally and endorsed by 

thee World Health Organisation. Also in the Netherlands a foundation for tracing 

hereditaryy hypercholesterolemia (StOEH) was founded to identify all FH patients in 

thee Netherlands by screening family members of a FH patient with an identified 

mutationn in the LDL-receptor.' 

Mutationss in the LDL-receptor can be divided in receptor-negative (null-allele) or 

receptor-defectivee mutations. In receptor-defective mutations the activity is somewhat 

decreased,, whereas it is extremely low (<5%) or absent in receptor-negative mutations. 

Inn the past, some studies reported different responses to statin therapy for mutations 

dividedd according to the LDL-receptor activity.,2W However, most of these studies 

weree performed in small study populations with very few different mutations. 

Thesee findings served as the background for the conduction of a multi-center study 

inn the Netherlands: the ExPRESS study (Examination of Probands and Relatives in 

Expandedd Statin Studies). For this open label multicenter study FH patients were 

recruitedd from 37 Lipid Clinics in the Netherlands. Patients were included if they 

hadd either a molecular diagnosis for FH or were diagnosed with definite FH and had 

too have 6 or more points, according to an algorithm (to allow standardization of the 

diagnosiss of FH based on clinical findings, personal and familial clinical history and 

biochemicall  parameters).39 After a washout period of 6 weeks, patients were started 

onn monotherapy with simvastatin 80 mg, one tablet once daily, for 2 years. No other 

lipidd lowering medication was allowed. Medical history, physical examination and 

additionall  risk factors for cardiovascular disease as well as laboratory analysis of 

lipidd and lipoprotein levels and routine safety parameters were obtained in all patients. 

Thee biochemical analyses of lipid levels and safety parameters were performed in the 

hospitalss themselves at each of 8 clinic visits (at weeks: —6, 1,6, 12, 24, years: 1, V/z 

andd 2) and were standardized by a virtual central laboratory. The DNA analyses were 

performedd in the Academic Medical Center in Amsterdam. 
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OUTLIN EE OF T H E THESI S 

Thee purpose of the thesis was to investigate the relationship between different LDL -

receptorr mutations and the response to treatment with simvastatin 80 mg. For this 

purposee many different Lipid Clinics in the Netherlands were asked to participate to 

gatherr a diverse FH population. All patients who were on lipid-lowering therapy 

underwentt a wash-out period of 6 weeks prior to initiation of simvastatin 80 mg. 

First,, a general introduction of atherosclerosis, familial hypercholesterolemia and 

intima-mediaa thickness measurements is provided in Chapter  1. The collection of a 

largee group of more than 500 well defined FH patients provided the opportunity to 

describee possible other known risk factors apart from elevated LDL-cholesterol levels 

att baseline as described in Chapter  2. Furthermore, a newly identified risk factor 

couldd be examined in FH patients. Low concentrations of bilirubin are associated 

withh an increased risk for CAD both in retrospective and prospective studies. Possibly, 

bilirubinn exerts its effect through protection of LDL from oxidation. In Chapter  3 

wee examined whether low bilirubin might also be a risk factor for CVD in patients with 

familiall  hypercholesterolemia. 

Inn Chapter  4 safety and efficacy of simvastatin 80 mg over a period of two years is 

describedd in FH patients. This is the first long term safety and efficacy study with 

simvastatinn 80 mg. In Chapter  5 the frequency of abnormal TG and HDL-cholesterol 

levelss in patients with FH was evaluated and therapeutic response at different baseline 

levelss of these lipoproteins after one-year of statin therapy was assessed. 

Remnantt lipoproteins (RLP-C) are considered important in atherogenesis. Hence, in 

Chapterr  6 baseline RLP-C levels and the effect of statin therapy in patients with FH 

aree described. Elevated RLP-C levels have been associated with the presence and 

progressionn of atherosclerotic disease and their presence in FH patients has been 

proposedd but never established in a large cohort, or their response to statin therapy. 

Inn Chapter  7 we investigated whether high dose simvastatin therapy could reduce 

carotidd and femoral artery IM T in patients with familial hypercholesterolemia (FH) 

inn order to prevent CVD. The primary endpoint was the change in mm of the mean 

combinedd far wall IM T of predefined carotid and femoral arterial segments at two 

years.. Hyperhomocysteinemia is associated with atherosclerosis, but a causal 

relationshipp is still vehemently debated. In Chapter  8 the relation between baseline 

plasmaa homocysteine levels and CVD, IM T measurements and the methylenetetra-

hydrofolatee reductase (MTHFR) genotype is described. 
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Thee beneficial effect of statins on cardiovascular morbidity and mortality is 

hypothesizedd not only to result from LDL - cholesterol reduction but also from 

mechanismss that modify hemostasis. In Chapter  9 we evaluate whether high dose 

simvastatinn therapy could modulate markers of coagulation and fibrinolysis and to 

evaluatee whether changes in these markers after two years of statin therapy were 

associatedd with changes in IM T of the arterial wall as marker for atherosclerosis 

progression. . 

Formerly,, some studies reported different responses to statin therapy for mutations 

dividedd according to the LDL-receptor activity. In Chapter  10 the response to statin 

treatmentt for a total of 71 different mutations in 343 patients divided into receptor 

activityy <5% and receptor activity > 5% is presented. 

REFERENCES S 

1.. Murray CJ, Lopez AD. Alternative projections of mortality and disability by cause 1990-
2020:: Global Burden of Disease Study. Lancet. 1997;349:1498-1504. 

2.. Katan MB, Beynen AC, de Vries JH, Nobels A. Existence of consistent. Am J Epidemiol. 
1986;123:221-234. . 

3.. Wang XL , Sim AS, Badenhop RF, McCredie RM, Wikken DE. A smoking-dependent risk 
off  coronary artery disease associated with a polymorphism of the endothelial nitric oxide 
synthasee gene. Nat Med. 1996;2:41-45. 

4.. Fagge CH. Xanthomatous diseases of the skin. Trans Pathol Soc London. 1873;24:242-250. 
5.. Muller C. Xanthomata, hypercholesterolemia, angina pectoris. Acta Med Scand. 1938;89:75-

84. . 

6.. Khachadurian AK. The inheritance of essential familial hypercholesterolemia. Am J Med. 
1964;37:402-407. . 

7.. Anderson RGW, Goldstein JL, Brown MS. Localization of low density lipoprotein receptors 
onn plasma membrane of normal human fibroblasts and their absence in cellss from a familial 
hypercholesterolemiaa homozygote. Proc Natl Acad Sci U S A. 1976;73:2434-2438. 

8.. Heath KE, Gahan M, Whittall RA, Humphries SE. Low-density lipoprotein receptor gene 
(LDLR)) world-wide website in familial hypercholesterolemia: update, new features and 
mutationn analysis. Atherosclerosis. 2001;154:243-246. 

9.. Villeger L, Abifadel M, Allard D et al. The UMD-LDL R database: additions to the software 
andd 490 new entries to the database. Hum Mutat. 2002;20:81-87. 

10.. Defesche JC, van Diermen DE, Lansberg Pj et al. South African founder mutations in the 
low-densityy lipoprotein receptor gene causing familial hypercholesterolemia in the Dutch 
population.. Hum Genet. 1993;92:567-570. 

11.. Kawaguchi A, Miyatake K, Yutani C et al. Characteristic cardiovascular manifestation in 
homozygouss and heterozygous familial hypercholesterolemia. Am HeartJ. 1999;137:410-418. 

12.. Fouchier SW, Defesche JC, Umans-Eckenhausen MW, Kastelein JP. The molecular basis of 
familiall  hypercholesterolemia in The Netherlands. Hum Genet. 2001;109:602-615. 

13.. Gudnason V, Sigurdsson G, Nissen H, Humphries SE. Common founder mutation in the 
LDLL receptor gene causing familial hypercholesterolaemia in the Icelandic population. Hum 
Mutat.. 1997;10:36-44. 

17 7 



Chapterr 1 

14.. Hobbs HH, Russell DW, Brown MS, Goldstein JL. The LDL receptor locus in familial 
hypercholesterolemia:: mutational analysis of a membrane protein. Annu Rev Genet. 
1990;24:133-170. . 

15.. Hobbs HH, Brown MS, Goldstein JL. Molecular genetics of the LDL receptor gene in 
familiall  hypercholesterolemia. Hum Mutat. 1992;1:445-466. 

16.. DefescheJC, Pricker KL , Hayden MR, van der Ende BE, Kastelein J J. Familial defective 
apolipoproteinn B-100 is clinically indistinguishable from familial hypercholesterolemia. Arch 
Internn Med. 1993;153:2349-2356. 

17.. Goldstein |L, Hobbs HH, Brown MS. Familial Hypercholesterolemia. The Metabolic and 
Molecularr Bases of Inherited Disease. 2001;2863-2913. 

18.. Thompson GR, Seed M, Niththyananthan S, McCarthy S, Thorogood M. Genotypic and 
phenotypicc variation in familial hypercholesterolemia. Arteriosclerosis. 1989;9:175-180. 

19.. Pirns tone SN, Sun XM, du SC, Frohlich JJ, Hayden MR, Soutar AK. Phenotypic variation in 
heterozygouss familial hypercholesterolemia: a comparison of Chinese patients with the same 
orr similar mutations in the LDL receptor gene in China or Canada. Artenoscler, Thromb & 
Vasee Biol. 1998;18:309-315. 

20.. Karpe F, Boquist S, Tang R, Bond GM, de Faire U, Hamsten A. Remnant lipoproteins are 
relatedd to Lntima-media thickness of the carotid artery independently of LDL cholesterol 
andd plasma triglycerides. J Lipid Res. 2001;42:17-21. 

21.. Ridker PM. Evaluating novel cardiovascular risk factors: can we better predict heart attacks?. 
[Review]]  [56 refs]. Ann Intern Med. 1999;130:933-937. 

22.. O'Leary DH, Polak JF, Kronmal RA, Manolio TA, Burke GL, Wolfson SK, Jr. Carotid-
arteryy inrima and media thickness as a risk factor for myocardial infarction and stroke in 
olderr adults. Cardiovascular Health Study Collaborative Research Group. N F^ngl J Med. 
1999;340:14-22. . 

23.. Bots ML, Breslau PJ, Briet E et al. Cardiovascular determinants of carotid artery disease. 
Thee Rotterdam Elderly Study. Hypertension. 1992;19:717-720. 

24.. Howard G, Wagenknecht LE, Burke GL et al. Cigarette smoking and progression of 
atherosclerosis:: The Atherosclerosis Risk in Communit ies (ARIC) Study. JAMA. 
1998;279:119-124. . 

25.. Wendelhag I, Wiklund O, Wikstrand J. /Arterial wall thickness in familial hypercholesterolemia. 
Ultrasoundd measurement of intima-media thickness in the common carotid artery. 
Arteriosclerr & Thromb. 1992;12:70-77. 

26.. Blankenhorn DH, Hodis HN. George Lyman Duff Memorial Lecture. Arterial imaging 
andd atherosclerosis reversal. Arterioscler & Thromb. 1994;14:177-192. 

27.. Smilde TJ, van Wissen S, Wollersheim H, Trip MD, Kastelein JJ, Stalenhoef AF. Effect of 
aggressivee versus conventional lipid lowering on atherosclerosis progression in familial 
hypercholesterolaemiaa (ASAP): a prospective, randomised, double-blind trial. Lancet. 
2001;357:577-581. . 

28.. Furberg CD, Adams HP, Jr., Applegate WB et al. Effect of lovastatin on early carotid 
atherosclerosiss and cardiovascular events. Asymptomatic Carotid Artery Progression Study 
(ACAPS)) Research Group. Circulation. 1994;90:1679-1687. 

29.. Salonen R, Nyyssonen K, Porkkala F et al. Kuopio Atherosclerosis Prevendon Study (KAPS). 
AA population-based primary preventive trial of the effect of LDL lowering on atherosclerotic 
progressionn in carotid and femoral arteries. Circulation. 1995;92:1758-1764. 

30.. de Groot E, Jukema JW, Montauban van Swijndregt AD et al. B-mode ultrasound assessment 
off  pravastatin treatment effect on carotid and femoral artery walls and its correlations with 
coronaryy artenographic findings: a report of the Regression Growth Evaluation Statin 
Studyy (REGRESS). J Am Coll Cardiol. 1998;31:1561-1567. 

31.. Defesche JC. World Health Organisation Report on Familial Hypercholesterolemia. 
Atherosclerosis.. 2001 ;154:242. 

18 8 



Generall  introduction 

32.. Heath KE, Gudnason V, Humphries SE, Seed M. The type of mutation in die low density 
lipoproteinn receptor gene influences the cholesterol-lowering response of the HMG-CoA 
reductasee inhibitor simvastatin in patients with heterozygous familial hypercholesterolaemia. 
Atherosclerosis.. 1999;143:41-54. 

33.. Kajinami K, Yagi K, Higashikata T, Inazu A, Koizumi J, Mabuchi H. Low-density lipoprotein 
receptorr genotype-dependent response to cholesterol lowering by combined pravastatin 
andd cholestyramine in familial hypercholesterolemia. Am J Cardiol. 1998;82:113-117. 

34.. Chaves FJ, Real JT, Garcia-Garcia AB et al. Genetic diagnosis of familial hypercholesterolemia 
inn a South European outbreed population: influence of low-density lipoprotein (LDL) 
receptorr gene mutations on treatment response to simvastatin in total, LDL , and high-
densityy lipoprotein cholesterol. J Clin Endocrinol Metab. 2001;86:4926-4932. 

35.. Real JT, Chaves FJ, Civera M et al. Influence of FH Valencia 1 and 2 mutations of the LDL 
receptorr gene on the response to simvastatin in subjects with molecularly defined 
heterozygouss familial hypercholesterolemia in Spain. Med Clin (Bare ). 2001;116:81-85. 

36.. Vohl MC, Szots F, Lelievre M et al. Influence of LDL receptor gene mutation and apo E 
polymorphismm on lipoprotein response to simvastatin treatment among adolescents with 
heterozygouss familial hypercholesterolemia. Atherosclerosis. 2002;160:361-368. 

37.. Jeenah M, September W, Graadt vR, de Villier s W, Seftel H, Marais D. Influence of specific 
mutationss at the LDL-receptor gene locus on die response to simvastatin therapy in Afrikaner 
patientss with heterozygous familial hypercholesterolaemia. Atherosclerosis. 1993;98:51-58. 

38.. Sijbrands EJ, Lombardi MP, Westendorp RG et al. Similar response to simvastatin in patients 
heterozygouss for familial hypercholesterolemia with mRNA negative and mRNA positive 
mutations.. Atherosclerosis. 1998;136:247-254. 

39.. Defesche JC. Familial Hypercholesterolemia. In: Betteridge DJ, ed. Lipids and Vascular 
Disease.. London: Martin Dunitz Ltd. 2000;65-76. 

19 9 





CHAPTE R R 

Prevalencee and significance of cardiovascular  risk 

factorss in a large cohort of patients with familia l 

hypercholesterolemia a 

Acceptedd for  publication, Journal of Interna l Medicine 

Pernettee R.W. de Sauvage Nolting',Joep C.Defesche1, Rudolf J.A.Buirma2, 

Barbaraa A.Hutten\ Peter J.Lansberg4, John J.P.Kastelein1. 

1.Departmentt of Vascular Medicine, Academic Medical Center, Amsterdam, the Netherlands 

2.Merck,, Sharp &Dohme, Clinical Research, Haarlem, the Netherlands 

3,Departmentt of Clinical Epidemiology and Biostatistics, Academic Medical Center, the Netherlands 

4.. Lipid Clinic, Slotervaart Hospital, Amsterdam, the Netherlands 

2 2 



Chapterr 2 

ABSTRACT T 

BACKGROUND D 

Patientss with familial hypercholesterolemia (FH) vary widely in terms of onset of 

cardiovascularr disease (CVD). The association between cardiovascular risk factors 

andd prevalent CVD was examined in a cross-sectional study in order to elucidate 

theirr contribution to atherogenesis. 

METHODSS AND RESULTS 

Patientss were recruited from 37 Dutch Lipid Clinics. The diagnosis of FH was based 

onn a uniform diagnostic protocol, confirmed by DNA analysis in 62% of the cases. 

Al ll  patients were investigated free from any lipid-lowering drug for at least 6 weeks. 

AA total of 526 patients were assessed and more than 37% had a history of CVD with 

aa mean age of onset of 46.8 years. Mean LDL-cholesterol (LDL-C) levels were severely 

elevatedd (8.38 3 mmol/L). In univariate analysis, age, presence of hypertension 

orr diabetes, body mass index, triglycerides (TG) and low HDL-C were all significantly 

associatedd with CVD. Also in multivariate analysis, all these risk factors, except TG 

andd diabetes, were significandy linked to CVD. 

CONCLUSIONS S 

AA high CVD risk in this large well-documented characterised sample of FH patients 

iss not only conferred by elevated LDL-C but also by low HDL-C. 
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I N T R O D U C T I O N N 

Familiall  hypercholesterolemia (FH) is an autosomal dominant disorder of lipoprotein 

metabolismm and affects approximately 1 in 400 people in the Netherlands.' Mutations 

inn the LDL-receptor gene, located on the short arm of chromosome 19, cause a 

reductionn in the clearance of LDL-cholesterol (LDL-C) in these patients which 

consequentlyy leads to a rise in LDL- C levels and predisposes to the development of 

atherosclerosis.22 Therefore, FH patients are at increased risk of developing premature 

cardiovascularr disease (CVD). Typically, approximately 45% of male and 20% of 

femalee patients have documented coronary artery disease (CAD) by the age of 50.3 

Overr 150 different mutations in the LDL-receptor have been identified in the 

Netherlandss to date and novel defects are continuously detected.4 FH is characterised 

byy large differences in the expression of the clinical phenotype. Even FH patients 

withh identical mutations and LDL- C levels can have significant differences in clinical 

outcome,, such as widely different ages of onset of CVD.3 Both genetic and 

environmentall  factors contribute to this phenomenon, as is illustrated by the fact 

that,, FH patients living in China have significantly lower LDL- C levels compared to 

familyy members who have emigrated to Canada. Furthermore, neither xanthomas 

norr premature CAD were seen in rural Chinese patients but did occur in Canadian 

relatives.66 However, solid data addressing the contribution of environmental and 

geneticc factors to the variable phenotypic expression of FH are scarce. In order to 

assesss these issues, we firstly collected a large cohort of FH patients with an otherwise 

homogeneouss ethnic background. Subsequently, clinical and environmental variables 

weree recorded in order to assess the association between cardiovascular risk factors 

andd prevalent CVD in a cross-sectional design in order to elucidate their contribution 

too atherogenesis. Here we present the cross-sectional prevalence data and the significance 

off  different risk factors for CVD in this large well-documented FH cohort. 

M E T H O D S S 

Studyy design, subjects and organisation 

FHH patients were recruited from 37 Lipid Clinics in the Netherlands. When patients 

weree on previous lipid-lowering therapy, they had a 6-week washout period. Al l patients 

weree subsequently included in a study to receive simvastatin 80 mg treatment. The 
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followingg inclusion criteria had to be met: all patients had to have either a molecular 

diagnosiss for FH or were diagnosed with definite FH and had to have 6 or more 

points,, according to an algorithm (to allow standardisation of the diagnosis of FH 

basedd on clinical findings, personal and familial clinical history and biochemical 

parameters).. Patients were excluded if they: were less than 18 years of age, pregnant 

orr nursing women, had hyperlipidemia Type I, III , IV or V or homozygous FH; had 

secondaryy hypercholesterolemia due to any cause; had inadequately controlled diabetes. 

Thee Ethics Institutional Review Boards Committees of all the 37 centres approved 

thee protocol and written informed consent was obtained from all participants. 

Medicall  history, physical examination and additional risk factors for cardiovascular 

diseasee as well as laboratory analysis of lipid and lipoprotein levels were obtained in 

alll  patients. 

Cardiovascularr disease was considered to be present if subjects met one of the 

followingg criteria: Subjects who had 1. A myocardial infarction, proven by electro-

cardiogramm (ECG) abnormalities and enzyme changes; 2. An ischemic stroke; 3. A 

diagnosiss of clinically documented angina pectoris; 4. A history of intermittent 

claudicationn documented by ultrasound; 5. Coronary bypass surgery or percutaneous 

coronaryy intervention; 6. A clinically significant stenosis on the coronary angiogram; 

7.. An unequivocally positive exercise ECG. 

Biochemicall  analysis 

Bloodd samples were taken in the morning after an overnight fast. Total plasma cholesterol 

(TC),, HDL-cholesterol (HDL-C) and triglycerides (TG) were routinely determined in 

thee different laboratories and standardised by a virtual central laboratory. LDL- C was 

calculatedd using the Friedewald formula.8 Apolipoprotein A l (apoAl) and apolipoprotein 

BB (apoB) were determined by an immunological rate-nephelometric procedure using a 

polyclonall  goat anti-human antibody (Array protein system, Beekman Coulter, 

Netherlands).99 Lipoprotein (a) (Lp(a)) samples were measured by an immunological 

rate-nephelometricc procedure using a polyclonal rabbit antibody directed against Lp(a) 

(Arrayy protein system, Beekman Coulter, Netherlands).10 In order to determine plasma 

totall  homocysteine (tHcy), samples were pre-treated with tri-n-butylphosphine to 

releasee homocysteine from plasma proteins and tHcy was measured by a sensitive 

andd selective HPLC method using pre-column derivatisation with 7-fluoro-2-oxa-

1,3-diazole-4-sulfonate.'' ' 
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Statisticall  analysis 

Meann values in lipids, lipoproteins and homocysteine between subgroups were 

comparedd using the independent sample t-test. Other parameters (TG, Lp(a), tHcy), 

weree compared by the non-parametric Mann-Whitney U test, because they had a 

skewedd distribution. 

Thee relation between cardiovascular disease and baseline variables was explored using 

logisticc regression analysis. All statistical analyses were performed using the SPSS 

packagee (version 10.1, Chicago, Illinois). A p-value of less than 0.05 was considered 

too be statistically significant. 

RESULT S S 

Demographicss and baseline characteristics 

AA total of 546 FH patients were considered for inclusion. Of these, 526 patients 

finallyy met the inclusion criteria. Baseline characteristics are given in table 1. Ages 

rangedd from 18 to 80 years. Slightly more males than females were included. More 

thann 37% of all padents had a history of cardiovascular disease with a mean age of 

onsett of 46.8 years (51.4 years in women and 43.6 years in men). Xanthomas were 

presentt in 43.5% of all patients. 

Wee also evaluated demographics and baseline characteristics of patients with and 

withoutt cardiovascular disease. Mean age in patients with CVD was higher than in 

FHH patients without CVD (55.5 years vs. 42.7 years; p<0.0001). Also, slightly more 

maless were present in the cardiovascular group, but this was not statistically significant. 

Inn addition, mean body mass index (BMI) was significantly higher in patients with a 

pastt cardiovascular event compared to the non CVD group (26.7 kg/m2 vs. 25.4 kg/ 

m2;; p<0.0001). Strikingly, fewer smokers were seen in the CVD group than in the 

groupp without CVD (18.4% vs. 31.7%; p=0.001). 

Lipid ss lipoprotei n and homocysteine levels 

Fromm the total of 526 patients, we obtained lipid levels after the washout period in 

5166 patients. Mean baseline lipid, lipoprotein and homocysteine levels of the whole 

studyy group arc shown in table 1. Mean TC (10.50  2.17 mmol/L) and LDL- C 

(8.388  2.13 mmol/L) levels were, as can be expected in FH patients, severely elevated. 
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Tablee 1. Demographic and physical baseline characteristics. 

Demographics s 

Cardiovascularr  Histor y 

Concomitantt  Medication 

Riskk factors 

Physicall  examination 

Laborator y y 

Agee (year) 

Malee gender (%) 

Cardiovascularr Disease (%) 

Meann age of onset (year) 

Coronaryy Artery Disease (%) 

Peripherall  Artery Disease (%) 

Bothh (%) 

Aspirinn (%) 

Coumannn derivatives (%) 

Beta-blockerss (%) 

Calciumm antagonist (%) 

Diureticss (%) 

ACEE inhibitors & Al l antagonists (%) 

Nitratess (%) 

Orall  contraceptives (%) 

Hormonee replacement therapy (%) 

Smokingg Current (%) 

Nonn smoking (%) 

Familyy history of premature CAD 

Diabetess (%) 

Hypertensionn (%) 

Weightt (kg) 

Heightt (m) 

BMII  (kg/m2) 

Xanthomass (%) 

Achilless tendon xanthomas 

Otherr xanthomas 

Both h 

Arcuss corneahs (%) 

Totall  cholesterol (mmol/L) 

LDLL cholesterol (mmol/L) 

HDLL cholesterol (mmol/L) 

Triglyceridess (mmol/L) 

Apolipoproteinn Al (g/L) 

Apolipoproteinn B (g/L) 

Lp(a)) (mg/L) 

Homocysteinee (urnol/L) 

47.5 5 

55.6 6 

37.2 2 

46.8 8 

91.3 3 

20.9 9 

12.2 2 

29.5 5 

7.6 6 

19.8 8 

11.2 2 

7.4 4 

10.8 8 

9.3 3 

7.4 4 

1.9 9 

26.8 8 

73.2 2 

65.8 8 

2.1 1 

15.4 4 

77.8 8 

1.73 3 

25.9 9 

43.5 5 

32.3 3 

22.7 7 

45.0 0 

30.6 6 

10.50 0 

8.38 8 

1.22 2 

1.80 0 

1.21 1 

1.98 8 

137 7 

12.00 0 

(  13.2) 

(  9.8) 

) ) 

(  0.1) 

(  3.5) 

(  2.17) 

(  2.13) 

(  0.35) 

(1.2-2.4) ) 

(  0.21) 

(  0.45) 

(47-380) ) 

(10.20-14.28) ) 

Alll  values are given as mean levels  standard deviation, except where given as percentages. Triglycerides, 
Lp(a)) and homocysteine are given as median with the interquartile range between brackets. ACE indicates 
angiotensinn converting enzyme; CAD, coronary artery disease; BMI, body mass index; LDL, low-density 
lipoprotein;; HDL, high-density lipoprotein; Lp(a)apoprotein (a). 
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Inn comparison, TC and LDL-C levels were 5.49 and 3.56 mmol/L, respectively in 

34033 Dutch controls.12 HDL-C levels (1.22  0.35 mmol/L) were in the normal 

rangee as compared to the controls (1.20 mmol/L) and TG levels (median of 1.80 

mmol/LL and mean of 2.06 mmol/L) were elevated compared to the mean TG in the 

controlss (1.66 mmol/L). Mean apoAl levels were 1.21  0.21 g/L and mean apoB 

1.988  0.45 g/L. Median Lp(a) levels were elevated (137 mg/L, interquartile range 

47-3800 mg/L). In 201 apparendy healthy unrelated blood donors median Lp(a) levels 

weree 53 mg/L (10-166 mg/L) determined by the N-Latex Lp(a) kit (Behringwerke, 

Marburg,, Germany). (J.Prins, unpublished data) This test has previously been 

comparedd with the test we used and no substantial differences were found.13 Mean 

tHcyy levels (for men 13.47  4.84 and for women 11.89  3.98 umol/L) are lower 

thann in a random sample (n=3025) of the general Dutch population aged 20-65 y 

(meann for men 14.6 and for women 13.1 fXmol/L).14 

Tablee 2 shows lipid, lipoprotein and homocysteine levels in patients with and without 

CVD.. In CVD patients mean TC and LDL-C levels were slighdy, but not significandy, 

higherr compared to the non-CVD patients. HDL-C levels were significandy lower in 

thee CVD group (1.18 vs. 1.25 mmol/L; p=0.02), median TG levels were significandy 

higherr (2.00 vs. 1.60 mmol/L; p<0.0001) and median tHcy levels (12.60 vs. 11.80 

umol/L;; p=0.02) were significandy higher. ApoB showed a trend towards higher 

levelss in the CVD group compared to the non CVD group (p-0.05). 

Tablee 2. Lipid, lipoprotein and homocystein levels in FH patients with and without cardiovascular 

disease. . 

Variable e 

Totall  cholesterol (mmol/L) 

LDLL cholesterol (mmol/L) 

HDLL cholesterol (mmol/L) 

Triglyceridess (mmol/L) 

Apolipoproteinn Al (g/L) 

Apolipoproteinn B (g/L) 

Lp(a)) (mg/L) 

Homocysteinn (umol/L) 

FHH with CVD 

(nn = 190) 

10.733  2.33 

8.533  2.30 

1.188 1 

2.000 (1.40-2.80) 

1.200  0.19 

2.033  0.48 

134(55-460) ) 

12.600 (10.60-15.20) 

FHH without CVD 

(nn = 326) 

10.377  2.07 

8.299  2.03 

1.255 6 

1.600 (1.10-2.30) 

1.222  0.22 

1.955  0.42 

1400 (42-348) 

11.80(10.20-13.80) ) 

p-value e 

0.07 7 

0.22 2 

0.02 2 

<0.0001 1 

0.21 1 

0.05 5 

0.14 4 

0.02 2 

Alll  values are given as mean levels  standard deviation only triglycerides, Lp(a) and homocysteine are 
givenn as median with the interquartile range between brackets. FH indicates familial hypercholesterolemia; 
CVD,, cardiovascular disease; LDL, low-density lipoprotein; HDL, high-density lipoprotein; Lp(a), 
lipoproteinn (a) 
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Thee entire cohort of FH patients was also assessed for differences between males 

andd females (table 3). Females had significandy higher LDL- C levels (8.66  2.31 vs. 

8.155  1.96 mmol /L; p=0.008), higher HDL-C levels (1.36  0.37 vs. 1.11  0.28 

mmol /L;; p<0.0001) and lower median TG levels (1.70 vs. 1.80 mmol /L; p=0.004). 

Mediann tHcy levels were significantly lower in women compared to men (11.45 vs. 

12.800 nmol /L; p<0.0001). 

Tab l ee 3. Lipid, l ipoprote in and h o m o c\ stein levels in male and female FH heterozygotes. 

Variable e 

Totall  cholesterol (mmol/L) 

LDLL cholesterol (mmol/L) 

HDLL cholesterol (mmol/L) 

Triglyceridess (mmol/L) 

Apolipoproteinn Al (g/L) 

Apolipoproteinn B (g/L) 

Lp(a)) (mg/L) 

Homocysteinn (umol/L) 

Males s 

(nn = 287) 

10.244 11.98 

8.155 11.96 

1.111 10.28 

1.800 (1.20-2.80) 

1.166 0 

1.966 3 

1422 (45-355) 

12.800 (10.8044.90) 

Females s 

(nn = 229) 

10.844 1 2.36 

8.666 1 2.31 

1.366 1 0.37 

1.700 (1.10-2.20) 

1.299 1 0.20 

1.999  0.47 

1266 (54-407) 

11.455 (9.40-13.10) 

p-value e 

0.002 2 

0.008 8 

<0.0001 1 

0.004 4 

<0.0001 1 

0.51 1 

0.38 8 

<0.0001 1 

Al ll  values are given as mean levels  standard deviation only triglycerides, Lp(a) and homocysteine are 

givenn as median with the interquartile range between brackets. FH indicates familial hypercholesterolemia; 

LDL ,, low-density l ipoprotein; HDL , high-density lipoprotein; Lp(a), lipoprotein (a) 

Relationn between CVD and risk factors 

Al ll  risk factors and baseline characteristics were firsdy evaluated in a univariate logistic 

regressionn model with cardiovascular disease as the outcome variable. Odds ratios 

andd 95% confidence interval (CI) for clinically and statistically significant variables 

aree presented in table 4. Presence of diabetes (OR 17.6; 95% CI 2.25-137.8; p=0.006) 

orr hypertension (OR 3.76; 95% CI 2.29-6.17; p<0.0001) was very significantly related 

too CVD. Age also had a very strong influence on the presence of CVD (OR1.10; 

95%% CI 1.084.12; p<0.0001). BMI (OR 1.11; 95% CI 1.06-1.17; pO.0001), TG 

levelss (OR 1.19; 95% CI 1.04-1.37; p=0.01) and low HDL-C levels (OR 0.53; 95% 

CII  0.31-0.91; p-0.02) were all significandy associated with risk for developing CVD. 

Too evaluate the possible independent association of risk factors for CVD, multivariate 

backwardd stepwise logistic regression analyses were carried out. Male gender (OR 

1.70;; 95% CI 1.05-2.76; p=0.03), age (OR 1.10; 95% CI 1.08-1.13; pO.0001), presence 

off  hypertension (OR 1.82; 95% CI 1.03-3.22; p=0.04), HDL-C (OR 0.39; 95% CI 
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0.19-0.80;; p=0.01) and BMI (OR 1.07; 95% CI 1.003-1.14; p=0.04) appeared as 

significantt risk factors of CVD. Diabetes and TG levels were not significantly related 

inn this multivariate analysis. 

Tablee 4. Odds ratio (OR) and 95% confidence interval (95% CI) for the presence of a risk factor 

forr cardiovascular disease. 

Malee gender 

Agee (years) 

Hypertension n 

Diabetes s 

Bodyy Mass Index Ttg/m2) ) 
Triglyceridess (mmol/L) 

HDL-CC (mmol/L) 

OR R 

1.18 8 

1.10 0 

3.76 6 

17.61 1 

1.11 1 

1.19 9 

0.53 3 

Univariat e e 

955 % CI 

0.83-1.69 9 

1.08-1.12 2 

2.29-6.17 7 

2.25-137.8 8 

1.06-1.17 7 

1.04-1.37 7 

0.31-0.91 1 

p-value e 

0.36 6 

<< 0.0001 

<< 0.0001 

0.006 6 

<0.0001 1 

0.01 1 

0.02 2 

OR R 

1.70 0 

1.10 0 

1.82 2 

--
1.07 7 

--
0.39 9 

Multivariat e e 

955 % CI 

1.05-2.76 6 

1.08-1.13 3 

1.03-3.22 2 

--
1.003-1.14 4 

--
0.19-0.80 0 

p-value e 

0.03 3 

<0.0001 1 

0.04 4 

--
0.04 4 

--
0.01 1 

DISCUSSION N 

Baselinee characteristics 

I tt was of pivotal importance that the diagnosis of FH was unequivocal and that the 

studyy cohort consisted of sufficient numbers of patients with evident CVD. Therefore, 

thee strictest possible inclusion criteria were applied, which resulted in a high percentage 

(62%)) of patients who also had a molecular diagnosis of FH. Moreover, these criteria 

resultedd in very high mean TC and LDL- C levels (10.50  2.17 and 8.38  2.13 

mmol /L,, respectively), above reported in other studies.',,lf> In FH patients with a 

meann age of 50 years, the prevalence of CVD is 45% for males and 20% for females/ 

Inn our study cohort the expected prevalence would be approximately 35% at a mean 

agee of 50 years. However, the mean age is somewhat lower (47.5 years) and the 

actuall  prevalence is somewhat higher (37.2%), although direct comparisons between 

ourr cohort and other studies are difficult to make since diagnostic criteria, CAD 

ratess in the background population and treatment intensity7 wil l differ. Xanthomas 

weree found in 43.5%) of our FH patients, slighdy higher than expected, according to 

aa prevalence (in per cent) roughly equal to age minus 10 (RR Williams, unpublished 

observations,, 1996) but less than reported in Canadian FH patients.l s 
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Ass demonstrated in the Simon Broome Register Group, in which 1185 FH patients 

weree prospectively followed from 1980-1995, relative risk of a fatal coronary event 

wass extremely increased despite treatment (men age 20-39; 48 fold increase and women 

agee 20-39; 125 fold increase).1 However, within FH patients the age of onset differs 

becausee of different other risk factors. The demographic characteristics of our study 

cohortt confirm the risk factor pattern for CVD in FH patients. FH patients with 

CVDD were older, more often male, had a higher BMI and had a higher incidence of 

hypertensionn and diabetes. Al l these risk factors interact to accelerate the onset of 

CVDD in FH. Age and gender have been consistent risk factors in virtually all FH 

studies.'r,JKK Hypertension19,20, diabetes19,21 and BMI U'22 have also been associated with 

increasedd coronary artery disease risk in FH patients, but inconsistently. Strikingly, 

fewerr smokers were seen in our FH patients with CVD. This is in contrast to previous 

reports.'1'9-211 Although we did not collect any data on previous smoking habits, this 

discrepancyy may be explained by a high number of former smokers in the CVD 

group,, who stopped smoking after their first cardiovascular event. 

FHH patients with CVD had more untoward lipid and lipoprotein levels man FH patients 

withoutt CVD: higher TC, LDL- C and TG levels and lower HDL-C levels. Previous 

studiess did not always show uniform results concerning differences in lipids between 

FHH patients with and without CVD. Often, total and LDL- C levels were higher in 

CVDD patients1'1 but frequendy not statistically significant.UU9,2VM In contrast, in most 

studiess significant differences were found for low HDL-C2"1,26 and high TG levels.192 

Mediann Lp(a) levels were elevated in our FH cohort but no differences were found 

betweenn patients with or without CVD. F.arlier studies have reported that an increased 

Lp(a)) level would represent the best discriminator between FH subjects with and 

withoutt CVD2K-29 and that mean and median Lp(a) levels in FH patients are indeed 

increasedd compared to controls.29-3" However, this phenomenon could not always be 

conf i rmed.2^11 Differences in the analytical methods used and the absence of 

standardisationn in Lp(a) measurement may have contributed to the uncertainty regarding 

Lp(a),, CVD and FH /2 The test used in this study is isoform-dependent and is therefore 

knownn to underestimate the Lp(a) concentration of small apolipoprotein (a) (apo(a)) 

isoforms.""  Small sized apo(a) is atherogenic and the level of apo(a) is elevated in FH 

patientss with CVD compared to FH patients without CVD.M 

Meann tHcy levels were normal in this FH cohort but tHcy levels were significandy 

higherr in patients with CVD. Moderate elevations of plasma homocysteine levels are 

associatedd with an increased risk for CAD.b The few studies addressing homocysteine 
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levelss in FH patients did not reveal elevated levels'KV'~V> and the relation between 

tHcyy levels and the prevalence of CVD in FH remains unclear. 

Genderr  differences 

Total,, LDL and HDL-C levels were significantly higher and TG significandy lower in 

womenn with FH compared to men with FH. Many FH studies have reported 

significandyy higher levels of HDL-C in women compared to men13,19,24 mosdy in 

combinationn with elevated LDL- C or in combination with higher TG levels in men. 

Thesee higher LDL- C levels in women are still poorly understood, since it is known 

thatt oestrogen upregulates the LDL-receptor that should lead to lower LDL- C levels.4" 

Mediann Lp(a) level did not reveal a gender difference, in accordance with previous 

results.411 This may be explained by the fact that Lp(a) is under strict genetic control 

andd is hardly affected by race, age, sex or diet.42 Median plasma tHcy was significandy 

higherr in men compared to women, as reported in many previous studies.43 An 

explanationn for this phenomenon might be the effect of larger muscle mass in men44 

andd may reflect higher intake of vitamins in women. 

Rolee of major risk factors in CVD such as male gender, age, hypertension, diabetes, 

loww HDL-C and BMI was confirmed in our study cohort after both univariate and 

multivariatee analysis, in the latter diabetes expected. The characteristics of our study 

cohortt are largely in keeping with those in other, but smaller FH study populations. 

Inn conclusion, our data indicate that we have collected a large and well-documented 

FHH group what wil l allow us to answer a number of relevant questions. However, it 

shouldd be acknowledged that a degree of selection bias is inevitable in a sample 

recruitedd from Lipid Clinics. But, importantly, our study points to the fact that next 

too the severely elevated LDL- C levels, other risk factors, notably HDL-C, also make 

aa strong contribution to the presence of CVD in FH patients. Whether lifestyle 

changess or pharmacological modalities that raise HDL-C are beneficial in FH patients 

remainss to be investigated. 
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ABSTRACT T 

BACKGROUND D 

Loww concentrations of bilirubin arc associated with an increased risk for coronary 

arteryy disease both in retrospective and prospective studies. Possibly, bilirubin exerts 

itss effect through the protection of LDL from oxidation. We examined whether low 

bilirubinn might also be a risk marker for cardiovascular disease (CVD) in patients 

withh familial hypercholesterolemia (I ;H). 

METHODSS AND RESULTS 

AA total of 507 FH patients were included. After a washout period of 6 weeks, all 

patientss started monotherapy with simvastatin 80 mg for two years. Median baseline 

bilirubinn levels were significantly lower in male patients with CVD compared to 

thosee without (9.8 u.mol/L versus 11.6 ^mol /L; p=0.001). In particular, bilirubin 

wass inversely related to the presence of CVD, both in univariate and multivariate 

analysess after adjustment for age, gender, presence of hypertension and high-density 

lipoproteinn cholesterol levels. Moreover, treatment with simvastatin 80 mg increased 

bilirubinn levels by 7% from 10.0 to 10.8 umoI/L independent from changes in liver 

enzymes. . 

CONCLUSIONS S 

Wee hypothesise that high bilirubin levels might protect F;H patients from CVD. 

Furthermore,, treatment with simvastatin 80 mg significantly increases bilirubin levels, 

whichh might confer additional protection against CVD. Whether this is also true for 

lowerr doses of simvastatin or for other statins remains to be investigated. 
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I N T R O D U C T I O N N 

Loww concentrations of scrum bilirubin have been shown to be independently 

associatedd with an increased risk for coronary artery disease (CAD). This association 

hass been observed both retrospectively in patients with CAD14 and prospectively in 

76855 middle-aged British men' and in the Framingham Offspring Study/' The 

explanationn for this association is not fully understood. Since long, bilirubin was 

regardedd as cytotoxic, in particular because of its role in neonatal jaundice. It is only 

sincee the early 1990s that a more physiological role for bilirubin as a potent anti-

oxidantt has emerged. In vitro evidence suggests that low-density lipoprotein (LDL) 

cann be protected from oxidation by bilirubin. M Therefore, low bilirubin concentrations 

couldd be a reflection of a heightened oxidative state and the resulting increased 

consumptionn of bilirubin. Apart from die in vitro studies suggesting an antioxidant 

rolee of bilirubin, other studies have reported that smoking may lower bilirubin levels91" 

andd that high bilirubin levels might be associated with protection against cancer." 

Takenn together, these results point to potential beneficial effects of the antioxidant 

propertiess of bilirubin. 

Familiall  hypercholesterolemia (FH) is an autosomal dominant disorder of lipoprotein 

metabolismm and affects approximately 1 in 400 people in the Netherlands.12 Mutations 

inn the LDL-receptor gene, located on the short arm of chromosome 19, cause a 

reductionn in the clearance of LDL cholesterol (LDL-C) in these patients, which 

conscquendyy leads to a rise in LDL- C levels and predisposes to the development of 

atherosclerosis.'33 Typically, approximately 45% of male and 20% of female patients 

havee documented CAD by the age of 50.'4 Since long, we are involved in the 

elucidationn of novel risk markers in these FH patients.15' 

Too the best of our knowledge, it has not been examined before whether low bilirubin 

mightt also be a risk marker for cardiovascular disease (CVD) in FH patients. We 

thereforee set out to study the role of bilirubin in these patients. Here we present the 

resultss of our studies. 

M E T H O D S S 

Studyy design and subjects 

Forr a multicenter FH study (ExPRESS: Examination of Probands and Relatives in 

Statinn Studies with Familial Hypercholesterolemia) FH patients were recruited from 
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377 Lipid Clinics in the Netherlands. Patients were included if they met the following 

criteria:: all patients had to have either a molecular diagnosis for FH or were diagnosed 

withh definite FH and had to have 6 or more points, according to an algorithm (to 

alloww standardisation of the diagnosis of FH based on clinical findings, personal 

andd familial clinical history and biochemical parameters)18; one of the following criteria 

hadd to be met: patients required a change in therapy because LDL- C was greater 

thann goals published in nationally recognised guidelines while on simvastatin 40 mg 

treatmentt or an equipotent dose of another statin or baseline LDL-C] levels required 

aa reduction of at least 40% to achieve the goal or patients were already on treatment 

withh simvastatin 80 mg; at least 18 years of age; patients with a history of myocardial 

infarctionn (MI) , coronary artery bypass graft or percutaneous transluminal coronary 

angioplastyy could be included if the physician thought it was medically allowed for 

thee patient to have a washout period. Patients were excluded if they: were pregnant 

orr nursing women, or pre-menopausal women not using adequate contraceptives; 

hadd acute liver disease, hepatic dysfunction, or persistent elevations of serum 

transaminases;; had hypersensitivity or intolerance to simvastatin or any of its 

components;; had hyperlipidemia Type I, III , IV or V or homozygous FH; had a 

recentt history of alcohol or drug abuse; had secondary hypercholesterolemia due to 

anyy cause; had inadequately controlled diabetes, unstable angina or intermediate 

coronaryy syndrome or clinically significant ventricular arrhythmia at study entry or 

M II  within the past 3 months; were on concurrent use of erythromycin and similar 

drugss affecting the cytochrome P450 enzyme or had a history of cancer. 

Thee Ethics Institutional Review Boards Committees of all the 37 centres approved 

thee protocol and written informed consent was obtained from all participants. The 

investigationn conformed to the principles outlined in the Declaration of Helsinki. 

Afterr a six-week washout period, patients started monotherapy with 80 mg simvastatin. 

N oo other lipid lowering medication was allowed. Medical history, physical examination 

andd additional risk factors for cardiovascular disease as well as laboratory analysis of 

lipi dd and lipoprotein levels and routine safety parameters were obtained in all patients. 

Cardiovascularr  disease 

CVDD was considered to be present if subjects met one of the following criteria: 

subjectss who had 1. A myocardial infarction, proven by electrocardiogram (ECG) 

abnormalitiess and enzyme changes; 2. An ischemic stroke; 3. A diagnosis of clinically 

documentedd angina pectoris; 4. A history of intermittent claudication documented 
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byy ultrasound; 5. Coronary bypass surgery or percutaneous coronary intervention; 6. 

AA clinically significant stenosis on the coronary angiogram; 7. An unequivocally positive 

exercisee ECG. 

Biochemicall  analysis 

Bloodd samples were taken in the morning after an overnight fast. Total plasma 

cholesteroll  (TC), HDL-cholesterol (HDL-C) and triglycerides (TG) were routinely 

determinedd in the different laboratories and standardised by a virtual central laboratory. 

LDL- CC was calculated using the Friedewald formula.19 Apolipoprotein A-I (apoA-I) 

andd apol ipoprotein B (apoB) were determined by an immunological rate-

nephelometricc procedure using a polyclonal goat anti-human antibody (Array protein 

system,, Beekman Coulter, Netherlands).20 Lipoprotein (a) (Lp(a)) samples were 

measuredd by an immunological rate-nephelometric procedure using a polyclonal rabbit 

antibodyy directed against Lp(a) (Array protein system, Beekman Coulter, Netherlands).21 

Totall  serum bilirubin was routinely measured in the different laboratories by 

spectrophotometry.. Al l results were harmonised to one level according to the 

standardisedd Jendrassik-Groff  method by the virtual central laboratory.22 In order to 

determinee plasma total homocysteine (tHcy), samples were pre-treated with tri-n-

butylphosphinee to release homocysteine from plasma proteins and tHcy was measured 

byy a sensitive and selective HPLC method using pre-column derivatization with 7-

fluoro-2-oxa-l,3-diazole-4-sulfonate.23 3 

Statisticall  analysis 

Meann values in lipids and lipoproteins between subgroups were compared using the 

independentt sample t-test. Other parameters (TG, Lp(a), tHcy and bilirubin) were 

comparedd by the non-parametric Mann-Whitney U test, because they had a skewed 

distr ibution.. Chi-square tests were applied for compar ing distr ibut ions of 

dichotomouss data (gender, smokers, presence of hypertension or diabetes and 

bilirubinn levels (>17 umol/L versus <17 umol/L). Baseline bilirubin levels, for men 

andd women separately, were divided into three groups based on the 33.3 and 66.6 

percentilee and presence of CVD in the different ter tiles was compared by the Chi-

squaree test. 

Thee relation between cardiovascular disease and baseline variables was explored using 

logisticc regression analysis. Mean values in lipids and lipoproteins before and after 

treatmentt were compared using the paired sample t-test and the statistical significance 
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off  the relative change (for those patients with levels at both baseline and two years 

off  treatment) as compared to baseline, was tested using the one sample t-test. TG, 

bilirubin,, alanine-amino transferase (ALAT ) and aspartate-amino transferase (ASAT) 

levelss were compared by the non-parametric Wilcoxon test, because they had a skewed 

distribution.. Pearson correlations were applied to evaluate the correlation between 

absolutee changes in bilirubin, ASAT and ALAT . All statistical analyses were performed 

usingg the SPSS package (version 10.1, Chicago, Illinois). A p-value of less than 0.05 

wass considered to be statistically significant. 

RESULT S S 

Baselinee characteristics 

Fromm the 527 FH patients total bilirubin levels were measured at baseline in 507 

patients.. In these 507 patients, age ranged from 18 to 80 years. Mean age was 47.3 

yearss (standard deviation (SD)  13.2). Slighdy more males (55.6%) than females 

(44.4%)) were included. More than 36% of all patients had a history of CVD with a 

meann age of onset of 46.7 years (SD  9.8). Risk factors such as diabetes, hypertension 

andd current smoking were present in respectively 2.0%, 15.4% and 26.2% of all 

patients.. Mean body mass index (BMI) was 25.9  3.5 kg/m2 and 44% of all patients 

hadd xanthomas. Mean TC (10.49 8 mmol/L) and LDL- C (8.36 4 mmol/ 

L)) levels were, as can be expected in FH patients, severely elevated. 

F HH patients and cardiovascular  disease 

Baselinee characteristics of patients with and without CVD are summarised in table 1. 

Meann age in patients with CVD was significantly higher and in the group of CVD 

patientss significantly more patients had hypertension, diabetes or had a higher BMI 

comparedd to those without CVD. Strikingly, less current smokers were seen in the 

CVDD group than in the group without CVD. Furthermore, mean HDL-C was 

significandyy lower in patients with CVD (1.18 versus 1.25 mmol/L; p=0.02), median 

T GG levels were significandy higher (2.00 versus 1.60 mmol /L; p<0.0001) and median 

tHcyy levels (12.60 versus 11.80 umol/L; p=0.03) were also higher. 

F HH patients and bilirubi n levels 

Mediann baseline serum bilirubin levels in all FH patients were 10.0 umol/L (interquartile 

range:: 7.8 - 12.8). In FH patients with CVD, median bilirubin levels were significantly 
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Tabl ee 1. Baseline characteristics of FH patients with and wi thout CVD. 

FHH with C VD FH wi thout C VD 

Variablee (n = 184) (n = 323) p-value 

Agee (years) 

Malee gender (n) 

Currentt smoking (n) 

Hypertensionn (n) 

Diabetess (n) 

Bodyy mass index (kg/m2) 

Totall  cholesterol (mmol/L) 

LDLL cholesterol (mmol/L) 

HDLL cholesterol (mmol/L) 

Triglyceridess (mmol/L) 

Apolipoproteinn Al (g/L) 

Apolipoproteinn B (g/L) 

Lp(a)) (mg/L) 

Homocysteinee (ujnol/L) 

Totall  bilirubin (umol/L) 

55.55  9.9 

1077 (58.2%) 

333 (17.9%) 

500 (27.2%) 

99 (4.9%) 

26.77  3.4 

10.711  2.36 

8.500  2.31 

1.188 1 

2.000 (1.40-2.80) 

1.200 9 

2.022  0.48 

150(54-537) ) 

12.600 (10.40-15.20) 

9.700 (7.30-11.70) 

42.66  12.5 

1755 (54.2%) 

1000 (31.0%) 

288 (8.7%) 

11 (0.3%) 

25.44  3.5 

10.3710.37  2.06 

8.299  2.03 

1.255 6 

1.600 (1.10-2.30) 

1.222 2 

1.944 2 

1299 (41-348) 

11.800 (10.20-13.83) 

10.500 (7.80-13.60) 

<0.0001 1 

0.39 9 

0.001 1 

<0.0001 1 

<0.0001 1 

<0.0001 1 

0.09 9 

0.29 9 

0.02 2 

<0.0001 1 

0.24 4 

0.08 8 

0.10 0 

0.03 3 

0.005 5 

Fxceptt where given as percentages, all values are given as mean levels  standard deviation only 

triglvcendes,, Lp(a), homocysteine and bilirubin levels are given as median with the interquartile range 

betweenn brackets. FH, familial hypercholesterolemia; CVD, cardiovascular disease; LDL , low-density 

lipoprotein;; HDL , high-densitv lipoprotein; Lp(a), lipoprotein (a). 

lowerr compared to patients without CVD (9.7 versus 10.5 fjmol/L ; p=0.005). Total 

bilirubinn levels abovcl7 urnol/L are considered to be elevated. Significantly fewer 

patientss with bilirubin levels above 17.0 urnol/L were present in those with CVD 

comparedd to patients without CVD (3.8% versus 9.9%; p=0.01). Moreover, median 

bilirubinn levels were higher in male compared to female patients (10.5 versus 9.5 

jumol/L;; p<0.0001). Male FH patients with CVD had statistically significant lower 

bilirubinn levels compared to those without CVD (9.8 versus 11.6 u,mol/L; p=0.001) 

whereass this was not significant in female patients (9.5 versus 9.6 u,mol/L; p=0.35). 

Subscquendy,, baseline bilirubin levels were divided into three groups (tertiles). Figure 

1AA illustrates that male patients with CVD were significantly less often found in the 

highestt terrile compared to the lower 2 tertiles (p=0.004), but this was not significant 

forr women (p=0.60) (figure IB). 
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Figuree 1A Men Figuree IB Women 

51 1 53 3 

71 1 

49 9 47 7 
52 2 

3.88 - 8.9 
umol/L L 

9.00 - 12.4 
umol/L L 

12.55 - 36.8 
umol/L L 

1.0-7.7 7 
umol/L L 

7.8-- 11.2 
umol/L L 

11.3-34.2 2 
umol/L L 

Figuree 1. Baseline bilirubin levels are divided into three groups (tertiles) for men (A) and women (B) 

separately.. The number of patients with Ld and without I I cardiovascular disease (CVD) is given 

forr the different tertiles. (A) Male padents with CVD were significandy less often found in the highest 

tertilee compared to the lower tertiles (p-0.004), but this was not significant for women (p=0.60) (B). 

Independentt  role of bilirubi n and CVD 

Al ll  r isk markers, inc lud ing bil irubin, were first evaluated in a univar iate logistic 

regress ionn m o d el wi t h cardiovascular disease as the o u t c o me variable. O d ds ratios 

(OR)) and 9 5% conf idence intervals (CI) for significant variables are p resented in 

tablee 2. H igh levels of bi l i rubin were negatively associated wi t h C V D as a con t inuous 

Tablee 2. Odds ratios and 95% confidence intervals for CVD risk markers in FH patients. 

Variable e 

Age e 

Malee gender 

Hypertension n 

Diabetes s 

Bodyy mass index (kg/nr) 

HDLL cholesterol (mmol/L) 

Triglyceridess (mmol/L) 

Totall  bilirubin (umol/L) 

Bilirubi nn >17 timol/L 

OR R 

1.10 0 

1.18 8 

3.93 3 

16.48 8 

1.11 1 

0.54 4 

1.19 9 

0.94 4 

0.36 6 

Univariate e 

95%% CI 

1.08-- 1.12 

0.82-- 1.69 

2.377 - 6.52 

2.08-- 130.7 

1.05-1.17 7 

0.311 - 0.93 

1.04-1.36 6 

0.900 - 0.98 

0.16-0.83 3 

p-value e 

<0.0001 1 

0.39 9 

<0.0001 1 

0.008 8 

<0.0001 1 

0.03 3 

0.01 1 

0.004 4 

0.02 2 

OR R 

1.11 1 

1.86 6 

2.08 8 

--
--
0.36 6 

--
--
0.26 6 

Multivariate e 

95%% CI 

1.09-- 1.14 

1.14-3.03 3 

1.18-3.69 9 

--
--
0.18-0.72 2 

--
--
0.10-0.72 2 

p-value e 

<0.0001 1 

0.013 3 

0.012 2 

--
--
0.004 4 

--
--
0.009 9 

CVD,, cardiovascular disease; FH, familial hypercholesterolemia; OR, odds ratio; CI, confidence interval; 
HDL,, high-density lipoprotein 
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variablee (OR 0.94; 95% CI 0.90-0.98; p=0.004) and similarly as a dichotomous variable 

withh a cut-off at 17 umol/L (OR 0.36; 95% CI 0.16-0.83; p=0.02). In the multivariate 

analysis,, age (OR 1.11; 95% CI 1.09-1.14; p<0.001), presence of hypertension (OR 

2.08;; 95% CI 1.17-3.69; p=0.01), male gender (OR 1.86; 95% CI 1.14-3.03; p=0.01), 

loww HDL-C (OR 0.36; 95% CI 0.18-0.72; p=0.004) and bilirubin >17 umol/L (OR 

0.26;; 95% CI 0.10-0.72; p=0.009) were identified as significant risk markers for CVD. 

Bilirubinn as continuous variable in the same model did not change the model except 

forr bilirubin (OR 0.92; CI 0.87-0.97; p=0.003). Diabetes, TG levels and BMI were 

nott significantly related in these multivariate analyses. 

Treatmentt  with simvastatin 80 mg and bilirubi n 

Inn table 3, treatment effects of simvastatin 80 mg on lipids, lipoproteins, liver enzymes 

andd bilirubin are given. Mean TC, LDL-C and median TG levels were reduced by 

-39.2%,, -48.0% and -26.3%, respectively. Mean HDL-C levels were elevated by 12.7%. 

Bilirubinn levels were significandy raised by simvastatin with 7.0% from 10.0 to 10.8 

umol/LL and especially in the patients with CVD bilirubin levels were increased more 

comparedd to those without CVD (1.39 umol/L versus 0.41 umol/L; p=0.02). Notably, 

noo correlation was observed between change in bilirubin and change in ASAT (r=0.05; 

p=0.34)) or in ALAT (r= -0.03; p=0.61). 

Tablee 3. Treatment effects of simvastatin 80 mg on lipid, lipoprotein and bilirubin levels in FH 

patients. . 

Baselinee Year 2 

Variablee (n = 507) (n - 430) % change p-value* 

Totall  cholesterol (mmol/L) 10.49  2.18 

LDLL cholesterol (mmol/L) 8.36 4 

HDLL cholesterol (mmol/L) 1.23  0.35 

Triglyceridess (mmol/L) 1.80 (1.20 to 2.40) 1.20 (0.90 to 1.70) -26.3 (-46.2 to -5.6) <0.0001 

Totall  bilirubin (Limol/L) 10.0 (7.8 to 12.8) 10.8 (7.8 to 13.7) +7.0 (-14.1 to +31.1)<0.0001 

ASAT(U/L )) 20 (17 to 24) 23 (19 to 27) + 1 4 (0 to+32) <0.0001 

ALAT(U/L )) 23 (17 to 30) 29 (20 to 40) +18 (-4 to+54) <0.0001 

*P-valuess are the same for absolute and % change. All values are given as mean levels  standard 
deviationn only triglycerides and bilirubin levels are given as median with the interquardle range between 
brackets.. FH, familial hypercholesterolemia; LDL, low-density lipoprotein; HDL, high-density lipoprotein; 
ASAT,, aspartate-amino transferase; ALAT, alanine-amino transferase. 

6.300 1 

4.299  1.31 
1.366  0.36 

-39.22  11.8 
-48.00  13.5 
++ 12.7 8 

<0.0001 1 
<0.0001 1 
<0.0001 1 
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DISCUSSION N 

Baselinee bilirubi n and CVD 

Ourr results indicate that bilirubin levels at the high end of the normal range are 

associatedd with a significantly lower prevalence of CVD.2'16 In addition, and to the 

bestt of our knowledge, this study is the first to show that high bilirubin levels in FH 

patientss are associated with protection against CVD. In particular, bilirubin was 

inverselyy related to the presence of CVD, both in univariate and multivariate analyses, 

evenn after adjustment for age, gender, presence of hypertension and HDL-C levels. 

Ass for the strength of this relationship, Hopkins et al found that bilirubin levels 

weree comparable to HDL-C in terms of CVD protection.1 Similarly in our study, 

bilirubinn levels above 17.0 umol /L were associated with comparable CVD protection 

ass a 1 mmol /L increase in HDL-C levels in FH patients. Our results are also in line 

withh the recently published results in Gilbert's syndrome where bilirubin levels in the 

rangee of 20-70 (^mol/L were associated with a low prevalence of CAD.24 

Alsoo in line with previous results, bilirubin levels were higher in FH males when 

comparedd to females.3'4,21 Indeed, the association between bilirubin levels and CVD 

wass present in male but not in female FH patients. Interestingly, some studies that 

havee investigated bilirubin and CVD have included only men.23'5 Studies that included 

bothh men and women found conflicting results.16'25 The fact that bilirubin levels 

weree higher in males compared to females while males in general have higher risk for 

CVDD than females may be the consequence of complicated interactions in 

atherogenesis,, as for example, women may be less susceptible to low levels of bilirubin 

thann men, as a consequence of their hormonal status. 

Thee association between CVD and bilirubin could possibly be confounded by patients 

withh concomitant elevated liver enzymes.-'' In our study, one of the exclusion criteria 

wass acute liver disease, hepatic dysfunction or persistent elevations of serum 

transaminases.. In order to avoid confounding we also performed all analyses in patients 

inn which liver enzymes were below certain strict limits (ASAT<40 U /L and ALAT < 

455 U/L) . This yielded 458 patients at baseline and 335 patients after 2 years of 

therapy.. However, results were similar to the results obtained in the whole study 

cohortt (data not shown). 

Effectt  of simvastatin on bilirubi n 

Noo other reports are available with regards to the effects of statins on bilirubin 

levels.. We observed that simvastatin 80 mg increased bilirubin levels by 7% from 
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10.00 to 10.8 |Umol/L. Although liver enzymes were also slightly increased, changes in 

ASS AT or ALA T levels were not correlated with change in bilirubin. This effect of 

simvastatinn might be the result of LDL- C lowering and subsequent lower consumption 

off  bilirubin as antioxidant. An increase of 0.8 ( imol/L of bilirubin levels is modest 

butt in multivariate analysis an increase of 1 mmol /L has an OR of 0.92 for CVD 

(95%% CI 0.87-0.97; p=0.003). Whether this bilirubin increase by simvastatin confers 

additionall  benefit over and above cholesterol reduction cannot be answered by our 

study,, both because of small numbers of events and the likely overwhelming affect 

off  LDL- C lowering. Nevertheless, more studies wil l have to confirm our results and 

delineatee the role of bilirubin in atherogenesis and CVD. 

Inn summary, we hypothesise that high bilirubin levels might protect male FH patients 

fromm CVD. Furthermore, treatment with simvastatin 80 mg significantly increases 

bilirubinn levels, especially in patients with CVD. Whether this is also true for lower 

dosess of simvastatin or for other statins remains to be investigated. 
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ABSTRACT T 

BACKGROUND D 

Patientss with Familial Hypercholesterolemia (FH) have extremely elevated levels of 

LD LL cholesterol (LDL-C) and therefore they require intensive lipid-lowcring 

treatment.. Unfortunately, conventional doses of statins rarely achieve targeted 

reductionss of LDL- C in these patients. Consequendy, this study was designed to 

evaluatee the efficacy and safety of high-dose (80 mg) simvastatin in a large cohort of 

FHH patients. 

METHODSS AND RESULTS 

Patientss were recruited from 37 Lipid Clinics throughout the Netherlands. A total of 

5088 patients were included and, after a washout period of 6 weeks, were started on 

monotherapyy with 80 mg simvastatin for a 2-year period. At baseline, mean LDL-C] 

(8.377 2 mmol/L) levels were severely elevated and, after 2 years of treatment, 

weree reduced by 48.0% to a mean of 4.29 mmol/L. Total cholesterol and triglyceride 

(TG)) levels were reduced by 39.2% and 26.1%, respectively and HDL-C levels were 

increasedd by 12.7%. All these changes from baseline were maintained throughout 2 

years.. The incidence of discontinuations due to drug-related clinical adverse events 

(AE)) was 4.3% and due to laboratory AE's 0.8%. Consecutive elevations in liver 

enzymess occurred only in 5 patients (1.0%) and myopathy did not occur. 

CONCLUSIONS S 

Highh dose (80 mg) simvastatin is efficacious in both reducing LDL cholesterol (-48%) 

andd triglyceride (-26%) levels and in elevating HDL cholesterol (+13%) levels in a 

largee cohort of FH patients. No tachyphylaxis was seen during a 2-year treatment 

periodd and furthermore, therapy with simvastatin 80 mg was well tolerated. 
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I N T R O D U C T I O N N 

Familiall  Hypercholesterolemia (FH) is an autosomal dominant disorder of lipoprotein 

metabolismm and affects approximately 1 in 400 people in the Netherlands.1 Mutations 

inn the low-density lipoprotein (LDL) receptor gene, located on the short arm of 

chromosomee 19, underlie a reduction in the clearance of LDL in these patients, 

whichh consequendy leads to a rise in LDL-cholesterol (LDL-C) levels and predisposes 

too the development of atherosclerosis.2 Therefore, FH patients are at increased risk 

off  developing premature coronary artery disease (CAD). Typically, approximately 

45%% of male and 20% of female patients have documented CAD by the age of 50.3 

FHH patients require intensive lipid-lowering treatment to lower their elevated LDL- C 

downn to recommended levels. Management of these patients is based on evidence 

fromm clinical trials in patients with milder dyslipidemias.4"9 It is unknown, however, 

whetherr the efficacy of statins towards cardiovascular disease (CVD) wil l be similar 

inn FH patients. Recendy, true regression of the intima-media thickness (IMT) complex 

off  the carotid artery walls of FH patients was reported after 2 year treatment with 

atorvastatinn 80 mg.10 In this trial, less progression but no regression was seen in FH 

patientss randomized to simvastatin 40 mg. In another recently reported trial, 

simvastatinn 80 mg improvedd endothelial function in FH patients at 12 weeks and was 

maintainedd throughout 1 year of therapy." These recent results do underscore the 

needd for intensive lipid lowering therapy in FH patients. Unfortunately, conventional 

dosess of statins rarely achieve targeted reductions of LDL- C in FH patients. Our 

studyy was therefore designed to evaluate the efficacy and the safety of high dose (80 

mg)) simvastatin in a large cohort of FH patients. Furthermore, it was designed to 

assesss the relationship between the therapeutic response and environmental and 

geneticc factors. Here we present the 2-year efficacy and safety data of simvastatin 80 

mgg in more than 500 FH patients. 

M E T H O D S S 

Subjects s 

Forr this open label multicenter study FH patients were recruited from 37 Lipid Clinics 

inn the Netherlands. Patients were included if they met the following criteria: all patients 

hadd to have either a molecular diagnosis for FH or were diagnosed with definite FH 

andd had to have 6 or more points, according to an algorithm (to allow standardization 

49 9 



Chapterr 4 

off  the diagnosis of FH based on clinical findings, personal and familial clinical history 

andd biochemical parameters)12; at least 18 years of age; and patients with a history of 

myocardiall  infarction, coronary artery bypass graft or percutaneous transluminal 

coronaryy angioplasty could be included if the physician thought it was medically 

allowedd for the patient to have a washout period. Patients were excluded if they: 

weree pregnant or nursing women, or pre-menopausal women not using adequate 

contraceptives;; had acute liver disease, hepatic dysfunction, or persistent elevations 

off  scrum transaminases; had hypersensitivity or intolerance to simvastatin or any of 

itss components; had hypercholesterolemia Type I, III , IV or V or homozygous FH; 

hadd a recent history of alcohol or drug abuse; had secondary hypercholesterolemia 

duee to any cause; had inadequately controlled diabetes, unstable angina or intermediate 

coronaryy syndrome or clinically significant ventricular arrhythmia at study entry or 

myocardiall  infarction within the past 3 months; were on concurrent use of 

erythromycinn and similar drugs affecting the cytochrome P450 enzyme or had a 

historyy of cancer. The F.thics Committees of all the 37 centers approved the protocol 

andd written informed consent was obtained from all participants. 

Studyy design 

Afterr a washout period of 6 weeks, patients were started on monotherapy with 

simvastatinn 80 mg, one tablet once daily, for 2 years. No other lipid lowering medication 

wass allowed. Medical history, physical examination and additional risk factors for 

cardiovascularr disease as well as laboratory analysis of lipid and lipoprotein levels 

andd routine safety parameters were obtained in all patients. The biochemical analyses 

off  lipid levels and safety parameters were performed in the hospitals themselves at 

eachh of 8 clinic visits (at weeks: -6, 1, 6, 12, 24, years: 1, IV2 and 2) and were 

standardizedd by a virtual central laboratory. The apolipoprotein determinations were 

performedd in the Academic Medical Center in Amsterdam. 

Efficacyy and safety criteri a 

Thee primary efficacy endpoint was the percent change in LDL cholesterol level relative 

too baseline. Secondary endpoints included percent change in total cholesterol, high-

densityy lipoprotein (HDL) cholesterol, triglycerides and the apolipoproteins A-I and 

B,, all relative to baseline values. Safety and tolerability were evaluated with adverse 

eventt reporting, laboratory studies and vital sign recording. Patients were questioned 

aboutt the occurrence of adverse events using non-leading questions. Vital signs were 
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measuredd at each visit. A physical examination was performed at baseline visit. Fasting 

sampless for serum chemistry were taken at each visit. The proportion of patients 

withh values of alanine-amino transferase or aspartate-amino transferase more than 3 

timess the upper limit of normal confirmed on repeat or sustained elevations confirmed 

onn measurements at least 30 days apart and the proportion of patients discontinued 

duee to these elevations at any time during the study were tabulated. Any elevations 

off  creatine kinase of >5 times the upper limi t of normal that are confirmed on 

repeatt and accompanied by clinical signs or symptoms of myopathy, or creatine 

kinasee elevations more than 10 times the upper limi t of normal, even if asymptomatic, 

wil ll  be considered safety endpoints for the study. Al l drug-related clinical and 

laboratoryy adverse experiences as well as discontinuations due to these events were 

recorded.. The drug relatedness was scored as definitely not, probably not, possibly, 

probablyy or definitely. Those adverse events scored as possibly, probably and definitely 

weree considered drug-related. 

Biochemicall  analysis 

Bloodd samples were taken in the morning after an overnight fast. Total cholesterol, 

HDLL cholesterol, triglycerides and safety parameters were routinely determined in 

thee different laboratories and standardized by a virtual central laboratory. LD L 

cholesteroll  was calculated using the Friedewald formula.13 Apolipoprotein A-I and B 

weree determined by an immunological rate-nephelometric procedure using a polyclonal 

goatt anti-human antibody (Array protein system, Beekman Coulter, Netherlands).14 

Statisticall  analysis 

Meann values in lipids and lipoproteins before and after treatment were compared 

usingg the paired sample t-test and the statistical significance of the relative change 

(forr those patients with lipid levels at both baseline and 2 years of treatment) as 

comparedd to baseline, was tested using the one sample t-test. Triglyceride levels were 

comparedd by the non-parametric Wilcoxon test, because they had a skewed 

distribution.. All statistical analyses were performed using the SPSS package (version 

10.1,, Chicago; Illinois). A p-value of less than 0.05 was considered to be statistically 

significant. . 

51 1 



Chapterr 4 

RESULT S S 

Demographicc and baseline characteristics 

AA total of 546 patients were considered for inclusion. Of these, 508 patients met the 

inclusionn criteria and received simvastatin 80 mg. Of all patients, 341 had a molecular 

diagnosiss of FH while 167 patients received the I ;H diagnosis based on the algorithm. 

Al ll  patients were on a modest lipid-lowcring diet, comparable to NCEP step I, and 

duringg the study considerable attention was focused on dietary adherence. Baseline 

characteristicss for men and women separately are given in table 1. 

Tablee 1. Demographic and clinical baseline characteristics of 508 patients with familial 

hypercholesterolemia. . 

Characteristics s 

Agee (year) 

Cardiovascularr Disease 

Meann age of onset (year) 

Coronaryy artery 

Peripherall  artery 

Both h 

Smokingg Current 

Nonn smoking 

disease e 

disease e 

Familyy history of premature CAD 

Diabetess mellitus 

Systemicc hypertension 

Weightt (kg) 

Heightt (m) 

Bodyy mass index (kg/m:) 

Xanthomas s 

Arcuss cornealis 

Men n 

(n=285) ) 

45.33 5 

38.66 % 

43.44  8.1 

93.66 % 

15.55 % 

9.11 % 

27.44 % 

72.66 % 

64.2 2 

1.8% % 

16.55 % 

83.99  11.9 

1.799 7 

26.00  3.1 

39.6 6 

35.44 % 

Women n 

(n=223) ) 

50.00  14.7 

35.44 % 

50.99  9.9 

87.33 % 

27.88 % 

15.2% % 

24.22 % 

75.88 % 

66.88 % 

2.22 % 

14.33 % 

70.11 4 

1.655 6 

25.66  4.0 

49.33 % 

25.11 % 

Alll  values are expressed as mean  SD or percentages. CAD, coronary artery disease. 

Efficacy y 

Meann baseline lipid and lipoprotein levels of all patients are listed in table 2. Mean 

totall  cholesterol (10.50 mmol /L or 404 mg/dl) and LDL cholesterol (8.37 mmol /L 

orr 322 mg/dl) levels were, as can be expected in FH patients, severely elevated. In 

comparison,, total cholesterol and LDL cholesterol levels wrere 5.49 mmol /L (211 

mg/dl)) and 3.56 mmol /L (137 mg/dl), respectively in 3403 Dutch controls.'"' 
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Tablee 2. Treatment effects of simvastatin 80 mg on fasting lipid and lipoprotein levels. 

Baselinee Year 2 

Variablee (n = 508) (n = 445) % Change 95% CI p-value 

Totall  cholesterol 

mmol/LL 10.50 6 6.31  1.42 -39.2 111.8 -40.3 to-38.1 <0.0001 

mg/dll  404 1 83 243  55 

LDLL cholesterol 

mmol/LL 8.37 12.12 4.29 11.32 -48.0 113.5 -49.2 to-46.7 <0.0001 

mg/dll  322 1 82 165 1 51 

HDLL cholesterol 

mmol/LL 1.22 10.35 1.35 + 0.36 12.7 121.8 + 10.7 to+14.8 <0.000t 

mg/dll  47 1 13 52 1 14 

Triglycerides s 

mmol/LL 1.80 (1.20/2.40) 1.20 (0.90/1.70) -26.1 (-46.2/-5.Ó) <0.0001 

mg/dll  159(106/212) 106(80/150) 

ApoA-I I 

(g/L)) 1.22 10.21 1.29 10.22 7.0 120 .9 +4.8 to+9.2 <0.0001 

ApoB B 

(g/L)) 1.98 10.44 1.20 10.31 -38.2  13.9 -39.7 to-36.8 <0.0001 

Alll  values are given as mean levels 1 standard deviation only triglycerides are given as median with the 
interquartilee range between brackets. CI, confidence interval, LDL C, low-dcnsitv lipoprotein cholesterol, 
HDL-C,, high-density lipoprotein cholesterol, TG, triglycerides, ApoA-I, apolipoprotein A-I, ApoB, 
apolipoproteinn B 

Afterr 2 years of treatment, total cholesterol levels were reduced by 39.2% to mean 

levelss of 6.31 mmol /L (243 mg/dl) and LDL cholesterol levels by 48.0% to mean 

levelss of 4.29 mmol /L (165 mg/dl). Triglyceride levels were reduced by 26.1% to 

mediann levels of 1.20 mmol /L (106 mg/dl). HDL cholesterol levels were raised by 

12.7%% to mean levels of 1.35 mmol /L (52 mg/dl). All these changes from baseline 

weree highly statistically significant. 

Inn figure 1 short- and long-term efficacy towards lipids and lipoproteins is presented. 

Meann LDL cholesterol levels were reduced by 45 to 48% at different time intervals 

duringg the 2 years of treatment. Over the same period, the 80 mg dose was also 

effectivee in reducing total cholesterol (mean changes from 37 to 39%) and triglycerides 

(mediann changes from 26 to 31%), and in raising HDL cholesterol (mean changes 

fromm 10 to 14%). 
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Figur ee 1. 
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Safety y 

AA total of 29 patients discontinued therapy due to clinical adverse events (5.7%). Of 

these,, 6 patients died. No deaths were considered drug-related and 4 were due to 

cardiovascularr events. One patient experienced sudden death of unknown cause. 

Thee other patient had a history of myocardial infarction and mitral valve insufficiency 

andd he died in the washout period. He was admitted with unstable angina and a 

coronaryy bypass procedure was performed combined with a mitral valve repair. The 

patientt died from an aortic dissection during the procedure. From the total of 29 

patients,, 22 discontinuations (4.3%) were classified as drug-related, (table 3) The 

mostt common drug-related adverse events leading to discontinuation were 

musculoskeletall  (1.8%) and gastrointestinal (1.0%) complaints, fatigue (0.6%) and 

headachee (0.4%). 

Tablee 3. Safety during 2 years of treatment with simvastatin 80 mg. 

Variable e % % 

Discontinuedd due to drug-related clinical AE 

Discontinuedd due to drug-related laboratory A E 

Discontinuedd due to drug-related myalgia 

Myopathy y 

Consecutivee ALT or AST increases > 3x ULN 

22 2 
4 4 
7 7 
0 0 
5 5 

4.3% % 
0.8% % 
1.4% % 
0.0% % 
1.0% % 

AE,, adverse event, ALT, alanine aminotransferase, AST, aspartate aminotransferase, ULN, upper limit 
off  normal. Myopathy was defined as muscle pain accompanied by > 10 ULN in creatine kinase. 
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Onlyy 5 patients discontinued therapy because of laboratory adverse events, 4 of 

whichh were drug-related (0.8%). Drug-related myalgia was observed in 45 patients 

(8.9%)) and 7 of these patients discontinued therapy (1.4%). Myopathy is traditionally 

definedd as muscle pain or weakness accompanied by creatine kinase levels >10 times 

abovee the upper limi t of normal. Three patients had creatine kinase elevations above 

100 times the upper limit , but only 1 patient had accompanying muscle pain. However, 

thiss was local back pain after a sporting event and creatine kinase levels returned to 

normall  at retest within one week while treatment was continued. The other patient 

continuedd treatment and creatine kinase levels returned to normal within 7 days, but 

thee third patient discontinued the study due to drug-related aspartate-amino transferase 

andd creatine kinase elevations. Consecutive elevations in liver function tests of >3 

timestimes upper limi t of normal are regarded as clinically significant. Only 3 patients had 

consecutivee liver function elevations. Importantly, 1 of the 3 patients continued therapy 

andd another patient interrupted therapy during 4 weeks after which he started again 

withh the study medication. In both patients the levels returned to normal. The third 

patientt withdrew from the study because of bad compliance and was lost to follow 

up.. In 3 other patients elevated levels of liver transaminases were measured once 

whilee on therapy. Two of these patients discontinued therapy because they were 

consideredd to have a drug-related adverse event. These 2 patients are presumed to 

havee had consecutive elevations as well, because their levels were not checked again 

whilee on the drug. In the third patient therapy was interrupted after which the levels 

returnedd to normal and remained normal after therapy was restarted. The total 

incidencee of consecutive transaminase elevations was 1.0%. 

AA total of 29 patients discontinued therapy for other reasons during the 2 years of 

followw up. 

DISCUSSION N 

Efficacyy of simvastatin 80 mg 

Meann LDL cholesterol levels were reduced by 48.0% after 2 years of therapy and 

moree importantly, this reduction was maintained at different time points during these 

22 years. Therefore, tachyphylaxis to simvastatin did not occur. Recently, a retrospective 

studyy reported that tachyphylaxis might occur with atorvastatin but not with 

simvastatin.166 Not only LDL cholesterol reduction was maintained throughout the 

study,, observations for total cholesterol and triglyceride reductions were similar. HDL 
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cholesteroll  increased by 12.9%, which was maintained during 2 years of treatment. 

AA recent report has summarized most studies performed with simvastatin 80 mg 

treatment.'' In a total of 1936 hypercholesterolcmic (non FH) patients the 80 mg 

dosee reduced LDL cholesterol by 45.7% and showed excellent safety and tolerability. 

However,, in those studies the follow-up ranged from 36 to 48 weeks. In our study we 

showedd that FH patients had a more pronounced LDL cholesterol reduction, which 

wass maintained over a 2-year period. 

Safetyy of simvastatin 80 mg 

Thiss cohort provided the opportunity to collect long-term safety and tolerability 

dataa in a large cohort of FH patients who required high dose statin therapy. No 

unexpectedd adverse events were observed. The incidence of discontinuations due to 

drug-relatedd clinical (4.3%) or laboratory (0.8%) adverse events was very low. Only 3 

patientss had creatine kinase elevations >10 times upper limi t of normal, and only 1 

off  these had accompanying muscle pain. The incidence of sustained elevations in 

hepaticc liver enzymes >3 times upper limi t of normal was also low (1.0%). These 

safetyy and tolerability data are in line with the results of other studies performed 

withh simvastatin 80 mg.1 In those 1586 patients the incidence of clinical and laboratory 

drug-relatedd discontinuations was 2.5% and 1.6%, respectively, while that of 

consecutivee elevations in liver function tests was 1.5% and of myopathy 0.6%. 

Inn summary, high dose (80 mg) simvastatin is efficacious in both reducing LDL 

cholesteroll  (-48%) and triglyceride (-26%) levels and in elevating HDL cholesterol 

(+13%)) levels in a large cohort of FH patients. No tachyphylaxis was seen during a 

2-yearr treatment period and furthermore, therapy with simvastatin 80 mg was well 

tolerated. . 
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ABSTRAC T T 

BACKGROUND D 

Statinss decrease low-density lipoprotein cholesterol (LDL-C), and additionally, reduce 

triglyceridess (TG) and raise high-density lipoprotein cholesterol (HDL-C) levels. This 

studyy evaluated the frequency of abnormal TG and HDL-C] levels in patients with 

classicall  familial hypercholesterolemia (FH) and assessed therapeutic response at 

differentt baseline levels of these lipoproteins after one-year of statin therapy. 

METHODSS AND RESULTS 

Afterr a washout period of 6 weeks, all patients started monotherapy with 80 mg 

simvastatin.. A total of 508 FH patients were included and mean LDL- C levels (8.37 

 2.12 mmol/L) were severely elevated. Remarkably, LDL- C reduction was dependent 

onn baseline LDL- C levels ranging from 51.1 to 45.5% in the top versus the bottom 

thirdd of the LDL- C distribution. Unexpected in FH, elevated baseline TG levels 

weree seen in 30% and low HDL-C levels in 15% of all patients. Also, changes in 

thesee lipoproteins were dependent on baseline levels; TG reduction was 40.7 versus 

22.2%% in patients with elevated versus normal levels, while HDL-C increase was 

29 .1%% versus 11.4% in patients with low versus normal HDL-C levels. 

CONCLUSIONS S 

FHH patients with the worst lipoprotein profile showed the greatest benefit from 

high-dosee simvastatin treatment, since changes in these parameters were partly 

determinedd by baseline lipid levels. 
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I N T R O D U C T I O N N 

Familiall  Hypercholesterolemia (FH) is an autosomal dominant disorder of lipoprotein 

metabolismm and affects approximately 1 in 400 people in the Netherlands.' In this 

condition,, mutations in the low-density lipoprotein (LDL) receptor gene, located on 

thee short arm of chromosome 19, cause a reduction in die clearance of LDL-cholesterol 

(LDL-C),, which consequendy leads to a rise in LDL- C levels. Prolonged exposure to 

elevatedd LDL- C levels predisposes to the development of atherosclerosis.2 Therefore, 

FHH patients are at increased risk of developing premature coronary artery disease 

(CAD).. Typically, approximately 45% of male and 20% of female FH patients have 

documentedd CAD by the age of 50.3 These patients require intensive lipid-lowering 

treatmentt to bring their extremely elevated LDL- C down to recommended levels. 

Statinss mainly decrease LDL- C levels by means of inhibition of intracellular cholesterol 

synthesis,, which subsequendy leads to an upregulation of LDL-receptor synthesis.4 

However,, statins have additional effects such as the reduction of triglycerides (TG) 

andd the elevation of high-density lipoprotein cholesterol (HDL-C) levels.^-6 These TG 

reductionss seem influenced by baseline TG levels.7 However, less is known about the 

determinantss of the HDL-C response to statins/' Larger HDL-C increases were reported 

inn patients with lower baseline HDL-C levels (< 0.91 mmol/L).M,'J In contrast, LDL- C 

reductionss do not seem to depend on baseline LDL-C, at least in non-FH dyslipidemias.1" 

Initially ,, FH patients were thought to be only affected by elevated LDL- C levels, but, 

elevatedd TG and low HDL-C levels are also encountered." It was shown that apart 

fromm the LDL clearance defect, FH patients also exhibit an overproduction of LDL 

andd VLD L particles.12 The LDL-receptor alters the proportion of apolipoprotein B 

(apoB)) that escapes co- or post-translational presecretory degradation and mediates 

thee re-uptake of newly secreted apoB -containing lipoprotein particles.11 Furthermore, 

FHH patients are known to have elevated levels of triglyceride-rich lipoprotein remnants.14 

Moreover,, in FH patients HDL-C levels are slighdy lower (0.10 mmol/L) than 

controls.155 A stable isotope study showed that HDL clearance is enhanced in FH.16 

Inn that study, an increase of HDL-apolipoprotein A-I (apoA-I) fractional catabolic 

ratee was found and HDL plasma levels were maintained through an increased HDL-

apoA-II  production rate. Since increased cholesterolesterrtransfer protein (CETP) 

activityy is reported in FH patients, apoA-I catabolism could also be enhanced through 

CETP-mcdiatedd exchange of cholesteryl ester from HDL to LDL.17 
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Becausee both elevated TG and low HDL-C levels are CAD risk factors, FH patients 

withh either one or both of these are at an even more extreme risk of premature 

cardiovascularr disease (CVD). FH patients with manifest CVD have significant lower 

HDL- CC levels'" and higher TG levels.V) Therefore therapy should ideally include, 

apartt from reduction in LDL- C levels, normalization of the entire lipoprotein profile. 

Statinss are known to decrease VLD L and LDL production2" and the upregulation of 

LDL-receptorss lead to more degradation of newly synthesized apoB.'3 We, therefore, 

sett out to study the entire lipoprotein profile and its relationship to statin therapy. 

Inn this study, stringent inclusion criteria were used to include only FH patients. 

However,, FH patients with elevated TG levels were allowed in if these patients met the 

criteriaa for FH and no exclusion criteria were applied for HDL-C levels either. This 

createdd a unique opportunity to evaluate, firstly, the frequency of abnormal TG and 

HDL- CC levels in FH patients and, secondly, to assess the therapy response at different 

baselinee levels of these lipoproteins after one year of therapy with simvastatin 80 mg. 

METHOD S S 

Studyy subjects 

Forr this open label multicenter study FH patients were recruited from 37 Lipid Clinics 

throughoutt the Netherlands. Patients were included if they met the following criteria: 

alll  patients had to have either a molecular diagnosis for FH or were diagnosed with 

definitee FH and had to have 6 or more points, according to an algorithm to allow 

standardizationn of the diagnosis of FH based on clinical findings, personal and familial 

clinicall  history and biochemical parameters (table l)21; at least 18 years of age; and 

patientss with a history of myocardial infarction (MI) , coronary artery bypass graft or 

percutaneouss transluminal coronary angioplasty could be included if the physician 

thoughtt it was medically justified for the patient to have a washout period. Patients 

weree excluded if they had homozygous FH, inadequately controlled diabetes, unstable 

anginaa or intermediate coronary syndrome or clinically significant ventricular 

arrhythmiaa at study entry or MI within the past 3 months. The Ethics Committees 

off  all the 37 centers approved the protocol and written informed consent was obtained 

fromm all participants. 
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Tablee 1. Diagnosis of familial hypercholesterolemia 

Familyy history 

Firstt degree relative known with premature* CVD 1 

Firstt degree relative known with LDL-cholesterol >95'h percentile 

or r 

Firstt degree relative with tendon xanthomata and/or arcus cornealis 2 

Childrenn below 18 years, with LDL-cholesterol >95th percentile 

Clinicall  history 

Patientt has premature*  CAD 2 

Patientt has premature*  cerebral or peripheral vascular disease 1 

Physicall  examination 

Tendonn xanthomata 6 

Arcuss cornealis below the age of 45 yrs 4 

Laborator yy analysis 

LDL-cholesterol l 

LDL-cholesterol l 

LDL-cholesterol l 

LDL-cholesterol l 

mmollmmoll I 

>8.5 5 

6.55 - 8.4 

5.00 - 6.4 

4.00 - 4.9 

mg/dl mg/dl 

>330 0 

2500 - 329 

1900 - 249 

155-- 189 

DNA-analysis s 

Functionall  mutation low-density lipoprotein receptor gene present 

Diagnosiss of FH: 

Certainn when >8 points 

Probablee when 6-8 points 

Possiblee when 3-5 points 

Inn every category the highest possible applicable score should be given, but within one category no more 
thann one number can be given. * Premature indicates men<55 vrs or women <60yrs, CVD, cardiovascular 
disease e 

Studyy design 

Afterr a washout period of six weeks, patients were started on monotherapy with 

simvastatinn 80 mg, one tablet once daily, for the duration of two years. No other 

lipi dd lowering medication was allowed. Medical history, physical examination and 

additionall  risk factors for CVD as well as laboratory analysis of lipid and lipoprotein 

levelss and routine safety parameters were obtained in all patients. The biochemical 

analysess of lipid levels and safety parameters were performed in the hospitals 
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themselvess at each of the eight clinic visits (at weeks: - 6 ,1 ,6 ,12, 24 and years: 1, VA 

andd 2) and were standardized by a virtual central laboratory. The apolipoprotein 

determinationss were performed in the Academic Medical Center in Amsterdam at 

baseline,, after one year and after two years. The evaluation was done after one year 

off  treatment because apolipoproteins were measured at that time point at first after 

startt of therapy. Al l patients were on a modest lipid-lowering diet, comparable to 

N C EPP step I, and during the study considerable attention was focused on dietary 

adherence.. Drug compliance was performed by tablet count but results arc presented 

onn intention to treat basis. 

Biochemicall  analysis 

Bloodd samples were taken in the morning after an overnight fast. Total plasma 

cholesteroll  (TC), HDL-C and TG and safety parameters were routinely determined 

inn the different laboratories and standardized by a virtual central laboratory. LDL- C 

wass calculated using the Friedewald formula.22 In case of elevated TG levels >8.0 

mmol /L,, HDL-C and LDL- C levels were considered immeasurable. ApoA-I and 

apoBB were determined by an immunological rate-nephelometric procedure using a 

polyclonall  goat anti-human antibody (Array protein system, Beekman Coulter, 

Netherlands).. ^ 

Statisticall  analysis 

Thee percentage changes in lipids and lipoproteins were calculated for each patient. 

Meann values in baseline lipids and lipoproteins for the different quartiles were 

comparedd using the one-way ANOVA test. Parameters with a skewed distribution 

(TG)) were compared using the Kruskal-Wallis test. Mean values in lipids and 

lipoproteinss were compared between two groups with different baseline levels for 

HDL- CC (< 0.90 and > 0.90 mmol/L) and TG (< 2.20 and >2.20 mmol/L) separately 

usingg the two-sample t-test. TG levels and changes were compared by the non-

parametricc Mann-Whitney test. TG correlations were evaluated by Spearman-rank. 
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RESULT S S 

Baselinee characteristics and lipid s of the total cohort 

AA total of 546 FH patients were considered for inclusion. Of these, 508 patients met 

thee inclusion criteria and received simvastatin 80 mg. Ages ranged from 18 to 80 

yearss (mean age 47.4  13.2 years). Slightly more males (56.1%) than females were 

included.. The prevalence of patients with a history of cardiovascular disease was 

37.4%% with a mean age of onset of 46.5 years. With regard to the risk factors, the 

presencee of current smokers was 26%, and the presence of diabetes was 2.0%. In 

15.6%% of patients hypertension was present and 65.4% had a family history of premature 

CAD.. At physical examination mean body mass index was 25.8  3.5 kg/m2 and 

xanthomass were found in 43.9% of all patients. 

Meann TC (10.50 6 mmol/L) and LDL- C (8.37 2 mmol/L) levels were, as 

cann be expected in FH patients, severely elevated. In comparison, TC and LDL- C 

levelss were 5.49 and 3.56 mmol/L, respectively in 3403 Dutch controls.24 HDL-C levels 

(1.222  0.35 mmol/L) were in the normal range as compared to the controls (1.20 

mmol/L)) and TG levels (median of 1.80 mmol /L and mean of 2.07 mmol/L) were 

elevatedd compared to the mean TG in the controls (1.66 mmol/L). Furthermore, baseline 

TGG levels correlated with body mass index (r=0.31; p<0.0001). Mean apoA-I levels 

weree 1.22  0.21 g /L and mean apoB 1.98  0.44 g/L, the former within the normal 

rangee and the latter elevated as can be expected. Unfortunately, in three patients baseline 

lipidd levels were not obtained and in two other patients baseline TG levels were elevated 

(>8.00 mmol/L), which resulted in immeasurable LDL- C and HDL-C levels. 

Safety y 

Duringg the treatment period of two years, a total of 22 patients (4.3%) discontinued 

therapyy due to drug-related clinical adverse events. The most common drug-related 

adversee events leading to discontinuation were musculoskeletal (1.8%) and 

gastrointestinall  (1.0%) complaints, fatigue (0.6%) and headache (0.4%). Only four 

patientss were discontinued due to drug-related laboratory adverse events (0.8%). 

Myopathyy did not occur. The incidence of consecutive elevations in liver function 

testss (ALT or AST >3 times ULN) was low (1.0%) and occurred in only five patients. 
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Tablee 2. Treatment effects of simvastatin 80 mg by baseline LDL C quartiles. 

Variable e 

Firstt quartile Second and third quartile Fourth quartile 

LDL-C<6.800 6.80< LDL-C <9.70 LDL-C > 9.70 p-value 

(n=126)) (n=252) (n=125) 

Baseline e 

TCC (mmol/L) 

LDL- CC (mmol/L) 

HDL- CC (mmol/L) 

TGG (mmol/L) 

ApoA-II  (g/L) 

ApoBB (g/L) 

Yearr  one 

TCC (mmol/L) 

LDL- CC (mmol/L) 

HDL-CC (mmol/L) 

TGG (mmol/L) 

ApoA-II  (g/L) 

ApoBB (g/L) 

Change e 

LDL- CC change (%) 

ApoBB change (%) 

TGG change (%) 

8.200  0.80 

5.988  0.57 

1.211  0,35 

2.00(1.30/2.80) ) 

1.244 1 

1.544 4 

5.300  0.91 

3.244  0.83 

1.344 7 

1.400 (1.00/2.00) 

1.355  0.22 

0.999  0.22 

-45.55  14.0 

-35.00  16.1 

-25.00 (-44.4/-6J) 

10.211  0.98 

8.122  0.81 

1.233  0.35 

1.70(1.10/2.28) ) 

1.222  0.20 

1.922  0.26 

6.311 8 

4.311  1.06 

1.388  0.38 

1.100 (0.85/1.60) 

1.344  0.26 

1.199  0.28 

-47.00  12.3 

-38.66  12.2 

-28.66 (-45.3/-Ó.2) 

13.433  1.48 

11.300  1.42 

1.222 4 

1.80(1.30/2.40) ) 

1.199 4 

2.500  0.35 

7.566  1.27 

5.500  1.13 

1.400 1 

1.200 (0.90/L80) 

1.344 4 

1.444 8 

-51.11  10.3 

-41.88  11.6 

-28.66 (-42.0/-10.5) 

<0.0001 1 

<0.0001 1 

0.82 2 

0.02 2 

0.24 4 

<0.0001 1 

<0.0001 1 

<0.0001 1 

0.51 1 

0.013 3 

0.97 7 

<0.0001 1 

0.001 1 

0.002 2 

0.97 7 

LDL-C,, low-densitv lipoprotein cholesterol; TC, total cholesterol; HDL-C, high-density lipoprotein 
cholesterol;; TG, triglycerides; Apo, apolipoprotein. All values are given as mean with standard deviations; 
onlyy triglycerides arc given as median with the interquartile range. 

Effectt  of simvastatin on LDL- C levels 

Baselinee LDL- C levels were divided into quartiles. The second and the third quartile 

weree taken together and contained 252 patients (table 2). Mean LDL-C] in the lowest 

quartilee was 5.98 mmo l /L and was reduced by 45.5% to 3.24 mmol /L. In the 

combinedd second and third quartiles mean LDL- C levels of 8.12 mmol /L were 

reducedd by 47.0% to 4.31 mmol/L. In the fourth quartile mean LDL- C of 11.30 

mmol /LL was reduced by 51.1% to 5.50 mmol/L. ApoB changes were from the lowest 

too the highest quartiles 35.0, 38.6 and 41.8%, respectively, which corresponded to 

thee LDL- C changes. ApoB levels at baseline and the LDL- C and apoB changes were 

significandyy different between the three groups. TG changes were not different. 
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Tablee 3. Treatment effects of simvastatin 80 mg by baseline HDL-C. 

Variable e 

Baseline e 

TCC (mmol/L) 

LDL- CC (mmol/L) 

HDL-CC (mmol/L) 

TGG (mmol/L) 

ApoA-II  (g/L) 

ApoBB (g/L) 

Yearr  one 

TCC (mmol/L) 

LDL- CC (mmol/L) 

HDL-CC (mmol/L) 

TGG (mmol/L) 

ApoA-II  (g/L) 

ApoBB (g/L) 

Change e 

HDL-CC change (%) 

TGG change (%) 

LDL- CC change (%) 

HDL-C C 

<0.900 mmol/L 

(n=77) ) 

10.222 5 

8.199 12.19 

0.799  0.08 

2.400 (1.70/3.90) 

0.999 1 

2.000  0.46 

6.499  1.46 

4.699  1.40 

1.000  0.16 

1.400 (1.00/2.40) 

1.122 3 

1.322 3 

+29.11  22.7 

-31.3(-50.0/-14.3) ) 

-42.00  14.7 

HDL-C C 

>0.900 mmol/L 

(n=426) ) 

10.566 6 

8.411 1 

1.300 2 

1.700 (1.10/2.30) 

1.266 0 

1.977 4 

6.355  1.38 

4.288  1.28 

1.444 8 

1.100 (0.90/1.70) 

1.388 4 

1.188 0 

++ 11.4 0 

-27.33 (-43.4/-8.0) 

-48.66  11.7 

p-value e 

0.20 0 

0.41 1 

<0.0001 1 

<0.0001 1 

<0.0001 1 

0.71 1 

0.43 3 

0.016 6 

<0.0001 1 

0.001 1 

<0.0001 1 

0.001 1 

<0.0001 1 

0.042 2 

<0.0001 1 

HDL-C,, high-densitv lipoprotein cholesterol; TC, total cholesterol; LDL-C], low-density lipoprotein 
cholesterol;; TG, triglycerides; Apo, apolipoprotein. All values are given as mean with standard deviation, 
onlyy triglycerides are given as median with the interquartile range. 

Effectt  of simvastatin on HDL- C levels 

InIn table 3, FH patients arc divided in two groups within a cut-off of baseline HDL-C 

levelss of 0.90 mmol/L. A total of 77 FH patients had baseline HDL-C levels < 0.90 

mmol/LL witii mean HDL-C levels of 0.79 mmol/L and mean apoA-I of 0.99 g/L. 

Mediann baseline TG levels were elevated in these patients (2.40 mmol/L). After one 

yearr of therapy with simvastatin 80 mg, mean HDL-C levels were raised by 29.1% to 

levelss within the normal range of 1.00 mmol/L and median TG levels were reduced by 

31.3%% to normal levels of 1.40 mmol/L. Interestingly, LDL-C levels were less reduced 

inn the patients with baseline low HDL-C levels. TG levels at baseline and TG, HDL-C 

andd LDL-C changes in percent were significandy different between the two groups. 
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Tablee 4. Treatment effects 

Variable e 

Baseline e 

TCC (mmol/L) 

LDL- CC (mmol/L) 

HDL- CC (mmol/L) 

TGG (mmol/L) 

ApoA-II  (g/L) 

ApoBB (g/L) 

Yearr  one 

TCC (mmol/L) 

L D L CC (mmol/L) 

HDL- CC (mmol/L) 

TGG (mmol/L) 

ApoA-II  (g/L) 

ApoBB (g/L) 

Change e 

HDL- CC change (%) 

TGG change (%) 

LDL- CC change 

off  simvastatin 80 mg b\ 

TG G 

>2.200 mmol/L 

(n=154) ) 

10.755  2.23 

8.166 2 

1.066 7 

3.100 (2.60/4.(13) 

1.155 8 

2.088  0.48 

6.699  1.64 

4.455  1.48 

1.244  0.34 

2.00(1.30/2.70) ) 

1.299  0.27 

1.311 6 

++ 18.2 8 

-40.7(-55.4/-21.9) ) 

-45.00  13.9 

baselinee TG. 

TG G 

<2.200 mmol/L 

(n=351) ) 

10.399  2.12 

8.477  2.07 

1.299 5 

1.40(1.00/1.80) ) 

1.244 2 

1.933  0.42 

6.244  1.25 

4.299  1.21 

1.433  0.39 

1.00(0.80/1.40) ) 

1.366  0.23 

1.166  0.27 

++ 12.1  19.4 

-22.22 (-38.5/0.0) 

-48.88 + 11.6 

p-value e 

0.09 9 

0.14 4 

<0.0001 1 

<0.0001 1 

<0.0001 1 

0.002 2 

0.004 4 

0.28 8 

<0.0001 1 

<0.0001 1 

0.008 8 

<0.0001 1 

0.01 1 

<0.0001 1 

0.005 5 

TG,, triglycerides; TC, total cholesterol; LDL-C, low-clensitvv lipoprotein cholesterol; HDL-C, high-densirv 
lipoproteinn cholesterol; Apo, apolipoprotcin. All values are given as mean with standard deviation, only 
triglyceridess are given as median with the interquartile range. 

Effectt  of simvastatin on TG levels 

I nn tabic 4 patients arc divided in two groups according to baseline TG levels of 2.20 

mmol /L.. A total of 154 FH patients had baseline TG levels > 2.20 mmol /L with 

mediann levels of 3.10 mmol/L. Mean body mass index was significantly higher in 

patientss with high baseline TG levels compared to patients with normal TG levels 

(27.00  3.3 kg/m2 versus 25.3  3.5 kg/nr ). 

Uponn simvastatin therapy these levels were reduced by 40.7% to normal levels of 2.00 

mmol /L.. As expected, patients with high baseline TG levels had lower mean HDL-C. 

levelss (1.06 mmol /L) compared to the patients with normal baseline TG levels 

(p<0.0001).. LDL- C levels were less reduced in the patients with high baseline TG 

levels.. In patients with high baseline TG levels, no correlation was found between 

changess in LDL- C and TG (r= -0.07; p - 0.45). HDL-C levels at baseline and the 
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HDL-C,, LDL- C and TG change in percent were significantly different between the 

twoo groups. 

DISCUSSION N 

Familia ll  hypercholesterolemia 

Inn order to enroll only FH patients, the strictest possible inclusion criteria were applied. 

Thesee criteria resulted in very high mean TC and LDL- C levels (10.50  2.16 and 

8.377  2.12mmol/L, respectively), above those reported in most other FH studies.11,25 

FHH patients were also not excluded on the basis of abnormal TG or HDL-C levels. 

Remarkably,, a total of 77 FH patients (15%) had low baseline HDL-C levels (< 0.90 

mmol/L)) and a total of 154 FH patients (30%) had elevated baseline TG levels 

(>2.200 mmol/L). To our knowledge, no previous study has evaluated the frequency 

off  low HDL-C or high TG levels in FH patients before and this high incidence of 

additionall  abnormalities has alerted us to the fact that combination therapy with 

statinss and other agents might be warranted more often than hitherto realized. 

Unfortunately,, apolipoprotein E genotyping has not been performed yet and therefore 

thee possible influence of the different alleles on lipid response could not be evaluated 

inn this study. 

Effectt  of simvastatin on LDL- C levels 

Inn contrast to a previous report1", our study could show that baseline LDL- C levels 

influencedd LDL- C reduction, at least in FH patients. Patients with the lowest baseline 

LDL- CC levels had less LDL- C reduction compared to patients in the upper two 

groupss (45.5%, 47.0% and 51.1%, respectively; p=0.001). ApoB changes corresponded 

too these reductions, as expected. It has been suggested that the relationship between 

LDL- CC change and baseline LDL- C levels could be attributed to regression to the 

mean.. Since pre- and post treatment measurements on the variable of interest are, in 

general,, not perfectly correlated, the evaluation of treatment effects must be adjusted 

forr regression to the mean. Chen et al proposed 4 models, which included either or 

bothh additive and multiplicative treatment effects.2'' We have applied this model to 

evaluatee LDL- C changes. The model, which included both additive and multiplicative 

effects,, fitted better than only additive effects (regression to the mean) for LDL-C] 

changee (p<0.0001). Therefore, changes in LDL- C could not be attributed to regression 

too the mean only, but did indeed show a relationship with baseline levels. 
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Effectt  of simvastatin on HDL- C levels 

Simvastatinn 80 mg increased HDL-C levels to a greater extent in patients with 

HDL- CC levels < 0.90 mmo l /L compared to patients with normal levels (29.1% 

andd 11.4%, respectively; p<0.0001). Previous studies also showed the relationship 

betweenn HDL-C change and baseline HDL-C levels.8'9 A possible mechanism to 

explainn the increase of HDL- C by simvastatin could be the sharply reduced LDL -

CC levels. This reduction diminishes the possibility of CETP induced cholesterylester 

exchangee from H DL to LDL . CETP-activity is increased in FH patients1^ and 

inhibitionn of CETP-activity upon pravastatin treatment was demonstrated indeed.2 

Anotherr potential mechanism of H DL increase postulates a feedback pathway 

involvingg the LDL receptor by which the hepatic expression of apoA-I is increased.2" 

Finally,, statin treatment could enhance the expression of lipoprotein lipase (LPL), 

whichh then leads to elevated HDL-C levels.29 We postulate that especially patients 

withh low baseline HDL-C levels could derive additional benefit additionally from 

statinn therapy, since in these individuals CETP-activity wil l be high and LPL activity 

low.. The effect of regression to the mean was also evaluated for HDL-C by means 

off  the models described above. Again, the model that included both additive and 

multiplicativee effects, fitted better than only additive effects for HDL-C change 

(p-0.02).. Therefore, change in HDL-C could not be attributed to regression to the 

meann only, but did have a relationship with baseline levels. 

Effectt  of simvastatin on T G levels 

Thee fact that TG reduction by statins is influenced by baseline TG levels has been 

shownn before.7 We could confirm that in FH patients with elevated TG levels (>2.20 

mmol/L)) at baseline, TG reduction was larger compared to patients with normal 

T GG levels (40.7% and 22.2%, respectively; p<0.0001). Most importantly, for these 

patientss median TG levels (3.10 mmol/L) were reduced to normal (2.00 mmol/L). A 

possiblee explanation for the elevated baseline TG levels in these FH patients could 

bee the accumulation of TG-rich remnant particles caused by impairment of the 

functionn of the LDL-receptor. Fortunately, simvastatin can reduce remnant particles 

levelss in FH patients.14 In addition, it has been shown that the LDL-receptor alters 

thee proportion of apoB degradation and the re-uptake of newly secreted apoB-

containingg lipoprotein particles.13 Therefore, upregulation of the LDL-receptor by 

statinn therapy wil l also lead to a decrease of apoB containing lipoproteins. I t has also 

beenn postulated that, in patients with elevated TG levels, the change in TG is influenced 

byy the LDL- C lowering capacity of the dose and statin used.7 In contrast, in our 
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studyy no relationship was evident between LDL lowering and TG reduction in patients 

withh high baseline TG levels (r= -0.07; p= 0.45). 

Clinica ll  implication s 

Postt hoc analysis of the Scandinavian Simvastatin Survival Study showed that especially 

thosee patients with combined elevated LDL-C, low HDL-C and elevated TG levels 

hadd increased risk for CAD compared to those with isolated LDL- C elevation and 

derivedd greater benefit from simvastatin 40 mg treatment.3" In our study, the 77 

patientss with low baseline HDL-C levels had a mean L D L / H D L ratio of 10.6 and 

mediann TG levels of 2.40. After treatment this ratio was reduced by more than 50% 

too 4.8 and TG levels decreased to 1.40 mmol/L. Similarly, the 154 patients with 

elevatedd baseline TG levels had a ratio of 8.2 and median TG levels of 3.10 mmol/ 

L,, while after treatment the ratio was reduced to 3.9 and median TG levels to 2.00 

mmol /L.. These impressive reductions in L D L / H D L ratios imply a sharp decrease 

inn risk in the FH patients in our study. However, it should be noted that FH patients 

aree a different study group than patients observed in the large trials, but since their a 

priorii  risk is so high, if anything, risk reductions in FH are underestimated. 

Inn conclusion, simvastatin therapy, in its highest dose, was efficacious in terms of 

lipoproteinn changes and CAD risk reductions in a FH cohort and proved to be a 

well-toleratedd and safe therapy. 
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ABSTRACT T 

BACKGROUND D 

Remnantt lipoproteins (RLP-C) arc considered important in atherogenesis. Hence, 

thiss study was designed to assess RLP-C levels and the effect of statin therapy in 

patientss with familial hypercholesterolemia (FH). Elevated RLP-C levels have been 

associatedd with the presence and progression of atherosclerotic disease and their 

presencee in FH patients has been proposed but never established in a large cohort, 

orr their response to statin therapy. 

METHODSS AND RESULTS 

FHH patients were recruited from 37 Lipid Clinics. After a washout period of 6 weeks, 

alll  patients were started on monotherapy with 80 mg simvastatin for two years. RJ J3 

CC levels were assessed by an immune-separation assay. In 327 FH patients RLP-C 

measurementss could be performed before and after treatment. Mean total (10.55

2.177 mmol/L), mean LDL cholesterol (8.40 3 mmol/L) and median RLP-C 

(0.477 mmol/L) levels were all severely elevated at baseline. After treatment, RLP-C 

levelss were reduced by 49% (0.24 mmol/L; p<0.0001). Ivvcn patients with normal 

TGG levels had elevated RLP-C levels at baseline and those with high RLP-C levels 

weree generally characterized by a very atherogenic lipoprotein profile. 

CONCLUSIONS S 

Baselinee RLP-C levels are severely elevated in FH patients, are reduced by simvastatin, 

butt do not return to normal. These elevated RLP-C levels could be the consequence 

off  impaired function of the LDL-receptor in FH. RLP-C levels in FH contribute to 

ann atherogenic lipoprotein profile and could identify patients who require additional 

treatment. . 
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I N T R O D U C T I O N N 

LDL-cholesteroll  and atherogenesis 

Familiall  Hypercholesterolemia (FH) is an autosomal dominant disorder of lipoprotein 

metabolism.'' Mutations in the LDL-receptor gene are the cause of this disease and 

leadd to a reduction in the clearance of LDL-cholesterol (LDL-C), which consequendy 

causess a rise in LDL- C levels and predisposes to the development of atherosclerosis.2 

Therefore,, FH padents are at great risk of developing premature coronary artery 

diseasee (CAD). However, mere is a wide variation of coronary risk among FH patients.3 

Remnantt  lipoprotein s and atherogenesis 

Increasingg experimental and clinical evidence suggests that triglyceride-rich 

lipoproteinss (TRL) and in particular remnant-like particles (RLP) contribute to 

atherogenesiss and consequendy to cardiovascular disease progression. High levels 

off  remnant lipoproteins of both hepatic (very-low-density lipoproteins (VLDL) ) 

andd intestinal (chylomicron) origin are associated with the progression of coronary 

atherosclerosis.44 7 In a study of Phillips et al, it was found that neither LDL- C nor 

triglyceridee (TG) levels correlate well with lesion progression or clinical events.7 TRL 

remnantt levels, however, did correlate with both lesion progression and cardiac events. 

Recently,, Nakajima et al developed a simple technique to analyze remnant-like particle 

cholesteroll  (RLP-C) using an immune-affinity gel containing anti-apolipoprotein (apo) 

A- II  and anti-apoB100 monoclonal antibodies.8"10 This unique anti-apoB100 

monoclonall  antibody was shown to recognize apoBlOO in LDL and most VLD L 

butt not in apoE-enrichcd VLDL , whereas anti-apoA-I recognizes and binds all HDL 

particles.. This technique isolates apoE-rich VLD L particles containing apoBlOO 

togetherr with chylomicron remnants containing apoB48, neither of which binds to 

thee immunoaffinity gel. Increased levels of these remnant particles have already been 

associatedd with the presence and progression of cardiovascular disease (CVD) and 

withh endothelial dysfunction." 1K However, it should be stressed that these previous 

resultss are examined in non-FH patients. Evidendy, these patients have a different 

lipi dd profile compared to the extremely elevated LDL- C levels seen in FH patients. 

Therefore,, this association between elevated levels of RLP-C and CVD cannot be 

extrapolatedd to FH patients as such. 

Levelss of remnant particles could be relevant for the understanding of the 

heterogeneityy in coronary risk among FH patients. RLP-C levels have so far not 

beenn assessed in a large FH population. Up to now only two small studies (in 15 and 
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77 FH patients, respectively) reported RLP-C levels of FH patients and did indeed 

showw increased RLP-C levels.'92" In the current study we aimed to assess accumulation 

off  RLP-C and also to evaluate whether RLP-C levels wil l be lowered by statin therapy 

inn a large and well-defined cohort of FH patients. 

M E T H O D S S 

Subjects s 

Thee present study is a substudy of the ExPRFSS FH (Fxamination of Probands 

andd Relatives in Statin Studies with Familial Hypercholesterolemia) study, in which 

efficacy,, safety and pharmacogenomics of simvastatin 80 mg was assessed in 526 

heterozygouss FH patients. For this open label multicenter study FH patients were 

recruitedd from 37 Lipid Clinics in the Netherlands. Patients were included if they 

mett the following criteria: all patients had to have cither a molecular diagnosis for 

FHH or were diagnosed with definite FH and had to have 6 or more points, according 

too an algorithm (to allow standardization of the diagnosis of FH based on clinical 

findings,, personal and familial clinical history and biochemical parameters)21; at least 

188 years of age; and patients with a history of myocardial infarction (MI) , coronary 

arteryy bypass graft (CABG) or percutaneous transluminal coronary angiography (PTCA) 

couldd be included if the physician thought it was medically allowed for the patient to 

havee a washout period. Patients were excluded if they: were pregnant or nursing women, 

orr pre-menopausal women not using adequate contraceptives; had acute liver disease, 

hepaticc dysfunction, or persistent elevations of serum transaminases; had hypersensitivity 

orr intolerance to simvastatin or any of its components; had hv'pcrlipidemia Type I, III , 

IVV or V or homozygous FH; had a recent history of alcohol or drug abuse; had secondary 

hypercholesterolemiaa due to any cause; had inadequately controlled diabetes, unstable 

anginaa or intermediate coronary syndrome or clinically significant ventricular arrhythmia 

att study entry or MI within the past 3 months; were on concurrent use of erythromycin 

andd similar drugs affecting the cytochrome P450 enzyme; had a history of cancer. 

Control s s 

Controlss for the 327 FH patients, in whom RLP-C levels were measured, were recruited 

post-hocc from their families and matched for age and sex. In these 77 individuals we 

obtainedd demographic characteristics, lipids and lipoproteins. 
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Studyy design 

Afterr a washout period of six weeks, patients were started on monotherapy with 

simvastatinn 80 mg. No other lipid lowering medication was allowed. Medical history, 

physicall  examination and additional risk factors for cardiovascular disease as well as 

laboratoryy analysis of lipid and lipoprotein levels and routine safety parameters were 

obtainedd in all patients. The biochemical analyses of lipid levels and safety parameters 

weree performed in the hospitals themselves and were standardized by a virtual central 

laboratory.. The apolipoprotein determinations were performed in the Academic 

Medicall  Center in Amsterdam and the RLP determinations in the University Medical 

Centerr in Utrecht. The Ethics Committees of all the 37 centers approved the protocol 

andd written informed consent was obtained from all participants. 

Biochemicall  analysis 

Bloodd samples were taken in the morning after an overnight fast. Total cholesterol 

(TC),, HDL-cholesterol (HDL-C) and triglycerides (TG) were routinely determined 

inn the different laboratories and standardized by a virtual central laboratory. LDL- C 

wass calculated using the Friedewald formula.22 Apolipoprotein A-I (apoA-I) and 

apolipoproteinn B (apoB) were determined by an immunological rate-nephelometric 

proceduree using a polyclonal goat anti-human antibody (Array protein system, 

Beekmann Coulter, Netherlands).23 

Thee RLP fraction was prepared by use of an immune-separation technique described 

byy Campos, Nakajima and colleagues."*9 Briefly, 5 (iL of serum was added to 300 JJ.L 

off  mixed immunoaffinity gel suspension containing monoclonal anti-human apoA-

II  (H-12) and anti-human apoBlOO (JI-H) antibodies (Japan, Immunoresearch 

Laboratories,, Takasaki, Japan). The reaction mixture was gendy shaken for 120 minutes 

att room temperature. After the supernatant was left standing for 15 minutes, 200 \xL 

wass withdrawn for the assay of RLP-C. Cholesterol in the RLP fraction (coefficient 

off  variation <3%) was measured by an enzymatic assay on a Cobas Mira S auto 

analyzerr (ABX Diagnostics, Montpellier, France). Apo E genotyping was performed 

ass described by Reymer et al.24 

Statisticall  analysis 

Dataa were expressed as mean  standard deviation. Skewed data distributions were 

presentedd as median and the interquartile range. Mean and median cholesterol levels 

inn FH patients compared to controls were tested by the independent sample t-test 

andd the Mann-Whitney test, respectively. Mean values in lipids, lipoproteins before 
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andd after treatment were compared using the paired sample t-tcst. TG and RLP-C 

weree compared by the non-parametric Wilcoxon test, because they had a skewed 

distribution.. Mean values in baseline characteristics and lipids for the different groups 

weree compared using the one-way AN OVA test. Parameters with a skewed distribution 

(TG,, RLP-C and RLP reduction) were compared using the Kruskal-Wallis test. Chi-

squarcc tests were applied for comparing distributions of dichotomous data (gender, 

diabetess and apoE2). Al l statistical analyses were performed using the SPSS package 

(versionn 10.1, Chicago; Illinois). A p-valuc of less than 0.05 was considered to be 

statisticallyy significant. 

RESULT S S 

Fromm the 526 patients, participating in the ExPRFSS FH study blood samples were 

storedd in 327 patients. Consequently, these patients were available for RLP-C analyses 

andd comprised our study group. This group did not differ from the source population 

withh regard to baseline characteristics and lipid parameters. Ages ranged from 18 to 

800 years. Mean age was 47.4 years (standard deviation (SD)  13.2). Slightly more 

maless (54%) than females (46%) were included. Mean body mass index (BMI) was 

25.88 kg/m2 (SD  3.6). Lifestyle and physical characteristics such as dietary adherence, 

BMI ,, alcohol intake and physical exercise did not change over the course of the trial. 

Tablee 1. Lipid, lipoprotein and RLP-C levels in controls and in FH patients at baseline and after 

onee year of therapy. 

Variable e 

TCC (mmol/L) 

LDL- CC (mmol/L) 

HDL- CC (mmol/L) 

TGG (mmol/L) 

ApoA-II  (g/L) 

ApoBB (g/L) 

RLP-CC (mmol/L) 

Baseline e 

(nn = 327) 

10.555  2.17 

8.400 3 

1.255 5 

1.80(1.20-2.40) ) 

1.244 2 

1.977 5 

0.477 (0.34-0.80) 

Simvastatinn 80 mg 

(nn = 327) 

6.366  1.37 

4.322  1.30 

1.399  0.39 

1.20(0.90-1.73) ) 

1.366 4 

1.199 1 

0.244 (0.20-0.31) 

p-value e 

<0.0001 1 

<0.0001 1 

«10001 1 

<0.0001 1 

<0.0001 1 

<0.0001 1 

<0.0001 1 

RLP-C,, remnant-like particle cholesterol; 1;H, familial hypercholesterolemia; TC, total cholesterol; LDL-C, 
low-densityy lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; TG, triglycerides; Apo, 
apolipoprotein.. All values are given as mean with SD except that TG and Rl.P-C are given as median with 
interquartilee range. 
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Meann lipid, lipoprotein and RLP-C levels at baseline and one year after therapy with 

simvastatinn 80 mg are shown in table 1. As expected, mean TC (10.55  2.17 mmol/ 

L)) levels were severely elevated in FH patients compared to their family controls 

(4.588  0.77 mmol/L; p<0.0001) and this could largely be attributed to elevated 

LDL-CC levels (8.40  2.13 mmol/L). Mean HDL-C levels were lower in FH patients 

comparedd to the controls (1.25  0.35 mmol/L vs. 1.39  0.38 mmol/L; p=0.04), 

whereass median TG levels were elevated compared to the controls (1.80 mmol/L vs. 

0.977 mmol/L; p<0.0001). Median RLP-C levels (0.47 mmol/L) were severely elevated 

inn FH patients. Median RLP-C levels in controls were 0.20 mmol/L, which indicates 

thatt FH patients have a twofold elevation of RLP-C levels (p<0.0001). After 

simvastatinn treatment, plasma cholesterol, LDL-C, TG and apoB decreased, and 

HDL-CC and apoA-I increased, all significandy. RLP-C levels decreased significandy 

fromm a median of 0.47 mmol/L to 0.24 mmol/L (p<0.0001), which is consistent 

withh a 49 % median reduction. At baseline, only 5 FH patients (1.5%) had normal 

RLP-CC levels (< 0.20 mmol/L); in contrast after simvastatin therapy 84 patients 

(25.7%)) were below this RLP-C level. 

Tablee 2. Lipids, RLP,, ApoE2 and clinical features in FH patients with baseline RLP-C. levels divided in 3 
equall  groups. 

RLP-CC <0.39 0.39< RLP-C <0.65 RLP-C > 0.65 

Variablee (n = 109) (n = 109) (n = 109) p-value 

Agee (years) 44.0  14.2 46.6  13.2 51.5  11.0 <0.0001 

Malee gender (n) 41(45.0%) 47(51.4%) 60(65.1%) 0.009 

BMII  (kg/m2) 24.6  3.7 25.6  3.2 27.3  3.5 <0.0001 

Diabetess (n) 0 (0%) 1 (0.9%) 5 (4.6%) 0.029 

TCC (mmol/L) 9.50  1.70 10.68  2.08 11.47  2.23 <0.0001 

LDL- CC (mmol/L) 7.58  1.63 8.64 + 2.13 8.99  2.32 <0.0001 

HDL-CC (mmol/L) 1.37  0.36 1.29  0.35 1.09  0.27 <0.0001 

TGG (mmol/L) 1.10(0.90-1.50) 1.80(1.30-2.05) 2.80(2.10-3.60) <0.0001 

ApoA-I(g/L )) 1.28 1 1.25  0.24 1.18  0.19 0.004 

ApoB(g/L)) 1.74 5 2.00  0.39 2.17  0.49 O.0001 

RLP-CC (mmol/L) 0.32 (0.26-0.34) 0.47 (0.43-0.53) 1.06 (0.79-1.62) <0.0001 

RLPP reduction (%) 29.0(14.9-41.0) 50.5(39.8-57.7) 67.5(57.2-76.8) <0.0001 

ApoE22 allele (n) 5(4.6%) 4(3.7%) 17(15.6%) 0.001 

FH,, familial hypercholesterolemia; RLP-C, remnant-like particle cholesterol; BMI, body mass index; TC, 
totall  cholesterol; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; 
TG,, triglycerides; Apo, apolipoprotein. All values are given as mean with SD or (%), except that TG, 
RLP-CC and RLP-C reduction are given as median with interquartile range. 
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Inn table 2, baseline RLP-C levels are divided into 3 equal groups by the 33rd and 66th 

percentiles.. FH patients in the highest third were older, more often male, had a higher 

BMII  and had more often diabetes. To address whether FH patients with type 2 diabetes 

weree outliers in terms of remnant accumulation and caused significant shifts of die 

medianss in the different groups, we calculated median RLP-C levels with these 

individualss included or excluded. However, results indicated no significant changes in 

thee medians of these 3 groups (data not shown). In addition, the statistically significant 

increasee in total cholesterol, LDL- C and TG levels and the decrease in HDL-C, illustrates 

thee association between plasma RLP-C and the presence of a severe atherogenic 

lipoproteinn profile. RLP-C levels were also correlated to HDL-C levels, the Spearman's 

rankk correlation coefficient was r = -0.37 at p<0.0001. In the lowest third of baseline 

RLP-CC levels, median TG levels were normal (1.10 mmol/L) whereas in that third 

mediann RLP-C levels were still above normal (0.32 mmol/L). Moreover, significandy 

moree patients in the highest RLP-C third had an apoE2 allele compared to the two 

lowerr thirds (p=0.001). Lastly, RLP-C levels were more reduced in the highest third 

comparedd to the lower thirds. Since pre- and post treatment measurements on the 

variablee of interest are, in general, not perfecdy correlated, the evaluation of treatment 

effectss must be adjusted for regression to the mean. Chen et al. proposed 4 models, 

whichh included either or both additive and multiplicative effects.25 We have applied 

thiss model to evaluate RLP-C changes. The model, which included both additive and 

multiplicativee effects fit better than that with only additive effects (regression to the 

mean)) for RLP-C change (p<0.0001). Therefore, changes in RLP-C could not be 

attributedd to regression to the mean only, but indeed exhibit a relationship with 

baselinee levels. FH patients in the highest versus the lowest third of RLP-C suffered 

fromm CVD in 53 (48.6%) versus 30 (27.5%) of cases (x2=10.5, p=0.005). However, 

uponn multiple logistic regression analysis with age, gender, BMI and major lipids in 

thee model this relation was no longer statistically significant (p=0.32). 

I nn table 3 the data were stratified according to baseline TG levels in quartiles. Patients 

inn the lowest quartile had completely normal median baseline TG levels (0.90 mmol/ 

L) ,, however the corresponding RLP-C levels were already strongly elevated (0.32 

mmol/L),, whereas plasma LDL- C levels were similar in all groups (p=0.09). 
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Tablee 3. Lipids and RLP-C levels in FH patients with baseline TG levels divided in quartiles (all in 
mmol/L). . 

T G<< 1.10 

(n=80) ) 

1.10<TG<1.80 0 

(n=91) ) 

1.80<TG<2.40 0 

(n=76) ) 

TGG >2.40 

(n=80) ) p-value e 

LDL- CC 8.03 0 8.81  2.17 8.48  2.30 8.23  2.07 0.09 

TGG 0.90(0.80-1.00) 1.50(1.30-1.70) 2.10(1.90-2.20) 3.25(2.73-4.10) <0.0001 

RLP-CC 0.32(0.25-0.41) 0.42(0.33-0.49) 0.52(0.42-0.75) 1.16(0.79-1.80) <0.0001 

RLP-C,, remnant-like particle cholesterol; FH, familial hypercholesterolemia; TG, triglycerides; LDL-C, 
low-densityy lipoprotein cholesterol. LDL-C is given as mean with SD; TG and RLP-C are given as median 
withh interquartile range. 

DISCUSSION N 

RLP-CC increase at baseline 

Inn this study we observed that median RLP-C levels in FH patients are severely 

elevatedd compared to their siblings (0.47 mmol/L vs. 0.20 mmol/L; p<0.0001). 

Elevatedd RLP-C levels were reported before in FH patients, albeit in very small 

cohorts.. Twickler et al measured RLP-C levels in 7 FH patients and found significandy 

elevatedd mean RLP-C levels compared with 7 controls (42.10 mg/dl (1.09 mmol/L) 

vs.. 7.49 mg/dl (0.19 mmol/L); p<0.01). Dane-Stewart et al. also found elevated 

mediann RLP-C levels in 15 FH patients compared with 15 controls (16.2 mg/dl (0.42 

mmol/L)) vs. 8.5 mg/dl (0.22 mmol/L); p=0.003).1'J In our cohort, mean age and 

BMII  increase from the lowest to the highest RLP-C thirds. Why RIJ levels rise with 

agee is unknown, but older people have higher BMI 's often combined with higher 

TGG levels. This association points to increased synthesis of VLDL , which could 

consequentlyy lead to higher RLP levels.2r' We also found a higher prevalence of apoE2 

allelee carriers in the highest RLP-C third. ApoE is the major ligand for hepatic 

lipoproteinn receptors and mediates chylomicron and VLDL remnant uptake.2 ApoE2 

iss one of the three E isoforms and exhibits a very low affinity to the LDL-receptor.28 

Itt is therefore not unexpected to find more apoE2 alleles in the highest third of 

RLP-CC levels. The apoE allele distribution was in Hardy Weinberg equilibrium 

(X22 -3.59, p>0.1) in our FH sample but the frequency of the c2 allele was lower 

comparedd to the general Dutch population as previously reported (0.047 and 0.082, 

respectively).299 It is therefore unlikely that an overrcpresentation of the £2 allele of 

thee apoE gene will have contributed to our findings. 
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Thesee elevated RLP-C levels might play an important role, in addition to elevated 

LDL- CC levels, in the acceleration of atherosclerosis in FH. This idea is supported by 

thee findings of Karpe et al. who did not find an association between LDL- C and 

neww lesions in vein grafts in 395 patients with coronary artery disease (CAD), but did 

findd a strong trend for higher RLP-C concentrations.1 

RLP- CC reduction after  statin intervention 

RLP-CC levels are significandy decreased by simvastatin. Median RLP-C levels almost 

returnedd to normal, but remained slightly elevated. This observation was previously 

reportedd in 7 FH patients.2" Recently, two studies in patients with combined 

dyslipidemiaa showed similar results.'"'31 Stein et al found that median elevated RLP-

CC levels of 0.34 mmol /L were reduced by simvastatin 20 mg (6.0%) and by atorvastatin 

100 mg (25.9%), but not by pravastatin 40 mg in 22 patients in a crossover study."' In 

addition,, Sasaki et al found that atorvastatin 10 to 20 mg reduced RLP-C levels from 

0.311 mmol /L to 0.16 mmol/L. '1 These studies also illustrate a treatment effect of 

statinss on the RLP-C fraction. 

Accumulat ionn as the proposed mechanism 

Thee central abnormality in heterozygous FH is an impaired function of the LDL 

receptor.. As a consequence, plasma levels of LDL- C arc severely elevated, and levels 

off  RLP-C as well. Moreover, these elevated RLP-C levels are significandy reduced by 

simvastatinn treatment. Statins likely improve RLP clearance by upregulating LDL 

receptorss and by decreasing hepatic VLD L synthesis.3233 Both mechanisms lead to 

lesss competition for the clearance mechanisms shared by chylomicrons and VLDL. 34 

Thee reductions in apoB and LDL- C were very consistent with those of RLP-C, as is 

anticipatedd since by upregulating the LDL (apoB, E) receptor all apoB (LDL) as well 

ass apoE (RLP-C) containing lipoproteins wil l be reduced in essentially similar 

proportions. . 

Thee raised TG levels in the higher RLP-C thirds support the accumulation of TG-

richh lipoproteins. The conclusion could therefore be drawn that TG levels measured 

inn FH patients primarily reflect atherogenic remnant lipoproteins. However, even 

patientss with normal TG levels had elevated RLP-C] levels. This observation was also 

madee previously.2" Al l these data indicate the presence of remnant particle 

accumulationn in FH patients, irrespective of concomitant TG elevation. Likewise, 

stratificationn of the data according to baseline TG into quartiles resulted in an 

associationn between TG and RLP-C levels, but LDL- C levels were equally elevated in 
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alll  quartilcs. This suggests that despite the fact that plasma LDL- C levels are strongly 

elevatedd in FH patients, RLP-C levels could further contribute to the atherogenic 

lipoproteinn profile over and above LDL- C measurements. We, therefore, hypothesize, 

thatt remnant accumulation in FH might be explained by a combination of factors 

suchh as the LDL-receptor mutation, VLD L production associated with advancing 

age,, central obesity and glucose intolerance, carriership of an s2 allele of the apo E 

genee and possibly by defective LDL-receptor related protein function. These findings 

mayy raise the need to prescribe combination therapy with simvastatin 80 mg and 

eitherr nicotinic acid or fenofibrate or with more powerful statins to lower the risk 

associatedd with the residual remnant increase. 

Inn conclusion, baseline RLP-C levels are severely elevated in FH patients. Treatment 

withh high-dose simvastatin resulted in a strong reduction of RLP-C, but in the majority 

off  patients, RLP-C levels remained elevated. RLP-C levels in FH contribute to an 

atherogenicc lipoprotein profile and could identify patients who require additional 

treatment. . 
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ABSTRAC T T 

BACKGROUND D 

B-modee ultrasound imaging of arterial walls is increasingly used as a non-invasive 

surrogatee marker of cardiovascular disease (CVD) and in particular intervention trials 

usingg this modality have shown that by reducing risk factors, progression of 

atherosclerosiss was inhibited. The goal of our study was to investigate whether high-

dosee simvastatin therapy could reduce carotid and femoral artery intima-media thickness 

(IMT )) in patients with familial hypercholesterolemia (FH) in order to prevent CVD. 

METHODSS AND RESULTS 

Afterr a washout period of 6 weeks, all FH patients started monotherapy with 80 mg 

simvastatinn for the duration of two years. The primary endpoint was the change in 

mmm of the mean combined far wall IM T of predefined carotid and femoral arterial 

segmentss at two years. A total of 153 FH patients were included and mean combined 

baselinee IM T was 1.07  0.23 mm. After treatment with 80 mg simvastatin for 2 

years,, this IM T decreased by -0.081 mm (95% CI; -0.109 to -0.053; p<0.0001) with 

itss largest reduction in the femoral artery (-0.283 mm; p<0.0001). Strikingly, an actual 

decreasee of combined IM T was seen in 69.8% of all patients. 

CONCLUSIONS S 

High-dosee simvastatin reduces arterial wall IM T in more than two thirds of the 

patients,, with its largest effect on the femoral artery. Furthermore, FH patients treated 

withh both statin and antihypertensive medication experienced a significantly greater 

benefitt in terms of IM T reduction. 
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I N T R O D U C T I O N N 

Familiall  Hypercholesterolemia (FH) is a common autosomal dominant disorder of 

l ipoproteinn metabolism, affecting approximately 1 in 400 individuals in the 

Netherlands.11 FH patients have elevated levels of low-density lipoprotein cholesterol 

(LDL-C),, due to mutations in the LDL-receptor gene, which consequently predispose 

too the development of atherosclerosis.2 Therefore, FH patients are at severe risk of 

prematuree cardiovascular disease (CVD). In order to modify risk in these FH patients, 

LDL- CC levels need to be aggressively lowered by intensive lipid-lowering therapy. 

Methodologically,, it would be preferable to investigate lipid-modifying drugs in double 

blindd randomized placebo controlled trials. However, these studies are no longer 

consideredd ethical after the evidence obtained with lipid-lowering in non-FH patients, 

bothh with and without prior CVD history.3,4 Moreover, regression of atherosclerosis 

usingg coronary angiography has also been demonstrated to occur in FH patients 

treatedd with lipid-lowering drugs.5 Angiography is an invasive technique and cannot, 

therefore,, be used in FH patients without symptoms. Fortunately, a non-invasive 

surrogatee marker has become available in the form of B-mode ultrasound imaging 

off  arterial walls. This technique allows for non-invasive assessment of the intima-

mediaa complex (IMT).6 IM T is associated with age and cardiovascular risk factors 

suchh as LDL-C, blood pressure and smoking.7"1" Moreover, intervention trials have 

shownn that by reducing risk factors, such as LDL- C levels, progression of 

atherosclerosiss was inhibited11, or even led to regression of this process.12 IM T 

measurementss are therefore now widely accepted as a standardized and validated 

surrogatee marker for atherosclerotic vascular disease.13"15 

Wee were the first to demonstrate that intensive lipid lowering with 80 mg atorvastatin 

resultedd in the actual regression of carotid IM T in the majority of FH patients, and 

thatt 40 mg of simvastatin only led to less progression of vascular wall IMT 12 Based 

onn previous work in the LDL-Apheresis Atherosclerosis Regression Study (LAARS)16 

combinedd with results from the Atorvastatin versus Simvastatin on Atherosclerosis 

Progressionn (ASAP) study we hypothesized that at least a 45% reduction of LDL- C 

wouldd be required to reverse the atherosclerotic process in FH. We therefore also set 

outt to evaluate the effect of simvastatin 80 mg, with its known LDL- C lowering 

capacityy of over 45%, on the behaviour of carotid and femoral IM T over a two year 

interventionn period. Here we present the results of our study. 
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M E T H O D S S 

Subjects s 

FHH patients were recruited from the Lipid Research Clinic at the University of 

Amsterdam.. Patients were included if they met the following criteria: all patients had 

too have either a molecular diagnosis of FH or were diagnosed with definite FH and 

hadd to have 6 or more points, according to an algorithm (to allow standardization of 

thee diagnosis of FH based on clinical findings, personal and familial clinical history 

andd biochemical parameters)' ; at least 18 years of age; and patients with a history of 

myocardiall  infarction, coronary artery bypass graft or percutaneous transluminal 

coronaryy angioplasty could be included if the physician thought it was medically 

allowedd for the patient to have a washout period. Patients were excluded if they were 

pregnantt or nursing women, or pre-mcnopausal women not using adequate 

contraceptives;; had acute liver disease, hepatic dysfunction, or persistent elevations 

off  serum transaminases; had hypersensitivity or intolerance to simvastatin or any of 

itss components; had hyperlipidemia Type I, III , IV or V or homozygous FH; had a 

recentt history of alcohol or drug abuse; had secondary hypercholesterolemia due to 

anyy cause; had inadequately controlled diabetes, unstable angina or intermediate 

coronaryy syndrome or clinically significant ventricular arrhythmia at study entry or 

myocardiall  infarction within the past 3 months; were on concurrent use of 

erythromycinn and similar drugs affecting the cytochrome P450 enzyme or had a 

historyy of cancer. 

Thee Institutional Review Board of the Academic Medical Center approved the 

protocoll  and written informed consent was obtained from all participants. 

Studyy design 

Afterr a washout period of 6 weeks, patients were started on monotherapy with 

simvastatinn 80 mg, one tablet once daily, with the intent of a study duration of 2 

years.. No other lipid lowering medication was allowed. Medical history, physical 

examinationn and additional risk factors for cardiovascular disease as well as laboratory 

analysiss of lipid and lipoprotein levels and routine safety parameters were obtained 

inn all patients. The biochemical analyses of lipid levels and safety parameters were 

performedd at each of 8 clinic visits (at weeks: -6 ,1, 6,12, and 24, years: 1, IV2 and 2). 
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Biochemicall  analysis 

Bloodd samples were taken in the morning after an overnight fast. Total cholesterol 

(TC),, high-density lipoprotein cholesterol (HDL-C), triglycerides (TG) and safety 

parameterss were routinely determined in the different laboratories and standardized 

byy a virtual central laboratory. LDL-C was calculated using the Friedewald formula.18 

Apolipoproteinn A-I and apolipoprotein B were determined by an immunological 

rate-nephelometricc procedure using a polyclonal goat anti-human antibody (Array 

proteinn system, Beekman Coulter, Netherlands).19 

Ultrasonography y 

Alll  examinations were performed by the same sonographer. A Bio sound Phase-2 

reall  time scanner (Biosound Esaote, USA) equipped with a 10 MHz transducer was 

used.. Measurements were made at baseline, after one year and two years of therapy. 

Inn both carotid arteries, three 10 mm segments were scanned: the distal portion of 

thee common carotid artery, the carotid bifurcation and the proximal portion of the 

internall  carotid artery. In the right common femoral artery, a 10 mm segment proximal 

too the branching of the deep femoral artery was scanned. The ultrasound scanning 

protocoll  was similar to that used in the ASAP study.12'20 In summary, one sonographer 

performedd all scans. Images were stored on an optical disk and analyzed with a semi-

automaticc software program (Eurequa; TSA Company, Meudon, France).21 IMT 

measurementss were performed on the near and far walls of the common carotid 

arteryy and the bifurcation and in the far walls of the internal carotid artery and 

femorall  artery. Only IMT data of images of the far walls were analyzed.22 All 

ultrasoundd images were analyzed by one reader blinded to any patient information. 

Reproducibilityy tests were performed regularly by the sonographer and yielded a 

coefficientt of variation of less than 5%.23 

Plaquee was defined as an IMT > 1.3 mm and/or a wall-interface displacement. When 

aa plaque was identified in the region under investigation it was included in the 

measurementt if there was no wall interface displacement. If the wall-interface was 

interruptedd the plaque was separately identified by its thickness and not included in 

thee IMT calculations. 

Thee main outcome parameter was defined as the change in mm of the mean combined 

farr wall IMT of predefined carotid and femoral arterial segments at two years. 
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Statisticall  analysis 

Meann values of lipids and lipoproteins before and after treatment were compared 

usingg the paired sample t-test. TG levels were compared by the non-parametric 

Wilcoxonn test, since they had a skewed distribution. The primary endpoint of the 

ultrasoundd component of the trial was defined as the change in mm of the mean 

combinedd far wall IM T of the predefined carotid and femoral arterial wall segments. 

Changee from baseline IM T after 2 years was analyzed with covariance analysis with 

baselinee IM T levels as covariate. The repeated IM T measurements (baseline, 1 and 2 

year)) were also analyzed with mixed model analysis of variance (ANOVA) , in which 

combinedd far wall IM T was the dependent variable, visit fixed factor and the patients 

ass random factor. We here report the estimated marginal means according to this 

mixedd model. Relationships between IM T (-changes) and different parameters were 

describedd by Pearson correlation coefficients, except in the case of TG, where 

Spearman'ss rank correlation was used. Analyses were performed using the SPSS 

statisticall  package (version 10.1, Chicago; Illinois). A p-value <0.05 was considered 

too be statistically significant. 

RESULT S S 

Baselinee demographics 

AA total of 153 FH patients were recruited into the study Of these, 14 (9.2%) dropped 

outt of the study during the two-year treatment period: 2 died from cardiovascular 

events,, 5 patients discontinued the study due to adverse clinical events and 7 did so 

forr other reasons. Ages ranged from 19 to 79 years (mean age 46.2  12.9 years). 

Slightlyy more males (54.9%) than females were included. The relative frequency of 

CVDD was 24.2% with a mean age of onset of 45.5 years. The prevalence of other 

riskk factors such as hypertension and diabetes was rather low (9.2% and 1.3%, 

respectively).. A total of 46 patients were smokers, while 106 patients were non-

smokerss (of whom 51 were former smokers). Median numbers of pack-years (the 

numberr of years the patient smoked 20 cigarettes a day) were 17.0 (interquartile 

range:: 8.0 - 24.0) in former and current smokers combined and 6.4 (interquartile 

range:: 0.0 - 20.4) in all patients. Mean body mass index (BMI) was 25.0  3.2 kg/rrr. 

Meann systolic and diastolic blood pressures were 128  19 mm Hg and 7 9 + 10 

mmHg,, respectively. 
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Tablee 1. Lipids and lipoproteins at baseline and after 2 years of therapy. 

parameter r 

TCC (mmol/L) 

(mg/dl) ) 

LDL- CC (mmol/L) 

(mg/dl) ) 

HDL-CC (mmol/L) 

(mg/dl) ) 

TGG (mmol/L) 

(mg/dl) ) 

ApoA-II  (g/L) 

ApoBB (g/L) 

Baseline e 

(n=153) ) 

10.300  2.03 

3966  78 

8.122  2.02 

3122  78 

1.322 3 

511  13 

1.700 (1.10/2.40) 

1500 (97/212) 

1.244 2 

2.011  0.43 

Endd of study 

(n=139) ) 

6.500  1.44 

2500  55 

4.455  1.31 

1711 0 

1.400  0.34 

544  13 

1.300 (0.90/1.70) 

1155 (80/150) 

1.322 4 

1.244  0.32 

Change e 

percentage e 

-- 36.2  12.1 % 

-44.44  14.2 % 

+7.00  16.4% 

-25.00 (-45.0/-3.3)% 

+7.66  30.5 % 

-37.66  14.3 % 

p-value e 

<0.0001 1 

<0.0001 1 

<0.0001 1 

<< 0.0001 

<0.0001 1 

<0.0001 1 

Valuess are given as mean  standard deviation or as median with the interquartile range between brackets. 
TC,, total cholesterol; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein; TG, 
triglycerides;; Apo, apolipoprotein. 

Lipid ss and lipoproteins 

Meann lipid and lipoprotein levels at baseline and at two years are shown in table 1. 

Baselinee mean TC (10.30 mmol/L or 396 mg/dl) and LDL-C (8.11 mmol/L or 312 

mg/dl)) levels were, as can be expected in FH patients, severely elevated. For 

comparison,, TC and LDL-C levels in 3403 Dutch controls were 5.49 (211 mg/dl) 

andd 3.56 mmol/L (137 mg/dl), respectively.24 Upon therapy with simvastatin 80 mg 

forr the duration of two years, mean TC, LDL-C and median TG levels were 

significantlyy reduced by 36.2%, 44.4% and 25%, respectively. HDL-C levels were 

increasedd by 7.0% to a mean level of 1.40 mmol/L (54 mg/dl). 

Baselinee IM T measurements 

Meann combined baseline IMT of the carotid and femoral far walls was 1.07  0.23 

mmm (table 2). For comparison, a study with a similar ultrasound protocol, reported 

thatt in healthy controls without any risk factor for CVD (mean age of 45.9 years, 

BMII  of 24.1 kg/m2) the mean combined IMT of the carotid and femoral far walls 

wass 0.73  0.20 mm, while in smoking controls without any additional risk factor for 

CVDD (mean age of 44.3 years, BMI of 23.2 kg/m2 and 23.7 pack-years) mean 

combinedd IMT of the carotid and femoral far walls was 0.86  0.27 mm.25 
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Meann IMT 

*Combinedd far walls 

(95%% CI) 

*Carotidd far wall 

(95%% CI) 

*I ;emorall  far wall 

(95°° o CI) 

1.07 7 

(1.055 to 1.09) 

0.92 2 

(0.911 to 0.94) 

1.88 8 

(1.800 to 1.96) 

Tablee 2. Mean combined carotid and femoral far wall intima-media thickness (IMT) at baseline 

andd after 2 years of therapy. 

Baselinee End of study Change 

parameterr (mm) (mm) (mm) p-value 

0.999 - 0.081 <0.0001 

(0.977 to 1.01) (- 0.053 to -0.109) 

0.877 - 0.053 <0.0001 

(0.855 to 0.89) (- 0.075 to -0.031) 

1.600 -0.283 <0.0001 

(1.511 to 1.68) (-0.401 to-0.166) 

Estimatedd marginal means were reported according ro the mixed-model. IMT, intima-media thickness; 
CI,, confidence interval. 

FHH patients with a history of CVD compared to FH patients without CVD exhibited 

ann increased baseline combined far wall IM T (1.19  0.23 mm vs. 1.03  0.22 mm, 

respectively;; p<0.0001). The mean IM T in the femoral artery accounted for most of 

thiss difference (2.31  0.81 mm vs. 1.72  0.63 mm; p<0.0001) but the IM T difference 

forr the carotid artery between patients with and without CVD was also significant 

(0.999  0.17 mm vs. 0.90  0.19 mm; p=0.01). In addition, mean baseline combined 

farr wall IM T was correlated with increasing age (r=0.48; p<0.0001), systolic and 

diastolicc blood pressure (r=0.33; p<0.0001 and r=0.28; p=0.001, respectively), BMI 

(r=0.25;; p=0.002), apolipoprotein B levels (r=0.3l; p<0.0001), TG levels (r=0.29; 

p<0.0001),, TC levels (r=0.29; p<0.0001) and LDL- C levels (r=0.24; p=0.003). Mean 

baselinee combined far wall IM T was also increased in current and former smokers 

comparedd to the patients who never smoked, although not statistically significant 

(1.088 and 1.04 mm, respectively; p=0.23). However, mean baseline combined far 

walll  IM T was significantly increased in patients with > 6.4 pack-years compared to 

thosee with less than 6.4 (1.11 versus 1.03 mm; p=0.03). 

Th ee effect of simvastatin 80 mg on IM T measurements 

Afterr 2 years of treatment with simvastatin 80 mg, mean combined far wall IM T 

wass reduced by 0.081 mm (95% confidence interval (CI): -0.109 to -0.053 mm) to a 

meann of 0.99 mm (figure 1). Of all patients, 69.8% exhibited an actual decrease of 

IM TT after two years of treatment. The extent of the IMT-change was significantly 

associatedd with baseline combined far wall IM T (r=0.53; p<0.0001) and mean change 
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Figuree 1. Mean IMT with 95% CI of the combined carotid and femoral far walls at baseline and after 1 
andd 2 years of treatment with simvastatin 80 mg. After 1 and 2 years, mean IMT was significantly reduced 
(p=0.0488 and p=<0.0001, respectively). 

inn HDL-C at years 1 and 2 was significantly associated with change in carotid artery 

IMTT (r= -0.24; p=0.007). In the 30 patients who were on either calcium antagonists, 

angiotensine-converting-enzymee (ACE) inhibitors or beta-blockers the mean 

combinedd far wall IMT was significantly more reduced compared to the patients 

withoutt one of these three drugs (-0.155 mm vs. -0.069 mm; p=0.02). Lasdy, change 

inn IMT was not influenced by any other parameter, such as gender, age, previous 

lipid-loweringg treatment, change in LDL-C or family history of premature CVD. 

DISCUSSION N 

Baselinee IM T 

Ass in most studies, mean arterial wall IMT was severely increased in our FH patients 

andd at least twice as thick as in controls.10,2(i"28 Moreover, mean IMT was even more 

increasedd in CVD patients compared to those without CVD. Interestingly, the largest 

differencess between CVD and non-CVD patients were observed in the femoral artery 

(2.311  0.81 mm vs. 1.72  0.63 mm; p<0.0001), as was reported previously.29,30 

Thesee data indicate that we have recruited a large and representative cohort of FH 

patientss with very similar baseline IMT characteristics to other study cohorts. These 

greatlyy abnormal IMT measurements must be the consequence of a very rapid 

progressionn of atherosclerotic lesions in FH patients. Wendelhag et al calculated an 

increasedd progression rate of 0.009 mm/yr in adult FH patients compared to 0.005 
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mm/yrr in controls.'" In another study we have estimated a progression rate at 0.006 

mm/yrr in FH children versus 0.00! mm/yr in unaffected controls. The expected 

progressionn rate in the current study was 0.008mm/yr, as calculated in a linear 

regressionn analysis relating age to mean IMT . These data combined indicate that 

arteriall  wall thickening progresses at least 2 to 3 times faster in adult FH patients 

thann in healthy individuals. 

Correlationn between baseline IM T and parameters such as age, blood pressure, lipids 

andd lipoproteins and smoking are also in line with previously reported data in FH 

patients.'"•2"-31-3:!! To the best of our knowledge, the correlation between BMI and 

IMTT has not been observed in FH patients but only in healthy controls." These 

resultss support the notion that other risk factors besides LDL-C also significantly 

contributee to the severity7 of atherosclerosis in FH patients. 

Th ee effect of simvastatin 80 mg on IM T 

Confirmingg our predefined hypothesis, treatment with 80 mg simvastatin not only 

retardedd the progression rate of atherosclerosis, but even resulted in an actual reduction 

off the mean combined far wall IMT of the carotid and femoral arteries (-0.081 mm). 

Strikingly,, even 1 year of treatment with simvastatin 80 mg was sufficient to detect a 

statisticallyy significant decrease in mean combined far wall IMT (-0.028 mm; p=0.048). 

Takenn together, a scries of consistent data sets has now shown that the increased IMT 

inn different groups of high-risk patients is reduced by lipid lowering treatment.131'''34 A 

yearlyy increase of carotid artery IMT of 0.03 mm is associated with an odds ratio of 

3.99 for coronary events in men with coronary artery disease.3^ Conversely, the reduction 

off approximately 0.03 mm in one year as observed in our study will likely have a 

significantt clinical impact on the prevendon of coronary artery disease. 

Thee most striking regression was observed in the femoral artery as reported previously 

inn two other studies.1,v¥> The reason for this finding could be based on the fact that 

baselinee IMT was higher in the femoral (1.88 mm) compared to the carotid artery 

(0.922 mm). It may also be hypothesized that a more pronounced treatment effect in 

thee femoral artery was observed because progression rate of IMT is higher and 

moree sensitive to LDL-C reduction. This larger regression of femoral IMT could be 

moree clinically relevant since in our study the correlation between IMT and CVD 

wass better in the femoral compared to the carotid artery. Change in mean combined 

farr wall IMT was associated with baseline combined far wall IMT, but not with 

changee in LDL-C], in contrast to the findings in the ASAP study'2 but similar to the 
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Carotidd Atherosclerosis Italian Ultrasound Study (CAIUS).34 The reason for this 

findingg could lie in the more narrow LDL- C changes between individuals in our 

studyy since monotherapy was used similar to CAIUS and in contrast to ASAP in 

whichh two different statins were used at different doses (simvastatin 40 mg vs. 

atorvastatinn 80 mg). 

Finally,, in our study a statistically significant difference was observed for the effect 

off  antihypertension treatment (calcium-antagonists, beta-blockers and ACE -

inhibitors)) on change in mean combined far wall IMT . Again, a larger decrease in 

IM TT was found in the femoral artery of patients on antihypertensive treatment 

comparedd to patients without (-0.699 mm vs. -0.179 mm; p=0.006). Some other 

studiess have also shown a treatment effect of either a calcium antagonist or an ACE 

inhibitorr on carotid artery IM T as summarized by Simon et al.37 Recently, Wiklund et 

al.. reported an additional treatment effect of the beta-blocker metoprolol on the 

changee in mean carotid IM T in hypercholesterolemic patients treated with statins.38 

Thesee data might indicate that statin treatment and beta-blockade exert favourable 

synergisticc effects on the arterial wall. 

Inn conclusion, this study has proven that high dose simvastatin treatment even results 

inn a reduction of the combined carotid and femoral far wall IM T in more than two 

thirdd of the patients, with its largest effect in the femoral artery. Furthermore, FH 

patientss treated with both statin and antihypertensive medication experienced a greater 

benefitt in terms of IM T reduction than patients on simvastatin alone. Lastly, these 

effectss of simvastatin on the arterial wall occurred in the light of an excellent 

tolerabilityy and safety profile. 

REFERENCES S 

1.. Lansberg PJ, Tuzgol S, van de Ree MA, Defesche JC, Kastelein JJ. Higher prevalence of 
familiarr hypercholesterolemia than expected in adult patients of four family practices in 
Netherlands.. Ned Tijdsch Geneeskd. 2000;144:1437-1440. 

2.. Brown MS, Goldstein JL. A receptor-mediated pathway for cholesterol homeostasis. Science. 
1986;232:34-47. . 

3.. Randomised trial of cholesterol lowering in 4444 patients with coronary heart disease: the 
Scandinaviann Simvastatin Survival Study (4S). Lancet. 1994;344:1383-1389. 

4.. Influence of pravastatin and plasma lipids on clinical events in trie West of Scodand Coronary 
Preventionn Study (WOSCOPS). Circulation. 1998;97:1440-1445. 

99 9 



Chapterr 7 

5.. Kane JP, Malloy MJ, Ports TA, Phillips NR, Diehl JC, Havel RJ. Regression of coronary 
atherosclerosiss during treatment of familial hypercholesterolemia with combined drug 
regimens.. JAMA. 1990;264:3007-3012. 

6.. Pignoli P, Tremoli E, Poli A, Oreste P, Paoletti R. Intimal plus medial thickness of the 
arteriall  wall: a direct measurement with ultrasound imaging. Circulation. 1986;74:1399-1406. 

7.. O'Leary DH, Polak JF, Kronmal RA, Manolio TA, Burke GL, Wolfson SK, Jr. Carotid-
arteryy intima and media thickness as a risk factor for myocardial infarction and stroke in 
olderr adults. Cardiovascular Health Study Collaborative Research Group. N Engl J Med. 
1999;340:14-22. . 

8.. Bots ML, Breslau PJ, Briet E, et al. Cardiovascular determinants of carotid artery disease. 
Thee Rotterdam Elderly Study. Hypertension. 1992;19:717-720. 

9.. Howard G, Wagenknecht LE, Burke GL, et al. Cigarette smoking and progression of 
atherosclerosis:: The Atherosclerosis Risk in Communities (ARIC) Study. JAMA. 
1998;279:119-124. . 

10.. Wendelhag I, Wiklund O, Wikstrand J. Arterial wall thickness in familial hypercholesterolemia. 
Ultrasoundd measurement of intima-media thickness in the common carotid artery. 
Arteriosclerr Thromb. 1992;12:70-77. 

11.. Blankenhorn DH, Hodis HN. George Lyman Duff Memorial Lecture. Arterial imaging 
andd atherosclerosis reversal. Arterioscler Thromb. 1994;14:177-192. 

12.. Smilde TJ, van Wissen S, Wollersheim H, Trip MD, Kastelein JJ, Stalenhoef AR Effect of 
aggressivee versus conventional lipid lowering on atherosclerosis progression in familial 
hypercholesterolaemiaa (ASAP): a prospective, randomised, double-blind trial. Lancet. 
2001;357:577-581. . 

13.. Furberg CD, Adams HP, Jr., Applegate WB, et al. Effect of lovastatin on early carotid 
atherosclerosiss and cardiovascular events. Asymptomatic Carotid Artery Progression Study 
(ACAPS)) Research Group. Circulation. 1994;90:1679-1687. 

14.. Salonen R, Nyyssonen K, Porkkala E, et al. Kuopio Atherosclerosis Prevention Study 
(KAPS).. A population-based primary preventive trial of the effect of LDL lowering on 
atheroscleroticc progression in carotid and femoral arteries. Circulation. 1995;92:1758-1764. 

15.. de Groot E, Jukema JW, Montauban van Swijndregt AD, et al. B-mode ultrasound assessment 
off  pravastatin treatment effect on carotid and femoral artery walls and its correlations with 
coronaryy arteriographic findings: a report of the Regression Growth Evaluation Statin 
Studyy (REGRESS). J Am Coll Cardiol. 1998;31:1561-1567. 

16.. Kroon AA, van Asten WN, Stalenhoef AF. Effect of apheresis of low-density lipoprotein 
onn peripheral vascular disease in hypercholesterolemic patients with coronary artery disease. 
Annn Intern Med. 1996;125:945-954. 

17.. Defesche JC. Familial Hypercholesterolemia. In: Betteridge DJ, ed. Lipids and Vascular 
Disease.. London, UK: Martin Dunitz Ltd. 2000;65-76. 

18.. Friedewald WT, Levy RI, Fredrickson DS. Estimation of the concentration of low-density' 
lipoproteinn cholesterol in plasma, without use of the preparative ultracentrifuge. Clin Chem. 
1972;18:499-502. . 

19.. Marcovina SM, Albers JJ, Dati F, Ledue TB, Ritchie RF. International Federation of Clinical 
Chemistryy standardization project for measurements of apolipoproteins A-I and B. Clin 
Chem.. 1991;37:1676-1682. 

20.. Smilde T, van Wissen S, Trip MD, Wollersheim H, Kastelein JJP, Stalenhoef A. Rationale, 
designn and baseline characteristics of a clinical trial comparing the effects of robust vs 
conventionall  cholesterol lowering and intima media thickness in patients with familail 
hypercholesterolemia.. Clin Drug Invest. 2000;20:67-79. 

21.. Touboul PJ, Prati P, Scarabin PY, Adrai V, Thibout E, Ducimetiere P. Use of monitoring 
softwaree to improve the measurement of carotid wall thickness by B-mode imaging. J 
Hypertenss Suppl. 1992;10:S37-S41. 

100 0 



Regressionn of intima-media thickness 

22.. Montauban van Swijndregt AD, The SFf, Gussenhoven EJ, et al. An in vitro evaluation of 
thee line pattern of the near and far walls of carotid arteries using B-mode ultrasound. 
Ultrasoundd Med Biol. 1996;22:1007-1015. 

23.. Smilde TJ, Wollersheim H, van Langen H, Stalenhoef AF. Reproducibility of ultrasonographic 
measurementss of different carotid and femoral artery segments in healthy subjects and in 
patientss with increased intima-media thickness. Clin Sci. 1997;93:317-324. 

24.. Umans-Eckenhausen MA, Defesche JC, Sijbrands EJ, Scheerder RL, Kastelein JJ. Review 
off  first 5 years of screening for familial hypercholesterolaemia in the Netherlands. Lancet. 
2001;357:165-168. . 

25.. van den Berkmortel FW, Smilde TJ, Wollersheim H, van Langen H, de Boo T, Thien T. 
Intima-mediaa thickness of peripheral arteries in asymptomatic cigarette smokers. 
Atherosclerosis.. 2000;150:397-401. 

26.. Descamps OS, Gilbeau JP, Leysen X, Van Leuven F, Heller FR. Impact of generic defects 
onn atherosclerosis in patients suspected of familial hypercholesterolaemia. Eur J Clin Invest. 
2001;31:958-965. . 

27.. Tonstad S, Joakimsen O, Stensland-Bugge E, et al. Risk factors related to carotid intima-
mediaa thickness and plaque in children with familial hypercholesterolemia and control 
subjects.. Arterioscler Thromb Vase Biol. 1996;16:984-991. 

28.. Tonstad S, Joakimsen O, Stensland-Bugge E, Ose L, Bonaa KH, Leren TP. Carotid intima-
mediaa thickness and plaque in patients with familial hypercholesterolaemia mutations and 
controll  subjects. Eur J Clin Invest. 1998;28:971-979. 

29.. Wendelhag I, Wiklund O, Wikstrand J. Intima-media thickness after cholesterol lowering in 
familiall  hypercholesterolemia. A three-year ultrasound study of common carotid and femoral 
arteries.. Atherosclerosis. 1995;117:225-236. 

30.. Wittekoek ME, de Groot E, Prins MH, Trip MD, Bulier HR, Kastelein JJ. Differences in 
intima-mediaa thickness in the carotid and femoral arteries in familial hypercholesterolemic 
heterozygotess with and without clinical manifestations of cardiovascular disease. 
Atherosclerosis.. 1999;146:271 -279. 

31.. GariepyJ, Simon A, Massonneau M, Linhart A, Levenson J. Wall thickening of carotid and 
femorall  arteries in male subjects with isolated hypercholesterolemia. PCYMETRA Group. 
Preventionn Cardio- Vasculaire en Medecine du Travail. Atherosclerosis. 1995;113:141-151. 

32.. Poli A, Tremoli E, Colombo A, Sirtori M, Pignoli P, Paoletti R. Ultrasonographic 
measurementt of the common carotid artery wall thickness in hypercholesterolemic patients. 
AA new model for the quantitation and follow-up of preclinical atherosclerosis in living 
humann subjects. Atherosclerosis. 1988;70:253-261. 

33.. GariepyJ, Salomon J, Denarie X, et al. Sex and topographic differences in associations 
betweenn large-artery wall thickness and coronary risk profile in a French working cohort: 
thee AXA Study. Arterioscler Thromb Vase Biol. 1998;18:584-590. 

34.. Mercuri M, Bond MG, Sirtori CR, et al. Pravastatin reduces carotid intima-media thickness 
progressionn in an asymptomatic hypercholesterolemic mediterranean population: the Carotid 
Atherosclerosiss Italian Ultrasound Study. Am J Med. 1996;101:627-634. 

35.. Hodis HN, Mack WJ, LaBree L, et al. The role of carotid arterial intima-media thickness in 
predictingg clinical coronary events. Ann Intern Med. 1998;128:262-269. 

36.. Ubels FL, Muntinga fH, van Doormaal JJ, Reitsma WrD, Smit AJ. Effects of initial and 
long-termm lipid-lowering therapy on vascular wall characteristics. Atherosclerosis. 
2001;154:155-161. . 

37.. Simon A, GariepyJ, Chironi G, Megnien JL, Levenson J. Intima-media thickness: a new 
tooll  for diagnosis and treatment of cardiovascular risk. J Hypertens. 2002;20:159-169. 

38.. Wiklund O, HultheJ, Wikstrand J, Schmidt C, Olofsson SO, Bondjers G. Effect of controlled 
release/extendedd release metoprolol on carotid intima-media thickness in patients with 
hypercholesterolemia:: a 3-year randomized study. Stroke. 2002;33:572-577. 

101 1 





CHAPTE R R 8 8 

Homocysteinee and Atherosclerosis 

Dataa of 1110 Patients with Familial Hypercholesterolemia 

Submittedd for  publication 

Angeliquee C.M. Jansen \ Pernette R.W. de Sauvage Nolting ', Mieke D. Trip ', 

Tinekee J. Smilde 2, Marianne E. Wittekoek l ,Joep C. Defesche \ Eric de Groot \ 

Aeilko.. H. Zwinderman 3, Anton F.H. Stalenhoef  2and John J.P. Kastelein \ 

'' Department of Vascular Medicine, Academic Medical Center, the Netherlands. 

22 Department of Internal Medicine, University Medical Center Nijmegen, the Netherlands. 

Departmentt of Clinical Epidemiology and Biostatistics, Academic Medical Center, the Netherlands. 



Chapterr 8 

ABSTRACT T 

BACKGROUND D 

Hyperhomocysteinemiaa is associated with atherosclerosis, but a causal relationship 

iss still vehemently debated. We studied this association in patients at high a priori 

CADD risk, suffering from familial hypercholesterolemia (FH). 

METHODSS AND RESULTS 

Physicall  parameters, intima-media thickness (IMT) measurements and laboratory 

parameters,, including methylenetetrahydrofolate reductase (MTHFR) genotype, were 

obtainedd in 1110 FH patients. FH patients with cardiovascular disease (37%) had 

increasedd median plasma homocysteine levels compared to disease-free patients (12.6 

vs.. 11.9 u.mol/L; p=0.002). In addition, the MTHFR TT-genotype, a genetic cause 

off  hyperhomocysteinemia, showed significandy higher median levels of homocysteine 

thann the CC-genotypc (13.2 vs. 12.0(imol/L;p<0.001). Nevertheless, no relationship 

becamee evident between MTHFR-genotype, cardiovascular disease (p=0.86) or IM T 

(p=0.35),, neither between homocysteine and IM T (r=0.064; p=0.11). 

CONCLUSIONS S 

Plasmaa homocysteine levels are increased in FH patients with cardiovascular disease. 

Inn case of the MTHFR TT-genotype, homocysteine was increased, but this was neither 

reflectedd in the frequency of cardiovascular disease nor in IMT. Moreover, homocysteine 

didd not correlate with IMT. Consequendy, homocysteine and cardiovascular disease 

aree indeed associated in FH, but our data suggest hyperhomocysteinemia to be a 

consequencee rather than a cause of uiis disease process. 
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I N T R O D U C T I O N N 

Hyperhomocysteinemiaa has emerged as a potential risk factor for vascular disease. 

Althoughh homocysteine levels can be effectively lowered by inexpensive and safe 

therapy,, a large-scale implementation has not been widely accepted, since there is an 

ongoingg debate whether the association between elevated homocysteine and 

atherosclerosiss is indeed causal. Both retrospective and cross-sectional studies indicate 

suchh a causality, but prospective studies are equivocal in outcome. Issues such as 

studyy design, sampling bias and confounding through genetic admixture are thought 

too have significantly influenced the outcomes'0. 

Familiall  hypercholesterolemia (FH), a dominant disorder characterized by elevated 

cholesteroll  levels, is caused by a plethora of mutations in the gene encoding the low-

densityy lipoprotein (LDL) receptor6. As a consequence, patients carry an extremely 

highh risk of premature ischemic events7. The disorder represents the paradigm for a 

relationshipp between LDL-cholesteroI and vascular disease and is more and more 

usedd as a model for atherogenesis. Only few authors focused on the association 

betweenn homocysteine and atherosclerotic disease in FH with, however, conflicting 

outcomes814.. The contradicting data are likely due to limited numbers of patients 

andd different definitions of outcome variables. 

Thee C677T mutation in the mefhylcnctetrahydrofolate reductase (MTHFR) gene is a 

geneticc cause of hyperhomocysteinemia'\ which renders the enzyme thermolabile 

andd less active. Consequently, carriers of this variant have significantly higher plasma 

homocysteinee levels from birth onwards1"16. Studying this MTHFR mutation among 

FHH patients offers a unique opportunity to assess the potential risk associated with 

life-longg hyperhomocysteinemia. The combination of increased homocysteine and 

veryy high LDL-cholesterol levels in these patients should lead to remarkably increased 

oddss ratios (OR) for vascular events. 

Overtt ischemic events are preceded by a silent phase of atherosclerotic changes in 

thee arterial wall. These preclinical alterations, intima thickening included, can be 

visualizedd by high resolution B-modc ultrasonography' . Significant relationships 

havee been demonstrated between carotid intima-media thickness (IMT) , cardiovascular 

riskrisk factors11 and coronary artery disease'". Consequently, IM T is increasingly used 

ass a surrogate marker for atherosclerosis19. 

Thee objective of our study was to determine the relationship between hyperhomo-

cysteinemiaa and atherosclerosis in patients with FH. To know whether the study 
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designn could influence the outcomes, we assessed the relationship between (a) plasma 

homocysteinee and cardiovascular disease (CVD), and (b) MTHFR-genotype, plasma 

homocysteine,, cardiovascular disease and intima-media thickness. 

M E T H O D S S 

Studyy population 

Patientss with Familial Hypercholesterolemia, referred to two university Lipid Clinics 

(Amsterdamm and Nijmegen) between 1995 and 1998, were included in the study. 

Inclusionn criteria were a diagnosis of heterozygous FH based on a documented 

LD LL receptor mutation or based on the following criteria: LDL cholesterol level 

abovee the 95rh percentile for gender and age, combined with characteristic tendon 

xanthomass in the patient or in a first-degree relative, or a first-degree relative < 18 

yearss with an LDL cholesterol above the 95th percentile for gender and age. Excluded 

weree secondary causes of hypercholesterolemia. 

Thee Institutional Review Boards approved the protocol and written informed consent 

wass obtained. Al l procedures were performed in accordance with the Declaration of 

Helsinki,, 2000. 

Medicall  data on clinical manifestations of CVD, laboratory parameters, IM T 

measurementss and risk factors were obtained from existing databases. All data were 

verifiedd for the current study by extensive checking of medical records and documents. 

Additionall  MTHFR genotyping was performed. 

Clinica ll  manifestations of CVD 

Patientss were classified as having clinical manifestations of CVD if the medical history 

includedd at least one of the following anomalies: coronary artery disease, cerebral 

arteriall  disease and peripheral arterial disease. 

**  Coronary artery disease: myocardial infarction documented by characteristic ischemic 

painn in combination with (i) ECG abnormalities (new pathologic Q waves, or loss of 

R-wavee voltage) or (ii) documented release of cardiac markers; percutaneous 

transluminall  coronary angioplasty; coronary artery bypass grafting; anginal complaints 

withh (i) myocardial ischemia documented by objective testing, or (ii) at least one > 

50%% diameter stenosis (coronary angiogram). 

**  Cerebral arterial disease: ischemic stroke documented by CT-scan. 

**  Peripheral arterial disease: intervention by either (i) balloon angioplasty or (ii) bypass 
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surgery;; intermittent claudication documented by an objective test, i.e. (i) ankle-arm 

indexx < 0.9, (ii) duplex Doppler examination or (iii ) > 50% stenosis on angiogram. 

Laborator yy parameters 

Lipi dd levels were measured 6 weeks after discontinuation of lipid-lowering medication 

andd after overnight fasting. The LDL-cholesterol was calculated with the Friedewald 

formula.. Plasma homocysteine was measured by a high-performance liquid chromoto-

graphyy (HPLC) 7-fluoro-2- oxa-l,3-diazole-4-sulfonate method20 (n=670), and by 

thee HPLC sodium borohydride/ monobromobimane method21 (n=314). Folate was 

measuredd with a commercially available RIA (Dualcount, Solid Phase No Boil Assay, 

DPC,, Los Angeles, CA, USA) (n=189), and with an IM X analyzer (Abbott) (n=82). 

MTHF RR genotyping 

Genomicc D NA was extracted from peripheral blood leukocytes by standard 

procedures.. Al l samples were genotyped in a single procedure22. 

Thee PCR fragments were digested with Hinfl restriction enzyme according to the 

instructionss of the manufacturer (New England Biolabs, BeverIy,MA). The digests 

weree analyzed by electrophoresis in a 2% agarose gel in TBE-buffer. The MTHFR 

genotypee frequencies were compared to those of Dutch controls, reported in an 

earlierr manuscript23. 

Non-invasivee measurements of atherosclerosis: Intima-Medi a Thickness 

B-modee ultrasound imaged the near and far walls of the left and right common 

carotid,, carotid bulb and internal carotid arterial segments (n= 670). We used Acuson 

1288 XP™ (Mountain View, CA, USA) and Biosound Phase-2™ (BiosoundEsaote, 

USA)) ultrasound machines, equipped with high resolution near field transducers'9,24. 

IM TT was measured off-line from digitally stored images. Sonographers and image 

analystss were not aware of the clinical status of the patients. 

Statisticall  analysis 

Differencess between CVD and disease-free groups were analyzed by Student's t test 

forr continuous variables and Chi-square test for nominal variables. Logistic regression 

analysiss was performed with CVD in the medical history as dependent variable. 

Hyperhomocysteinemiaa and all relevant risk factors (age, gender, LDL-cholesterol, 

triglycerides,, BMI , systolic blood pressure, smoking and creatinine) were independent 

variables.. Hyperhomocysteinemia was entered as log-transformed variable, and 
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consecutivelyy defined as homocysteine above the 90th percentile. 

Differencess between the three MTFHR-genotypes were analyzed with ANOVA for 

continuouss variables and Chi-square test for nominal variables. Pearson's correlation 

wass used to assess the univariate association between different variables and IMT. To 

determinee which factors explained the variation of IM T as dependent variable, a 

multiplee regression analysis was carried out. Independent variables were age, creatinine, 

currentt smoking, total cholesterol, homocysteine, MTHFR-genotyping, gender, 

systolicc blood pressure and BMI . 

Inn all statistical analyses, tests were carried out on log-transformed data in case of 

skewedd distributed variables (fasting total homocysteine, triglycerides and folate), 

whilee medians are presented. Statistical analysis was performed using SPSS 10.1. Al l 

PP values were 2-tailed (< 0.05 statistically significant). 

RESULT S S 

Dataa of 1110 patients were available and could be verified in 1107 patients by checking 

thee medical records. The baseline characteristics are summarized in table 1; 411 patients 

(37%)) had clinical manifestations of CVD and CVD rates of both lipid clinics were 

similarr (36.9% vs. 38.4%; p=0.71). Data of mean carotid IM T measurements were 

availablee in 670 patients. Compared to the disease-free group, IMT's were significantly 

largerr in case of CVD: 0.88  0.18 mm versus 0.94  0.21 mm (p < 0.001). These 

patientss also had a significantly higher systolic and diastolic blood pressure and a 

higherr body mass index. 

LDL -- and total cholesterol levels were increased in all FH patients (n=1107), these 

lipi dd levels did not significantly differ between CVD and non-CVD patients. HDL-

cholesteroll  was lower and triglyceride levels higher in patients with CVD. The latter 

patientss had significantly higher median levels of homocysteine than disease-free 

patients:: 12.6 jumol/L versus 11.9 umol/L(p=0.002). Folate, measured in 271 patients, 

showedd comparable levels in both groups, and could therefore not be the cause for 

thee observed homocysteine difference. 
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Tablee 1. Baseline characteristics of patients with and without cardiovascular disease (CYD)* 

Demographics s 

Malee gender 

Age,, years 

Riskk factors 

Currentt smoking 

Systolicc BP, mmHg 

Diastolicc BP, mmHg 

Bodyy mass index, kg/m2 

Laborator yy Parameters 

Totall  cholesterol, mmol/L 

LDL-cholesterol,, mmol/L 

HDL-cholesterol,, mmol/L 

Triglycerides,, mmol/L 

Fastingg tHcy, jj,mol/L 

Folate,, nmol/L 

Measurementt  of atherosclerosis 

Commonn carotid IMT, mm 

CYDD present 

37% % 

(n=411) ) 

52(215/411) ) 

52.44  10.0 

29(114/397) ) 

1311  15 

811 9 

26.44  3.5 

10.33  2.3 

8.22  2.3 

1.166 3 

1.9(0.3-8.2] ] 

12.66 [6.5 - 42.4] 

16.22 [5 - 101] 

0.944  0.21 

CYDD absent 

63% % 

(n== 696) 

499 (342 / 696) 

44.33  11.4 

355 (230 / 652) 

1277  114 

799 9 

25.33  3.6 

10.11  2.0 

8.00  2.0 

1.222 3 

1.6(0.3-18] ] 

11.9(4.8-117] ] 

17.7(3.9-55.2] ] 

0.888 8 

p-value e 

0.3 3 

<0.001 1 

0.03 3 

<0.001 1 

0.007 7 

<0.001 1 

0.1 1 

0.2 2 

0.002 2 

<0.001 1 

0.002 2 

0.8 8 

<0.001 1 

**  Nominal variables are expressed as percentages (number/total). Continuous variables are expressed as 
meann  S.D., except for homocysteine, triglycerides and folate (median and range). BP, blood pressure; 
LDL,, low-density lipoprotein; HDL, high-density lipoprotein; tHcy, total homocysteine; IMT, intima-
mediaa thickness. 

Partt  (a) Relationship between plasma homocysteine and CVD 

Too assess the risk of hyperhomocysteinemia associated with CVD, odds ratios were 

calculatedd in a logistic regression model (table 2). CVD was taken as dependent 

variable,, homocysteine above the 90th percentile (>16.6 u.mol/L) as independent 

variable.. Dichotomization was chosen for practical interpretation. Log-trans formed 

totall  homocysteine showed the same significant odds ratio: 1.7 (95% CI: 1.1 - 2.6). 

Afterr adjustment for age, gender, LDL-cholesterol and triglycerides the odds ratio 

wass 1.6 (95% CI: 1.0 — 2.6). Additional correction for BMI , systolic blood pressure 

andd smoking (n=624) yielded a significant odds ratio of 1.9 (95% CI: 1.1 — 3.4). 

Creatininee levels were available in 520 patients. Additional adjustment for creatinine 

yieldedd an odds ratio of 1.5 (95% CI: 0.8 - 3.0), not significant. 
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Tablee 2. Odds ratios for cardiovascular disease associated with hyperhomocysteinemia. 

N N ORR 95% confidence 

interval l 

Hyperhomocysteinemiaa (>90lhpercentile) 

Log-transformedd total homocysteine 

**  Hyperhomocysteinemia (>90,hpercentile) 

Adjustedd for age, gender, LDL-cholesterol 

andd triglycerides 

**  Adjusted for age, gender, LDL-cholesterol 

andd triglycerides, BMI , systolic blood pressure, 

smoking g 

**  Adjusted for age, gender, LDL-cholesterol 

andd triglycerides, BMI , systolic blood pressure, 

smoking,, creatinine 

981 1 

981 1 

957 7 

624 4 

497 7 

1.7 7 

1.7 7 

1.6 6 

1.9 9 

1.5 5 

1.11 -2.6 

1.11 -2.6 

1.0-2.6 6 

1.11 -3.4 

0.88 - 3.0 

OR,, odds ratio; In, natural logarithm; LD1, low-density lipoprotein; BMI, body mass index. 

Partt  (b) Relationship between MTHFR-genotype, plasma homocysteine, CVD 

andd IM T 

Inn 877 patients, MTHFR genotype frequencies were evaluated. Table 3 shows the 

distributionn of the different genotypes. The prevalence of genotypes was: CC 47%, 

CTT 46% and TT 7%; for Dutch controls (n=1250) the genotype distribution was 49, 

422 and 9% respectively21. The frequencies in FH patients and controls were similar 

(X2=0.95,, d f - 2, p> 0.2). The FH heterozygotes carrying the MTHFR TT-gcnotype 

showedd significantly higher median levels of homocysteine than carriers of the other 

twoo genotypes: 13.2 versus 12.0 versus 12.3 (p < 0.001). The frequencies of CVD 

(399 % vs. 37% and 36%; p= 0.86), and IM T (0.87 vs. 0.91 and 0.89; p= 0.35) were 

similarr for the genotypes. 

Too assess the influence of folate levels on the outcomes, we distinguished a subgroup 

withh folate levels below the 50th percentile (17.1 nmoi/L), and a subgroup with levels 

equall  or above. In patients with folate levels below the 50th percentile homocysteine 

significantlyy increased in the TT-gcnotype compared to the CC- and CT-gcnotype 

(13.55 vs. 12.9 vs. 12.1 (amol/L, p=0.02). Patients with folate levels of the 50th percentile 

andd higher showed no difference in homocysteine levels between the three genotypes 

(10.88 vs. 10.5 vs. 10.6 |Umol/L; p=0.9). In patients of both subgroups the frequency 

off  CVD and IM T were similar for the three genotypes. 
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Tablee 3. Total homocysteine, intima media thickness and frequency of cardiovascular disease 

accordingg to MTHFR-genotype*. 

tHcy,, Umol/L 

IMT ,, mm 

CVD,, % 

CC C 

47% % 

(n== 410) 

12.0 0 

0.91 1 

37 7 

MTHFR-genotype e 

CT T 

46% % 

(n== 403) 

12.3 3 

0.89 9 

36 6 

TT T 

7% % 

(n== 64) 

13.2+ + 

0.87 7 

39 9 

p-value e 

<0.001 1 

0.35 5 

0.86 6 

++ Total homocysteine expressed as median, IMT as mean, C\T) as percentage. + Value significandy different 
fromm other two homocysteine values (Bonferroni). MTHFR methylenetetrahydrofolate reductase; tHcy, 
totall  homocysteine; IMT, intima-media thickness; C\T), cardiovascular disease. 

Onn univariate analysis, Pearson correlation coefficients between all different risk 

factorss and IM T were evaluated. The variables, which positively correlated with IMT , 

age,, BMI , systolic blood pressure, total cholesterol, triglycerides and creatinine are 

summarizedd in table 4. No correlation was found between IM T and homocysteine, 

orr with folate. 

Tablee 4. Correlates of intima-media thickness. 

Variable e 

Significantlyy associated 

Age e 

BMI I 

Systolicc blood pressure 

Totall  cholesterol 

Triglycerides s 

Creatinine e 

R R 

0.443 3 

0.112 2 

0.183 3 

0.217 7 

0.125 5 

0.175 5 

p-value e 

<0.001 1 

0.004 4 

<0.001 1 

<0.001 1 

0.001 1 

«3.001 1 

Non-significantlyy associated 

Totall  homocysteine 0.064 0.1 

Folatee -0.078 0.2 

R,, Pearson's correlation coefficient; BMI, body mass index. 
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Tablee 5. Multiple regression analyses. Outcome variable: common carotid intimal medial thickness. 

Modell  1 Model 2 Model 3 

st.. Beta p-value st. Beta p-value st. Beta p-value 

Age e 
Creatinine e 

Currentt smoking 

Totall  cholesterol 

Gender,, men vs. women 

Systolicc blood pressure 

BMI I 

Totall  homocysteine 

MTHFRR CT-genotype 

'IT-genotype e 

R: : 

0.428 8 

0.208 8 

0.213 3 

<< Ü.U01 

<< 0.001 

<< 0.001 

0.411 1 

0.205 5 

0.138 8 

0.133 3 

0.246 6 

<< 0.001 

<< 0.001 

0.001 1 

0.001 1 

<< 0.001 

0.421 1 

0.228 8 

0.012 2 

0.098 8 

0.020 0 

0.008 8 

0.034 4 

-0.012 2 

-0.039 9 

-0.005 5 

0.257 7 

<< 0.001 

<< 0.001 

0.01 1 

0.033 3 

n.s. . 

n.s. . 

n.s. . 

n.s. . 

n.s. . 

n.s. . 

<< 0.001 

st.. Beta, standardized Beta; BMI, body mass index; MTHFR, mcthvlenetctrahydrofolate reductase; n.s., 
nott significant. 

Inn multiple regression analysis, mean carotid IM T was included as outcome variable. 

Threee models were considered with different sets of independent variables (table 5). 

Inn Model 1, age and creatinine explained 21.3% of the variation. Model 2 shows current 

smokingg and total cholesterol to add signifkandy to the model (R2=:0.246). Model 3 

showss homocysteine and MTHFR-genotype, as well as gender, systolic blood pressure 

andd BMI , not to contribute to the variation in IMT. 

DISCUSSION N 

Wee assessed the relationship between plasma homocysteine levels and vascular disease 

inn a large cohort of FH patients with two different approaches. In the first part, FH 

patientss with CVD were shown, in a case-control design, to have higher homocysteine 

levelss than those without CVD. The accompanying odds ratios suggest that 

hyperhomocysteinemiaa is indeed an independent predictor of atherosclerotic 

cardiovascularr disease. In the second part, we studied the MTHFR IT'-genotype, a 

causee of life-long hyperhomocysteinemia. This offered us the opportunity to study 
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thee relationship between elevated homocysteine levels from birth onwards on the 

occurrencee rate of CVD in a prospective-like design. Furthermore, IMT , a marker 

off  subclinical atherosclerosis, was introduced as a second outcome parameter. Results 

showw that the MTHFR TT-genotype indeed increases plasma homocysteine levels, 

butt it does not increase cardiovascular event rate or IMT . Even more remarkable is 

thatt neither MTHFR nor homocysteine is associated with IMT . These latter findings 

aree in favor of the view that hyperhomocysteinemia is not a causal factor in 

atherogenesis,, but merely a consequence in patients with CVD. 

Variouss authors emphasize the potential reasons for the differences in outcome 

betweenn prospective, cross-sectional and retrospective studies with regard to the 

causalityy of hyperhomocysteinemia in atherogenesis'"3. Methodological differences, 

suchh as choice of outcome parameter and study design are generally hypothesized to 

bee a major consequence, we feel that this is illustrated in our study. 

Thee most likely explanation for our findings could be the fact that homocysteine 

levelss were elevated as a consequence of cardiovascular events, rather than being a 

causall  factor. Indeed, studies show that homocysteine increases during the acute 

phasee of cardiovascular events2S,2f'. This may explain that both case-control studies, 

basedd on established atherosclerotic disease, as well as prospective studies focusing 

onn atherosclerotic events at baseline, revealed increased odds ratios for CVD27, in 

supportt of a causative role for homocysteine28. Extensive research is focusing on the 

pathophysiologicall  mechanism by which homocysteine could be atherogenic. Possible 

mechanismss are endothelial dysfunction, oxidation of LDL cholesterol, vascular 

smoothh muscle cell proliferation or coagulation abnormalities. Despite intensive 

efforts,, the exact mechanism is, as yet, not known3 ̂  We did not study potential 

mechanisms,, but we hypothesize that the actual event itself might elevate homocysteine 

levels,, for example as an acute-phase reactant. 

Inn our study, the MTHFR TT-genotype did not increase the risk of atherosclerosis. 

Thiss is in agreement with other studies, such as the largest meta-analysis of 23 studics2!J. 

Somee investigators30 disagree with this conclusion and postulate that the slightly 

increasedd but non-significant odds ratios frequently found are well within the range 

off  the estimates in the meta-analyses of Boushey et al.31 and Refsum et al.32. These 

meta-analysess showed that a 1 Jimol/L increase in total homocysteine was associated 

withh a 10% increased risk of CVD. We, in our cohort, arrive at a different conclusion, 

albeitt with similar calculations. The difference between mean homocysteine levels of 

MTHFRR TT- and CC-gcnotypes is 18.5 minus 12.3 (imol/L or 6.2 fimol/L , and 
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consequentlyy an odds ratio of 1.62 could be expected. In fact, we find an odds ratio 

off  1.08 (95% CI: 0.63 - 1.9). Although granted that the calculated OR is within the 

confidencee interval, the actual ratio is quite far from the calculated one. 

Anotherr ongoing argument is that the MTHFR TT-genotype carries only an increased 

riskk in patients with a low folate status". In contrast, we could find no increased risk 

off  CVD in patients who are homozygous for the TT-genotype in patients with low 

folatee levels. 

Inn conclusion, FH patients with CVD show significantly increased plasma homocysteine 

levels.. However, whereas those with the MTHFR TT-genotype have significantly 

increasedd homocysteine levels, this is neither reflected in CVD frequency nor in carotid 

IMT .. In concordance, homocysteine is not correlated with IMT. These findings are 

argumentss against a causal relationship between homocysteine and atherosclerosis in 

thesee patients. Furthermore, study design and choice of the outcome parameter are of 

majorr influence. Hyperhomocysteinemia is merely a finding in FH patients with CVD 

andd can therefore be considered a consequence rather than a cause. 
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ABSTRACT T 

BACKGROUND D 

Thee beneficial effect of statins on cardiovascular morbidity and mortality may not 

onlyy result from LDL-cholesterol reduction but also from modification of coagulation 

andd fibrinolysis. Consequendy, the effects of statins on these systems have been 

studiedd extensively, but data are still inconclusive. The aim of the present study was 

too evaluate whether high-dose simvastatin therapy would modulate markers of 

coagulationn and fibrinolysis and to evaluate whether the alterations in these markers 

weree associated with changes in arterial intima-media thickness (IMT) as surrogate 

markerr for cardiovascular disease (CVD). 

METHODSS AND RESULTS 

AA total of 106 patients with familial hypercholesterolemia (FH) were treated with 80 

mgg simvastatin for two years. At baseline and after 6 months of treatment parameters 

off  coagulation (fibrinogen, coagulation factors II , VII , VIII , XI , von Willebrand 

factorr (vWF), prothrombin fragment 1+2 (Fl+2)) and fibrinolysis (D-dimer, tissue 

plasminogenn activator (tPA), plasminogen activator inhibitor type 1 (PAI-1)) were 

evaluated.. IM T changes were evaluated after 2 years of therapy. At baseline, all liver-

synthesizedd coagulation parameters were lower in FH patients with CVD compared 

too patients without CVD, also levels of F l+2, a marker for coagulation activation, 

weree decreased. In contrast, fibrinolysis parameters, notably PAI-I, were threefold 

increasedd in patients with CVD. Simvastatin therapy produced small, but significant 

changess in a number of hemostatic parameters. An increase was observed for 

fibrinogen,, factor VIII , vWF, D-dimer and PAI-1, whereas F l +2 and prothrombin 

weree decreased. Nevertheless, all these alterations in coagulation and fibrinolysis 

parameterss were not correlated with IM T changes over a 2 year treatment period. 

CONCLUSION N 

Bothh the coagulation and fibrinolytic system in patients with FH are significandy 

affectedd by 80 mg simvastatin, but these changes were not associated with either 

pro-- or regression of IMT . 
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I N T R O D U C T I O N N 

Statinss (HMG-CoA reductase inhibitors) reduce low-density lipoprotein (LDL) -

cholesteroll  levels and are widely used for the treatment of hypercholesterolemia. Clinical 

trialss have demonstrated mat statins reduce morbidity and mortality in patients with 

cardiovascularr disease (CVD) and in patients at high risk for CVD. The efficacy of 

statinss to reduce the burden of CVD is hypothesized not only to result from LDL -

cholesteroll  reduction but also from a number of additional so called pleiotropic effects.1,2 

Proposedd mechanisms beyond lipid lowering include the favourable effects of statins 

onn endothelial function, plaque stability, inflammation and the coagulation system. 

Epidemiologicall  studies have shown that several haemostatic variables are independent 

riskk indicators for CVDVU1, and hypercholesterolemia is known to correlate with 

somee of these haemostatic risk factors." u Such data are consistent with an important 

rolee for coagulation and fibrinolysis in the pathogenesis of CVD. Therefore the 

effectss of statins on haemostatic variables such as platelet function, fibrinogen and 

tissuetissue factor expression, were extensively studied, but the data from such studies 

weree inconclusive.1,14 

Inn patients with severe hypercholesterolemia who are at an increased risk for CVD, 

thee levels of hemostatic risk factors are significantly elevated.12,n In patients with 

familiall  hypercholesterolemia (FH) the severely elevated LDL cholesterol levels cause 

aa rapid progression of atherosclerosis as is evident from an increase in intima-media 

thicknesss (IMT) of the wall of the peripheral arteries: in FH patients the mean arterial 

walll  IM T is twice as thick as in controls.1518 We rccendy reported that LDL-cholesterol 

reductionn by aggressive statin therapy in FH patients resulted in a striking regression 

off  IMT.19 

Thee aim of the present study in FH patients was to evaluate whether a high dose of 

simvastatinn therapy would modulate not only the lipid profiles but also hemostatic 

markers.. More importandy we intended to evaluate whether changes in these markers 

weree associated with IM T changes after two years of statin therapy in order to support 

orr negate the hypothesis that hemostatic variables are important in the atherosclerotic 

process. . 
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M E T H O D S S 

Studyy population and design 

FHH patients (n=106) were recruited from the outpatient clinic of the department of 

Vascularr Medicine at the University of Amsterdam. The diagnosis of FH was based 

onn either the presence of a mutation in the LDL receptor gene or if the patients 

weree diagnosed with definite FH and had 6 or more points, according to an algorithm 

(too allow standardization of the diagnosis of FH based on clinical findings, personal 

andd familial clinical history and biochemical parameters).31 Secondary causes of 

hypercholesterolemia,, including renal and hepatic disease, alcohol abuse, diabetes 

mellituss and hypothyroidism were excluded in all subjects. Patients with a history of 

myocardiall  infarction, percutaneous transluminal coronary angioplasty or coronary 

arteryy bypass graft could be included if the physician thought it was medically allowed 

forr the patient to have a washout period. After a washout period of 6 weeks, all 

patientss were started on therapy with simvastatin 80 mg daily for the duration of two 

years.. The Institutional Review Board of our institution approved the protocol. Written 

informedd consent was obtained from all participants. 

Biochemicall  analysis. 

Fastingg blood samples were drawn at baseline and after 6 months of treatment. 

Sampless 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 lipoprotein (HDL)-cholesterol and triglycerides (TG) were 

measuredd by conventional methods. LDL-cholesterol was calculated according to 

Friedewaldss formula. Apolipoprotein A-I and apolipoprotein B were determined by 

ann immunological ratc-nephelomctric procedure using a polyclonal goat anti-human 

antibodyy (Array protein system, Beekman Coulter, Netherlands). Coagulation factor 

assayss (fibrinogen, prothrombin, factor VII , factor VIII , and factor XI ) were 

performedd on an automated coagulation analyser (Bchring Coagulation System) with 

reagentss and protocols from the manufacturer (Dade Behring, Marburg, Germany). 

Vonn Willebrand factor antigen levels were determined with an ELISA developed in 

ourr laboratory using antibodies from Dako (Glostrup, Denmark). D-dimers and 

prothrombinn fragment FT +2 (Fl +2) were quantitated by sandwich-type ELISA from 

Dadee Behring (Marburg, Germany). Tissue plasminogen activator (tPA) antigen levels 

weree determined by sandwich-type ELISA from Chromogenix (Mölndal, Sweden). 

Plasminogenn activator inhibitor type 1 (PAI-1) activity7 was determined by indirect 
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two-stagee enzymatic procedure (Biopool, Umca, Sweden). 

Intima-Medi aa Thickness. 

Thee IM T measurement procedures have been reported previously.19 For the ultrasound 

examinationss a Biosound Phase-2 real time scanner (Biosound Esaote, USA) equipped 

withh a 10 MHz transducer was used. Measurements were made at baseline, and after 

twoo years of therapy. In both carotid arteries, three 10 mm segments were scanned: 

thee distal portion of the common carotid artery, the carotid bifurcation and the 

proximall  portion of the internal carotid artery. In the right common femoral artery, 

aa 10 mm segment proximal to the branching of the deep femoral artery was scanned. 

Onlyy IM T data of images of the far walls were analysed, based on recent advances in 

ultrasoundd procedure. The images were stored on disk and read by one independent 

readerr blinded to any information on the patients. Reproducibility tests were performed 

regularlyy by the sonographer and yielded a coefficient of variation of < 5%. 

Statisticall  analysis 

Thee relative change as compared to baseline was calculated for laboratory and IM T 

parameters.. Mean changes were tested using the paired sample t-test, the Wilcoxon 

testt was applied for variables with a skewed distribution. Mean changes between 

groupss were compared using the independent sample t-test and the Mann-Whitney 

testt was applied for variables with a skewed distribution. The strength of the 

relationshipp between the percentage change after 6 months in laboratory parameters 

andd after 2 years in IM T was quantified by the Pearson correlation coefficient, when 

thee % change was distributed normal and by the Spearman correlation coefficient in 

casee of a skewed distribution of one of the parameters. Statistical analyses were 

performedd using SAS (version 8.02, SAS Institute Inc. Cary, NY, USA). 

RESULT S S 

Thee baseline characteristics of the 106 FH patients included in the study are 

summarisedd in table 1. Patients with FH had higher levels of fibrinogen and tPA ag 

andd patients with FH and CVD also increased PAI-1 activity compared to controls. 

Twentyy five (24%) patients experienced a cardiovascular event in the past. Patients 

withh CVD were older than patients without CVD and more obese. 

Thee mean far wall IM T was significant higher in the CVD patients. Interestingly, all 
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levelss of liver-produced coagulation factors were decreased in the patients with CVD. 

Thee changes were particularly striking for factor VI I and factor XI . This did not 

resultt in an apparent difference in F l +2 as marker of coagulation activation. 

Fibrinolyticc parameters were also different between symptomatic and asymptomatic 

individuals.. In particular PAI-1 activity was increased three-fold. 

Tablee 1. Baseline demographic and main laboratory parameters of FH patients with and without 

CVD. . 

Demographic c 

Agee (years) 

Malee Gender (%) 

Smokingg (" o) 

Hyperr tension (%) 

BMII  (kg/m2) 

CVDD (%) 

Coagulation n 

Fibrinogenn (g/1) 

FF II (%) 

FF VI I (%) 

FF M i l (%) 

FF XI f . ) 

vWF-ag(°») ) 

FF l+2(nmol / l) 

Fibrinolysis s 

D-dimerr (ug/1) 

t-PAA (ng/1) 

PAI-actt (IU/ml) 

Lipoprotein s s 

TCC (mmol/1) 

LDL- CC (mmol/1) 

HDL-CC (mmol/1) 

TGG (mmol/1) 

IM T T 

Meann IMT (mm) 

Al ll  FH patients 

(nn = 106) 

45.00  12.4 

555 (51.9) 

300 (28.9) 

77 (6.6) 

25.00  3.3 

255 (23.6) 

3.393.39  0.74 

100.99  22.2 

103.55  25.4 

104.22  18.2 

105.22  17.6 

102.77  32.7 

0.822  0.35 

2177 (65 - 1119) 

7.000  3.46 

7.00(1.0-61.0) ) 

10.422  1.99 

8.211  2.01 

1.344  0.36 

1.70(0.40-7.90) ) 

1.044 2 

FHH without C\TD 

(nn - 81) 

42.88  12.0 

388 (46.9) 

244 (30.0) 

33 (3.7) 

24.77  3.2 

--

3.411  0.76 

103.99  16.7 

107.99  19.8 

105.11  19.7 

107.99  17.7 

103.44  33.2 

0.844  0.34 

2122 (100 - 578) 

6.655  3.58 

5.00(1.0-66.0) ) 

10.400  1.96 

8.211  2.00 

1.366 6 

1.70(0.40-7.90) ) 

1.000  0.19 

FHH with CVD 

(nn = 25) 

52.22  11.1 

177 (68.0) 

66 (25.0) 

4(16.0) ) 

26.00  3.3 

255 (100) 

3.333  0.66 

91.77  32.8 

90.00  35.2 

101.55  12.5 

97.00  14.8 

103.44  31.8 

0.788  0.38 

270(65-- 1119) 

8.122  2.80 

15.0(1.0-61.0) ) 

10.499  2.84 

8.200 0 

1.244  0.83 

1.70(0.80-7.50) ) 

1.166  0.25 

p-value e 

0.008 8 

0.07 7 

0.6 6 

0.05 5 

0.07 7 

0.7 7 

0.09 9 

0.02 2 

0.3 3 

0.006 6 

0.7 7 

0.5 5 

0.2 2 

0.08 8 

0.01 1 

0.8 8 

1.0 0 

0.1 1 

0.2 2 

0.001 1 

Valuess are means  standard deviation or number (%). Triglycerides, D-dimer and PAI-act arc given as 
mediann (interquartile range) because of a skewed distnbution. BP, blood pressure; BMI, body mass index; 
CYD,, cardio vascular disease; F II , Factor II ; vWF-ag, von Willebrand Factor antigen; t-PA, tissue 
plasminogenn activator; PAI, plasminogen activator inhibitor type 1; TC, total cholesterol; HDL C, high 
densityy lipoprotein cholesterol; LDL-C, low density lipoprotein cholesterol; TG, triglycerides; IMT, inrima 
mediaa thickness. 
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Tabicc 2 shows the demographic and laboratory parameters in the patients with the 

lowestt fertile and the highest fertile of baseline mean far wall IMT. Patients with an 

IMTT > 1.11 mm were older and more obese, experienced more often a cardiovascular 

eventt and had a higher plasma level of factor II , t-PA antigen, PAI-1 activity, total 

cholesteroll  and triglycerides than patients with an IMT <0.92 mm. 

Tablee 2. Baseline demographic and main laboratory parameters of FH patients and their relationship 

withh mean IM T measurements, as assessed in tertiles. 

Demographic c 

Agee (years) 

Malee Gender (%) 

Smokingg (%) 

Hypertensionn (%) 

BMII  (kg/m2) 

CVDD (%) 

Coagulation n 

Fibrinogenn (g/1) 

FF II (%) 

FF VI I (%) 

FF VII I (%) 

FF XI (%) 

vWF-agg (%) 

F l+2 (nmo l / l) ) 

Fibrinolysi s s 

D-dimerr (u.g/1) 

t-PAt-PA (ng/1) 

PAI-actt (IU/ml) 

Lipoprotein s s 

TCC (mmol/1) 

LDL- CC (mmol/1) 

HDL-CC (mmol/1) 

TGG (mmol/1) 

IM T T 

Meann IM T (mm) 

Al ll  FH patients 

(nn = 106) 

45.00  12.4 

555 (51.9) 

300 (28.9) 

77 (6.6) 

25.00  3.3 

255 (23.6) 

3.399  0.74 

100.99  22.2 

103.55  25.4 

104.22  18.2 

105.22  17.6 

102.77  32.7 

0.822  0.35 

217(65-1119) ) 

7.00  3.46 

7.0(1.0-61.0) ) 

10.422  1.99 

8.211  2.01 

1.344 6 

1.70(0.40-7.90) ) 

1.044 2 

IM TT < 0.92 mm 

(nn = 33) 

38.77  12.2 

166 (48.5) 

100 (30.3) 

22 (6.1) 

24.00  3.4 

55 (15.5) 

3.466  0.71 

90.00  22.3 

96.33  27.8 

104.77  17.7 

105.7105.7  17.4 

102.77  32.9 

0.799  0.42 

189(95-- 1119) 

5.33  2.4 

4.0(1.0-32.0) ) 

10.200  1.67 

8.088  1.73 

1.366  0.39 

1.30(0.6-4.7) ) 

0.833  0.09 

I M T >> 1.11 mm 

(nn = 34) 

50.77  12.5 

199 (55.8) 

111 (32.4) 

33 (8.8) 

25.88  3.0 

133 (38.2) 

3.466  0.74 

106.00  20.0 

105.66  24.6 

101.44  19.0 

106.66  17.5 

99.44  28.4 

0.877  0.35 

2533 (101 - 995) 

8.22  2.9 

13.0(1.0-61.0) ) 

11.277 12.11 

8.999  2.13 

1.266 3 

1.95(0.8-7.5) ) 

1.277 6 

p-value e 

0.0002 2 

0.6 6 

0.9 9 

1.00 0 

0.02 2 

0.03 3 

1.0 0 

0.003 3 

0.2 2 

0.5 5 

0.8 8 

0.7 7 

0.4 4 

0.09 9 

0.0001 1 

0.002 2 

0.02 2 

0.06 6 

0.3 3 

0.01 1 

Valuess are means  standard deviation or number (%). Triglycerides, D-dimer and PAI-act are given as 
mediann (interquartile range) because of a skewed distribution. BP, blood pressure; BMI, body mass index; 
CVD,, cardio vascular disease; F II , Factor II ; vWF-ag, von Willebrand Factor antigen; t-PA, tissue 
plasminogenn acnvator; PAI, plasminogen activator inhibitor type 1; TC, total cholesterol; HDL-C, high 
densityy lipoprotein cholesterol; LDL-C, low density lipoprotein cholesterol; TG, triglycerides; IMT, intima-
mcdiaa thickness. 
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Afterr 6 months of treatment with simvastatin 80 mg (table 3), the total cholesterol, 

LD LL cholesterol and triglycerides decreased significantly with 40, 48 and 3 1% 

respectively,, and the HDL cholesterol increased with almost 8%. Fibrinogen increased 

withh 12%. Factor II decreased with 3.2%, Factor YII I and vWF-ag increased with 

3.77 and 11% respectively, whereas Factor VI I and Factor XJ remained unchanged. 

Thee D-dimer, F l +2 and PAI-1 changed with 12.7, -9.3 and 43.7% respectively and 

noo change was found in t-PA. 

Afterr 24 months of treatment with 80 mg simvastatin the mean far wall was decreased 

significantlyy with 0.059 mm (5.1%). 

N oo association could be demonstrated between the changes in coagulation and 

fibrinolysiss parameters and changes over two years in mean far wall IMT , the marker 

forr atherosclerosis progression (data not shown). 

Tab l ee 3. Changes in main laboratory parameters after 6 mon ths and mean IM T after 24 mon ths of 

800 mg simvastatin therapy. 

Baselinee 6 m o n t hs 

(nn = 106) (n = 102) p-value 

Coagulat ion n 

Fibrinogenn (g/1) 

F I 1 ( %) ) 

i -v i i ( " ,» ) ) 

FF Y l l ! ( " „ ) 

F X l f ' n ) ) 

v\ \ 'F-agg ("«) 

FF l +2 (nmo l / l) 
F ibr ino lys is s 

D-dimerr (ug/1) 

t-PAA (ng/1) 

I'. VI-actt (I U/ml) 

Lipoprotein s s 

TCC (mmol/1) 

LDF-CC (mmol/1) 

HOL-CC (mmol/1) 
TC,, (mmol/1) 

I M T T 
Meann IM T (mm) 

3.399  0.74 

100.99  22.2 

103.55  25.4 

104.22  18.2 

105.22  17.6 

102.77  32.7 

0.822  0.35 

2 1 7 ( 6 5-- 1119) 

7.00  3.46 

7.0(1.0-61.0) ) 

10.422  1.99 

8.211  2.01 

1.344  0.36 

1.70(0.40-7.90) ) 

1.044 2 

3.755  1.00 

97.22  20.7 

100.66  25.8 

107.33  18.5 

106.77  18.4 

112.00 5 

11.744  0.30 

2411 (64-862) 

7.33  3.2 
9.0(1.0-- 68.0) 

6.188  1.24 

4.211  1.20 

1.4210.36 6 

1.00(0.30-8.70) ) 

0 . 9 8 1 0 . 18 8 

<0.0001 1 

0.007 7 

0.3 3 

0.004 4 

0.048 8 

0.007 7 

<().()(( 101 

0.0004 4 

0.2 2 

0.0008 8 

<< 0.0001 

<< 0.0001 

<0.0001 1 

<0.0001 1 

0.002 2 

Valuess are means  standard deviation or number (" i>). Triglycerides, D-dimer and PAl-act are given as 

mediann (interquartile range) because of a skewed distribution, HP, blood pressure; BMI , body mass index; 

CVD,, cardio vascular disease; F 11, Factor II ; v\XF-ag, von VC'illcbrand Factor antigen; t-PA, tissue 

plasminogenn activator; PA1, plasminogen activator inhibitor type 1; TC, total cholesterol; HDL-C, high 

densityy lipoprotein cholesterol; LDL-C, low density lipoprotein cholesterol; TG, triglycerides; IMT , intima-

mediaa thickness. 
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DISCUSSION N 

Severall  studies have assessed the effects of cholesterol-lowering agents on hemostatic 

parameters,, the present study, however, seeks to perform a comprehensive analysis 

off  the effects of high dose simvastatin therapy on a panel of parameters of coagulation 

andd fibrinolysis and provides the correlations with IMT . 

Thee baseline data indicate that the recruited FH patient cohort had very high LDL -

cholesteroll  levels, in which 24% of the patients had already experienced a 

cardiovascularr event. As in most FH studies, mean arterial wall IM T was increased in 

ourr FH patients at baseline and at least twice as thick as in controls.15'18 Mean IM T 

wass even more increased in CVD patients than in those without CVD. These grossly 

abnormall  IM T values must be the consequence of the very rapid progression of 

atheroscleroticc lesions in FH patients. Treatment with simvastatin 80 mg for two 

yearss resulted in a significant decrease in IMT. 

Wee realize that the changes in hemostatic parameters were evaluated after six months 

off  simvastatin treatment and IM T changes after 2 years. Changes in IM T cannot be 

expectedd in several months; Wendelhag et al calculated an increased progression rate 

off  0.009 mm/yr in adult FH patients compared to 0.005 mm/yr in controls,18 and 

wee showed a decrease of IM T in FH patients treated with 80 mg atorvastatin of only 

0.0311 m m /2 years.19 

Parameterss of Coagulation and Fibrinolysi s in FH patients 

Inn the present study, coagulation factors VI I and XI were lower in the FH patients 

withh CAD. The difference however is small in absolute terms and therefore probably 

nott clinically relevant. Patients in the highest IM T fertile group showed a significantly 

higherr factor II . This could support the hypothesis that (pro-)thrombin is not only 

essentiall  in thrombus formation but also acts as a growth factor for vascular smooth 

musclee cells.21 

Highh fibrinogen and PAI-1 levels are often found in patients with high cholesterol, 

speculatedd to reflect an increased risk for arterial thrombosis.1213'22 The FH patients 

inn our study confirmed these findings as they had elevated fibrinogen, t-PA antigen 

andd also high PAI-1 activity at baseline. 

Thee patients who experienced a cardiovascular event had a significandy higher PAI-

11 level than those who did not. This is in line with several large and prospective 

epidemiologicc studies reporting an increased risk of ischemic cardiovascular events 
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withh increased PAI-1 levels.2325 Conversely, the high PAI-1 levels could also be 

attributedd to the older age or to the higher body mass in these patients. The elevated 

tPAA antigen level could be explained by the increased concentration of circulating 

complexess of tPA with its inhibitor PAI-1. The high tPA level is then caused by the 

highh plasma PAI-1 activity rather than by an increased fibrinolytic activity. 

Changess in coagulation parameters by statin therapy 

Afterr 6 months of high dose simvastatin therapy, the present study showed an increase 

(12%,, p<0.0001) of fibrinogen. The increase of fibrinogen, however, did not influence 

thee final IM T outcome after 2 years, as evidenced by the lack of correlation between 

thee fibrinogen and IM T changes. This is in accordance with the experimental results 

off  Dangas et al., who showed in an elegant study that the increase of fibrinogen by 

statinn treatment was not associated with thrombus formation upon an injured vascular 

surface.200 The results of several studies examining the influence of statins on 

fibrinogenn levels in hypercholesterolemic patients have been inconsistent, with some 

studiess showing a decrease, others no change, or even an increase of fibrinogen 

levels.266 3<) The variable effects of statins on fibrinogen may be the result of different 

actionss on fibrinogen-regulating cytokines, differences in study populations with 

geneticc variation at the fibrinogen locus, or of a different methods used to determine 

fibrinogen.31,322 An increase of fibrinogen may also be explained by metabolic changes 

inn hepatocyte function caused by HMG-CoA reductase inhibition, in particular at 

highh dose as we used in the present study.33 Therefore, we conclude that the increase 

off  fibrinogen by simvastatin is not related to clinical outcome, but just a 'side-effect' 

off  statin treatment. 

Simvastatinn treatment in the present study was accompanied by depression of 

thrombinn generation, as evidenced by a significant reduction in prothrombin fragment 

11 +2 (Fl+2). This finding is in line with several studies that also show that cholesterol 

reductionn by statins decreased the thrombin generation in hypercholesterolemia. For 

example,, Szczeklik et al.34 demonstrated that the generation of thrombin cleavage 

peptidess was inhibited by simvastatin. Aspirin had a similar effect, and there was no 

furtherr reduction in thrombin cleavage peptides upon addition of simvastatin to 

aspirin.. He suggested that the reduction in thrombin generation by simvastatin was 

secondaryy to an antiplatelet effect. Dangas et al. confirmed the findings of Szczeklik 

andd coworkers, insofar that pravastatin reduced thrombus generation in an ex vivo 

modell  where blood was passed through a perfusion system, and that this reduction 

126 6 



Coagulationn and fibrinolysis markers 

inn thrombosis was attenuated in patients on aspirin.26 These studies both suggest 

thatt statins exert their anti thrombotic effect largely as a result of antiplatelet activity. 

Sincee platelets of patients with elevated LDL cholesterol levels are more sensitive to 

aggregatingg agents than platelets from normocholesterolemic patients*4 and pravastatin 

iss known to decrease both LDL-cholesterol and platelet aggregability,,s it is likely 

thatt the effects seen on F l +2 are a reflection of the influence of LDL lowering on 

platelett aggregability and thereby on thrombin generation. 

Ann alternative explanation for the significant decrease in F l +2 may be the effect of 

HDLL on thrombin generation. Griffi n et al demonstrated that HDL enhances the 

anticoagulantt protein C pathway in vitro and speculated that HDL may help down-

regulatee thrombin generation in vivo.v' In our patients HDL increased significandy 

withh almost 8%, while the F l +2 levels decreased with 9%. 

Thee decrease of factor II by statin treatment could be seen as a beneficial effect with 

regardss to atherosclerosis progression, since thrombin acts as growth factor for 

vascularr smooth muscle cells.21 However, we could not demonstrate a positive 

correlationn of factor II with IM T change after two years of statin therapy in our 

patientt group. 

Thee changes in coagulation factor VII , factor VII I and factor XI , are small and 

therebyy probably not clinically relevant. They could also be induced by aforementioned 

changess in the activity of the hepatocyte. 

Changess in fibrinolyti c parameters by statin therapy 

Inn the present study simvastatin improved global fibrinolytic activity as determined 

byy D-dimer. The level of D-dimers, degradation products of cross-linked fibrin, is 

consideredd to reflect the overall activity of clot formation and clot lysis. Because D-

dimerr is not artificially generated in vitro during blood collection, its measurement 

moree consistently reflects in vivo hemostatic activity than do other assays for 

coagulationn and fibrinolytic activities. 

Divergingg results exist regarding the effects of statins on the parameters of the 

fibrinolyti cc system. Most studies evaluated the fibrinolytic mechanism by measuring 

PAI-1.. Administration of statins to humans increased, decreased, or had no effect 

onn PAI-1 levels, independent of the dose or the statin used. In this respect, simvastatin 

administrationn has also produced contradictory results: with no change in PAI-1 in 

onee study3 and an increased effect on PAI-1 in another™ as in the present study. 

Recentlyy Bourcier et al.v; demonstrated that simvastatin reduced levels of PAI-1 
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antigenn released from smooth muscle cells and endothelial cells, while levels of cell 

derivedd tPA increased. Decreased PAI-1 antigen was correlated with reduced mRNA 

transcriptionn and activity of the PAI-1 promotor. Hypertriglyceridemia, linked to 

insulinn resistance is related to increased PAI-1 levels. Accordingly, reductions of 

plasmaa triglycerides by drugs like fibratcs and niacin results also in decreased PAI-1 

mRNAA expression and PAI-1 levels, Treatment of hypercholesterolemia with statins 

mayy not only reduce plasma PAI-1 levels through a direct action of statins on human 

vascularr smooth muscle cells and endothelial cells but also indirectly by reducing 

cholesteroll  and triglycerides.24 In the present study triglycerides decreased by 3 1% 

(p<0.0001),, PAI-1 activity however increased 44% (p-0.0008). We do not have an 

explanationn for this finding. 

Fibrinn D-dimer indicates intravascular turnover of fibrin by identifying a primary 

degradationn product of cross linked fibrin. Thus it is a direct marker of endogenous 

fibrinolysis.. High dose statin therapy resulted in a slightly enhanced fibrinolysis. This 

iss however not reflected in IM T changes after 2 years of therapy. 

Inn conclusion, in the present study hemostatic parameters were significantly affected 

byy simvastatin in patients with FH treated for 6 months, but these changes were not 

associatedd with changes in IM T 
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ABSTRAC T T 

BACKGROUND D 

Low-densityy lipoprotein (LDL)-receptor mutations resulting in almost absent or no 

activityy cause more severely increased cholesterol levels compared to mutations with 

residuall  activity. The nature of the mutation may be of importance for therapeutic 

response.. Our current knowledge is based on studies with relatively few mutations 

andd use of low-dose statins. We examined lipids before and during aggressive statin 

treatmentt in a large series of index cases. 

METHODSS AND RESULTS 

AA total of 321 patients from 37 Dutch Lipid Clinics with molccularly diagnosed 

familiall  hypercholesterolemia were included in the study. After a 6-week washout-

period,, patients started with simvastatin 80 mg for 2 years. A total of 71 different 

mutationss were identified. Groups were divided according to absence (<5%) or 

presencee (>5%) of residual LDL-receptor activity. At baseline, mean LDL-cholesterol 

levelss in patients without receptor-activity (<5%) were significantly higher compared 

too patients with receptor-activity (9.32  2.05 mmol /L vs. 8.21  2.00 mmol/L; 

p<0.0001).. However, no differences were found with regards to LDL-cholesterol 

reduction,, either by evaluating maximal LDL- C reduction or by mean LDL- C 

reduction. . 

CONCLUSIONS S 

Mutatedd LDL-receptors without residual activity result in higher baseline LDL -

cholesteroll  levels compared to those that retained some function. However, the 

responsee to high-dose simvastatin treatment is not influenced by the nature of the 

LDL-receptorr mutation. 
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I N T R O D U C T I O N N 

Familiall  hypercholesterolemia (FH) is an autosomal dominant disorder of lipoprotein 

metabolism.. In die Netherlands, it affects approximately 1 in 400 people.' The disorder 

iss caused by mutations in the low-density lipoprotein (LDL) receptor gene that is 

locatedd on the short arm of chromosome 19. The mutations in the LDL receptor 

genee are classified according to protein function.2'^ Class 1 mutations cause failure of 

thee production of the protein. Class 2 mutations encode proteins of which the 

transportt between the endoplasmatic reticulum and the Golgi complex is blocked 

completelyy (2A) or partially (2B). Class 3 mutations encode proteins that are 

transportedd to the cell surface but have a reduced affinity for LDL . Class 4 mutations 

producee proteins that have normal affinity for LDL , but clustering in coated pits and 

internalizationn of the receptor complex does not take place. Class 5 mutations are 

locatedd in the domain that mediates the endosomal dissociation of receptor and 

ligand,, which is essential for receptor recycling. Class 6 mutations produce receptors 

thatt fail to bind to the cell membrane and slip out of the cell. 

Thee relation between the nature of the mutation and the lipid profile has been studied 

inn untreated patients. In most studies, mutations with negligible residual function 

weree associated with a lipid profile that may be more atherogenic. The clinical value 

off  this phenomenon remains uncertain, because mortality from these FH patients 

didd not differ between carriers of mutations with and without residual function,4 

althoughh a more severe cardiovascular risk has been observed among the carriers of 

nul l -mutat ions// The type of mutation may also be of importance from a 

pharmacogeneticc perspective. It has been suggested that specific mutations H '2 with 

residuall  protein function interfere with statin treatment,1314 whereas others showed 

thatt the response was similar in carriers of mutations with and without residual 

function.1"* '' Moreover, the variation of the response to statin treatment was larger 

amongg carriers of an identical mutation than between carriers of different types of 

mutations.166 Hence, factors outside the LDL receptor locus may be of greater 

significancee with regards to the response to cholesterol-lowering therapy. 

Soo far, we have identified over 170 different LDL receptor mutations in our National 

Molecularr Screening program for FH.1K In previous studies, a relatively small number 

off  specific mutations were analyzed and therefore these findings may not be 

representativee for the majority of FH patients. Moreover, the treatment response 

hass previously been analyzed with low dosages of statins, whereas present-day 

treatmentt consists of aggressive lipid lowering.19 
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Therefore,, in the present study, we compared the effects on the lipid profile of LDL 

receptorr mutations with and without residual function in a large series of index cases 

fromm 37 Lipid Clinics. In addition, we analyzed whether or not the nature of the 

LD LL receptor mutation exerts an influence on the response to aggressive lipid lowering 

treatment. . 

M E T H O D S S 

In -- and exclusion criteri a 

Thee present study is a molecular substudy of a multicenter FH study (ExPRESS: 

Examinationn of Probands and Relatives in Statin Studies with Familial Hyper-

cholesterolemia).. FH patients were recruited from 37 Lipid Clinics in the Netherlands. 

Inn the present study, only apparently unrelated patients were included whose LDL 

receptorr mutation had been identified. They had been recruited on clinical criteria 

forr the ExPRESS by using an algorithm (to allow standardization of the diagnosis 

off  I ;H based on clinical findings, personal and familial clinical history and biochemical 

parameters).3'' Al l patients were at least 18 years of age. The patients with a history 

off  myocardial infarction (MI) , coronary artery bypass graft, or percutaneous 

transluminall  coronary angioplasty- could be included if the physician thought it was 

medicallyy allowed for the patient to have a washout period. Patients were excluded if 

theyy were pregnant or nursing women, or pre-menopausal women not using adequate 

contraceptives;; had acute liver disease, hepatic dysfunction, or persistent elevations 

off  serum transaminases; had hypersensitivity or intolerance to simvastatin or any of 

itss components; were carriers of apolipoprotein B mutations; had homozygous or 

compoundd heterozygous FH; had a recent history of alcohol or drug abuse; had 

secondaryy hypercholesterolemia due to any cause; unstable angina or intermediate 

coronaryy syndrome, or clinically significant ventricular arrhythmia at study entry, or 

MII  within the past 3 months; were on concurrent use of erythromycin and similar 

drugss affecting the cytochrome P450 enzyme; or had a history of cancer. 

Thee Ethics Institutional Review Boards Committees of all the 37 centers approved 

thee protocol and written informed consent was obtained from all participants. The 

investigationn conformed to the principles outlined in the Declaration of Helsinki. 

Studyy design 

Afterr a washout period of six weeks, patients started monotherapy with 80 mg 
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simvastatinn daily for the duration of 2 years. No other lipid lowering medication was 

allowed.. The patients and physicians were unaware of the specific nature of the 

LD LL receptor mutation during treatment. After finishing the trial, two groups were 

madee based on the residual function of the mutated LDL receptor: with (>5%) and 

withoutt residual function (<5%). 

Biochemicall  analysis 

Bloodd samples were taken in the morning after an overnight fast. Total plasma 

cholesteroll  (TC), HDL-cholesterol (HDL-C) and triglycerides (TG) were determined 

accordingg to routine procedures. LDL- C was calculated using the Friedewald 

formula.211 The biochemical analyses of lipid levels and safety parameters were 

performedd in the local hospitals. From all these laboratories the different test 

proceduress were standardized by a central laboratory. 

D N AA analysis 

Genomicc D NA was prepared from peripheral blood leucocytes using the salt-

chloroformm extraction method, as previously described.22 All 18 exons of the LDL 

receptor,, including the exon-intron boundaries, were analyzed using denaturing gel 

electrophoresiss (DGGE) followed by direct sequencing of exons with aberrant 

patternss as described previously.21 Long-segment PCR and Southern blotting 

techniquess were used to identify large deletions and insertions in the LDL receptor 

gene.244 The binding domain of apolipoprotcin B100 was also screened by D G GE 

followedd by direct sequencing of exons with aberrant patterns to exclude carriers 

withh apolipoprotein B mutations from the study. 

Statisticall  analysis 

Dataa are expressed as mean  standard deviation (SD). Skewed data distributions 

aree presented as median and interquartile range. Mean values in lipids, age and BMI 

betweenn subgroups were compared using the independent sample t-test. TG and 

maximall  TG reduction were compared by the non-parametric Mann-Whitney U 

test.. ~fj tests were applied for comparison of distributions of dichotomous data 

(gender,, presence of xanthomas or cardiovascular disease (CVD)). The differences 

inn maximal and mean change of LDL- C or HDL-C relative to the baseline variables 

betweenn the two groups were analyzed using the independent sample t-test. All 

statisticall  analyses were performed using the SPSS package (version 10.1, Chicago, 

Illinois).. A p-value of less than 0.05 was considered to be statistically significant. 
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RESULT S S 

Baselinee characteristics and lipi d levels 

AA total of 321, apparently unrelated, FH patients with an identified LDL receptor 

mutationn were included into the present study. The mean age was 46.3 (  SD)  13.3 

years,, ranging from 18 to 80 years. Slightly more males (52.0%) than females were 

present.. A total of 34% had a history of CVD with a mean age of onset of symptoms 

att 46.4  10.0 years (50.6 years in women and 42.9 years in men). Xanthomas were 

presentt in 45.2% of patients. 

Afterr a six-week washout period, we were able to obtain lipid levels in 315 patients. 

Meann TC and LDL- C levels were, as expected, severely elevated (10.93 7 mmol/ 

I ,, and 8.88  2.10 mmol /L, respectively). In comparison, TC and LDL- C levels were 

5.499 and 3.56 mmol/L, respectively, in 3403 Dutch controls.2"1 High-density lipoprotein 

cholesteroll  (HDL-C) levels (1.22 + 0.34 mmol/L) were in the normal range as 

comparedd to the controls (1.20 mmol/L). Triglyceride (TG) levels did not differ 

significantlyy between our patients (median 1.60 mmol/L) and the control population 

(meann 1.66 mmol/L). 

Mutation ss in the LDL-receptor  gene 

Thee LDL receptor mutations are listed in table 1 and table 2. A total of 71 different 

mutationss had been identified: 53 point mutations, 7 small deletions, 7 splice site 

mutations,, 1 large insertion, and 3 large deletions. Out of these mutations, 17 were 

neverr reported before and 15 other mutations had not been reported in the Netherlands. 

Wcc performed 3 separate analyses to compare the lipid profiles between different 

typestypes of LDL receptor mutations: (1) mutations with and without residual activity; 

(2)(2) class 2B-5 mutations and null mutations (class 1 and 2A); and (3) point mutations 

andd large rearrangements. 

(1)(1) Mutations with and without residual activity 

Inn the upper part of table 3, the results for the mutations without (n—195) and with 

measurablee activity of mutated receptor (n—126) are given. Mean baseline total 

cholesteroll  levels (11.34  2.15 mmol /L and 10.31  2.05 mmol/L; p<0.0001) and 

LDL- CC levels (9.32  2.05 mmol/L and 8.21  2.00 mmol /L; p<0.0001) were 

significantlyy higher in the group with compared to the group without residual receptor 

activity?? The groups had similar mean concentrations of HDL-C and TG. Moreover, 

xanthomass and a history of CVD were not significandy more frequent in the group 

withoutt residual mutated receptor function. 
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Tablee 1. LDL receptor gene point mutations, small deletions and insertions. 

Exon/ / 

Intron n 

Exonn 1 

Exonn 2 

Intronn 2 

Exonn 3 

Intronn 3 

Exonn 4 

Exonn 5 

Exonn 6 

Exonn 7 

Exonn 8 

Intronn 8 

Exonn 9 

Mutation n 

M-21V V 

F11C C 

D15E E 

W23X X 

A29S S 

148delG G 

191-2 2 

P63S S 

313+1/2 2 

C88R R 

R103G G 

C122X X 

Y124A A 

C146X X 

C152W W 

C163R R 

E187K K 

645delCT T 

C201F F 

D206E E 

E207K K 

C215R R 

D245E E 

E256K K 

877delG G 

S285L L 

C317G G 

G322S S 

R329X X 

E332K K 

1085delA A 

G352D D 

A378D D 

D394G G 

Y408M M 

A410T T 

T413K K 

T413R R 

Effect t 

Translationn signal 

deletion n 

Phe-*Cyss at 11 

Asp-»Gluu at 15 

TTG-*stopp at 23 

Ala->Serr at 29 

Stopp at 148 

3'' splice acceptor 

Pro-»Serr at 63 

5'splicee donor 

Cys-»>Argg at 88 

Arg-»Glyatt 103 

Cys-*stopp at 122 

Val-**  Ala at 124 

Cys-»stopp at 146 

Cys-*Trpatt 152 

Cys-*Argg at 163 

Glu-»Lyss at 187 

Stopp at 195 

Cys->Phee at 201 

Asp-*Gluu at 206 

Glu-»Lyss at 207 

Cys-»Argatt 215 

Asp-*Gluu at 245 

Glu-*Ly ss at 256 

Stopp at 348 

Ser-*Leuu at 285 

Cys-»Glyy at 317 

Gly-*Serr at 322 

Arg-»stopp at 329 

Glu->Lyss at 332 

Stopp at 348 

Gly-*Aspp at 352 

Ala-»» Asp at 378 

Asp-*Glyy at 394 

Val-**  Met at 408 

Ala-*Thrat41<) ) 

Thr->Lyss at 413 

Thr-*Argatt 413 

Activity y 

2-5% % 

5-15% % 

5-15%. . 

<2% % 

15-30% % 

2-5% % 

15-30% % 

<2% % 

5-15% % 

5-15% % 

FSS /S /T 

noo protein 

Stop p 

FS S 

Stop p 

Trunc c 

Stop p 

Stop p 

FS S 

FS S 

Stop p 

I S S 

Class s 

1 1 

2B B 

2B B 

1 1 

2B B 

1 1 

1 1 

3+5 5 

2 2 

2B B 

2B B 

1 1 

2B B 

1 1 

2B B 

2B B 

2B B 

1 1 

2B B 

2B B 

2B B 

2B B 

2B B 

2B B 

1 1 

2B B 

2B B 

2B+5 5 

1 1 

2B+5 5 

1 1 

2B+5 5 

2B B 

2B B 

5 5 

5 5 

5 5 

5 5 

Novel l 

novel l 

novel l 

novel l 

novel l 

novell  NL 

novel l 

novel l 

novell  NL 

novel l 

novell  NL 

novel l 

novell  NL 

novell  NL 

novell  NL 

novell  NL 

n n 

2 2 

1 1 

1 1 

25 5 

1 1 

1 1 

18 8 

1 1 

39 9 

1 1 

1 1 

1 1 

1 1 

5 5 

3 3 

2 2 

2 2 

1 1 

1 1 

2 2 

17 7 

1 1 

2 2 

1 1 

1 1 

5 5 

1 1 

2 2 

3 3 

1 1 

2 2 

1 1 

1 1 

1 1 

14 4 

4 4 

1 1 

1 1 
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Tablee 1. continued. 

Exon/ / 

Intron n 

Intronn 9 

Exonn 10 

Exonn 11 

Exonn 12 

Exonn 13 

Exonn 14 

Intronn 14 

Exonn 15 

Exonn 16 

Intronn 16 

Exonn 17 

Mutation n 

V415A A 

I420T T 

W422C C 

1358+1 1 

1359-1 1 

Q453X X 

D461N N 

W462X X 

1466 7T 

K488E E 

P542H H 

N543H* * 

S551N' ' 

W556S S 

G571K K 

L590F F 

E594K K 

1865dclAT T 

R612C C 

2()50dell4bp p 

P664L L 

P678L L 

A684P P 

2140+5 5 

T705I I 

Y776L L 

2389+1 1 

2390-2 2 

2393del9bp* * 

Effectt Activiry 

Yal-»Alaat415 5 

Ile-*Thrr at 420 5-15% 

Trp-Cyss at 422 5-15% 

5'splicee donor signal 

3'splicee acceptor 

Glu-»stopp at 453 

Asp-»Asnn at 461 

Trp-»stopp at 462 

Ile-*Thrr at 467 

Lys-»Gluu at 488 

Pro-»Hiss at 542 

Asn-»Hiss at 543 

Ser-»Asnn at 551 

Trp-»Serr at 556 

Gly-»Gluu at 571 

Leu-»Phee at 590 

Glu-»Lyss at 594 

Stopp at 622 

Arg-»Cyss at 612 

Stopp at 690 

Pro-*Leuu at 664 

Pro-»Leuu at 678 

Ala-»Proo at 684 

5'splicee donor signal 

Thr-»Ilee at ALS 

Yal-»Leuu at 776 

5'splicee donor signal 

3'splicee acceptor 

dell  Leu-Val-Phe at 25% 

778-780 0 

FSS /S /T 

Stop p 

Stop p 

Stop p 

Stop p 

25% % 

5-15%. . 

FS S 

FS S 

20% % 

Trunc/Stop p 

2-5% % 

'Frunc/Stop p 

Trunc/Stop p 

Class s 

5 5 

5 5 

2B/5 5 

1 1 

1 1 

2B B 

2B+5 5 

1 1 

2B B 

2B B 

2A A 

2B B 

2B B 

2A A 

5 5 

2B+5 5 

2B B 

1 1 

2B B 

1 1 

2B B 

2B B 

2B B 

2B B 

2A A 

2B B 

Novel l 

novel l 

novell  N'L 

novell  XL 

novel l 

novell  XL 

novell  XL 

novel l 

novell  NL 

novell  XL 

novel l 

novel l 

novel l 

novel l 

novell  NL 

novel l 

n n 

1 1 

1 1 

2 2 

2 2 

28 8 

1 1 

1 1 

1 1 

1 1 

1 1 

1 1 

58 8 

1 1 

1 1 

2 2 

8 8 

1 1 

1 1 

1 1 

1 1 

5 5 

1 1 

3 3 

1 1 

1 1 

3 3 

1 1 

1 1 

58 8 

FS,, frameshift; S, stopcodon; T, truncation; Novel, mutation not described before; Novel NL, mutation 
nott described before in the Netherlands. +'lhe most common mutation (n=58) is a combination of the 
defectss N543H and 2393del9bp, present on the same allele. Classification has been given for definite and 
probablee mutation classes. If wo classes arc given tor 1 mutation the worst class has been taken. 
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Tablee 2. Large rearrangements of the LDL-receptor gene. 

Event t Mutation n Activit y y 

Receptor r 

Negativee Class Novell  n 

Insertionn of 10 kb, exon 3-8 

inn intron 8 FH Alkmaar-1 

Deletionn of 2.5 kb, exon 7-8 FH Cape Town-2 2-5% 

Deletionn of 4 kb, exon 7-8 FH Leiden-1 <2% 

Deletionn of 4 kb, exon 13-14 FH Amsterdam-4 

Trunc c 

Trunc c 

Trunc c 

Trunc c 

3+5 5 

3+5 5 

3+5 5 

novell  NL 4 

17 7 

1 1 

novell  1 

Novel,, mutation not described before; Novel NL, mutation not described before in the Netherlands. 
Classificationn has been given for definite and probable mutation classes. If two classes are given for 1 
mutationn the worst class has been taken. 

(2)(2) Class /-2M versus Class 2B-5 

Additionally,, in the lower part of table 3 mutations with a probable or definite 

classificationn were divided into class 1-2A (n=97) and class 2B-5 (n=181). Patients 

withh 313+1/2 mutations could not be included in this analysis, as the subclassification 

off  this mutation is unknown. Mean baseline total cholesterol levels (11.40  2.08 

mmol /LL vs. 10.63  2.22 mmol/L; p=0.006) and LDL- C levels (9.36  1.89 mmol/ 

LL vs. 8.56 9 mmol/L; p=0.003) were significantly higher in the class 1-2A 

mutationss compared to the class 2B-5 mutations. None of the other parameters 

weree significandy different between the two groups. 

(3)) Point mutations and large rearrangements 

Mutationss were divided into point mutations (n—141) and large rearrangements 

(n=23).. Mean baseline total cholesterol levels (10.89  2.24 mmol /L vs. 12.43  2.72 

mmol /L;; p=0.003) and LDL- C levels (8.80  2.15 mmol /L vs. 10.45  2.59 mmol/ 

L;; p=0.001) were significandy lower in carriers of point mutations compared to 

largee rearrangements. No other parameter significandy differed between the two 

groups,, however baseline HDL-C levels tended to be lower in padents with large 

rearrangementss compared to point mutations (1.10  0.29 mmol /L vs. 1.25  0.37 

mmol/L;; p=0.07). 
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Tablee 3. Characteristics of patients with LDL-receptor mutations divided into 2 different groups. 

1 1 

Receptor-activityy <5°o Receptor-activity >5°o 

Variabless (n = 195) (n-126) p-value 

Agee (yrs) 

Malee gender {"«) 

BMII  (kg/m2) 

Xanthomaa (°o) 

CVDD (%) 
Agee onset CVD (yrs) 

TCC (mmol/L) 

LDL- CC (mmol/L) 

HOL-C]]  (mmol/L) 

TGG (mmol/L) 

Maximall  LDL- C reduction 

46.33  13.5 

49.2 2 

2577 + 3.8 

49.2 2 

33.8 8 

45.55  9.7 

11.344 5 

9.322  2.05 

1.222 4 

1.500 (1.10-2.20) 

54.44  9.2 

46.11  13.0 

56.3 3 

25.77  3.3 

38.9 9 

34.1 1 

48.11  10.4 

10.311  2.05 

8.211  2.00 

1.233  0.35 

1.600 (1.10-2.30) 

53.77  10.7 

0.9 9 

0.2 2 

0.9 9 

0.07 7 

1.0 0 

0.2 2 

<0.0001 1 

<< 0.0001 

0.9 9 

0.4 4 

0.5 5 

2 2 

Classs 1-2A Class 2B-5 

Variabless (n-97) (n=181) p-value 

Agee (yrs) 

Malee gender (°») 

BMII  (kg/m2) 

Xanthomaa (%) 

CVDD C"o) 

Agee onset CYD (yrs) 

TCC (mmol/L) 

LDL- CC (mmol/L) 

HDL-CC (mmol/L) 

TGG (mmol/L) 

Maximall  LDL-C reduction 

45.44  13.9 

53.6 6 

25.88  3.5 

50.5 5 

34.0 0 

45.11  10.5 

11.400 8 

9.366  1.89 

1.244 5 

1.355 (1.00-2.20) 

54.88  8.3 

46.55  12.9 

53.0 0 

25.66  3.4 

40.3 3 

36.5 5 

47.33  9.8 

10.633  2.22 

8.566 9 

1.222  0.35 

1.600 (1.10-2.30) 

54.11  10.6 

0.5 5 

0.9 9 

0.6 6 

0.1 1 

0.7 7 

0.3 3 

0.006 6 

0.003 3 

0.6 6 

0.3 3 

0.6 6 

LDL-C,, low-density lipoprotein cholesterol; HDL-C], high-densitv lipoprotein cholesterol; T( J, triglycerides. 
Alll  values are given as mean + standard delation, onh' triglycerides arc given as median with the interquartile 
rangee between brackets. 

LDL-recepto rr  mutation and response to therapy 

Primaryy analyses were done on the maximal LDL- C reduction to reduce the influence 

off  non-compliance. The maximal LDL- C reduction was defined as the maximal 

percentagee reduction of LDL- C at one of the 6 visits after initiation of therapy. 

Compliancee was assessed by tablet counting; no differences were found between 

groups.. As shown in table 3, mean maximal LDL- C reduction did not differ between 
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thee groups without and with mutated receptor activity (54.4  9.2% vs. 53.7  10.7%, 

respectively;; p=0.5) or between class 1-2A and class 2B-5 (54.8  8.3% versus 54.1

10.6,, respectively; p=0.6). Neither differed maximal LDL- C reduction between point 

mutationss and large rearrangements (54.4 1 vs. 54.5  8.6 %; p=1.0). Secondary 

analysess using the mean LDL- C reduction of the last three visits yielded identical 

resultss (data not shown). 

Thee 147 women had a significandy greater maximal LDL- C reduction compared to 

thee 162 men (-56.2  10.4% vs. -52.2  8.7%; p<0.0001). In a linear regression 

model,, the change in maximal LDL- C was explained for 13% by baseline LDL- C 

andd gender. In effect, each mmol increase of baseline LDL- C was related with 1.4% 

moree reduction on simvastatin (95% CI -1.9 to -0.9; p<0.0001). In this model women 

hadd 3.4% more reduction of LDL- C compared to men (95% CI -5.5 to -1.3; p=0.001). 

Noo other parameter proved to be significant in the model. 

Maximall  HDL-C increase was defined as the maximal HDL-C increase at 1 of the 6 

visits.. In a linear regression model, maximal HDL-C increase could be explained for 

17%% by baseline HDL-C levels. Each mmol increase of baseline HDL-C was inversely 

relatedd with 27.2% increase of HDL-C (95% CI 20.5 to 33.9; p<0.0001) No other 

parameterr proved to be significant in the model. Maximal changes in TG were not 

significandyy related to any other parameter but baseline TG levels. 

DISCUSSION N 

Inn the present study, we have analyzed a large series of index cases in whom 71 

differentt LDL receptor mutations were identified. The baseline lipid analyses showed 

thatt carriers of mutations with almost absent or no receptor activity had more severely 

increasedd LDL- C levels compared to carriers of mutations that retained receptor 

activity.. In contrast, the response to aggressive lipid-lowering treatment was not 

influencedd by the nature of the LDL receptor mutation. 

Thee strength of the present study is that it is representative for the wide variety of 

FHH patients. The considerable heterogeneity of LD L receptor mutations is 

characteristicc of FH patients in general. The present study also enabled to make 

comparisonss of mutation types based on residual receptor activity', pooled functional 

mutationn classes, and between point mutations and large rearrangements. The results 

off  these analyses are very consistent. This suggests that uncertainties about the exact 
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residuall  function of some mutations could not have had a substantial influence on 

ourr analyses. Moreover, our treatment study has greater clinical relevance than earlier 

studies,, because we analyzed the influence of the type of mutation on the response 

too the present-day standard of aggressive cholesterol-lowering therapy However, we 

cannott exclude that rare specific LDL receptor mutations exist that arc able to reduce 

thee response to statin treatment. 

Inn line with previous results and as expected, we found that baseline LDL- C levels 

weree significantly more elevated in carriers of mutations without activity of the 

mutatedd receptor compared those with residual receptor activity.:''f,''J,1'','2'',":*<' Only two 

studiess in much smaller study cohorts did not reveal such a difference.*-1 In contrast 

too previous results 'KU'-2H we did not observe a higher prevalence of xanthomas among 

thee carriers of mutations without residual function. Although the mean age was 

comparable,, the overall frequency of xanthomas was lower in the present study 

comparedd to earlier studies. The routine measurement of cholesterol has probably 

becomee a more frequent reason for referral and this has decreased the proportion of 

severee index cases with xanthomas, having a 'classical' phenotype. 

Thee HDL-C concentration was similar in both groups, in contrast to three previous 

studiess that suggested that HDL-C levels were lower in carriers of mutations without 

residuall  function.6" lf ' These studies were performed in smaller cohorts, ranging from 

277 to 185 FH patients. A possible mechanism to explain the differences in HDL-C 

levelss relates to the clearance of remnant chylomicrons and VLD L particles in FH 

patients.. However, we could recently not observe differences in baseline levels of 

remnant-likee particles cholesterol between carriers of mutated receptors with and 

withoutt activity.-*1 The HDL-C levels may not be influenced by the LDL receptor 

mutationn type and the previously observed variation could have been based on the 

presencee of additional lipid disorders. Hence, the discrepancy with some earlier studies 

maybee explained by differences in selection on additional risk factors for CVD. 

Inn contrast to other studies," n we did not find a significant difference in LDL- C 

reductionn by statin therapy between the mutation classes. Three other studies had 

similarr findings.1"1 We performed analyses with both maximal and mean LDL- C 

reductionn showing identical results. Therefore, we argue that our results were not 

influencedd by substantial non-compliance. Moreover, linear regression analyses showed 

thatt baseline LDL- C levels and female gender could only explain up to 13% of the 

variancee of the maximal LDL- C reduction. Probably, other not yet identified 

mechanismss are more relevant for the individual therapeutic response. 
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Inn conclusion, the type of LDL-receptor gene mutation to a certain extent determines 

baselinee TC and LDL- C levels, but it does not influence the therapeutic response to 

statins. . 
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SUMMAR Y Y 

Chapterr  1 is the general introduction to this thesis and provides an overview of the 

historyy of FH, an explanation of intima-media thickness measurements and the 

methodss and design of the ExPRESS study. In the first part of this thesis (Chapter 

22 and 3) baseline characteristics and cardiovascular risk factors of the studied FH 

cohortt are described. In the second part of this thesis (Chapter 4, 5 and 6) the 

treatmentt effects of simvastatin 80 mg on lipids and lipoproteins are described. In 

thee third part of this thesis (Chapter 7, 8 and 9) the use of B-mode ultrasound as a 

non-invasivee surrogate marker of CVD and the effect of statin therapy on the 

inhibitionn of the progression of atherosclerosis are described. In the last part (Chapter 

10)) we studied the effect of different LDL-receptor mutations on baseline lipids, 

presencee of CVD and the effect of simvastatin therapy. 

Inn Chapter  2 we evaluated the contribution of risk factors to the onset of cardiovascular 

diseasee (CVD) in FH. In 526 patients the prevalence of CVD was 37% with a mean 

agee of onset of 46.8 years. In univariate analysis, age, presence of hypertension or 

diabetes,, body mass index, triglycerides (TG) and low HDL-C were all significandy 

associatedd with CVD. Also in multivariate analysis, all these risk factors, except TG and 

diabetes,, were significantly linked to CVD. Therefore, the extreme CVD risk in this 

largee well-documented characterised sample of FH patients is not only conferred by 

elevatedd LDL- C but also by low HDL-C. 

Inn Chapter  3 we examined in 507 FH patients whether low concentrations of bilirubin 

levelss were associated with an increased risk for coronary artery disease. Median 

baselinee bilirubin levels were significandy lower in male patients with CVD compared 

too those without. In particular, bilirubin was inversely related to the presence of 

CVD,, both in univariate and multivariate analyses after adjustment for age, gender, 

presencee of hypertension and high-density l ipoprotein cholesterol levels. We 

hypothesisee that high bilirubin levels might protect FH patients from CVD. 

Inn Chapter  4 safety and efficacy data are given for 80 mg of simvastatin prescribed 

too 508 FH patients over a two-year period. At the time we initiated this study in 1997, 

800 mg simvastatin was not yet approved by the national authorities. After 2 years of 

treatmentt total cholesterol levels were reduced by 39.2% to mean levels of 6.31 

mmol /LL (243 mg/dl) and LDL- C levels by 48.0% to mean levels of 4.29 mmol /L 

(1655 mg/dl). TG levels were reduced by 26,1% to median levels of 1.20 mmol /L 
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(1066 mg/dl). HDL-C levels were raised by 12.7% to mean levels of 1.35 mmol /L (52 

mg/dl).. All these changes from baseline were highly statistically significant. All changes 

inn lipids were maintained throughout the study at different time points. Therefore, 

tachyphylaxiss to simvastatin did not occur. Furthermore, simvastatin 80 mg was very 

welll  tolerated and safe. 

Inn Chapter  5 we showed that LDL-C reduction was influenced by baseline LDL- C 

levelss ranging from 51.1 to 45.5% in the top versus the bottom third of the LDL- C 

distribution.. Unexpected in FH, elevated baseline TG levels were seen in 30% and 

loww HDL-c levels in 15% of all patients. Also, simvastatin induced changes in these 

lipoproteinss were dependent on baseline levels. Therefore, the greatest benefit from 

high-dosee simvastatin treatment was obtained in FH patients with the worst lipoprotein 

profile. . 

Inn Chapter  6 we investigated whether baseline remnant-like particles (RLP-C) 

levels,, which have been associated with the presence and progression of 

atheroscleroticc disease, were elevated in FH. Indeed, we found that in 327 FH 

patientss median RLP-C levels were severely elevated compared to controls (0.47 

m m o l /LL vs. 0.20 mmol /L; p<0.0001). These elevated RLP-C levels could be the 

consequencee of impaired function of the LDL-receptor in FH. After treatment, 

RLP-CC levels were reduced by 49%. Therefore, baseline RLP-C levels arc severely 

elevatedd in FH patients, are reduced by simvastatin, but do not return to normal 

levels.. RLP-C levels in FH might contribute to an atherogenic lipoprotein profile 

andd could identify patients who require additional treatment. 

Inn Chapter  7 we assessed 153 FH patients and found an elevated mean combined 

baselinee IM T of 1.07  0.23 mm. After treatment with 80 mg simvastatin for 2 years, 

thiss IM T decreased by -0.081 mm (95% CI; -0.109 to -0.053; p<0.0001) with the largest 

reductionn in the femoral artery. Strikingly, an actual decrease of combined IM T was 

seenn in 69.8% of all patients. In conclusion, baseline IM T measurements were elevated 

inn FH and were decreased by simvastatin treatment in the majority of the patients. 

Inn Chapter  8 we investigated the association of homocysteine levels obtained in 1110 

FHH patients and IM T measurements. In FH patients with cardiovascular disease (37%) 

mediann plasma homocysteine levels were increased compared to disease-free patients. In 

addition,, the MTHFR TT-genotype, a genetic cause of hyperhomocysteinemia, showed 

significandyy higher median levels of homocysteine than the CC-genotype. Nevertheless, 

noo relationship became evident between MTHFR-genotype, cardiovascular disease or 

IMT ,, neither between homocysteine and IMT. Consequently, homocysteine and 
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cardiovascularr disease are indeed associated in FH, but our data suggest 

hyperhomocysteinemiaa to be a consequence rather than a cause of this disease process. 

Inn Chapter  9 the effect of simvastatin treatment on coagulation and fibrinolysis parameters 

weree studies in relation to IMT. Simvastatin therapy produced small but significant changes 

inn a number of hemostatic parameters. An increase was observed for fibrinogen, 

coagulationn factor VIII , von Willebrand Factor, D-dimer and plasminogen activator 

inhibitorr type 1 (PAI-1), whereas prothrombin fragment 1+2 and prothrombin were 

decreased.. Nevertheless, all these alterations in coagulation and fibrinolysis parameters 

weree not related with IM T changes over a 2-year treatment period. 

Inn Chapter  10 we studied in 344 FH patients the effect of 71 different LDL-receptor 

mutationss on baseline lipids and the effect of simvastatin therapy. Baseline LDL- C 

levelss were higher in mutations with a receptor-activity < 5% compared to a receptor-

activityy >5%. Most importandy, no difference was found in the 2 groups with regards 

too maximal LDL- C reduction with simvastatin treatment. 

CONCLUDIN GG REMARK S 

1.. Besides traditional risk factors for CVD, such as age, body mass index, presence 

off  hypertension or diabetes, two other parameters, namely low levels of HDL-

CC and bilirubin, turned out to influence presence of CVD in FH. 

2.. Long term treatment with simvastatin 80 mg is efficacious and safe in FH patients. 

3.. Unexpectedly, at baseline, a third of FH patients had high TG levels and 15 % 

hadd low HDL-C levels. Furthermore, treatment with simvastatin was dependent 

onn baseline lipid levels. Therefore, FH patients with the worst lipoprotein profile 

showedd the greatest benefit from high-dose simvastatin treatment. 

4.. Remnant like particles are elevated in FH patients and reduced, but not to normal 

levels,, by simvastatin therapy. 

5.. FH patients exhibit marked intima-media thickening and simvastatin results in 

regressionn of IM T in the majority of FH patients. 

6.. Homocysteine and cardiovascular disease are associated in FH, but hyper-

homocysteinemiaa seems to be a consequence rather than a cause of this disease 

process. . 
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7.. In FH patients, both coagulation and fibrinolysis parameters were significantly 

affectedd by simvastatin 80 mg. However, these changes were not associated 

withh changes in IMT . 

8.. Mutations with a receptor-activity <5% exhibit higher LDL- C levels compared 

too mutations with a receptor-activity > 5% however, do not differ in response to 

therapyy with simvastatin 80 mg. 
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SAMENVATTIN G G 

Hoofdstukk 1 bestaat uit de algemene introductie van dit proefschrift. Hierin wordt 

eenn overzicht van de geschiedenis van familiaire hypercholesterolemie (FH) gegeven, 

eenn uitleg over het uitvoeren van de intima media metingen en het ontwerp van de 

ExPRESSS studie. Het eerste gedeelte van dit proefschrift (hoofdstuk 2 and 3) is een 

beschrijvingg van baseline gegevens en de risicofactoren voor het ontwikkelen van 

hart-- en vaatziekten (HVZ) van de bestudeerde FH studie populatie. In het tweede 

gedeeltee (hoofdstuk 4, 5 en 6) wordt het behandelingseffect van simvastatine 80 mg 

opp cholesterolparameters (lipiden en lipoproteïnen) beschreven. In het derde gedeelte 

(hoofdstukk 7, 8 en 9) wordt het gebruik van B-mode echografie als niet invasieve 

surrogaatt marker voor HV Z beschreven en het effect van behandeling met 

simvastatinee op de remming van de progressie van aderverkalking (atherosclerose). 

Inn het laatste gedeelte (hoofdstuk 10) bestudeerden we het effect van verschillende 

LDL-receptorr mutaties op baseline lipidenwaarden, de aanwezigheid van hart - en 

vaatziektenn en de reactie op therapie met simvastatine. 

Inn Hoofdstuk 2 onderzochten we de bijdrage van risicofactoren aan het ontstaan 

vann HVZ bij patiënten met FH. In 526 patiënten was de prevalentie van HVZ 37% 

waarbijj  de gemiddelde leeftijd voor het ontstaan van HVZ 46.8 jaar was. In een 

univariatee analyse waren leeftijd, de aanwezigheid van hypertensie of diabetes, body 

masss index, triglyceriden (TG) en laag HDL-C alle significant geassocieerd met HVZ. 

Ookk in multivariate analyse waren al deze risicofactoren, behalve TG en diabetes, 

significantt gekoppeld aan HVZ. Daarom wordt het grote risico op het ontstaan van 

HV ZZ in deze goed gedocumenteerde FH groep niet alleen bepaald door verhoogd 

LDL- CC maar ook door laag HDL-C. 

I nn Hoofdstuk 3 onderzochten we in 507 FH patiënten of een laag gehalte bilirubine 

eenn toegenomen risico op HVZ veroorzaakt. Het mediane baseline bilirubine was 

significantt lager in mannelijke patiënten met HVZ vergeleken met diegenen zonder 

HVZ .. Met name was bilirubine omgekeerd evenredig gerelateerd aan de aanwezigheid 

vann HVZ., zowel in univariate als in multivariate analyses na correctie voor leeftijd, 

geslacht,, aanwezigheid van hypertensie en HDL-C. We veronderstellen dat in FH 

hogee bilirubine gehalten eventueel beschermend zijn voor het ontstaan van HVZ. 

Hoofdstukk 4 beschrijft de veiligheids- en effectiviteitsgegevens van 80 mg simvastatine 

voorgeschrevenn aan 508 FH patiënten gedurende een periode van 2 jaar. Op het 
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momentt dat we in 1997 met deze studie begonnen, was simvastatine in een dosis van 

800 mg nog niet geregistreerd. Na behandeling gedurende 2 jaar werd het totaal 

cholesteroll  verlaagd met 39.2% tot gemiddeld 6.31 mmol /L en LDL- C werd met 

48.0%% verlaagd tot gemiddeld 4.29 mmol /L. TG werd verlaagd met 26.1% tot een 

mediaann van 1.20 mmol /L. HDL-C werd verhoogd met 12.7% tot een gemiddelde 

vann 1.35 mmol /L. Al deze veranderingen van baseline waren statistisch significant. 

All ee veranderingen bleven ongeveer gelijk gedurende de gehele studieperiode. Daarom 

tradd tachyphylaxis (uitdoving) niet op. Verder werd simvastatine 80 mg goed verdragen 

enn was het veilig. 

Inn Hoofdstuk 5 toonden wc aan dat de mate van verlaging van LDL- C afhankelijk is 

vann baseline LDL-C, variërend van 51.1 to 45.5% in de hoogste versus de laagste 

tcrticll  van de LDL- C verdeling. Onverwacht had 30% van de LH patiënten verhoogde 

baselinee TG waarden en 15% had laag HDL-C. Daarbij waren de door simvastatine 

veroorzaaktee veranderingen in deze lipoproteinen afhankelijk van baseline waarden. 

Daaromm hadden patiënten met het slechtste cholesterolprofiel het meeste baat bij 

behandelingg met een hoge dosis simvastatine. 

Inn Hoofdstuk 6 onderzochten we of baseline remnant deeltjes (RLP-C), die 

geassocieerdd zijn met de aanwezigheid en progressie van atherosclerose, waren 

verhoogdd in FH patiënten. Inderdaad vonden we dat in 327 FH patiënten mediaan 

RLP-CC extreem verhoogd was vergeleken met controlepersonen (0.47 mmol /L vs. 

0.200 mmol /L; p<0.0001). Deze verhoogde RLP-C waarden in FH patiënten zouden 

hett gevolg kunnen zijn van een verminderde functie van de LDL-receptor. Na 

behandeingg werd RLP-C met 49% verlaagd. Baseline RLP-C is verhoogd in patiënten 

mett FH en wordt verlaagd door simvastatine, maar bereikt geen normaalwaarden. 

RLP-CC in FH zou kunnen bijdragen tot een athcrogeen lipoproteïne profiel en zou 

dee patiënten die mogelijk extra behandeling nodig hebben, kunnen identificeren. 

Inn Hoofdstuk 7 onderzochten we 153 FH patiënten en vonden we een toegenomen 

gemiddeldee baseline intima-media dikte (IMT) van 1.07  0.23 mm. Behandeling met 

800 mg simvastatin gedurende 2 jaar resulteerde in een IM T verlaging van 0.081 mm 

(95%% Cl; -0.109 to -0.053; p<0.0001) waarbij de grootste verlaging in de arteria femoralis 

plaatsvond.. In 69.8% van alle patiënten met FH werd er een afname van IM T gevonden. 

Concluderendd zijn baseline IM T metingen toegenomen in FH en worden ze door 

behandelingg met simvastatine verlaagd in het merendeel van de patiënten. 

I nn Hoofds tuk 8 onderzochten we in 1110 FH patiënten het verband tussen 

homocysteinee en IM T metingen. In FH patiënten met HVZ (37%) was het mediane 
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plasmaa homocysteine toegenomen, vergeleken met patiënten zonder HVZ. Daarbij 

wass bij patiënten met het MTHFR TT-genotype (een genetische oorzaak van 

hyperhomocysteïnemie)) het mediane homocysteine significant hoger dan het CC 

genotype.. Toch werd er geen relatie gevonden tussen het MTHFR-genotype, HVZ 

off  IM T en ook niet tussen homocysteine en IMT . Daarom zijn homocysteine en 

HV ZZ inderdaad aan elkaar gekoppeld in FH, maar doen onze gegevens vermoeden 

datt er eerder sprake is van een gevolg dan van een oorzaak van dit ziekteproces. 

Inn Hoofdstuk 9 werden de effecten van simvastatine op stollings- en fïbrinolyse-

parameterss in relatie tot IM T onderzocht. Behandeling met simvastatine resulteerde 

inn kleine maar significante veranderingen in een aantal hemostase parameters. We 

zagenn een stijging van fibrinogeen, stollings factor VIII , von Willebrand factor, D-

dimeerr and plasminogen activator inhibitor type 1 en een daling van prothrombine 

fragmentt 1+2 en prothrombine. Al deze veranderingen in stollings- en fibrinolyse 

parameterss waren echter niet gecorreleerd aan veranderingen in IM T na twee jaar 

behandelingg met simvastatine. 

Inn Hoofdstuk 10 onderzochten we in 344 FH patiënten het effect van 71 verschilende 

LDL-receptorr mutaties op baseline lipiden en het effect van behandeling met 

simvastatine.. Baseline LDL- C was hoger in mutaties met een receptor-activiteit <5% 

vergelekenn met een receptor-activiteit >5%. De belangrijkste bevinding was dat er 

tijdenss behandeling met simvastatine geen verschil in maximale LDL- C reductie tussen 

dee 2 groepen werd gezien. 

CONCLUSIE S S 

1.. Naast de traditionele risicofactoren voor hart - en vaatziekten zoals leeftijd, 

bodyy mass index en de aanwezigheid van hypertensie of diabetes bleken twee 

anderee parameters, namelijk laag HDL-C en laag bilirubinc de aanwezigheid 

vann hart - en vaatziekten in FH te beïnvloeden. 

2.. Langdurige behandeling met simvastatine 80 mg is effectief en veilig bij FH 

patiënten. . 

3.. Onverwacht bleek een derde van de FH patiënten op baseline hoge triglyceriden 

waardenn te hebben en 15% had lage HDL-C waarden. Behandeling met 

simvastatinee 80 mg was afhankelijk van baseline cholesterol waarden. Daarom 

haddenn patiënten met het slechtste cholesterolprofiel het meeste baat bij 

behandelingg met een hoge dosis simvastatine. 
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4.. Remnant-deeltjcs zijn verhoogd in FH patiënten en worden door behandeling 

mett simvastatine verlaagd, echter niet tot normaal waarden. 

5.. FH patiënten hebben een duidelijk toegenomen intima-media dikte (IMT) en in 

hett merendeel van de FH patiënten resulteert behandeling met simvastatine in 

eenn IM T regressie. 

6.. Bij FH patiënten is er een verband tussen homocysteine en hart - en vaatziekten, 

maarr hyperhomocysteïnemie lijk t eerder een gevolg dan een oorzaak van dit 

ziekteprocess te zijn. 

7.. In FH patiënten werden zowel stollings- als fibrinolyse- parameters significant 

beïnvloedd door simvastatine 80 mg. Al deze veranderingen waren echter niet 

gecorreleerdd aan veranderingen in IM T na twee jaar behandeling met simvastatine. 

8.. Mutaties die resulteren in een receptor-activiteit van minder dan 5% hebben 

hogeree LDL- C waarden vergeleken met mutaties waarin de receptor-activiteit 

hogerr dan 5% is. Er is echter geen verschil in respons op therapie met simvastatin 

800 mg tussen de twee soorten mutaties. 
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DANKWOOR D D 

Eenn proefschrift maken doe je niet alleen en zonder de hulp van heel veel mensen 

zouu dit proefschrift nooit tot stand zijn gekomen. En daarmee bedoel ik niet alleen 

dee mensen die me direct geholpen hebben, maar ook alle anderen waardoor ik tijdens 

mijnn onderzoeksperiode plezier in mijn werk heb gehad. Daarom wil ik iedereen 

bedankenn die op zijn of haar eigen wijze een bijdrage heeft geleverd aan de voltooiing 

vann dit proefschrift. 

Prof.Prof. dr. JJ.P. Kastelein. John, het blijf t wennen om voor je doctorstitel nu professor te 

mogenn zetten, maar ik ben er trots op en mag dan eindelijk met jou als promotor 

mijnn proefschrift verdedigen. Bijna 6 jaar geleden werd ik door jou aangenomen om 

tee gaan onderzoeken of patiënten met familiaire hypercholesterolemie een receptor 

afhankelijkee therapie respons hebben. Al heeft het onderzoek lang geduurd met vele 

hindernissen,, het laatste hoofdstuk heeft de eigenlijke onderzoeksvraag beantwoord. 

Zoalss je zelf zegt: een onderzoek is pas afgerond als het opgeschreven is. John, een 

beteree begeleider kon ik niet wensen. Elke keer dat ik je weer, meestal last-minute 

mijnn artikelen e-mailde of faxte, had ik binnen een paar uur de gecorrigeerde versie 

weerr terug. Bedankt! 

Prof.Prof. dr. H.R. Bülkr. Harry, samen met John heb jij een grote groep mensen tot één 

enthousiastee vasculaire geneeskunde groep gevormd. Bedankt voor alle hulp 

gedurendee mijn onderzoek. 

Fmm very grateful to Prof dr. 0. Faergeman from the University of Arhus for his kindness 

too make the journey to the Netherlands and to participate in the committee. At 

Simonn Pimstone's thesis in 1998 you told me you would like to wear the toga anytime 

againn and I have remembered your remark Thank you for your willingness to 

participatee in the ceremony. 

ProfProf dr. M.M. Levi. Beste Marcel, tijdens mijn co-schappen was jij nog assistent interne 

enn nu ben jij de opleider van mijn vooropleiding. De laatste fase van de voltooiing 

vann mijn proefschrift werd vereenvoudigd door de deels door jouw gecreëerde 

aangenamee sfeer bij de interne geneeskunde. Ik ben zeer blij dat jij bereid bent om in 

mijnn promotiecommissie zitting te nemen. 
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Dr.Dr. R.J.G. Peters. Beste Ron, tijdens de afwezigheid van John gedurende de tijd dat hij 

inn Canada werkte, nam jij tijdelijk de honneurs waar. Daarom vind ik het een mooie 

afsluitingg dat jij bereid bent om in mijn commissie plaats te nemen. 

ProfProf dr. E.E. van der Wa//wü. ik bedanken voor het vertrouwen en de altijd getoonde 

belangstellingg in mijn promotievorderingen als ik u tegenkwam hetzij op een congres 

hetzijj  op Festina. Met plezier kijk ik ernaar uit om straks in het LUM C te worden 

opgeleidd tot cardioloog. 

Dr.Dr. A.H. Zwinderman. Beste Koos, door de sfeer op jouw afdeling is het leuk om als 

onderzoekerr zelf de statistiek te doen. Ik wil je hartelijk bedanken voor de keren dat 

ikk weer een aantal problemen met betrekking tot moeilijke statistiek met je kon 

besprekenn en je altijd bestaande bereidwilligheid mensen met significant minder 

statistischh verstand te helpen. 

Vervolgenss wil ik alle patiënten bedanken voor hun medewerking aan het onderzoek. 

Zonderr uw inzet komt de wetenschap geen stap verder. Daarbij dank aan alle 

onderzoekersonderzoekers die aan deze multi-center studie hebben deelgenomen. Zonder uw 

deelnamee hadden we nooit zo een grote groep FH patiënten kunnen includeren. 

Dr.Dr. ir. J.C. Defesche. Joep, omdat wij samen in samenwerking met MedPed deze studie 

moestenn opzetten, hebben we vele congressen samen bezocht. Tijdens deze MedPed 

meetingss heb ik door jou vele mensen op internationaal FH gebied leren kennen. Daarbij 

haddenn we altijd lol en dezelfde passie; de beste koffiebar opzoeken! Door de gezellige 

sfeerr op jouw laboratorium was het altijd leuk om even binnen te lopen en in de database 

tee kijken of er weer nieuwe mutaties gevonden waren en heb ik met plezier een poging 

gedaann me nuttig te maken door me op PCR reacties en D G GE te storten. 

Dr.Dr. RL. Lansberg. Peter, jij hebt mij de meeste basis principes van de lipiden geleerd. 

Mett heel veel plezier deed ik onder jouw begeleiding lipidenpolikliniek in het 

Slotervaartt ziekenhuis. Daarbij heb je me vaak geholpen alleen al door vaak mijn 

klaagzangg aan te horen tijdens mijn onderzoeksperikelen. 

Dee Upidenwerkgroep, Mieke Trip in het bijzonder, wil ik bedanken voor alle hulp en 

steunn tijdens mijn gehele onderzoeksperiode. All e mede onderzoekers; Kees, 
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Angelique,, Sanne, Greetje, Saskia, Radjesh, Maud en Melchior heel erg bedankt voor 

dee altijd zo gezellige en collegiale sfeer. Ook de nieuwe 'aanwinst' van John wens ik 

veell  succes met hun promotieonderzoek (Raasj, Jessica, Emily en Max). Els van 

Dongen,, bedankt voor alle hulp. Zeker in de tijd dat John nog in Canada zat en hij 

nogg niet wilde begrijpen hoe e-mail werkte en alles gefaxt moest worden. Ook 

Mariannaa wil ik daarbij heel hartelijk bedanken. 

Dee Stollingsgroep (inderdaad, ik ben nog van voor de tijd dat we gefuseerd zijn) heeft 

altijdd in nauwe samenwerking met de lipiden gewerkt met als resultaat dat we nu 1 

groepp zijn en we eindelijk samen lunchen (Roderik, Suzanne, Philip, Bernd-Jan, Benien, 

Manon,, Marije, Roel, Iwan, Niek, Rianne, Saskia) Jeroen, bedankt voor de leuke twee 

jaarr samen met mij op de kamer. 

Tenn slotte alle medeonder^pekers van de cardiologie bedankt voor de gezellige onderzoekstijd 

(Michiel,, Niels, Arno, Mathijs, Igor, Radha, Gijs, Fons, Anouk) en in het bijzonder 

mijnn overburen op F3-zuid (Steven en Martijn) en Nancy (op F4). 

Zonderr de enthousiaste instelling van TrialverpkegkundigenYvonneJenner in het AM C 

enn Monique en Olga in het Slotervaart hadden nooit zoveel mensen de uiteindelijke 

44 jaar studietijd volbracht. Daarbij werd er door alle anderen trialverpleegkundigen 

(Mia,, Jet, Johan, Trees, Linda, l iesbeth) zo een leuke sfeer op het ASFAT gecreëerd, 

datt het er voor zowel de patiënt als voor de onderzoeker gezellig was. Vooral Yvonne 

Jenner,, Mia Muller en Jet Jagt wil ik bedanken voor alle gezelligheid en de vele kopjes 

koffiee als ik weer eens een praatje kwam maken op het vaatcentrum. 

Voorr alle IMT metingen wil ik in het bijzonder Jantje Visser bedanken ondersteund 

doorr Eric de Groot. Ook Gaby, bedankt voor het aflezen van alle plaatjes! 

All ee mensen op het G1 laboratorium en vooral het DNA lab. Sigrid bedankt voor alle 

hulpp bij de DNA analyse van alle Express patiënten. Daarbij bedankt voor al het 

geduldd bij mijn eerste pipet ervaringen en mijn pogingen tot het verrichten van PCR 

reactiess en D G GE gels. All e anderen (Laura, Jorge, Silvia, Carolyn, Elianne, Christie 

enn Hesther) hartelijk bedankt voor alle vrolijkheid op het lab en julli e hulp voor al 

hett werk in de Express studie. 
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All ee mensen van Merck, Sharp & Dohme wil ik heel erg bedanken voor hun bijdrage 

enn de vele mogelijkheden die ze me geboden hebben (o.a. Wim Wierda, Paul van 

Roermondd Menno Rijk). In het bijzonder wil ik Rudolf Buirma bedanken die vanaf 

hett eerste begin heeft meegeholpen aan de opzet van deze studie en altijd enthousiast 

wass over de vorderingen. Daarbij Judith Breteler, zonder jou zou de inclusie nog veel 

langerr hebben geduurd. All e (Express) monitoren heel erg bedankt voor de vele 

MSDD studies die we samen gedaan hebben. 

Dee afdeling Klinische Epidemiologie en Biostatistiek, vooral Barbara Hutten heel erg bedankt 

voorr al je statistiek hulp, voortaan kunnen we weer gewoon alleen hockeyen zonder 

overr werk te hoeven praten. Miranda Mul en Peter Bosma wil ik bedanken voor al 

hett werk omtrent het invoeren van de CRF files en het maken van de database. Vaak 

hebb ik in wanhoop bij julli e gezeten om alles kloppend te maken en queries op te 

lossen.. Ik begrijp dat bij julli e de wanhoop ook vaak nabij was. Toch hadden we een 

gezelligee tijd en is alles afgerond. 

AA1CAA1C Medical Research Blr, bedankt voor de hulp met betrekking tot de financiële 

kantt van de Express studie. 

All ee mensen in het Slotervaart^iekenbuiswaaxmcc ik gedurende 5 jaar heb samengewerkt. 

Behalvee Ilse Wolffensperger op de eerste plaats te bedanken voor al haar werk als 

doktersassistentee ook dank aan de andere dokters/arts-assistenten en internisten van 

dee interne polikliniek. Dorine Poell, met jou heb ik heel veel lol gehad en stond ik altijd 

alss eerste in de rij een polikliniek van iemand over te nemen alleen al omdat ik dan 

gezelligg met jou kon lunchen. Daarbij heb ik heel veel van je kritiek op o.a. mijn 

Nederlandss geleerd. 

Mij nn vrienden en vriendinnen buiten het AMC wil ik bedanken voor hun niet aflatende 

steunn en het aanhoren van mijn promoticperikclen. 

MijnMijn  paranimfen, Marije en Saskia. Lieve Marije, dankzij jou ben ik met dit onderzoek 

begonnenn en jij hebt me ook een duw in de richting van de cardiologie gegeven. 

Zoalss we in 1988 begonnen als verpleeghulpjes op de afdeling cardiologie in Antibes, 

wordenn we nu allebei zelf cardioloog. Marie, samen hebben we vele wegen bewandeld, 

jee hebt me altijd veel support gegeven en ik ben heel blij dat jij me deze dag terzijde 
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zall  staan. Lieve Saskia, gedurende de 3 jaar dat we samen op een kamer hebben 

gewerktt hebben we elkaar goed leren kennen. All e belangrijke stappen in jouw leven 

hebb ik van dichtbij mogen meemaken. Jij bent voor mij echt een onvoorwaardelijke 

steunn geweest op moeilijke momenten en we hebben altijd veel lol gehad op 'onze' 

kamerr met zuurstof, bloeddrukmeter en beademingskapje. We hebben veel tabellen 

samenn ontworpen, praatjes aan elkaar opgedreund, statistische problemen besproken, 

maarr ook vele ander zaken... Ik ben heel blij dat jij nu naast mij zal zitten en ik 2 

dagenn later bij jou. 

Mij nn ouders hebben me zowel genetisch als opvoedkundig het karakter van een 

doorzetterr gegeven. Zonder deze eigenschap had ik het waarschijnlijk niet 

volgehouden.. Lieve pap en mam, julli e eindeloze zorg, steun en liefde zijn onmisbaar. 

Mij nn 2 grote broers Henri en Jan en mijn 'kleine' zusje Charlotte (Dédé) wil ik bedanken 

voorr hun steun en vriendschap. 

Lievee Eric, onze ontmoeting juist in dit laatste drukke jaar heeft me geen achterstand 

doenn oplopen, maar me juist energie gegeven en met jouw steun en betrokkenheid 

benn ik die laatste ontzettend drukke maanden nog goed doorgekomen. Ik beloof je 

datt ik nu ook zal koken... 
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