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Saskiaa de Jongh 



Diagnostischee criteri a voor  Familiair e Hypercholesterolemie (FH) op de 
kinderleeftij d d 

lipiden-profie ll  Totaal cholesterol (TC) and LDL cholesterol (LDL-C) boven de 95e 

percentiell  voor leeftijd en geslacht (zie tabel) of LDL-C > 3.5 mmol/L indien zekere 
diagnosee FH bij één van de ouders. HDL-C en triglyceride (TG) niet afwijkend (slechts 
bijj  10-15 % van de patiënte 
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droom,, Cholestase, Steatosis hepatis, andere oorzaken dyslipidemie. 
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Stellingenn behorende bij het proefschrift: 

Familiall  Hypercholesterolemia in Childhood 

1.. De non-invasieve meting van de endotheel-runctie van de arterie brachialis is een goed 
surrogaat-eindpuntt voor atherosclerose bij kinderen met familiaire hypercholesterolemie. 

2.. De bepaling van het cholesterolgehalte zou in de landelijke zuigelingen screening moeten 
wordenn opgenomen. 

3.. Het gebruik van plantensterolen alléén is geen therapeutische optie voor kinderen met 
familiairee hypercholesterolemie. 

4.. Statine therapie op de kinderleeftijd vermindert het risico op het ontstaan van hart- en 
vaatziektenn op de volwassen leeftijd bij FH patiënten. 

5.. Resultaten van placebo-gecontroleerde studies over de veiligheid en werkzaamheid van 
medicatiee bij volwassenen, kunnen niet zondermeer worden geëxtrapoleerd naar kinderen. 

6.. Het dagelijks gebruik van een statine heeft geen invloed op de kwaliteit van leven van 
kinderenn met familiaire hypercholesterolemie. 

7.. Kwaliteit van leven is heel persoonlijk. 

8.. Tegen mensen voor wie de dood een doel is kun je je niet wapenen. 
(Neww York, 11 september 2001) 

9.. Wie het verlies kan lijden heeft de grootste kans op succes. (J.J. Bouma) 

10.. De wachtlijsten in de zorg kunnen worden opgelost door het wegwerken van de wachtlijsten 
inn de kinderopvang. 

11.. Een goede sfeer op het werk is minstens zo belangrijk als een uitdagende inhoud. 

12.. Twee bevallingen binnen eenjaar is behoorlijk zwaar. 

Saskiaa de Jongh 
133 december 2002 
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Generall  introduction 

Familiall  hypercholesterolemia 

Heterozygouss familial hypercholesterolemia (FH) is a common and inherited 

autosomall  dominant disorder of lipoprotein metabolism. Clinically, FH is 

characterizedd by elevated levels of total cholesterol (TC) and low-density 

lipoproteinn cholesterol (LDL-C) from birth onwards, and at older age by 

xanthomass on the extensor tendons of the hands and feet and on the Achilles 

tendon.. The elevated LDL-C levels strongly predispose for premature athero-

scleroticc disease. 

1.. History 

FHH was first described by Fagge (1873) as a skin disease ', in a patient with 

jaundicee and xanthelasmas. Autopsy in this patient showed xanthelasma- like, 

white-yelloww patches in the aorta and its branches, now known as atherosclerotic 

plaques.. Sixty-five years later Muller (1938)2 associated the xantomas with a high 

incidencee of premature atherosclerosis and revealed the dominant inheritance 

off  disease. Both Wilkinson (1948)3 and Khachadurian (1964)4 confirmed Muller's 

findingfinding that FH was transmitted in a Mendelian dominant mode. The heterozygous 

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

att that time . In the sixties and seventies it became evident that increased plasma 

LDL- CC was characteristic for this disorder5. This observation lead to the discovery 

off  the receptor for LDL on the cell membrane of different cell types 6. It was 

laterr demonstrated that the underlying molecular defect of FH consisted of 

mutationss in the gene coding for the LDL-receptor protein. Mutations in this 

genee lead to the absence or impairment of LDL-receptor function, and 

consequendyy result in increased levels of LDL-C in plasma 7. These findings 

resultedd in the Nobel Prize for medicine by Goldstein and Brown in 1985. 

2.. Epidemiology 

Thee frequency of FH in the populations of Europe and North America averages 

aboutt one in 500. However, in some regions of the world the prevalence is much 

higherr owing to founder effects consequent to emigration or based on to local 
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Chapterr 1 

habitss that encourage consanguineous marriages. The estimated FH population 

inn the Netherlands is 35.000 persons, but case-finding research in the northern 

partt of the country showed an even higher prevalence of 1:400 8. The highest 

frequencyy of FH occurs in South Africa, where one in 100 white Afrikaners have 

thee disorder. These Afrikaners are descended from settlers who emigrated from 

Germanyy and Holland three centuries previously, who presumably carried the 

twoo mutations known to be responsible for much of FH in South Africa 9. 

Thee homozygous form of FH, encountered in one birth per million, is 

characterizedd by the absence of functional LDL receptors and plasma LDLL can 

reachh levels up to 26 mmol/1. Xanthomata develop in childhood, and massive 

prematuree atherosclerosis is frequendy encountered In. An identical syndrome to 

FHH can occur in individuals with normal LDL receptors as a result of inheritance 

off  a mutation at the apolipoprotein B (apo B) gene locus. Apolipoprotein B is an 

importantt protein of LDL and a mutation in this gene results in a functionally 

defectivee form of LDL . This disorder, familial defective apoB-100 or FDB, has 

aa prevalence of one in 1000 of people of European descent n. 

FHH patients show symptoms of atherosclerotic cardiovascular disease at a relatively 

youngg age. In men with untreated FH, the risk of clinically overt coronary heart 

diseasee (CHD) is approximately 5% by the age of 30, 20% by the age of 40, and 

50%% by the age of 50 years ,2; 13. Without proper treatment, only about 15% of FH 

maless reach an of age 65 without an ischemic coronary event and about 25% die 

fromm CHD before the age of 50 12. Although the cause of FH is monogenic, there 

iss wide variation in the onset and severity of atherosclerotic disease symptoms. 

Additionall  atherogenic risk factors in conjunction with the LDL-receptor gene 

mutationn are presumed to influence the clinical phenotype in FH 14. 

Thee importance of selective screening in families with FH has been recognized 

internationallyy and attempts are being made to implement the 'Make Early 

Diagnosiss Prevent Early Death' approach (or MEDPED program) at a global 

level,, assisted by the World Health Organisation '5. The vast majority of FH 

patientss have still not been diagnosed and of those identified, more than half are 

nott receiving proper medical treatment, as confirmed by a recent World Health 

organizationn Survey. Therefore, the Dutch foundation for tracing hereditary 

hypercholesterolemiaa (StOEH) was founded to identify all new FH patients in 

thee Netherlands 16. 
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Generall  introduction 

3.. Lipi d metabolism 

3.11 lipoprotein s 

Lipoproteinss are macromolecular complexes consisting of lipids (cholesterol, 

cholesteroll  esters, triglycerides and phospholipids) and apolipoproteins. 

Apolipoproteinss are specialized proteins that define the different functions and 

finalfinal destination of the lipoprotein particles. They are indispensable for the 

structuree of lipoproteins and their specific functions, such as activation or 

inhibitionn of enzymes involved in lipoprotein metabolism, or the interaction 

withh lipoprotein-receptors. 

3.22 Lipoprotei n transport 

lipoproteinss are transported in the body by three different pathways: a) the 

exogenouss pathway that regulates the uptake of dietary lipids. This pathway is 

transportingg lipids from the intestine to the liver, b) the endogenous pathway 

thatt transports the lipids from the liver to the peripheral tissue and c) the reverse 

cholesteroll  pathway that transports cholesterol from the peripheral tissues back 

too the liver (figure 1). High-density lipoprotein (HDL) is the main lipoprotein 

involvedd in reverse cholesterol transport. It can take up excess cholesterol from 

tissuess and can transfer it to the liver and to other lipoproteins such as very low-

densityy lipoprotein (VLDL ) 17. The exogenous and endogenous pathway plays 

ann important role in FH. 

3.2.11 Exogenous lipoprotein transport 

Dailyy 0.5 grams of cholesterol and about 100 grams of triglycerides (TG) are 

ingestedd and absorbed by the gut (figure 1). The TG uptake takes primarily place 

inn the duodenum and upper jejunum. Cholesterol is only partially absorbed, the 

wholee length of the small intestine takes up 25-75 %, and the remainder is removed 

byy fecal excretion. In the enterocyte, free cholesterol (FC) is converted into 

cholesterol-esterss (CE) by the action of the membrane-bound enzyme, acyl 

coenzymee A transferase (ACAT). Here triglyceride and cholesterol-esters are 

convertedd into chylomicrons and are transported through the mucosa cells to 

thee mesenteric lymph vessel and subsequendy via the thoracic duct to the 

intravascularr circulation. In the circulation, the enzyme lipoprotein lipase (LPL) 

hydrolysess the TG into free fatty acids and glycerol. Free fatty acids are used by 

musclee tissue as an energy source or are stored in adipose tissue. Chylomicron 
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Chapterr 1 

andd chylomicron-remnants are removed from die circulation by die LDL receptor 

(LDLR)) and LDL-receptor related protein (LRP) on die liver cell surface 18. 

3.2.22 Endogenous lipoprotein transport 

Hepatocytess synthesize VLDL from TG and cholesterol. VLDL is secreted into 

thee circulation and hydrolyzed by the enzyme lipoprotein lipase (LPL) (figurel). 

Losss of lipid from the hydrophobic core of VLDL leads to shrinkage and 

remodelingg of die particle to intermediate-density lipoprotein (IDL) and LDL. 

Seventy-fivee percent of the cholesterol transport is accounted for by LDL and 

off  the LDL particles approximately 70% are cleared from the plasma by the 

LDL RR present on the surface of liver cells. The remainder is cleared by the 

LDL RR present on the peripheral tissues of organs that require cholesterol as a 

substrate.. LDL can also be modified (e.g., by oxidation) and the modified LDL is 

takenn up by scavenger receptors (SR) in the macrophage. Intracellular accumulation 

off  cholesterol-esters converts a macrophage into a foam cell, one of the first 

stepss in atherogenesis 18. 

Figur ee 1. lipid metabolism 

A=exogenouss lipoprotein transport, B=endogenous lipoprotein transport, C=reverse cholesterol 
transport,, Ape; apolipoprotein; LPL; lipoprotein lipase, LRP; LDL-receptor related protein, LDLR; 
LDL-receptor,, VLD L ;very low-density lipoprotein, IDL ; intermediate-density lipoprotein, LDL ; 
low-densityy lipoprotein, HDL; high-density lipoprotein, HL; hepatic lipase, SR; scavenger receptor. 
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Generall  introduction 

3.33 LDL-receptor 

Thee main role of the LDL-receptor is to maintain a constantly available source of 

cholesteroll  throughout the body for cell membrane synthesis and for supplying 

certainn organs that require cholesterol as a substrate for their metabolic products 

likee bile acids, sex hormones and corticosteroids. Thus the liver, gonads and adrenals 

aree well equipped with LDL-receptors, and the liver, because of its size, is the 

majorr site of receptor-mediated LDL catabolism. LDL-receptors also bind VLDL 

remnantss or IDL and a subtraction of HDL, which contains apolipoprotein E 

Figuree 2 shows a schematic representation of this receptor in action. Fibroblasts 

fromm normal subjects possess specific cell surface receptors that recognize both 

apolipoproteinn B, and apolipoprotein E (B,E receptors) and thereby bind LDL 

byy means of a high affinity, saturable mechanism. The bound LDL is incorporated 

intoo the fibroblast within endocytotic vesicles, derived from clathrin-coated pits 

inn which LDL-receptors cluster on the cell surface. After shedding their coats, 

thee endocytotic vesicles fuse to become endosomes within which the LDL 

dissociatess from its receptor. The latter is recycled to the surface and re-enters 

anotherr coated pit whereas the LDL undergoes lysosomal digestion. This results 

inn degradation of apolipoprotein B and hydrolysis of cholesterol esters. The 

freee cholesterol that is released serves to control the rate of cholesterol synthesis 

withinn the cell by down-regulating the enzyme HMG CoA reductase. 

Figur ee 2. LDL receptor pathway 

Diagrammaticc representation of a fibroblast showing uptake and partial degradation 
off  LDL via the LDL receptor pathway. Proc Natl Acad Set USA 1979;76: 3330-7 
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Excesss free cholesterol is re-esterified within the cell by ACAT, which preferentially 

usess oleate for this purpose. The rate of synthesis of LDL receptors is in turn 

regulatedd by a feedback mechanism linked to the cholesterol content of the cell, 

andd mediated by the LDL-receptor gene via sterol regulatory elements of the 

promotorr 19. 

3.44 LDL-receptor  gene mutations 

Thee LDL-receptor gene occupies approximately 45 kb on the short arm of 

chromosomee 19 and compromises 18 exons and 17 intervening introns. The 

genee for the LDL-receptor is a so-called housekeeping gene, which is, in almost 

alll  tissues, continuously translated into LDL-receptors. The transcription is 

regulatedd by means of negative feedback mechanism by certain sterols. 

Att present, more than 600 mutations of the LDL receptor gene, responsible 

forr FH are known.20 LDL receptor mutations can be divided into five classes 

basedd on their phenotypk effects on the protein. Class 1 mutations fail to produce 

receptorr protein. The so-called null-allele is the most prevalent and makes up 

moree than 50% of the total number of mutations. Class 2 mutations encode proteins 

thatt are blocked, either partially or completely, in transport between the ER and 

thee Golgi complex (transport-defective alleles). Class 2 mutations can be 

subclassifiedd into a class 2A and a class 2B mutations. Class 2A mutations produce 

proteinss that are transported at a detectable, but reduced rate. Class 2B mutations 

encodee for proteins that are characterized by slow transport to the Golgi. 

ClassClass 3 mutations encode proteins that are synthesized and transported to the 

celll  surface, but fail to bind LDL normally (binding-defective alleles). Class 4 

mutationsmutations have a normal synthesis of the LDL receptor protein and normal binding 

off  LDL , but clustering in coated pits and internalization of the receptor complex 

doess not take place (defective-alleles). These mutated receptors are synthesized 

normally,, folding and transport are normal, but clustering in coated pits is 

impossiblee {class 4A) and sometimes the receptors are even secreted after they have 

reachedd the cell surface {class 4B). Class 5 mutations are mutations in the domain that 

mediatess the acid-dependent dissociation of receptor and ligand in the endosome, 

ann essential event for receptor recycling (recycling-defective alleles)2t; ~. 

16 6 



Generall  introduction 

4.. Atherosclerosis 

Thee process of atherosclerosis starts with early lesions consisting of subendothelial 

accumulationn of cholesterol-engorged macrophages (foam cells). These lesions, 

calledd 'fatty streaks', are not clinically significant, but they are the precursors of 

moree advanced lesions (fibrous lesions) characterized by the accumulation of lipid-

richh debris and smooth muscle cells (SMCs). The 'fibrous lesions' have a 'fibrous 

cap'' consisting of SMCs and extracellular matrix that encloses the beginning of a 

lipid-richh 'necrotic core'. These plaques can become 'complex lesions' by 

calcificationn and ulceration at the luminal surface, and by small vessels that grow 

intoo the lesion from the media of the blood vessel wall. Although advanced 

lesionss can grow so large as to block blood flow, the most important clinical 

complicationn is an acute occlusion due to the formation of a thrombus or blood 

clot,, resulting in myocardial infarction or stroke. Usually this process is associated 

withh rupture of the atherosclerotic lesion 23. 

5.. Clinical characteristics and therapy in FH children 

5.11 Diagnosis 

Thee clinical diagnosis of FH is based on family history, physical examination, 

andd laboratory findings. Because of its autosomal dominant inheritance mode 

eachh child with FH consequendy has one affected parent and often a positive 

familyy history for premature atherosclerosis. Clinical symptoms of the disease 

aree the result of cholesterol deposits in the cornea (arcus lipoidus), on the eyelids 

(xanthelasmas),, on the Achilles tendons and extensor tendons of hands and feet 

(xanthomas)) (figure 3 and 4) and tuberous xanthomas on the processus olecrani 

andd tibial tuberosity24. However, the disease is mosdy asymptomatic in children. 

Lesss than 10 % of heterozygous FH children have tendon xanthomas and these 

aree primarily found in the second decade of life 25. In children the disease is 

characterizedd by plasma levels of TC and LDL-C above the 95th percentile for 

agee and gender (table 1) and HDL-C, TG and VLDL- C in the normal range, 

althoughh HDL-C plasma levels are usually slighdy decreased in children 26. A 

mutationn in the LDL-receptor gene as described in paragraph 3.4 is the only 

unequivocall  diagnosis. 
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Figur ee 3. Achilles tendon xanthomas 

Figur ee 4. Extensor tendons xanthomas of the hand 

Thuss the diagnosis of FH in children is usually based on elevated levels of LDL-C. 

Thereforee the Expert Panel on Blood Cholesterol Levels in Children and 

Adolescentss recommended screening guidelines to identify these children at risk 

andd they recommended that a lipoprotein level should be obtained in children: 

18 8 



Generall  introduction 

1)) whose parents and grandparents underwent coronary arteriography below 55 

yearss of age and were found to have coronary atherosclerosis, 2) whose parents, 

grandparentss had a previously documented myocardial infarction, angina pectoris, 

peripherall  vascular disease, cerebral vascular disease or sudden cardiac death below 

555 years of age, 3) of a parent who has been found to have high blood cholesterol 

(TCC >6.2 mmol/L), and 4) whose parental or grandparental history is unobtainable 

andd the children have 2 or more other cardiovascular risk factors 21. 

Tablee 1. 95th percentile plasma lipid values of normal subjects in the first two decades of lif e 

Agee (y)/Sex 

5-9 9 
M M 
F F 
10-14 4 
M M 
F F 
15-19 9 
M M 
F F 

TC C 
(mmol/L ) ) 

4.91 1 
5.12 2 

5.25 5 
5.33 3 

5.10 0 
5.38 8 

LDL- C C 
(mmol/L ) ) 

3.26 6 

3.45 5 

3.37 7 

3.47 7 

3.86 6 

3.78 8 

HDL- C C 
(mmol/L ) ) 

1.89 9 
1.87 7 

1.89 9 
1.81 1 

1.76 6 
1.92 2 

TG G 
(mmol/L ) ) 

1.14 4 
1.19 9 

1.41 1 
1.48 8 

1.67 7 
1.40 0 

5.22 Therapy in children 

Thee recommended therapy for FH children consists of dietary intervention, but 

thee long-term efficacy of a lipid-lowering diet in children is very poor28. The US 

Nationall  Cholesterol Education Program (NCEP) recommends drug therapy 

forr children above 10 years whose LDL-C remains elevated (>4.9 mmol/L) after 

diett therapy, and for children whose LDL-C remains above 4.1 mmol/L in 

combinationn with a positive family history of premature cardiovascular disease 

(CVD)) or the child has 2 or more other risk factors 27. Bile acid sequestrants are 

consideredd the drugs of choice, but the lipid-lowering efficacy is modest (10-15%) 

andd long-term compliance remains poor 29; 30. The 3-hydroxy-3-methylglutaryl 

coenzymee A reductase inhibitors (statins) are effective, safe, and well tolerated 

lipid-alteringg agents in adults. Statins have proven to reduce the incidence of CHD, 

stroke,, and peripheral vascular disease31; 32 and are currently widely used in adults. 

Thuss far, only a few studies have been conducted to evaluate statin therapy in 

childrenn and adolescents. Stein and colleagues (1989) were the first to show a 
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40%% reduction of LDL-C in FH children treated with lovastatin or simvastatin, 

butt this study was not controlled and only involved a small group of boys 33. In 

1992,, another small (n=32) and uncontrolled study with simvastatin showed a 

37%% LDL-C reduction and excellent tolerability 34. In addition, three other statin 

studiess in children or adolescents have been reported: two placebo-controlled 

andd one uncontrolled 35"37. In the first placebo controlled study, 72 FH children 

(66%% girls), age 10-16 years, were randomized to placebo or pravastatin 5,10, or 

200 mg y\ After 12 weeks, LDL-C levels were reduced by 23%, 24%, and 33% in 

thee groups receiving pravastatin 5,10, and 20 mg, respectively. Short-term safety 

andd tolerability were excellent. In the second controlled study, 132 boys, between 

100 and 17 years of age were randomized to either lovastatin or placebo 35. 

Lovastatinn was started at 10mg/day and the dosage was doubled every 8 weeks 

too a maximum of 40mg/day. Mean LDL-C levels decreased significandy relative 

too placebo in all active treatment groups. Data on growth and hormonal status 

indicatedd no significant differences between lovastatin and placebo in a 48 week 

timee period. Lambert and colleagues reported an uncontrolled study in which 

boyss were randomized to lovastatin 10, 20, 30, or 40 mg/day for 12 weeks 37. 

LDL- CC levels were reduced by 21 to 36% and lovastatin was again well tolerated 

withh no serious adverse events. Although these studies showed good efficacy of 

statinss in children, they were short term, had a limited sample size, were mostly 

conductedd in boys or did not provide extensive information about growth and 

development. . 

6.. Assessment of sub-clinical atherosclerosis in FH children. 

Inn the general population, autopsy studies of young healthy adolescents have 

shownn that the first sign of atherosclerosis are present already in the young. The 

Bogalusaa Heart Study performed autopsies on 204 young persons and correlated 

thee risk factors with the extent of atherosclerosis in the aorta and coronary arteries. 

Theyy showed a 10 to 20 % prevalence of fibrous plaque lesions in children between 

22 and 20 years of age in the coronary arteries and the aorta 38. Another autopsy 

studyy demonstrated a prevalence of 3.2 % of coronary stenosis in adolescents 

betweenn the age of 15-19 39. Combining these data with the aggressive nature of 

vascularr disease in adult FH patients, one can safely assume that atherosclerotic 

changess in FH begin in early childhood. 
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Surrogatee markers are able to asses sub-clinical atherosclerosis. They are predictive 

forr cardiovascular disease and improvement in the marker correlates with 

improvementt in the atherosclerotic process 40. Flow-mediated dilatation (FMD) 

too measure endothelial function and B-mode ultrasound to measure the intima 

mediaa thickness (IMT) of the carotid artery are useful surrogate markers to assess 

sub-clinicall  atherosclerosis in clinical intervention trials. 

6.11 Endothelial function 

Endotheliall  dysfunction is an early reversible stage in the development of 

atherosclerosis,, it is detectable before morphological changes are present 41. 

Dysfunctionall  endothelium promotes atherosclerosis through vasoconstriction, 

platelett activation, leukocyte adhesion, thrombogenesis, inflammation, smooth muscle 

celll  proliferation, and collagen breakdown42. Coronary and brachial artery endothelial 

dysfunctionn is associated with advanced age, male sex, hypercholesterolemia, cigarette 

smoking,, hypertension, diabetes mellitus, high-homocystein levels, high-fat diet, 

physicall  inactivity and family history of premature coronary heart disease. 

Ann impaired endothelial function has a predictive value for future cardio-

vascularr events 43; 44. In the last decade, a number of studies have shown that 

endotheliall  function measured as flow-mediated dilatation (FMD) is impaired 

inn FH children 45~47. This indicates that in these young asymptomatic children 

thee process of atherosclerosis has already begun. 

Thee FMD technique is based on nitric oxide (NO) availability of the endo-

thelium.. Increased arterial blood flow (shear) is sensed by the endothelium with 

aa subsequent release of NO and other vasodilators. By inflating a blood pressure 

cufff  upon the forearm and releasing it after a few minutes shear stress is imitated 

inn the brachial artery (figure 5). Using ultrasound sonography one can easily 

measuree the diameter of the vessel before and after die period of ischemia. 

FMDD is expressed as the proportional increase of the diameter after ischemia 

comparedd to before ischemia. An abnormal response consists of lesser 

vasodilatationn and thus of endothelial dysfunction 48. 

Hydroxymethylglutaryll  coenzyme A reductase inhibitors (statins) have been 

shownn to reverse endothelial dysfunction, however, only in adult dyslipidemic 

patientss 495!. The correlation between FMD improvement and the degree of 

LDL- CC lowering implies a role for cholesterol lowering per se in mediating the 

beneficiall  effects of statins52. However, statins might also exert Upid-independent 
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pleiotropicc effects on the vasculature, for instance by up regulating endothelial 

celll  NO synthase (ecNOS) through stabilization of mRNA levels 53. 

Figur ee 5. Schematic overview of the FMD technique 
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6.22 Intim a media thickness (IMT ) of the carotid artery 

Earlyy morphological changes in arterial walls are characterized by sub-endothelial 

accumulationss of cholesterol in macrophages and SMC growth and proliferation. 

Thiss process results in arterial wall thickening23. The arterial walll  can be visualized 

byy means of non-invasive B-mode ultrasound imaging of large peripheral arterial 

walls.. The edges of the lumen-intima and media-adventitia ultrasound interfaces 

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

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

thicknesss (IMT) (figure 6) 54;55. 

Severall  cross-sectional studies have shown that increased carotid artery IMT is 

associatedd with cardiovascular risk factors like LDL-C and age 5f'. Increased IMT 

iss also associated with increased risk for myocardial infarction and stroke in adults 
577 59. Furthermore, in prospective studies carotid IMT has shown to be an 

independentt predictor for cardiovascular disease fl". In FH children a number of 

B-modee ultrasound studies demonstrated increased IMT compared to healthy 

controls.. It could therefore be concluded that already in a young FH population 

morphologicall  arterial wall changes can be measured 6165. These findings 

emphasizee the importance of inhibiting arterial wall thickness progression at 

youngg age in this population at risk. 

Recently,, our center reported that LDL-C reduction with atorvastatin 80mg 

overr a two year period in adult FH patients suffering from FH was accompanied 

byy carotid IMT regression66. Other intervention studies have also demonstrated 
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thatt B-mode ultrasonography is an useful tool to monitor IMT progression 

changess in time *7 m. However, it still remains to be established whether statin 

therapyy effects can be observed in FH children. 

Figur ee 6. Schematic overview of the B-mode (IMT) ultrasound technique. 

B-modee ultrasound image the distal common carotid artery of a child aged 15.1yrs (left). The 
distancee between the leading ultrasound interfaces of the double-line pattern of the arterial far 
wall,, the intima-media thickness (IMT) are directly related to the thickness of the histological 
definedd intima-media complex. 

7.. Outline of this thesis 

Thee studies described in this thesis were designed to investigate several aspects 

concerningg the diagnosis, treatment and sub-clinical atherosclerosis of FH in 

childhood. . 

Inn chapter  2 die 12-year referral data of our pediatric lipid out-patient clinic 

weree analyzed. The objectives were: first to establish specific LDL-C levels or 

percentilee cut-offs that provide the most specific and sensitive means for the 

diagnosiss of FH children; secondly, to address whether the variations in lipoproteins 

inn these FH children can be explained by physical or lifestyle characteristics, which 

thenn could be focus of more hygienic intervention; thirdly, to determine whether 

diee levels of lipid and lipoprotein in these children are associated with the occurrence 

off  premature CVD in their families. In chapter  3 the objective was to investigate, 

whetherr children with a positive family history for cardiovascular events are more 

att risk for future cardiovascular disease than children with a negative family history. 

Thee FMD technique was used to estimate die process of sub-clinical atherosclerosis 

inn these children. In chapter  4 the baseline characteristics, of a large randomized 

double-blindd placebo-controlled trial, evaluating the efficacy, safety and tolerability 
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off  simvastatin therapy in FH children, are presented. The results of this large 

internationall  multi-center trial are described in chapter  5. The impact of this statin 

therapyy on quality of life, anxiety and concerns in FH children and their parents 

wass studied (chapter  6). Extensive self-report questionnaires were evaluated and 

discussed. . 

Thee next two chapters describe two placebo-controlled studies, evaluating the 

effectt of statin therapy on sub-clinical atherosclerosis. Endothelial function was 

assessedd by using the non-invasive technique of flow-mediated dilatation of the 

brachiall  artery (FMD) and arterial wall thickening was assessed by measuring the 

intimaa media thickness of the carotid artery (IMT), using B-mode ultrasound. In 

chapterr  7 the objectives were to evaluate whether young asymptomatic FH children 

aree already characterized by the presence of endothelial dysfunction and whether 

statinn therapy improves endothelial function. Chapter  8 evaluates the effect of 

statinn therapy on the IMT of the carotid artery in FH children. In the last chapter 

off  this thesis (chapter  9) die objectives were, to investigate whether pre-pubertal 

FHH children are already characterized by an impaired FMD and whether the use of 

plantt sterol spread improves the endothelial function. We used a double-blind 

placeboo controlled crossover design to answer these study questions. 

Thiss thesis ends with a summary and general discussion in which the main 

resultss are placed in a wider context. Furthermore, the implication of our findings 

onn the approach of FH in childhood and recommendations for future research 

aree discussed (chapter  10). 
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Abstract t 

Background::  Elevated low-density lipoprotein (LDL) cholesterol levels in 

childhoodd strongly associate with premature cardiovascular disease (CVD) later 

inn life. Familial hypercholesterolemia (FH) represents the paradigm of this 

relationship. . 

Objectives::  To establish a specific LDL-C level that provided the most accurate 

diagnosiss of FH in children. Secondly, to address whether lipoprotein variations 

inn these children could be explained by environmental characteristics and whether 

thesee variations were associated with the occurrence of premature CVD in 

relatives.. But, consequendy and foremost, it was our objective to identify FH 

childrenn at high risk and in need for early intervention. 

Design::  A pediatric FH cohort study and an affected parent-offspring analysis. 

Subjects::  In total 1034 consecutive children from FH kindreds were referred to 

uss over the last 12 years. 

Results::  First, LDL-C levels above 3.50 mmol/L had 0.98 (95% CI: 0.96-0.99) 

post-testt probability of predicting the presence of an LDL receptor mutation. 

Second,, FH children in the highest LDL-C tertile (> 6.23 mmol/L) had 1.8 (95% 

CI:: 1.24-2.36) times more often an FH parent with premature CVD. In addition, 

suchh a parent was found 1.7 (95% CI: 1.06-2.76) times more frequent among FH 

childrenn with HDL-C below 1.00 mmol/L. Lasdy, FH children whose lipoprotein 

(a)) was > 300 mg/1 had 1.5 times more often an FH parent with premature CVD 

thann FH children below that level (RR 1.45; 95% CI: 0.99 - 2.13; p=0.053). 

Conclusions::  In FH families, LDL-C levels allow the accurate diagnosis of FH 

inn childhood. Moreover, severely increased LDL-C, Lp(a) and decreased HDL-C 

levelss in children identify FH kindreds with the highest CVD risk. 



Familyy history and cardiovascular risk 

Introductio n n 

Thee incidence of familial hypercholesterolemia (FH) among Dutch children is 1 

inn every 400 births ' and a plethora of mutations in the low-density lipoprotein 

(LDL)) receptor gene underlie this disorder in our country 2. In FH children, 

severelyy increased LDL cholesterol (LDL-C) deteriorates endothelial function at 

veryy young age3;4. Next to these functional changes, accumulation of cholesteryl 

esterss changes the vascular morphology and the intima-media-thickness (IMT) 

off  peripheral arteries increases more rapidly in FH children 5;6. 

Thesee findings support the notion to take preventive measures at young age 

insteadd of waiting until FH heterozygotes reach adulthood. In particular, it has 

beenn suggested that lifestyle changes can influence plasma LDL-C 7 and, the 

largestt and longest placebo controlled trial with statin therapy exhibited excellent 

safetyy and efficacy in FH children8. These results might suggest that FH children 

mightt derive significant benefit from lifestyle modification as well as from 

pharmacologicall  intervention to reduce the burden of increased LDL-C. 

Analysess of mortality show a large variation of the consequences of FH9; 10 and 

specifically,, the risk of atherosclerosis varies significantly between families 10. 

Identificationn of children, who have severely increased familial risk of cardiovascular 

diseasee (CVD), could assist in the selection for targeted intervention. In the present 

study,, we performed analyses in a pediatric FH cohort of unparalleled size. First, 

wee sought to determine specific LDL-C levels for the most accurate diagnosis of 

FHH in these children. Subsequently, we addressed whether or not the observed 

lipoproteinn variations were associated with the occurence of premature CVD in 

relatives.. But, consequently and foremost, our objective was to identify FH children 

att high CVD risk and in need for early intervention. 

Patientss and methods 

Studyy population 

Betweenn July 1989 and July 2001, 1034 children were referred to our Pediatric 

Lipidd Clinic. A diagnosis of heterozygous FH in the parent was based on the 

followingg criteria: (1) a documented LDL receptor mutation or (2) plasma LDL-C 

levelss persistently above the 95th percentile for age and sex in a family with a 

positivee history of premature CVD in conjunction with (3), tendon xanthomata. 
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Prematuree CVD was defined to have occurred before the age of 60 years in 

womenn and before 55 in men. The study protocol was approved by our Review 

Boardd and analyses were performed with informed consent of the children and 

bothh parents, if alive. 

Laborator yy analysis 

Venouss blood was collected after an overnight fast. Plasma total cholesterol (TC), 

high-densityy lipoprotein cholesterol (HDL-C), and triglycerides (TG) were 

determined,, using commercially available kits (Boehringer Mannheim, Mannheim, 

Germany).. LDL-C concentrations were calculated using the Friedewald formula. 

Apolipoproteinn Al and apolipoprotein B100 were determined on a Behring 

nephelometer,, BN100 (Behring, Marburg, Germany). Lipoprotein (a) [Lp(a)] 

concentrationss were determined using the Apo-Tek ELISA (Organon Teknika, 

Rockvillee MD, USA). 

Statisticall  analysis 

Too select the LDL-C level that minimizes the proportion of false-negatives and 

false-positives,, a receiver operating characteristic (ROC) curve was constructed 

accordingg to Altman and Bland n. The diagnostic value of a given LDL-C level 

wass analyzed by considering pre-test and post-test probabilities and was expressed 

ass the post-test likelihood of having FH (odds). ANOVA and chi-squared analysis 

weree used to compare subgroups. Statistical testing of triglycerides and Lp(a) 

wass performed after logarithmic transformation. To study the relationship between 

thee lipid and lipoprotein levels and family history, FH children were divided into 

threee groups, those with a positive family history of premature CVD in first 

degreee relatives, in second degree relatives, and in those without such relatives 

withh premature CVD. Trends were analyzed by multiple linear regression with 

concomitantt inclusion of co-variables. Relative risks were analyzed with Cox's 

regressionn and cumulative event free survival was illustrated with the Kaplan-

Meierr method. Statistical significance was assessed at the 5% level of probability. 
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Results s 

Diagnosiss of familia l hypercholesterolemia 

AA total of 1034 children from 725 families with a certain diagnosis of FH were 

seenn in our clinic. Until today a molecular diagnosis was obtained in 604 children: 

66 homozygotes and 568 heterozygotes, while the 181 siblings did not carry that 

specificc LDL receptor gene mutation. For these 598 heterozygotes and the 181 

normall  siblings, receiver operating characteristics (ROC) curves of LDL-C, age 

andd sex-specific LDL-C percentiles and apolipoprotein B levels are shown in 

figurefigure 1. Al l three measurements enabled accurate identification of children 

heterozygouss for LDL receptor mutations, however, the largest area was found 

underr the curve of plasma LDL-C. The best available LDL-C value for the 

diagnosiss of FH in children was 3.50 mmol/L (135 mg/dl). Levels below this 

concentrationn were only found in 4.3% of children with a mutated LDL receptor 

(falsee negatives; 95% CI: 2.6-6.1%). In contrast, children with LDL-C equal to or 

abovee 3.50 mmol/L (135 mg/dl) had 0.98 (95% CI: 0.96-0.99) post-test probability 

off  FH. It is important to note that this ROC curve and LDL-C cut-off is only 

validd against the background of a family investigation with a definite diagnosis 

off  FH established. These data do not apply to the general population nor to 

otherr children with non FH dyslipidemia. Remaining children numbered 249 

fromm families in which an LDL receptor gene mutation has not yet been identified 

(theyy are still in the cue for sequencing). However, when we apply the best available 

cut-offf  LDL level of 3.5 mmol/L (135 mg/dl), to these remaining children, 144 

off  them will have a 98% chance of having heterozygous FH. This brings the 

totall  of FH children to 598 (DNA diagnosis) + 144 (LDL-C level and clinical 

diagnosis)) which equals 742 children. According to the ROC analysis the expected 

numberr of false positive diagnoses is less than 3 children (95% CL2-7) out of 

thee 742. In contrast, a total of 286 children (181 with DNA diagnosis and 105 

accordingg to LDL-C levels) were normolipidemic and this ratioo is not expected 0.5 

probability.. The reason for this is that siblings with very low levels of LDL-C 

(measuredd by the general practitioner or referring specialist) were often not 

referred.. However, in table 1 for the exact comparison between heterozygotes 

andd children without FH we have used the 181 normal siblings since they are, by 

molecularr means, certainly non-FH. 
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Figur ee 1. Receiver operating characteristic curves of plasma LDL-C, age-specific and gender-specific 
LDL- CC percentiles, and Apo B levels. The area under the LDL-C concentration curve is larger dian 
thee areas under the other curves. The best cut-off level for LDL-C is shown to be 3.50 mmol/L. 

Generall  characteristics 

Basedd on the above mentioned diagnostic criteria, 742 children (397 girls and 

3455 boys) from 508 families were heterozygous for FH (table 1). Their mean age 

wass 11 years (range 2-19 years). Typical physical characteristics of FH (xanthomas, 

xanthelasmas,, or arcus cornealis) were only found in 35 children (5%; 95% CI: 3-

7%).. Of these children, 85% were on a fat restricted diet, compatible with the 

stepp I diet of the American Heart Association. A total of 47 (6%; 95% CI: 5-8%) 

childrenn were cigarette smokers. Age, length and body mass index (BMI) were 

nott significantly different between the children with and without FH. In table 1, 

lipidss and lipoproteins are compared between the children with and without FH. 

Ass expected, FH children had severely increased LDL-C and decreased HDL-C 

levelss compared to children without FH. LDL-C and apoBlOO levels were highly 

correlatedd (r=0.95; p<0.001) as were HDL-C and apoAl levels (r=0.76; p<0.001). 

Girlss with FH had mean LDL-C of 5.80 mmol/L (95% CI: 5.64-5.96 mmol/L) 

versuss 5.42 mmol/L (95% CI: 5.27-5.57 mmol/L; p=0.001) for FH boys. Mean 

TGG levels in FH girls were 0.90 mmol/L (95% CI: 0.84-0.96 mmol/L) versus 0.77 

mmol/LL (95% CI; 0.73-0.81 mmol/L) in boys (p<0.001). 
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Meann BMI , 18.8 kg/m2, was significantly higher in FH girls (95% CI: 18.4-19.2 

kg/m2)) than the 18.1 kg/m2 in FH boys (95% CI: 17.8-18.4 kg/m2; p=0.005). No 

significantt differences were found with regards to HDL-C and apoAl between 

girlss and boys. Adjustment for age or triglyceride levels did not change these 

resultss (data not shown). 

Tablee 1. Characteristics of heterozygous FH children and non-affected siblings. 

Parameter r 

Age,, y (range) 

Gender,, m/f 

Menses,, n (%) 

Diet,, n (%) 

Smoking,, n (%) 

Stigmata,, n (%) 

BMI ,, kg/m2 (range) 

TCC (mmol/L) 

LDL- CC (mmol/L) 

HDL-CC (mmol/L) 

TC// HDL-C 

TGG (mmol/L) 

ApoA-I fe/L ) ) 

Apoo B100 (g/L) 

Lipoproteinn (a) (mg/L) 

FH H 

(n=742) ) 

11.0(2.0-18.7) ) 

345/397 7 

1444 (36.3) 

6255 (84.9) 

477 (6.3) 

355 (4.8) 

18.499 (12.2-41.1) 

7.266  0.06 

5.622  0.06 

1.255  0.01 

6.099  0.07 

0.844  0.02 

1.277  0.01 

1.599  0.02 

2122  10 

Siblings s 

(n=181) ) 

11.0(3.1-19.4) ) 

93/88 8 

299 (33.0) 

1200 (66.3) 

66 (3.6) 

--
18.055 (12.9-29.9) 

4.288  0.05 

2.555  0.05 

1.400  0.02 

3.188  0.06 

0.733  0.03 

1.377  0.02 

0.833  0.02 

1966  19 

p-value e 

0.9 9 

0.2 2 

0.6 6 

n.a. . 

0.2 2 

n.a. . 

0.2 2 

<0.001 1 

<0.001 1 

<0.001 1 

<0.001 1 

0.0015 5 

<0.001 1 

<0.001 1 

0.045 5 

BMI=bodyy mass index, TC=total cholesterol, LDL=low-density lipoprotein, HDL=high-density 

lipoprotein,, Apo A-I= apolipoprotein A-I , Apo B100=apolipoprotein B100, of the mean, values 

aree given as means  standard error of the menan (SEM). Statistical testing after logarithmic 

transformation n 

Lifestyl ee and plasma lipoprotein levels 

FHH children (742) grouped by LDL-C tertües had similar distributions of age, 

diet,, smoking and body mass index (data not shown). Also, LDL-C levels of FH 

childrenn not on a diet versus FH children on a fat restricted diet did not differ. 

Inn contrast, HDL-C below 1.00 mmol/L (the lowest quintile) was found in 

1322 children. This group had similar age, percentage of boys and girls, and smokers 

comparedd to the 610 FH children with HDL-C levels in the other quintiles (data 

nott shown). However, in the low HDL-C group, 79% was on a fat restricted diet 

comparedd to 86% in the high HDL-C group (£2=4.93, df=l; p=0.03). In addition, 
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thee mean BMI of FH children with low HDL-C was 19.3 kg/m2 (95% CI: 18.5-

20.00 kg/m2) versus 18.3 kg/m2 (95% CI: 18.1-18.6 kg/m2; p=0.007) in the high 

HDL-CC group. Mean TG levels of the low HDL-C group were 1.16 mmol/L 

(95%% CI: 1.02-1.29 mmol/L) versus 0.77 mmol/L (95% CI: 0.74-0.80 mmol/L) 

inn the high HDL-C group; after logarithmic transformation (p<0.001). 

Adjustmentt for age and gender did not improve the diagnostic value of LDL-C 

levelss as shown in the ROC curve and no influence of age on lipoproteins became 

evidentt in our cohort of FH children. 

Parameters,, such as diet, BMI , plasma TG and HDL-C were correlated. 

Therefore,, we analyzed these relationships with different logistic regression models 

withh subsequent inclusion of diet and BMI and of diet, BMI and plasma TG 

(tablee 2). Diet and BMI were weakly correlated (R—0.11, p=0.005). In the 

regressionn model, diet did not change the influence of BMI on HDL-C levels 

(dataa not shown). However, TG levels included in the model showed a strong 

inversee relationship with HDL levels (OR 0.25,95% CI: 0.16-0.39; p<0.001) and 

fullyy explained the effect of BMI on HDL-C (OR 1.01,95% CI: 0.96-1.07; p=0.7) 

andd partly of diet (OR 1.49, 95% CI: 0.90-2.48; p=0.1). 

Inn brief, FH children with lower HDL-C levels were heavier and had higher 

TGG levels. In contrast, LDL-C levels were mostly independent of lifestyle 

characteristicss or anthropomorphic measures. 

Tablee 2. Relationships between HDL cholesterol above 1.00 mmol/L, 

diet,, BMI and plasma TG. 

Determinants s 

Diet t 

BMI I 

Plasmaa TG 
Modell  1: 

Diet t 

BMI I 
Modell  2: 

Diet t 
BMI I 

Plasmaa TG G 

Oddss Ratio 

1.71 1 
0.93 3 
0.25 5 

1.62 2 

0.94 4 

1.49 9 

1.01 1 

0.25 5 

95%%  CI 

1.06-2.76 6 
0.89-0.98 8 

0.16-0.38 8 

1.00-2.65 5 

0.89-0.98 8 

0.90-2.48 8 
0.96-1.07 7 

0.16-0.39 9 

p-value e 

0.03 3 
0.006 6 

<0.001 1 

0.05 5 
0.01 1 

0.1 1 
0.7 7 

<0.001 1 

Logisticc regression analyses were performed with single, two, and 

threee co-variables, respectively. CI=confidence interval, BMI—body 

masss index. 
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AA slight difference was evident in mean Lp(a) levels between FH children (212

100 mg/1) and unaffected siblings (196  19 mg/1; after logarithmic transformation 

p=0.04).. However, adjusted for parental gender and calendar period, the 110 FH 

childrenn whose Lp(a) was > 300 mg/1 had 1.5 times more often a FH parent with 

prematuree coronary artery disease than the 327 FH children with low Lp(a) levels 

(RRR 1.45; 95% CI: 0.99 - 2.13; p=0.053). In similar analyses comparing the children 

withh and without detectable Lp(a), no differences were observed between the 

groupss (RR 1.04; 95% CI: 0.59 - 1.85; p=0.9). 

Familyy history of premature CVD 

Thee analyses of the relation between premature CVD and lipoprotein levels in 

childrenn were restricted to one child per family (508 index children with FH). 

Theirr general characteristics, including lipids and lipoproteins, are shown in table 

3.. A positive family history for premature CVD in first degree relatives was found 

inn 155 (31%) children. A total of 290 (57%) children had a positive family history 

off  premature CVD in a second and/or third degree relative. 

Tablee 3. General characteristics, lipids, and lipoproteins of FH index children according to premature 

CVDD in relatives. 

Parameter r 

Age,, y (range) 
Gender,, m/f 

TCC (mmol/1) 

LDL-CC (mmol/I) 
HDL-CC (mmol/1) 
TGG (mmol/1) 
ApoA-I(g/l) ) 

ApoBlOOO (g/1) 
Lipoproteinn (a) (mg/1) 

1""  degree relatives 
withh premature 
CVD D 
(n=155) ) 

11.0(3.2-18.0) ) 
66/89 9 

7.555  0.13 

5.900 3 
1.255  0.02 
0.911  0.04 

1.288  0.02 
1.655  0.04 
2599  27 

2ndd degree relatives 
withh premature 
CVD D 
(n=290) ) 

10.88 (2.0-18.7) 

126/164 4 

7.322  0.09 

5.677  0.09 
1.266  0.02 

0.866  0.03 
1.277  0.01 

1.622  0.03 

1799  13 

Noo such 
relatives s 

(n=63) ) 

11.66 (3.3-18.2) 
29/34 4 

6.799  0.17 

5.099 8 
1.333  0.04 

0.811  0.05 

1.366  0.03s 
1.455  0.05 
2422  35 

** for  tre 

0.4 4 
0.9 9 

0.02 2 
0.001 1 
0.1 1 
0.065 5 

0.1 1 
0.01 1 
0.75 5 

Statisticall  testing was performed widi multiple linear regression. All analyses with and wimout adjustment 

forr gender and age yielded similar results. Additional adjustment for triglyceride concentration, diet, 

orr cigarette smoking did not change the results on HDL-C and apolipoprotein A-l . Value's are given 

ass means  standard error of the mean (SEM). Statistical testing after logarithmic transformation 
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Noo family history of premature CVD in first, second or third degree relatives 

wass found in 63 (12%) children. Sex and age of the index children was equally 

distributedd among these three groups. Strikingly, children with premature 

CVDD among first degree relatives, second degree relatives, and those without 

suchh relatives showed, respectively, higher, intermediate, and lower LDL levels 

(Pfortrend"0*001)-- ApoBlOO levels showed a similar trend (pfortrend=0-01). Trigly-

ceridee levels also exhibited a similar trend, but testing with and without 

logarithmicc transformation did not reach statistical significance (pfortrcnd
=0.06). 

LD LL  and HD L cholesterol of the index child in relation wit h CVD in the 
FHH parent 

Inn support of these findings, FH children with LDL-C levels > 6.23 mmol/L 

(thee highest tertile) had 1.7 times (95% CI: 1.24-2.36; p=0.001) more often an 

FHH parent with premature onset of CVD than those with LDL-C below 6.23 

mmol/L.. This analysis is shown in figure 2; parents of children with these high 

LDL- CC levels had shorter event free survival than parents of children with low 

LDL-CC levels (logrank = 10.35; df = 1; p = 0.001). Strikingly, adjusted for parental 

genderr and calendar period with Cox' regression analysis, FH children with HDL-C 

levelss below 1.00 mmol/L had 1.8 times (95% CI: 1.20-2.59; p=0.004) more 

oftenn an FH parent with premature onset of CVD (figure 3). In agreement with 

thee Cox' regression analysis, parents of children with low HDL-C levels had 

shorterr event free survival compared to parents of children with high HDL-C 

levelss (logrank = 3.93; df = 1; p = 0.048). 

Inn conclusion, these data indicate that both severely elevated LDL-C and Lp(a) 

levelss and decreased HDL-C levels point to a subgroup of FH families exposed 

too severe CVD risk. 
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Figur ee 2. Event free survival among FH parents. The data represent Kaplan-Meier estimates according 
too LDL-C levels of their children. The event free survival was significantly better in the parents of 
childrenn who had LDL-C levels below 6.23 mmol/L (logrank test p=0.001). 
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Figuree 3. Event free survival among FH parents. The data represent Kaplan-Meier estimates according 
too HDL-C level in their children. The event free survival was significantly better in the parents of 
childrenn who had HDL-C levels or above or equal tol.00 mmol/L (logrank test p=0.048). 
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Discussion n 

Wee could show in this large cohort of FH families that LDL-C levels below 3.50 

mmol/LL (135 mg/dl) are only found in 4.3% of children with a mutation in the 

LDL-receptorr gene. Elevated LDL-C levels in childhood suggest a diagnosis of 

classicall  FH and in early and seminal study by the NIH group it was shown that 

thiss diagnosis could be made on the basis of cord blood LDL-C levels12. However, 

thee same authors also showed that cholesterol levels overlap to a certain extent 

betweenn affected and normal children12. The demonstration of a defect in the 

LDLL receptor gene is more accurate for the diagnosis of FH than an LDL-C 

measurement,, but DNA sequencing is only available to a limited number of 

physicianss and our data support the use of an LDL-C cut-off level at minimal 

losss of specificity and sensitivity. However, it should be stated explicidy that the 

ROCC curves and LDL-C cut off levels in our study only apply to families, in 

whichh the diagnosis of FH is certain. They cannot be extrapolated to other 

dyslipidemiass nor to the general population. 

Wee could also show, as is known since three decades, that these children have 

severelyy elevated TC, LDL-C and apolipoprotein B levels, in conjunction with 

decreasedd HDL-C and apolipoprotein Al levels. Already in the early seventies 

Kwiterovichh and colleagues established, by investigating cord blood, that HDL-C 

levelss were significandy lower in FH children than in non-affected siblings 12. 

Thiss finding was subsequendy confirmed in older FH children by the same authors 13. 

Thee reason(s) for low HDL-C in heterozygous FH have not been fully elucidated. 

Theyy could be related to increased very low density lipoprotein (VLDL ) synthesis 

ass seen in FH u, or due to the fact that intermediate density lipoproteins (IDL), 

alsoo cleared by the LDL-receptor, accumulate in this disorder. These metabolic 

alterationss of TG rich lipoproteins could cause increased cholesteryl ester transfer 

proteinn (CETP) activity, with subsequent depletion of cholesterol in the HDL-

particle,, as has indeed been suggested by Inazu and colleagues 15. Kinetic studies 

havee suggested both increased fractional catabolic rate and decreased synthesis 

off  HDL-apoAI16. Schaefer and colleagues suggested that deficiency of the LDL-

receptorr leads to an increased pool size of apoE, which in turn could lead to 

apoEE enriched HDL and subsequent increased clearance of these particles in 

FHH 17. Taken together, increased CETP activity in conjunction with increased 

HDL-CC clearance could be hypothesized to underlie the lower HDL-C levels in 

FHH children. 
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LDL- CC levels exhibited a wide range in our cohort. In healthy twin children, the 

variationn of cholesterol levels was attributed for 24% to genetic influences and 

forr a stunning 76% to environmental influences ,8. This is in sharp contrast to 

ourr findings; age, diet, body mass index and smoking frequency were essentially 

similarr across all LDL tertiles in FH children. The loss of half of LDL receptor 

functionn might be an overriding force and overwhelms any subde environmental 

orr other generic influence on LDL-C levels, as was shown previously for apo E 

genotypee and diet in relation to FH 19;2°. 

Att the present time, the recommended therapeutic regimen for children with 

FHH is restricted to bile acid binding resins in conjunction with a lipid-lowering 

diett total cholesterol reductions of 12% are modest, only slighdy more effective 

thann diet alone 21"25. In contrast Stein and colleagues reported on the long-term 

efficacyy and safety of lovastatin in children and adolescents with FH, showing 

excellentt tolerability and lack of serious side-effects in this age cohort8. 

However,, not all FH children suffer the dire consequences of accelerated 

atherosclerosis,, but, in fact, may have a normal life expectancy9; 10. In our opinion, 

targetedd intervention of FH children should take family history and notably the 

severityy of parental coronary disease into account. Event-free survival of the 

affectedd FH parent exhibited in our study a strong relationship with both LDL-C 

andd HDL-C levels in children. Indeed, a positive family history is a strong and 

independentt risk factor for both sexes and its effect is synergistic with odier 

CVDD risk factors as well, also for individuals without FH 26. In addition, FH 

childrenn whose Lp(a) level was above 300 mg/L, had 1.5 times more often an 

FHH parent with premature CAD than the FH children with lower Lp(a) levels. 

Ourr observations therefore suggest that a high familial risk of CVD may be 

identifiedd in a FH child before it becomes family history by analy2ing its lipid 

profile. . 

Inn conclusion, when the diagnosis of FH is certain in the family, simple 

measurementt of the most important lipoproteins, LDL-C, HDL-C and Lp(a) 

allowss an accurate diagnosis of FH in childhood and also leads to identification 

off  FH families with the highest risk of CVD. It would therefore follow to study 

efficacyy and safety of long term statin use in exacdy that risk category of childhood 

FH. . 
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Abstract t 

Objectives::  In patients with familial hypercholesterolemia (FH), the propensity 

towardss atherosclerosis may vary considerably. In the general population, a positive 

familyy history is associated with an increased risk for cardiovascular events. Since 

endotheliall  dysfunction is predictive for future cardiovascular events, we evaluated 

whetherr FH-children with a positive family history of premature cardiovascular 

diseasee have more pronounced endothelial dysfunction compared to children 

withh a negative family history. 

Studyy design: Fifty FH children, 10 to 18 years, participated in this study. Thirty-

onee children had a positive family history for cardiovascular events (fh+) and 19 

childrenn had no events in the family (fh-). Nine-teen matched siblings participated 

ass controls. Endothelial function was assessed by testing the flow-mediated 

dilatationn (FMD) of the brachial artery. 

Results::  Baseline characteristics were comparable for fh+, fh- and controls. Lipid 

levelss were significantly higher in FH children. In FH, FMD was impaired compared 

too controls (11.7  4.4% vs. 15.6  6.8%, p<0.03). In addition, FMD was significantly 

lowerr in fh+ compared to fh- (10.7  9.9% versus 13.3  4.6%, p<0.05). 

Conclusion::  In FH children, endothelial function is impaired compared to 

matchedd controls. This impairment is most pronounced in FH children with a 

positivee family history of premature cardiovascular disease. 
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Introductio n n 

Familiall  Hypercholesterolemia (FH) is an inherited autosomal dominant disorder 

off  lipoprotein metabolism caused by mutations in the low density lipoprotein (LDL) 

receptorr gene. The disorder has a frequency of one in 400 persons and is therefore 

thee most common inborn error of metabolism in the Dutch population1. FH is 

associatedd with elevated levels of LDL-C and premature atherosclerosis. Affected 

personss show symptoms of atherosclerotic cardiovascular disease at relatively young 

age,, sometimes before the age of 30. In the general population autopsy reports of 

healthyy adolescents, 15 to 19 years of age, have shown a prevalence of 3.2 % of 

coronaryy stenosis 2. In view of the aggressive nature of vascular disease in adult 

FHH patients one can safely assume that atherosclerotic changes begin in early 

childhood3;; 4. Early detection of abnormal arterial function could therefore assist 

inn early institution and optimization of cardiovascular preventive strategies. 

Thee endothelium constitutes the first line of defence against atherosclerosis5. 

Accordingly,, all major risk factors for atherosclerosis are characterized by endothelial 

dysfunction6.. Recendy, data have emerged to show that impaired endothelial function, 

assessedd as acetylcholine-induced coronary vasodilatation and/or flow mediated 

dilationn of the brachial artery can predict future cardiovascular disease7;8. 

Inn the general population, a positive family history for cardiovascular disease 

hass a major impact on the cardiovascular risk of an individual and has been 

associatedd with endothelial dysfunction 9; 10. In FH families, the additional effect 

off  familial traits on top of elevated LDL-C is less clear. In the present study we 

evaluatedd whether children from FH families with a positive history of 

cardiovascularr events are characterized by a more pronounced impairment of 

endotheliall  function compared to children with a negative family history. 

Patientss and methods 

Patients s 

AA total of 50 heterozygous FH patients 10 to 18 years of age were enrolled in 

thiss study. The following criteria were designed to select children with heterozygous 

FH:: plasma LDL-C levels above 95th percentile for age and gender; a documented 

familyy history of hyperlipidemia with LDL-C levels above the 95th for age and 

genderr before treatment or a personal diagnosis of FH by detection of a mutation 
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inn the LDL receptor gene. Exclusion criteria were smoking; current use of any 

vaso-activee medications; and concomitant conditions such as serious illness, 

hypertensionn or diabetes mellitus. 

Nine-teenn age- and gender-matched siblings participated in the study as healthy 

controls.. Each child or child's parents gave written informed consent for his or 

herr participation in the study, which was approved by the local Ethical Committee. 

Familyy history of cardiovascular  disease 

Fromm die 50 FH children, 31 children had a family history of cardiovascular 

eventss in first-or second-degree relatives (fh+) and 19 FH children had no events 

inn the family or only events in distant family members (fh-). All parents of the 

childrenn were investigated by a standard questionnaire based on the questionnaires 

usedd in the Health Family Tree study u. It provided information about each 

parentt and other family members. The questionnaire included the age of onset, 

andd age of death of cardiovascular events in the family. Smoking habits of the 

FHH affected parents were defined as pack-years (1 pack-year = 20 cigarettes per 

dayy for 1 year). Premature cardiovascular events were defined for males and females 

whenn they occurred before the age of 60. Events were defined as Myocardial 

Infarctionn (MI), Coronary Angioplasty Bypass Graft (CABG) and Percutaneous 

Transluminall  Coronary Angioplasty (PTCA). 

Lipid s s 

Al ll  lipid measurements were performed in a central laboratory (Clinical Research 

Laboratories,, Zaventem, Belgium). Samples for lipoproteins were collected in 

ethylene-diaminetetraacetatee (1 mg/ml) and centrifuged within 30 minutes; the 

plasmaa was separated, kept at 4° C and shipped overnight to the central laboratory. 

Totall  cholesterol (TC) and triglycerides (TG) were analyzed by enzymatic methods 

(Hitachii  747 analyzer) high-density lipoprotein (HDL-C) was isolated with 

heparin-2MM manganese chloride. Lipids levels were measured on three separate 

occasionss in the FH children: once before the assessment of FMD and twice 6 

weekss prior to this visit. 

Flow-mediatedd dilatation 

Thee flow-mediated dilatation (FMD) was performed as published previously 12; 13. 

Inn summary, all FMD's were performed during the morning in a fasting state. All 

childrenn refrained from alcohol and caffeine containing beverages. A blood 
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pressuree cuff was placed just below the elbow of the right arm. After a 10-15 

minutess rest, the diameter of the brachial artery in the right ante-cubital fossa 

wass measured using the 7.5 Mhz. transducer7. By inflation of the blood pressure 

cufff  to 200 mmHg, ischemia is applied to the forearm, distal to the location of 

transducer.. Upon release of the cuff the brachial artery wil l dilate through 

endotheliall  NO-release 14; 15. Ultrasonography continues for 5 minutes to allow 

forr lumen diameters measurements at 20 seconds intervals. Wall track 

measurementss are stored digitally and analyzed off-line by a blinded observer 

usingg wall track system software analysis package 12. Endothelial function is 

expressedd at each examination as {lumen diameter after ischemia- diameter at 

baseline}// diameter at baseline 16. Intra and inter-session variation coefficient 

forr baseline diameter are 1.1 and 3.8 % respectively 12. The total duration of this 

investigationn is approximately 30 minutes. All measurements were performed by 

thee same observer, unaware of clinical details and the stage of the experiment. 

Statisticall  Analysis 

Thee mean vessel diameter and percent dilatation for each patient were obtained 

byy averaging the measurements taken over all occasions on which that patient 

wass studied. The presented lipid levels of the FH children are the average of 

threee measurements. Differences between groups were tested by using student 

tt test for continuous data. Non parametric testing (Mann-Whitney test) was used 

forr triglycerides and pack-years since the distribution of these data are skewed. 

AA p value < 0.05 was considered significant. 

Results s 

Familyy history was obtained in all FH children (n=50). Evidence of cardiovascular 

diseasee (CVD) was present in 15 parents (30%; all fathers with FH) The mean 

agee of onset of CVD of these parents was 33.3 years. Seven fathers with FH 

(14%% of the parents with FH) had died due to CVD (age 44.9  7.0 years). No 

motherss with FH had died due to CVD. The parents with FH was the father in 

200 cases (65%) in the fh+ group and 16 cases (84 %) in the fh- group. The 

remainingg still living FH parents had an average age of 44.4  4.6 years in the 

fh++ group (n=24) compared to 43.0  4.3 years of the fh- group (n=19), 

(p=0.310).. In the fh- group, 8 (42 %) parents were smokers or former smokers 
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comparedd 24 (77 %) in the fh+ group. Parents of the fh- group smoked a median 

off  4.0 (1.0-32.0) pack-years compared to 16.8 (1.0-31.0) pack-years in the fh+ 

groupp (p=0.06). 

Baselinee characteristics of the children showed no significant difference between 

FHH children and controls with regard to age, body mass index, blood pressure or 

baselinee vessel size. Total cholesterol and LDL-C were higher in the FH group. 

Theree was a trend towards a lower HDL- C in the FH group. The healthy siblings 

hadd lipid levels within the normal range. The FMD was significandy impaired in 

thee total FH group compared to the controls: 11.7  4.4 versus 15.6  6.8; 

p<0.0288 (table 1). 

Tablee 1. Baseline characteristics and FMD of the FH group compared to controls 

Characteristicc FH children Controls p-values 

NN 50 19 

No(%)malee 26(52) 11(58) 

Age(y)) 14.6 2 14.2  3.1 0.597 

Bodyy Mass Index (kg/nr) 21.3  3.8 21.5  5.4 0.886 

Systolicc bloodpressure (mrnHg) 125  15 121  17 0.309 

Diastolicc bloodpressure (mmHg) 67  8 66 + 11 0.885 

TC(mmol/L)) 7.02  1.32 4.32  0.85 < 0.0001 

HDL(mmol/L)) 1.32  0.26 1.42  0.31 < 0.231 

LDLL (mmol/L) 5.27  1.27 2.51  0.66 < 0.0001 

TG(mmol/L)) 0.84(0.43-1.77) 0.76(0.50-1.38) 0.225 

Baselinee vessel size (mm) 3.14  0.49 3.10  0.53 0.540 

FMD(%)) 11.7 4 15.6 8 < 0.028 

Valuess are given as means (SD) except for no male (percentage) and TG (median and range), F H-
familiall  hypercholesterolemia, TC= total cholesterol, HDL= high-density lipoprotein, LDL = low-
densityy lipoprotein, TG= triglycerides, FMD= flow-mediated dilatation. 

Tablee 2 shows the baseline characteristics and FMD of the FH children with 

cardiovascularr events in first or second degree relatives (fh+) compared to FH 

childrenn with no events or only in distant family members (fh-). Except for BMI 

andd triglycerides there were no significant differences between these two groups. It 

iss evident that the baseline vessel size is similarly distributed in both groups. However, 

theree is a significant difference in FMD between both groups. The FMD impairment 

wass significandy more pronounced in the fh+ group compared to fh- group (10.7 

 3.9 versus 13.3  4.6; p< 0.035) (figure 1). The FMD in the fh- group compared 

too the controls was no longer significandy different (p= 0.239). 
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Tablee 2. Baseline characteristics of the FH children with a positive family history of cardiovascular 
eventss and FH children with a negative family history of cardiovascular events. 

Characteristic c 

N N 

Noo (%) male 

Agee (y) 

Bodyy Mass Index (kg/nr) 

Systolicc bloodpressure (mmHg) 

Diastolicc bloodpressure (mmHg) 

TCC (mmol/L) 

HDLL (mmol/L) 

LD LL (mmol/L) 

TGG (mmol/L) 

Baselinee vessel size (mm) 

fh+ + 

31 1 

155 (48) 

14.66  2.3 

22.11  4.1 

1277 5 

688 8 

7.211  1.16 

1.299  0.21 

5.466  1.11 

0.966 (0.43-1.77) 

3.188 10.50 

fh--

19 9 

111 (58) 

14.55  2.1 

20.00  3.0 

1222  15 

655 9 

6.711  1.52 

1.399 2 

5.000 8 

0.755 (0.48-1.48) 

3.100  0.49 

p-values s 

0.523 3 

0.829 9 

0.037 7 

0.231 1 

0.205 5 

0.194 4 

0.238 8 

0.189 9 

0.021 1 

0.549 9 

Valuess are given as means (SD) except for no male (percentage) and TG (median and range), fh+ 
=FHH children with cardiovascular events in first or second degree relatives, fh- = FH children 
withoutt cardiovascular events or only in third degree relatives, TC= total cholesterol, HDL= high-
densityy lipoprotein, LDL = low-density lipoprotein, TG= triglycerides. 

Figur ee 1. FMD of FH + children compared to the FH- children 

Q Q i i 
14-I I 

12 2 
10 0 
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2 2 
0 0 

fh++ =FH children with cardio-
vascularr events in first or second 
degreee relatives, fh- = FH children 
withoutt cardiovascular events or 
onlyy in third degree relatives. 

fh h fh+ + 

Discussion n 

Inn this cohort of FH-children, being the largest to date in which endothelial 

functionn was assessed, we show that FH-children are characterized by endothelial 

dysfunctionn compared to matched control children. In addition, we show that 

thee degree of endothelial dysfunction is associated with the presence of a family 

historyy for premature cardiovascular events. These findings underscore the 

importancee of other factors, besides elevated LDL-C, in determining the 

susceptibilityy for cardiovascular disease in these FH children. 
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Endotheliall  dysfunction 

Endotheliall  dysfunction is seen during early stages of atherosclerosis, clearly 

precedingg the development of morphological changes17. In the general population, 

variouss risk factors such as hypertension, diabetes, hyperlipidemia, hyper-

homocysteinemia,, inflammation, ageing and cigarette smoking have all been 

associatedd with impaired flow-mediated dilatation in the preclinical phase of 

vascularr disease6. Recendy, Neunteufl et al. and Suwaidi et al. demonstrated that 

impairedd FMD is correlated with prognosis in patients with chest pain and predicts 

whichh patients are at risk for cardiac events7;8. As a consequence, FMD has been 

putt forward as surrogate marker for cardiovascular morbidity and mortality, 

potentiallyy allowing early identification of cardiovascular risk as well as monitoring 

off  clinical benefit of instituted therapy aimed at reducing cardiovascular risk 18. 

Inn line with earlier data, we confirm the presence of endothelial dysfunction in 

asymptomaticc FH-children compared to healthy controls ,7;19 underscoring the 

onsett of atherogenesis at an early age in childhood. 

Familyy history for  cardiovascular  disease 

Familiall  aggregation of coronary heart disease (CHD) is well established. In previous 

studies,, vascular changes have been reported in young people whose parents suffered 

fromm premature myocardial infarction 2Ü"22. The specific underlying mechanisms 

leadingg to cardiovascular events in subjects with a positive family history are not 

welll  understood 23. Clustering of lifestyle factors such as high fat diet, cigarette 

smoking,, and physical activity, and factors that influence lipid metabolism have all 

beenn associated with a higher prevalence of cardiovascular disease (CVD) in both 

thee general population and in FH. Besides classical risk factors, the specific underlying 

molecularr defect responsible for FH may also contribute to the variation of 

phenotype,, but even among carriers of an identical FH mutation, mortality varies 

too a large extent24. 

Inn the present cohort, we show a clear difference in FMD between FH children 

withh versus without events in the family history. This difference was independent 

off  TC, LDL and HDL levels. Notably, the triglyceride levels, although within the 

normall  range, were slighdy elevated in the fh+ children, as compared to fh- children. 

Earlierr studies have shown that hypertriglyceridaemia is associated with impaired 

endotheliall  function25;26. However, in the present study TG levels were all, but one, 

withinn the normal range 27. As such, it is highly unlikely that this minor difference 

inn TG level can be held responsible for the significant differences in FMD response. 
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Inn addition, there was a trend towards higher BMI in the £h+ group. In a previous 

study,, severe obesity (BMI >30) has been associated with endothelial dysfunction 
28.. However, in the present study, all BMI's were within the (lower) normal range, 

whereass there was no significant difference between BMI in the fh+ compared 

too the fh- group. Hence, it is highly unlikely that differences in BMI have 

contributedd to the distinct difference in FMD in fh+ compared to fh- group. 

Finally,, in the fh+ group more parents smoked. Since parental smoking habit is 

onlyy indirectly associated with the functional vessel wall properties in the FH 

children,, this is likely to be of minor influence on the FMD differences. 

Inn summary, the (tendencies towards) differences in the mentioned factors are 

unlikelyy to be held solely responsible for the significant differences in FMD 

betweenn the fh+ and fh- group. Hence, our results imply that in FH, other risk 

factorss besides the 'classical risk factors' may play an important role in determining 

thee susceptibility towards atherogenesis. 

Clinicall  implications 

Inn the present study we show that endothelial dysfunction, the earliest stage of 

atherogenesis,, is already present in young FH children. Normalization of 

endotheliall  function during this 'reversible' stage of atherosclerosis may prove 

too be of crucial importance in view of the limited time period before the 

occurrencee of CVD in FH subjects29. The clear relation between positive family 

historyy and early endothelial dysfunction in FH, combined with the recendy 

reportedd predictive value of endothelial dysfunction for future cardiovascular 

risk,, underscore the relevance of a positive history as an important risk factor in 

FHH subjects. In view of the aggressive nature of atherogenesis in 'susceptible' 

FHH subjects, early identification and vigorous therapy might be considered 

especiallyy in FH children with a positive family history of CVD. The current 

therapyy for FH children is a fat restricted diet and lifestyle advice. However, 

thesee diets provide a maximal LDL reduction of 10% 30. Whereas in adults 

HMGCoAA reductase inhibitors are the therapy of first choice, the use of the 

latterr in children is still under debate. Currendy, trials are ongoing in our center, 

evaluatingg the safety and efficacy of statins in children with familial hyper-

cholesterolemia. . 
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Abstract t 

Objectivee : To describe thee rationale, design, and baseline data of a study conducted 

too determine the efficacy, safety, and tolerability of simvastatin in children and 

adolescentss with heterozygous familial hypercholesterolemia (FH). 

Methodss : Patients were recruited from nine lipid clinics worldwide. After a 4-

weekk diet/placebo run-in period, patients were randomized to receive either 

simvastatinn or placebo. Simvastatin was started at 10 mg/day and titrated at 8-

weekk intervals to 20 and then 40 mg/day. During a second 24-week extension 

period,, patients continued to receive simvastatin 40 mg or placebo daily according 

too the original allocation. 

Results::  A total of 173 patients [98 boys (age: 13.2 y), 75 girls (age: 14.5 y)] were 

includedd in the study. Baseline total cholesterol (TC) and low-density lipoprotein 

cholesteroll  (LDL-C) were severely elevated in FH boys and girls compared to 69 

healthyy non-affected controls who were not part of the study. In FH boys and 

thee male siblings, respectively, mean TC was 6.78  1.03 vs. 3.80  0.11 mmol/L 

(pO.001),, and mean LDL-C was 5.09  0.97 vs. 2.53  0.69 mmol/L (p<0.001). 

Inn FH girls and the female siblings, respectively, mean TC was 7.44  1.35 vs. 

4.244  0.47 mmol/L (p<0.001) and mean LDL-C was 5.68  1.28 mmol/L vs. 

2.444  0.50 mmol/L (p<0.001). 

Conclusion::  This is the first and largest randomized, controlled, long-term clinical 

studyy to test the efficacy, safety, and tolerability of a statin in boys and girls with 

FH.. The baseline data suggest that the sample selected for this study is 

representativee of patients with FH, 
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Introductio n n 

Heterozygouss familial hypercholesterolemia (FH) is an inherited autosomal 

dominantt disorder of lipoprotein metabolism caused by a plethora of mutations 

inn the low-density lipoprotein receptor gene'3. In the Netherlands, the frequency 

off  FH is estimated at 1 in 400 persons and, hence, is the most common dominant 

inbornn metabolic abnormality4;5. Familial hypercholesterolemia is associated with 

elevatedd levels of low-density lipoprotein cholesterol (LDL-C) and premature 

atherosclerosis,, and patients show symptoms of atherosclerotic cardiovascular 

diseasee at a relatively young age. In men with untreated FH, the risk of clinically 

overtt coronary heart disease (CHD) is approximately 5% by the age of 30,20% 

byy the age of 40, and 50% by the age of 50 years 6;7. Without proper treatment, 

onlyy about 15% of FH men reach age 65 without an ischemic coronary event 

andd about 25% die from CHD before the age of 50 6. 

Inn children, the disease is mosdy asymptomatic 8. However, even in the general 

population,, autopsy reports of healthy children and adolescents show atherosclerotic 

lesionss at a young age9"12. Morphological13 and functionalI4 changes of the arteries 

havee been shown to be predictive of future cardiovascular disease and have been 

documentedd in young children 15; 16. These data underscore the importance of 

consideringg an aggressive and early treatment of dyslipidemia to prevent premature 

atheroscleroticc events 17. 

Thee recommended therapy for children consists of dietary intervention; 

nevertheless,, clinical experience shows that the long-term cholesterol-lowering 

efficacyy of dietary intervention in children is very poor18; 19. If, after a diet, LDL-C 

remainss higher than 4.9 mmol/L (or higher than 4.1 mmol/L in children with a 

familyy history of premature coronary artery disease), the US National Cholesterol 

Educationn Program (NCEP) recommends drug therapy for children 10 years or 

older20.. Bile acid sequestrants are considered the drugs of choice and have been 

usedd in children for more than 20 years2123. The sequestrants appear safe, but the 

lipid-loweringg efficacy is modest and the long-term compliance remains poor22;23. 

Thee 3-hydroxy-3-methylglutaryl coenzyme A (HMG-CoA) reductase inhibitors 

(statins)) are effective, safe, and well tolerated lipid-altering agents in adults. Statins 

havee been proven to reduce the incidence of CHD, stroke, and peripheral vascular 

diseasee significantly and are widely used in adults with various dyslipidemias24;25. 

Whilee statins are not registered or recommended to treat hypercholesterolemia 

inn children and adolescents, they are often prescribed24 off label. To ensure that 
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childrenn are not exposed to unnecessary risks, controlled clinical trials are needed 

too determine the most appropriate dose for children of different ages and to 

assesss the effects of the drugs on maturation and growth. Thus far, only a few 

studiess with statins in children have been performed26~31, but these studies either 

weree not randomized or controlled, included only boys, had an inadequate sample 

size,, or were of short duration. In contrast, the present study was designed to 

evaluatee (a) the LDL-C-lowering efficacy of simvastatin in a large cohort of 

bothh boys and girls with FH, (b) the overall safety and tolerability of simvastatin, 

andd (c) the influence of simvastatin on growth and pubertal development. In 

thiss paper we present the baseline characteristics of the population who 

participatedd in the simvastatin in children study from 1999 to 2001. 

Studyy design 

Thiss was an international, multi-center (n=9), double blind, randomized, parallel 

studyy of 173 patients with FH. Eligible patients were children, 10 to 17 years of 

agee with LDL-C levels between 4.1 and 10.3 mmol/L and one parent with a 

confirmedd diagnosis of FH. Heterozygous FH of the parent was confirmed 

clinicallyy by tendon xanthomas and/or a mutation in the LDL receptor gene. 

Excludedd were children with homozygous familial hypercholesterolemia, 

secondaryy hyperlipidemia, children treated with lipid-lowering agents within 8 

weekss of randomization, and children with delayed puberty (Table 1). The in 

dependedd Ethics Committees or Institutional Review Boards of the participating 

centerss approved the protocol, and written informed consent was obtained from 

childrenn and parents. 

Patientss had their lipid-lowering medications discontinued prior to randomization 

(66 weeks for statins, 8 weeks for fibrates, and 1 year for probucol). After a 4-week 

diet/placeboo run-in period (-4 to week -1), children who still had increased levels 

off  LDL-C were randomized to active treatment or matching placebo. Randomization 

wass stratified by gender to simvastatin or placebo in a ratio of 3:2. Randomization 

wass done by computer-generated sequence, concealed in sequentially numbered 

andd sealed envelopes and kept at the hospital pharmacy of the 9 centers. Within 

thee active treatment group, simvastatin was started at 10 mg/day and increased at 

8-weekss intervals (week 8 and 16) to 20 and then 40 mg/day. Patients who were 

randomizedd to placebo received placebo tablets that matched simvastatin 
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throughoutt the first 24 weeks (period 1). During the next 24-week extension 

periodd (weeks 25 to 48; period 2), patients in the active treatment arm received 

400 mg/day of simvastatin, whereas those in the placebo group continued with 

placeboo (figure 1). 

Tablee 1. Inclusion and exclusion criteria 

Inclusionn criteri a 

•• Males and females 10 to 17 years of age 

•• Postmenarchal females (defined as at least 1 year after first menstrual period and having had 

att least 3 menstrual periods) 

•• Height and weight between the 10* and 95th percentile for age with a minimum body weight 

off 32 kg 

•• LDL-C between 4.1 mmol/L and 10.3 mmol/L and 1 parent with confirmed diagnosis of FH, 

orr had died of CHD 

•• T G < 5.4 mmol/L 

•• Highly unlikely to conceive as assessed by the investigator 

•• Negative pregnancy test 

Exclusionn criteri a 

•• Reduction of LDL-C below 4.1 mmol/L after dietary treatment 

•• Homozygous FH; type I, III, V dyslipidemias; or TG > 5.4 mmol/L 

•• Diabetes, hypothyroidism, nephrotic syndrome, anorexia nervosa or any other cause of secondary 

hyperlipidemia a 

•• Chronic treatment with lipid-lowering agents including bile acid sequestrants, HMG-CoA 

reductasee inhibitors and nicotinic acid taken within 6 weeks, fibrates taken within 8 weeks, and 

probucoll taken within 1 year of randomization. 

•• Delayed puberty 

•• Renal insufficiency as measured by serum creatine > 179mmol/L 

•• Elevations of liver transaminases > 20% above the ULN or CK > 50% above the ULN during 

screening/diett and placebo phase, or active liver disease 

•• Alcohol or drug abuse 

•• Patients on systemic immunosuppressive drugs 

•• Partial ileal bypass 

•• Hypersensitivity to HMG-CoA-reductase inhibitors 

•• Any other condition or therapy, which in the opinion of the investigator, might pose a risk to 

thee patient or confound the results of the study 

•• Poor mental function or any other reason to expect patient difficulty in complying with the 

requirementss of the study 

•• Treatment with any other investigational drug within 30 days prior to visit 1 

•• Previous pregnancy 

LDL-C=low-densityy lipoprotein cholesterol, FH=familial hypercholesterolemia, CHD=cardiac heart 
disease,, TG=triglycerides, ULN^upper limit of normal, CK=creatinine kinase. 
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Lipi dd data of non-affected children were repor ted in this manuscr ipt for 

comparisonn with the FH children in the study. These children are siblings of FH 

childrenn from the Dutch lipid clinic (Academic Medical Center, Amsterdam) and 

weree not part of the study. 

Figuree 1. Study flow-chart 

400 m 8 Simvastatin 

Diet t 

acebo o 

100 mg 

200 mg 

Placebo o 

Weeks s 
II  1 1 1 1 

-44 0 8 16 24 48 

Periodd 1 Period 2 

Treatmentt  phase 

Simvastatinn or matching placebo was taken daily after the evening meal. 

Compliancee was assessed by tablet count at every visit. During the 48 weeks of 

treatment,, visits took place every 4 weeks. Every visit included dietary monitoring; 

measurementt of vital signs, serum chemistries, and l ipids/l ipoproteins; and 

monitoringg of adverse experiences. In addition, length of menstruation was 

monitoredd throughout the study period by recording the first day of the menstrual 

flow.. An E KG and full physical examination (blood pressure, heart rate, pubertal 

development,, weight and length) were performed at study entry (week 1) and at 

weekss 24 and 48. Tanner staging was used for pubertal development3 ' 3\ 

Laborator yy methods 

Efficacyy measurements were performed at every visit (total cholesterol [TC], 

triglyceridess [TG], LDL-C, and high-density lipoprotein cholesterol [HDL-C] ) 

orr every other visit (apolipoproteins [Apo] B and A-I) . 

Safetyy measurements including hematology and urinalysis were performed at 

thee placebo/diet run-in period (week -4), at entry (week 1) and at 24 weeks and 

488 weeks. However, hepatic transaminases (alanine aminotransferase [ALT ] and 

aspartatee aminotransferase [AST]), and creatine kinase (CK) were measured during 
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everyy visit. Thyroid function (T4 and TSH) was measured once at baseline. Adrenal 

hormoness (Cortisol and dehydroepiandrosterone sulfate [DHEAS]), pituitary 

hormoness (lutropin [LH] and follicle-stimulating hormone [FSH]) and gonadal 

hormoness (estradiol for girls and testosterone for boys) were measured at weeks 

11 (pre-drug), 8,16, 24, and 48. In girls, beta human chorionic gonadotropin (b-

hCG)) was measured in serum and urine during every visit. High-sensitivity C-

reactivee protein (hs-CRP) was measured at weeks 1, 24, and 28. 

Sampless for serum chemistry, hematology, urinalysis, hormones, and lipids/ 

lipoproteinss were analyzed by Medical Research Laboratories (Highland Heights, 

Kentucky,, USA) or Clinical Research Laboratories (Zaventem, Belgium). 

Throughoutt the study, the laboratories participated in, and remained certified by 

thee National Heart Lung and Blood Institute, Centers for Disease Control Part II I 

Program34.. Samples for lipoproteins were collected in ethylenediaminetetraacetate 

(11 mg/ml) and centrifuged within 30 minutes; the plasma was separated, kept at 4° 

C,, and shipped overnight to the central laboratory. Total C and TG were analyzed 

byy enzymatic methods on a Hitachi 747 analyzer as previously described35. HDL-

CC was isolated with heparin-2M manganese chloride 36. High-sensitivity assays 

forr CRP were done according to the manufacturer's instructions (Behring 

Diagnostics,, Behring Nephelometer 100 instruction manual). LDL-C was 

determinedd by ultracentrifugation at baseline and week 8,16, 24 and 48. The 

Friedewaldd formula was used for other timepoints 37. Serum concentrations of 

FSH,, LH, estradiol and DHEAS were assayed with a competitive binding assay 

(I125-radiolabledd hormone) and an antihormone antibody 38; 39. Serum Cortisol 

wass measured by a fluorescence polarization immunoassay 40, and total serum 

testosteronee was measured in a solid-phase radio immunoassay using a competitive 

bindingg assay 4i. 

Statisticall  analysis 

Forr the primary hypothesis (efficacy), a sample size of 160 patients (n=96 

simvastatinn versus n=64 placebo) provided 90% power to detect a difference 

betweenn treatments in LDL-C percent change from baseline of 7.9% (a = 0.05, 

twoo tailed). This calculation was based on an estimated pool between-subjects 

SDD of the LDL-C percent change from baseline of 14.9% 3I. 

Two-samplee t-tests were used to assess the differences between children with 

FHH versus their non-affected sibling cohorts for the lipid and apolipoprotein 

parameters.. All tests of significance were performed at a = 0.05, two-tailed. 
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Results s 

Demographics s 

Baselinee demographic data for study participants are shown in table 2. Ninety-

eightt boys and 75 girls with an average age of 13.2 (SD 2.3) and 14.5 (SD 1.6) 

years,, respectively, participated in the study. BMI , fasting plasma glucose levels, 

andd blood pressure were similar in boys and girls. Alcohol usage was higher 

amongg girls (30.7%) than boys (19.4%). One percent of the boys and 5.4% of 

thee girls used 5 to 10 units weekly. 

Fortyy male and 29 female non-affected siblings of study participants were 

evaluatedd for lipid/lipoprotein levels. The mean ages of these children were 12.7 

(SDD 2.3) years for boys and 13.4 (SD 1.7) years for girls. 

Tablee 2. Demographic and baseline characteristics of children with FH (n—173) 

Characteristic c 

Agee (yrs) 

BMII  (kg/m2) 

Alcoholl  use in U/week (%) 

none e 

1-4 4 

5-7 7 

8-10 0 

Systolicc blood pressure (mmHg) 

Diastolicc blood pressure (mmHg) 

Fastingg serum glucose (mmol/L) 

Boys s 

(n=98) ) 

13.22  2.3 

21.22  4.1 

799 (80.6) 

188 (18.4) 

11 (1.0) 

0 0 

1199  16 

655 7 

4.99  0.5 

Girl s s 
<n=75) ) 

14.55  1.6 

22.00  3.8 

522 (69.3) 

199 (25.3) 

2(2.7) ) 

2(2.7) ) 

1177  14 

688  10 

4.88  0.4 

Al ll  values are given as mean (SD), except for alcohol (number and percentages), F H- familial 

hypercholesterolemia,, BMI=Body Mass Index 

Lipid ss and apolipoproteins 

Baselinee lipid and apolipoprotein levels for FH and non-affected sibling cohorts 

aree shown in table 3. For both boys and girls, the levels of TC, LDL-C, TG and 

Apoo B were significantly higher in FH children and adolescents than in the sibling 

groupp (p<0.001). Plasma levels of HDL-C and Apo A-I were lower in the FH 

cohortt than in the siblings and these differences were significant (p<0.05 to 

p<0.001)) in all cases except for Apo A-I in girls (p=0.200). Very low-density 

lipoproteinn cholesterol (VLDL-C) and hs-CRP data were not available for the 

non-affectedd siblings. 
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Tablee 3. Baseline lipids, apolipoproteins, and CRP of children with FH (n=173) and non-affected 
siblings s 

Boyss Girl s 

Parameterr  FH Siblings p-value FH Siblings p-value 
(n=98)) (n=40) (n=75) (n=29) 

TC(mmol/L)) 6.78 3 3.80 1 <0.001 7.44 5 424 7 <0.001 

HDL-CC (mmol/L) 1.20 8 1.45 9 O.001 125 4 1.40 4 0.016 
VLDL-CC (mmol/L) 0.52 2 n.a. 0.56 9 n.a. 
LDL-CC (mmol/L) 5.09 + 0.97 253 9 <0.001 5.68 8 2.44 0 <0.001 

TGG (mmol/L) 0.87 [0.44-3.68] 0.23 [0.02-0.73] <0.001 0.93 [0.55-3.15] 0.33 [0.13-0.84] <0.001 
ApoA-I(mg/dI)) 124.3 4 138.2 7 0.003 130.9 4 136.4 3 0.200 
ApoB(mg/dI)) 175.0 1 77.9  18.5 O.001 192.0 8 87.6 0 <0.001 

hs-CRP(mg/L)) 02 [0.0-25.5] n.a 0.4 [0.0-6.4] n.a 

Alll  values are given as means (SD) except for triglycerides and hs-CRP (median and range). FH= 
familiall  hypercholesterolemia, TC—total cholesterol, HDL-C=high-density lipoprotein cholesterol, 
LDL-C=low-densityy lipoprotein cholesterol, TG=triglycerides, Apo A-I=apolipoprotein A-I, Apo 
B—apolipoproteinn B, hs-CRP=high-sensitrvity C-reactive protein; n.a~not available. 

Pubertall  development 

Thee different Tanner stages were well distributed among the 98 boys: stage 2: 

23.5%,, stage 3: 22.4%, stage 4: 29.6%, stage 5: 24.5% (table 4). Mean testicular 

volumee in boys was 15.2 cc (SD 9.3). Children with Tanner stage 1 were not included 

inn this trial. All but one of the girls were in Tanner stage 4 (53.3%) or 5 (45.3%). 

Tablee 4. Baseline Tanner stages and testicular volume 
off  children with FH (n=173) 

Tannerr stage (%) 

2 2 
3 3 
4 4 

5 5 

Testicularr volume (cc) 

Boys s 
(n=98) ) 

233 (23.5) 
222 (22.4) 
299 (29.6) 

244 (24.5) 
1522 (9.3) 

Girl s s 
(n=75) ) 

11 (1.3) 
00 (0.0) 
400 (53.3) 

344 (45.3) 
N.A A 

AUU values are given as numbers and percentages, 
exceptt for testicular volume (mean and SD). FH= 
familiall  hypercholesterolemia; N.A=not applicable. 
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Discussion n 

Patientss with FH suffer from a severe cardiovascular disease that becomes evident 

att a relatively young age, sometimes even before age 30. As a consequence, the 

processs of atherosclerosis starts early in childhood. Statins have proved to be 

effective,, safe and well tolerated in adult patients, but only incomplete data are 

availablee for children or adolescents. Hence, a large, randomized, placebo-controlled 

studyy is necessary to support the use of statins in this group of high-risk patients. 

Thee Simvastatin in Children Study was designed and conducted to investigate the 

Upid-alteringg efficacy and the influence on growth and pubertal development of 

simvastatinn in children and adolescents. 

Onlyy a few studies with statins have been conducted in children and adolescents. 

Steinn (1989) was the first to show a reduction in LDL-C of more than 40% in 

childrenn treated with lovastatin or simvastatin, but this was not a placebo-controlled 

studyy and it involvedd only a small group of boys 42. In 1992, a long-term trial with 

simvastatinn showed a 37% LDL-C reduction and excellent tolerance 25. However, 

thee study was again limited in size (n=32) and uncontrolled. Three other statin 

studiess in children and adolescents have been reported: two placebo-controlled 

andd one uncontrolled 28;29;3t. In the first placebo-controlled study, 72 FH children 

(66%% girls), age 10-16 years, were randomized to placebo or pravastatin 5,10, or 20 

mgg 29. After 12 weeks, LDL-C levels decreased by 3% in the placebo group but 

weree reduced by 23%, 24%, and 33% in the groups receiving pravastatin 5,10, and 

200 mg, respectively. Safety issues did not arise. Lambert and colleagues reported an 

uncontrolledd study in which boys were randomized to either lovastatin 10,20, 30, 

orr 40 mg/day for 12 weeks. LDL-C levels were reduced by 21 to 36% and lovastatin 

wass well tolerated with no serious clinical adverse events reported 28. Although 

thesee studies confirm the efficacy of statins in children, they were mosdy short 

term,, had a limited sample size, and did not include information about growth and 

development.. Stein and colleagues reported the results of the second controlled 

thatt recruited 132 boys, between 10 and 17 years of age, randomized to either 

lovastatinn or placebo 31. Children in the lovastatin group started with 10 mg/day 

andd the dosage was doubled every 8 weeks to a maximum of 40 mg/day. The mean 

LDL-CC levels decreased significantly relative to placebo in all active treatment groups. 

Dataa on growth and hormonal status indicated no significant differences between 

lovastatinn and placebo, but the study was not well powered to rigorously evaluate 

thee safety parameters. 
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Thee current Simvastatin in Children Study is the largest placebo-controlled trial of 

aa lipid-lowering drug in children and adolescents with heterozygous FH. Both boys 

andd girls were included, and extensive safety parameters on growth and pubertal 

developmentt were monitored. Mean body mass index in both boys and girls was 

withinn the normal range 43. Only 2 children used more than 8 units of alcohol a 

week,, but they were older than 16 years and their alcohol consumption was not 

consideredd to be excessive. Systolic and diastolic blood pressures were within the 

normall  range44. Children with diabetes were not included in this study. The mean 

fastingg glucose level was within normal range for boys and girls 45. 

Ass expected, TC as well as LDL-C and Apo B were well above the 95th percentile 

forr age and gender and significandy higher than in controls 4<s. The HDL-C and 

Apoo A-I were below the 95th percentile ^ and were lower than in controls. Similar 

differencess have been reported previously 47. Unpublished data of 742 Dutch 

FHH children with a mean age of 11 years also showed similar elevated mean 

levelss of TC (7.26  SEM 0.06) and LDL-C (6.62  SEM 0.06). TC, LDL-C, and 

Apoo A-I were higher in the FH girls than in FH boys. This may be explained by 

thee age differences between boys and girls. 

Conclusion n 

Ourr data indicate that the Simvastatin in Children Study randomized a group of 

boyss and girls who are representative of patients with FH of a similar age group. 

Lipidd levels were above the 95th percentile for age and gender. The study outcomes 

wil ll  provide important data on lipid-altering efficacy, safety, and tolerability to 

supportt the use of simvastatin in this group of patients at relatively high CHD 

risk.. In addition to the effects on the lipid, lipoprotein, and apolipoprotein profile, 

importantt data will be available regarding the effects of simvastatin on markers 

off  muscle effects and on growth and pubertal development. 
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Abstract t 

Background::  A multicenter, randomized, double blind, placebo controlled study 

wass conducted to evaluate die low-density lipoprotein cholesterol (LDL-C)-

loweringg efficacy, overall safety and tolerability and the influence on growth and 

pubertall  development of simvastatin in a large cohort of boys and girls with 

heterozygouss familial hypercholesterolemia (FH). 

Methodss and results: A total of 173 FH children (98 boys and 75 girls) were 

includedd in this study. After a 4-week diet/placebo run in, children with FH were 

randomizedd to either simvastatin or placebo in a ratio of 3:2. Simvastatin was 

startedd at 10mg/day and titrated at 8-week intervals to 20 and then 40mg/day. 

Duringg a 24-week extension period, patients continued to receive simvastatin 40 

mgg or placebo according to their assignment. After 48 weeks of simvastatin 

therapyy there were significant reductions of LDL-C (-41%), total cholesterol 

(TC;; -31%), Apolipoprotein (Apo) B (-34%), very low-density lipoprotein 

cholesteroll  (VLDL-C; -21%) and triglyceride (TG; -9%) levels. High-density 

lipoproteinn cholesterol (HDL-C) and Apo A-I levels were increased by 3.3% and 

10.4%,, respectively (not significant). No safety issues became evident. Except 

forr small decreases in dehydroepiandosterone sulfate (DHEAS) compared with 

placebo,, there were no significant changes from baseline in adrenal, gonadal and 

pituitaryy hormones in either treatment group. 

Conclusions::  Simvastatin significandy reduced LDL-C, TC, TG, VLDL- C and 

Apoo B levels and was well tolerated in children with FH. There was no evidence 

off  any adverse effect of simvastatin on growth and pubertal development. 

Therefore,, simvastatin at doses up to 40mg is a well tolerated and effective therapy 

forr FH children. 
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Introductio n n 

Heterozygouss familial hypercholesterolemia (FH) is a frequent, inherited disorder 

off  lipoprotein metabolism caused by mutations in the low-density lipoprotein 

(LDL)) receptor gene *. Consequently, patients show symptoms of coronary heart 

diseasee (CHD) at a young age. In men with untreated FH, this risk CHD is 

approximatelyy 50% by the age of 50 years 2. 

Inn FH children, the disease is mostly asymptomatic \ However, even in the 

generall  population, autopsy reports of healthy children show atherosclerotic 

lesionss at young age 4; 5. In view of the aggressive nature of vascular disease in 

youngg adult FH patients, we can assume that these atherosclerotic changes begin 

inn early childhood6. Morphological7 and functional8 changes of the arteries can 

predictt future CHD and are present in hypercholesterolemic children, which 

underscoress the importance of aggressive and early treatment of dyslipidemia to 

preventt premature events in FH 9; ll} . 

Thee recommended therapy for FH children consists of dietary intervention, 

butt the long-term efficacy of such therapy in children is very poor n. The US 

Nationall  Cholesterol Education Program (NCEP) recommends drug therapy 

forr children above 10 years whose LDL-C remains elevated after diet therapy 12. 

Bilee acid sequestrants are considered the drugs of choice but the lipid-lowering 

efficacyy is modest and long-term compliance remains poor 13; ,4. 

Thee 3-hydroxy-3-methylglutaryl coenzyme A reductase inhibitors (statins) are 

effective,, safe, and well tolerated lipid-altering agents that have been proven to 

significantlyy reduce the incidence of CHD, stroke, and peripheral vascular disease 

inn adults 15; 16. Thus far, there have only been a few studies evaluating statins in 

childrenn 17~23, but these studies either were not randomized or controlled, included 

onlyy boys, had a modest sample size or were of short duration. The present 

studyy was designed to evaluate the LDL-C lowering efficacy of simvastatin in a 

largee cohort of both boys and girls with FH, to determine the overall safety and 

tolerabilityy of simvastatin and to assess the influence of simvastatin on growth 

andd pubertal development. 
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Methods s 

Studyy design 

Thiss was an international multi-center (n=9), double-blind, randomized, parallel 

studyy of 173 pediatric FH patients, (de Jongh, Clin Drug Invest, 2002). Entry 

criteriaa included children, 10-17 years of age, with LDL-C levels between 

4.1mmol/LL and 10.3mmol/L, and one parent with a confirmed diagnosis of 

heFH.. Children with homozygous FH, secondary hyperlipidemia were excluded. 

Boyss were in Tanner stage II or above and girls were post-menarchal for at least 

onee year prior to study start. The Institutional Review Boards of the participating 

centerss approved the protocol and written informed consent was obtained from 

alll  children and parents. 

Afterr a 4-week diet/placebo run-in period, children were randomized to active 

treatmentt or matching placebo in a ratio of 3:2 and stratified by gender. Simvastatin 

wass started at 10 mg/day and was increased at 8-week intervals to 20mg and then 

40mg/dayy for the remainder of the study (period 1) and for the 24 week extension 

(periodd 2). Visit were every 4 weeks. Menstrual cycle was monitored throughout the 

studyy period by recording the first day of the menstrual flow. Tanner staging based 

onn testicle size (boys) and breast size (girls) was used for pubertal development24;25. 

Laborator yy methods 

Efficacyy measurements (total-cholesterol [TC], triglycerides [TG], LDL-C and high-

densityy lipoprotein cholesterol [HDL-C] ) and safety measurements (alanine 

aminotransferasee [ALT] and aspartate aminotransferase [AST]), and creatine kinase 

[CK])) were performed at every visit or every other visit (apolipoprotein [Apo] B 

andd A-l) . Discontinuation criteria included persistent >3-fold the upper limit of 

normall  (ULN) increases in ALT or AST, and > 10-fold the ULN for CK with or 

withoutt muscle symptoms or 5 to 10-fold increases in CK with symptoms. Adrenal 

hormoness (Cortisol and dehydroepiandosterone sulfate [DHEAS]), gonadal 

hormoness (estradiol for girls and testosterone for boys) and pituitary hormones 

(lutropinn [LH] and follicle-stimulating hormone [FSH] were also at regular intervals. 

Inn girls, beta human chorionic gonadotropin (P-hCG) was measured at every visit. 

Sampless for serum chemistry, hematology, urinalysis and hormones were 

analyzedd by Medical Research Laboratories (Highland Heights, Kentucky, USA) 

orr Clinical Research Laboratories (Zaventem, Belgium). Throughout the study, 

thee laboratories participated in, and remained certified by the National Heart 
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Lungg and Blood Institute, Centers for Disease Control Part II I program26. TC, 

TGG and HDL were analyzed as previously described 27,28. FSH, LH, estradiol, 

DHEASS and testosterone were measured by competitive radioimmunoassay using 

reagentt kits from Diagnostic Products Corporation, and Cortisol was measured 

byy a fluorescence polarization immunoassay on an Abbot TDX analyzer. 

Statisticall  analysis 

Dataa were analyzed by an intention-to-treat approach, i.e., all patients who had a 

baselinee measurement and at least one post-drug measurement were included in 

thee analysis. Parametric (or appropriate nonparametric) analyses of variance 

(ANOVA)) were used to compare the treatment groups for efficacy and safety 

parameters.. The ANOVA model contained factors for treatment, center and gender. 

AA paired t-test or, if appropriate, Wilcoxon signed-rank test was used to test for 

percentt change (or absolute change where appropriate) from baseline within each 

treatmentt group. Prespecified adverse experiences were compared with respect to 

frequencyy of events between treatments using Fisher's Exact test. A p-value of less 

thann 0.05 was considered significant. 

Results s 

Patientss and baseline characteristics 

Off  223 children screened for eligibility, a total of 175 children were included in the 

study;; 69 were randomized to placebo and 106 to simvastatin (figure 1). Two children 

inn the placebo group were excluded from the intention to treat analysis due to loss 

off  follow-up and withdrawal of consent. The majority of randomized children 

weree boys (52%; placebo, 59%; simvastatin; table 1). At baseline the two treatment 

groupss were similar with regard to demographic characteristics, lipids and 

lipoproteins.. Mean TC and LDL-C were severely elevated in both groups, as can 

bee expected in FH. 
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Figur ee 1. Study design and patient accounting 
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Tablee 1. Demographic and baseline characteristics 

Parameter r 

Male/female e 
Agee (years) 
BMII  (kg/m2) 

male e 
female e 

Systolicc blood pressure (mmHg) 

Diastolicc blood pressure 
TCC (mmol/L) 
LDL-CC (mmol/L) 

VLDL-CC (mmol/L) 
HDL-CC (mmol/L) 
TGG (mmol/L) 

Apoo A-I (mg/dl) 
Apoo B (mg/dl) 
hsCRPP (mg/L) 

(mmHg) ) 

Simvastatin n 
n=106 6 

63/43 3 
14.44 (2.1) 

20.88 (3.5) 
22.00 (3.8) 
118(14) ) 

65(9) ) 
7.000 (1.14) 
5.288 (1.08) 
0.477 [0.13-1.99] 

1.244 (0.23) 
0.888 [0.47-3.15] 
126.99 (18.9) 

179.99 (33.8) 
0.33 [0.02-25.5] 

Placebo o 
n=69 9 

36/33 3 
14.00 (2.1) 

21.99 (4.9) 

22.11 (3.8) 
119(16) ) 

66(9) ) 
7.222 (1.34) 
5.499 (1.27) 

0.500 [0.134.4 
1.222 (0.31) 
1.022 [0.44-3.6 

127.66 (26.5) 
186.33 (38.1) 
0.33 [-0.2-14.3] 

Al ll  values are means (SD) except for VLDL-C , TG and hsCRP which is given as medians [range]. 
BMI ;; body mass index, TC; total cholesterol, LDL-C; low-density lipoprotein cholesterol, HDL-C; 
high-densityy lipoprotein cholesterol, VLDL-C ; very low-density lipoprotein cholesterol.TG; 
triglycerides,, Apo A-I ; apolipoprotein A-I , Apo B; apolipoprotein B, hsCRP; high-sensitivity C-
reactivee protein 

Efficacyy of simvastatin 

Meann percent change from baseline for lipids, lipoproteins and high-sensitivity 

C-reactivee protein (hs-CRP) are shown in table 2 (all time points) and figure 2 

(weekk 48). Compared to placebo, simvastatin produced significant (p<0.001) 

reductionss in LDL-C at all time points. At 24 weeks, LDL-C levels were reduced 

38.4%% from 5.28 mmol/L at baseline to 3.24 mmol/L in the simvastatin group, 

comparedd to a 1.2% reduction in the placebo group (p<0.001, between groups). 

Similarly,, simvastatin reduced LDL-C by 40.7% from 5.28 mmol/L at baseline 

too 3.11 mmol/L at week 48 compared to a 0.3% increase in the placebo group 

(p<0.001).. TC, VLDL- C and ApoB were also significantly (p<0.001) reduced 

relativerelative to placebo at all time points. Significant reductions in TG were seen at 

weekk 8,16 and 48. HDL-C and Apo A-I were increased during all weeks; however, 

thesee increases were only significant relative to placebo at week 24 (p<0.05). No 

changess from baseline in hs-CRP were observed in either treatment group at 

weekk 24 or 48. 
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Tablee 2. Mean percent change from baseline for lipids and lipoproteins during 48 Weeks of 
simvastatinn therapy 

Simvastatin n 

Parameter r 

100 mg 

88 weeks 

Periodd 1. 

200 mg 

166 weeks 

400 mg 

244 weeks 

Periodd 2. 

400 mg 

488 weeks 

TCC (%) 

LDL- CC (%) 

VLDL- CC (%) 

HDL-CC (%) 

TGG (%) 

-23.99 (8.5)+ 

-31.4(10.5)+ + 

-11.8 8 

[-86.5-185.7]* * 

4.77 (12.6) 

-8.9 9 

[-56.3-77.0]* * 

ApoA-I(%)) 5.4(12.4) 

ApoBB (%) -28.8 (8.8)+ 

hs-CRPP (%) n.a 

-26.33 (10.3)+ 

-34.77 (12.3)+ 

-12.0 0 

[-74.2-221.4]+ + 

2.33 (14.0) 

-12.5 5 

[-56.9-149.7]* * 

3.44 (13.9) 

-31.2(11.3)+ + 

-28.33 (13.4)+ 

-38.44 (16.0) + 

-12.5 5 

[-88.7-228.6]* * 

4.99 (13.5)* 

-7.9 9 

[-74.1-92.5] ] 

7.22 (14.2)* 

-34.11 (13.5)+ 

-30.9(11.5)+ + 

-40.77 (39.2)+ 

-20.7 7 

[-91.9-335]+ + 

3.3(14.9) ) 

-8.7 7 

[-73.1-204.1]* * 

10.4(13.9) ) 

-34.2(14.0)+ + 

0.00 [-25.3-16.6] 0.0 [-25.4-53.6] 

Al ll  values are given as mean (SD) percent change from baseline, except for VLDL-C , TG and hs-
CRPP given as median [range] percent change from baseline. See table 1 for abbreviations, n.a; not 
available.. * p< 0.05 versus placebo, fp< 0.001 versus placebo 

Figur ee 2. Effect of 48 weeks of Simvastatin (40mg) or placebo therapy on lipids and lipoproteins 
off  the FH children 

4-55 3.3 4.3f f 

-0.44 l ^ | 

-8.7 7 

10.4 4 

•• simvastatin 
GG placebo 

-34.2* * 

TCC LDL- C VLDL- C HDL- C TG ApoA-I  ApoB 

** p < 0.001, j - p <0.05 versus placebo; bars represent mean and median (TG and VLDL-C) % 
changee from baseline 
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Placebo o 

100 mg 
88 weeks 

2.33 (9.4) 
1.88 (10.7) 
2.5 5 

[-66.7-280.0] ] 
2.22 (13.2) 
1.5 5 
[-54.2-77.8] ] 

3.55 (14.2) 
0.77 (12.1) 

n.a a 

Periodd 1. 

200 mg 
166 weeks 

0.22 (10.2) 
-1.77 (13.4) 
19.9 9 

[-70.6-266.7] ] 
1.99 (17.2) 
1.4 4 
[-71.6-98.5] ] 

0.33 (12.3) 
-2.11 (13.7) 

n.a a 

400 mg 
244 weeks 

-0.77 (9.5) 

-1.22 (11.0) 
13.8 8 

[-64.7-350.0] ] 
0.33 (15.5) 
-3.2 2 

[-56.2-179.5] ] 
2.44 (15.7) 
-2.7(13.6) ) 

0.00 [13.9-42.6] 

Periodd 2. 

400 mg 
488 weeks 

0.88 (9.6) 
0.33 (10.3) 
4.5 5 

[-90.5-161.5] ] 
-0.44 (14.8) 
4.3 3 

[-49.2-141.3] ] 
7.33 (17.6) 
0.1(11.5) ) 

0.00 [-9.1-33.0] 

Safetyy of simvastatin 

Off  the 175 children randomized in period 1, 6 (5.7%) in the simvastatin group 

comparedd to 3 (4.3%) in the placebo group reported one or more drug related 

clinicall  AE's (table 3). There were no serious AE's (life-threatening, causing 

disability,, requiring hospitalization) and the only discontinuation was a child on 

simvastatinn 10 mg who developed infectious mononucleosis (not drug-related). 

Off  the 144 children who started period two, 4 (4.7%) children in the simvastatin 

groupp compared with 2 (3.4%) in the placebo group reported one or more drug 

relatedd clinical AE's. None of the differences between the placebo and simvastatin 

groupp during period 1 and 2 reached statistical significance (table 3.). 

Onee or more laboratory AE's were reported by 9 children, 6 (5.7%) on 

simvastatinn and 3 (4.5%) on placebo, during period 1, and by 5 children, 4 (4.7%) 

onn simvastatin and 1 (1.7%) on placebo, during period 2. No serious laboratory 

AE'ss were reported, and none of the children discontinued the study due to 

laboratoryy AE's (Table 3.). Two children on simvastatin had a single >3x ULN 

increasess in AST and/or ALT. In one case, which was considered drug related 

butt not clinically significant by the investigator, a child experienced several (<3x 

ULN)) elevations during the extension as well as one >3x increase. Therapy was 
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interruptedd for a 10-day period and the child's levels returned to normal while 

stilll  on study drug. This patient discontinued the study at week 41 due to 

inadvertentt unblinding by the investigator. The other occurred in the child with 

infectiouss mononucleosis. One child on simvastatin who had concomitant 

administrationn of erythromycin, experienced an increase in CK >10x ULN 

withoutt muscle symptoms, which returns to normal following completion of 

thee antibiotics. Two children on simvastatin had an increase in CK >5x ULN. In 

bothh cases, CK levels returned to normal in repeat test and the patients completed 

thee study. 

Tablee 3. Clinical and laboratory adverse experiences (AE's) 

Drug-relatedd clinical 

adversee experiences*1 

Abdominall  pain 

Chestt pain 

Constipation n 

Flatulence e 

Weightt gain 

Myalgia a 

Headache e 

Sleepp disorder 

Coldd sore 

Pruritus s 

Periodd 1 (24 

Simvastatin n 

n=106 6 

6(5.7) ) 

22 (1.9) 

11 (0.9) 

0 0 

11 (0.9) 

0 0 

11 (0.9) 

22 (1.9) 

11 (0.9) 

0 0 

11 (0.9) 

weeks) ) 

Placebo o 

n=69 9 

33 (4.3) 

11 (1.4) 

0 0 

11 (1.4) 

0 0 

0 0 

0 0 

0 0 

0 0 

11 (1.4) 

0 0 

Periodd 2 (48 weeks) 

Simvastatin n 

n=86 6 

4(4.7) ) 

11 (1.2) 

0 0 

0 0 

0 0 

11 (1.2) 

11 (1.2) 

22 (2.3) 

0 0 

0 0 

0 0 

Placebo o 

n=58 8 

22 (3.4) 

0 0 

0 0 

0 0 

0 0 

0 0 

1(1.7) ) 

0 0 

0 0 

1(1.7) ) 

0 0 

Drug-relatedd laboratory 

adversee experiences* 

22 (1.9) 11 (1.5) 22 (2.3) 1(1.7) ) 

Increasedd ALT 

Increasedd AST 

Increasedd CK 

2(1.9) ) 

22 (1.9) 

0 0 

0 0 

0 0 

11 (1.5) 

11 (1.2) 

11 (1.2) 

11 (1.2) 

0 0 

0 0 

1(1.7) ) 

**  A patient may have 2 or more adverse experiences, the patient is counted only once in a category. 
Al ll  values are given as n umber (%). AE; adverse experience, ALT; alanine aminotransferase, AST; 
aspartatee aminotransferase, CK; creatine phosphokinase. None of the differences between placebo 
andd simvastatin groups in neither period 1 nor 2 reached statistical significance. 'Determined by the 
investigatorr to be possibly, probably or definitely drug-related. 
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Growthh and sexual maturation 

Baselinee and absolute change from baseline values for parameters related to growth 

andd sexual maturation during both treatment periods are shown in tables 4 and 

5.. No significant differences between simvastatin or placebo groups were observed 

withh regard to height, BMI and Cortisol levels (boys and girls); testicle size and 

testosteronee levels (boys); or menstrual cycle and estradiol levels (girls) (table 4). 

Smalll  but statistically significant between-group differences in the absolute change 

inn DHEAS levels were observed for both boys and girls at 24 and 48 weeks (table 

4).. An analysis of Tanner stage change from baseline showed that during both 

treatmentt periods there was a similar progression of the Tanner stages for both 

boyss and girls on simvastatin and placebo; no significant between-groups 

differencess were observed (table 5). 

AA large proportion of the LH and FSH measurements were below the detection 

limi tt for the assays used (76% for LH and 49% for FSH). The small number of 

childrenn available with both detectable baseline and treatment measurements limit 

thee ability to draw conclusions from these data. An exploratory analysis showed 

noo differences in the proportion of patients above and below the detectable 

limi tt with regard to FSH and LH between both treatments (p>0.200). 
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Tablee 4. Growth and sexual 1 
andd 48 Weeks 

Parameter r 

Boyss (n) 

Agee (years) 

Heightt (cm) 

BMII  (kg/m2) 

Testiclee size (cm3) 

Testosteronee (nmol/L) 

DHEASS (nmol/L) 

Girlss (n) 

Agee (years) 

Heightt (cm) 

BMII  (kg/m2) 

Menstruall  cycle (days) 

Estradioll  (pmol/L) 

DHEASS (nmol/L) 

-naturation:: baseline and absolute change from baseline 

Periodd 1 

Baseline e 

Simvastatin n 

63 3 

13.44 (2.2) 

1644 (14) 

21.00 (3.5) 

15.33 (9.1) 

10.8 8 

[0.1-28.8] ] 

3.33 [0.5-8.4] 

43 3 

14.77 (1.7) 

1677 (6) 

22.00 (3.8) 

311 [18-61] 

117.4 4 

[36.7-961.5] ] 

4.11 [0.8-10.1] 

Tablee 5. Tanner stage Changes from baseline to 

Treatmentt  Group 

Female e 

Simvastatin n 

Placebo o 

Mal e e 

Simvastatin n 

Placebo o 

Al l l 

Simvastatin n 

Placebo o 

n n 

42 2 

31 1 

62 2 

33 3 

104 4 

64 4 

Changedd <0 

Classification n 

Level l 

366 (86%) 

288 (90%) 

500 (81%) 

277 (82%) 

866 (83%) 

555 (86%) 

Placebo o 

36 6 

13.99 (2.5) 

1677 (15) 

21.99 (4.9) 

15.11 (9.8) 

11.1 1 

[0.1-36.8] ] 

4.44 [0.5-11.9] 

33 3 

15.00 (1.4) 

1655 (8) 

22.22 (3.9) 

300 [23-107] 

146.8 8 

[14.7-741.3] ] 

3.33 [0.5-11.7] 

244 and 48 weeks. 

Change e 

Simvastatin n 

400 mg 

60 0 

2.66 (1.9) 

0.22 (0.8) 

1.33 (4.3) 

0.7 7 

[-10.8-13.9] ] 

-0.33 [-3.5-2.5]* 

41 1 

0.88 (0.8) 

0.33 (0.9) 

-33 [-33-17] 

66.1 1 

[-748.7-118.4] ] 

-0.33 [-4.4-3.5]* 

Baselinee to week 24 

Changedd >1 

Classification n 

Level l 

66 (14%) 

33 (10%) 

122 (19%) 

66 (18%) 

188 (17%) 

99 (14%) 

Between--

Treatment t 

p-value e 

0.724 4 

>0.999 9 

0.668 8 

valuess at 24 

att  24 weeks 

Placebo o 

35 5 

1.88 (1.1) 

0.00 (0.7) 

0.55 (3.7) 

1.4 4 

[-12.8-7.6] ] 

0.00 [-1.4-1.6] 

29 9 

0.66 (0.8) 

0.33 (0.9) 

-22 [-69-6] 

31.2 2 

[359.7-631.2] ] 

0.33 [-3.3-4.1] 
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Periodd 2 

Baseline e 

Simvastatin n 

48 8 

13.44 (2.2) 

1644 (14) 

21.55 (3.6) 

15.55 (9.1) 

9.0 0 

[0.1-28.8] ] 

3.55 [0.5-8.4] 

38 8 

14.88 (1.7) 

1677 (6) 

22.00 (3.8) 

311 [18-61] 

124.8 8 

[36.7-961.5] ] 

4.11 [0.8-10.1] 

Treatment t 

Female e 

Simvastatin n 

Placebo o 

Mal e e 

Simvastatin n 

Placebo o 

Al l l 

Simvastatin n 

Placebo o 

Placebo o 

32 2 

13.66 (2.4) 

1666 (15) 

21.33 (4.4) 

14.44 (9.8) 

11.1 1 

[0.1-36.8] ] 

3.88 [0.5-10.1] 

26 6 

14.99 (1.4) 

1655 (8) 

22.11 (3.8) 

300 [23-107] 

135.8 8 

[14.7-741.3] ] 

3.00 [0.5-11.7] 

j rou pp n 

38 8 

26 6 

45 5 

30 0 

83 3 

56 6 

Change e 

Simvastatin n 

400 mg 

45 5 

5.00 (3.1) 

0.99 (1.0) 

2.00 (4.7) 

0.7 7 

[-9.11 17.7] 

0.00 [-3.3-2.5]* 

38 8 

0.99 (0.9) 

0.88 (0.9) 

-33 [-35-16] 

18.4 4 

[-844.1-469.8] ] 

0.00 [-3.5-2.7]* 

Simvastatin n 

att  48 weeks 

Placebo o 

30 0 

3.44 (2.1) 

0.77 (0.9) 

1.66 (4.9) 

1.4 4 

[-5.9-11.1] ] 

0.55 [-1.1-2.7] 

26 6 

0.99 (1.4) 

0.77 (0.8) 

-33 [-77-7] 

58.7 7 

[-297.3-822.1] ] 

1.11 [-1.4-3.5] 

Baselinee to week 48 

Changedd <0 

Classification n 

Level l 

299 (76%) 

211 (81%) 

333 (73%) 

199 (63%) 

622 (75%) 

400 (71%) 

Changedd >1 

Classification n 

Level l 

99 (24%) 

55 (19%) 

122 (27%) 

111 (37%) 

211 (25%) 

166 (29%) 

inn Children Study; results 

AUU values are given as 
meann (SD) except for 
testosterone,, estradiol, 
menstruall  cycle and 
DHEASS which are given 
ass median [range]. 
BMI ;; body mass index, 
DHEAS;; dehydroepi-
andosteronee sulfate. 
'pp < 0.05 versus placebo, 
tp<< 0.001 versus placebo. 

Between--

Treatment t 

p-value e 

0.765 5 

0.445 5 

0.699 9 
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Discussion n 

Thee results of this trial demonstrates that simvastatin beneficially modified the 

lipid/lipoproteinn profile of boys and girls with FH. Furthermore, simvastatin 

wass well tolerated and had no deleterious effects on growth or pubertal 

development. . 

Efficacyy of Simvastatin 

Thee children had baseline levels of TC, LDL-C, VLDL-C, TG and Apo B above 

thee 95th percentile for age and gender29. Relative to placebo, simvastatin therapy 

producedd large, significant reductions in TC (-31%), LDL-C (-41%) and Apo B 

(-34%)) after 48 weeks of simvastatin (10-40 mg). These results are comparable 

too those observed for adults with established CHDD in the Scandinavian Simvastatin 

Survivall  Study (4S) where TC and LDL-C were reduced by simvastatin (20-40 

mg)) on the order of 25 and 35%, respectively3I>. Modest increases in HDL-C and 

Apoo A-I and significant TG reductions were also seen in the present study 

confirmingg that simvastatin is an effective lipid-lowering agent in children and 

adolescentss with FH. 

Safetyy of simvastatin 

Theree was no evidence of safety issues during this study. There were no cases of 

myopathie,, and no significant differences were observed between the treatment 

groupss with regard to the number of clinical and laboratory AE's, drug related 

AE's,, or clinically meaningful elevations in hepatic transaminases (ALT, AST) 

andd CPK. 

Growthh and sexual maturation 

Developmentt as measured by clinical growth and Tanner staging was normal in 

thee active treatment group, and no significant between treatment group differences 

weree observed with respect to change from baseline in either testicular volume 

orr menstrual cycle length. Because cholesterol is a precursor of the adrenal 

hormones,, Cortisol and DHEAS, and the gonadal hormones, testosterone and 

estradiol,, inhibiting the rate-limiting enzyme (HMG-CoA reductase) in cholesterol 

synthesiss could have resulted in decreased production of these hormones. No 

differencess were evident with regard to the change from baseline for Cortisol; 

however,, DHEAS levels were sigrtificandy reduced relative to placebo in both 
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boyss and girls. These absolute differences were probably too small to be of any 

clinicall  relevance, as evidenced by an absence of growth or pubertal development 

abnormalities.. In two previous studies 19; 23, lovastatin produced small but 

significantt increases in DHEAS levels relative to placebo. Again, no clinical 

significancee was attributed to these effects on DHEAS. In the present study 

theree were no significant changes from baseline. These findings are consistent 

withh the data from studies evaluating the effect of long-term statin therapy on 

gonadall  and adrenal steroid production in adults3I;32. The hypothalamic feedback 

factorss (LH and FSH) for the gonadal hormones were difficult to evaluate because 

off  the great variability and large proportion of non-detectable plasma levels. 

However,, Tanner stage, testicular volume and menstrual cycle length exhibited 

thee normal pattern and simvastatin 40mg did not appear to have clinically 

meaningfull  effects on gonadal function in children and adolescent boys and girls. 

Statinn therapy in children and adolescents 

Onlyy a few studies have been conducted to date evaluating statin therapy in 

childrenn and adolescents. Stein and colleagues (1989) were the first to show a 

40%% reduction of LDL-C in FH children treated with lovastatin or simvastatin, 

butt this study was not controlled and only involved a small group of boys 33. In 

1992,, another small (n=32) and uncontrolled study with simvastatin showed a 

37%% LDL-C reduction and excellent tolerability17. Later, three other statin studies 

inn children or adolescents were reported ,9;20;23. In the first study, 72 FH children 

(66%% girls), age 10-16 years, were randomized to placebo or pravastatin 5,10, or 

200 mg20. After 12 weeks, LDL-C levels were reduced by 23%, 24%, and 33% in 

thee groups receiving pravastatin 5,10, and 20 mg, respectively. Short-term safety 

andd tolerability were excellent. The second study reported an uncontrolled study 

inn which boys were randomized to lovastatin 10, 20, 30, or 40 mg/day for 12 

weekss I9. LDL-C levels were reduced by 21% to 36% and lovastatin was again 

welll  tolerated with no serious adverse events. In the last study, 132 boys, between 

100 and 17 years of age were randomized to either lovastatin or placebo 23. 

Lovastatinn was started at 10 mg/day and the dosage was doubled every 8 weeks 

too a maximum of 40 mg/day. Mean LDL-C levels decreased significandy relative 

too placebo in all active treatment groups. 

Dataa on growth and hormonal status indicated no significant differences 

betweenn lovastatin and placebo in a 48 week time period. Although these studies 

showedd good efficacy of statins in children, they were short term, had a limited 
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samplee size, were mostly conducted in boys or did not provide extensive 

informationn about growth and development. 

Inn summary, simvastatin 40 mg was efficacious in treating children and adolescents 

withh FH and exhibited a safety and tolerability profile similar to that seen in adults. 

Inn addition, simvastatin did not negatively influence normal growth nor sexual 

maturationn in either boys or girls. Additionally, it should be emphasized that while 

statinn use during pregnancy and breastfeeding has not been evaluated, females 

shouldd take the necessary precautions to avoid pregnancy during statin therapy. 

Becausee atherosclerosis starts in early childhood in individuals with FH, aggressive 

lipid-loweringg is deemed necessary to prevent future CHD. Although long-term 

outcomee data on statin use in children are not available, simvastatin could maybe a 

usefull  tool to optimize treatment for FH children and adolescents, in whom the 

responsee to lifestyle intervention is often inadequate 
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Abstract t 

Aim ::  To asses the influence of statin therapy on quality of life, anxiety and 

concernss of children with familial hypercholesterolemia (FH) and their parents. 

Methods::  69 FH children on statin therapy and 87 parents (51 families) 

participatedd in this study Quality of life of the children, and anxiety levels of 

bothh the children and their parents, were investigated using self-report 

questionnaires.. Additionally, a questionnaire was designed to evaluate FH specific 

concernss of these children and their parents on six different topics: 1. Knowledge 

aboutt FH, 2. Experience of the disease, 3. Family communication, 4. Screening, 

5.Diett and 6. Experience of medication therapy. 

Results::  FH children and their parents report no problems with regard to quality 

off  life and anxiety. In contrast, the FH survey did show specific FH related 

concerns.. One-third of the children thinks FH can be cured, 43.5% of the children 

sufferr from the fact they have FH, but taking medication makes them feel safer 

(62.3%).. Almost 38% of the parents experience FH as a burden to their family 

andd 79.3% suffer because their child has FH. 

Conclusion::  Our findings show that statin therapy does not influence the 

psychosociall  functioning of FH children and their parents. To improve the 

knowledgee of FH and family communication, the families would benefit from 

additionall  information focusing on the various aspects of living with FH. This 

wouldd provide a helpful instrument in making these families aware of the disease 

andd improving family communication and might lead to a better compliance. 



Statinn therapy and psychosocial functioning 

Introductio n n 

Familiall  hypercholesterolemia (FH) is an inherited autosomal dominant disorder 

off  lipoprotein metabolism caused by mutations in the low-density lipoprotein 

(LDL)) receptor gene. The disorder is associated with high levels of LDL -

cholesteroll  and premature atherosclerosis '. In The Netherlands heterozygous 

FHH is one of the most common inborn errors of metabolism (frequency: 1/400 

persons)2.. Patients show symptoms of premature and severe atherosclerosis at a 

relativelyy young age, sometimes before the age of 30 3. Studies in the general 

populationn have shown that atherogenesis begins in early childhood4. In view of 

thee aggressive nature of cardiovascular disease (CVD) in adult FH patients one 

cann safely assume that atherosclerotic changes begin in early childhood. However, 

thee disease is usually asymptomatic in FH children. The recommended pediatric 

treatmentt consists of dietary fat restriction 5; nevertheless clinical experience 

showss that long-term efficacy of dietary intervention in children is very poor 6. 

Inn adults, treatment with 3-hydroxy-3-methylglutaryl coenzyme A reductase 

inhibitorss (statins) has proven to be successful7. Clinical trials have evaluated the 

efficacyy and safety of statins in FH children between 10 and 17810. As a result of 

thesee and future trials, statins may, if proven to be safe and effective, also become 

thee treatment of choice for children. As a consequence, asymptomatic children 

fromm FH parents will be screened and will constitute a new population in pediatric 

practice.. Since FH is an important risk factor for premature cardiovascular disease 

(somee of the parents of these children already died at an early age) the diagnosis 

andd therapy could provoke feelings of stress and anxiety in these families and 

mayy negatively influence the quality of life of these children. Understanding the 

emotionall  implications of the diagnosis and subsequent therapy is essential to 

thee development of a proper support program for these children and their parents. 

Thee aim of this study was twofold: first, we were interested if statin therapy 

influencedd the quality of life and anxiety levels of the FH children and their 

parents;; secondly, we were interested in the specific FH-related concerns of these 

familiess in order to provide better support in the pediatric practice. To asses 

qualityy of life and anxiety levels, we used generic questionnaires. To investigate 

thee specifically FH-related concerns of the children and their parents, we used a, 

byy the authors specially designed, disease specific questionnaire focusing on 

knowledgee and experience with the disease, family communication, screening, 

diett and medication. 
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Methods s 

Participant s s 

AA group of children on statin therapy (n=77) and their parents (56 families) were 

recruitedd from the Pediatric Lipid Clinic of the Emma Children's Hospital of 

thee university of Amsterdam. Inclusion criteria for this study were: age 10 up to 

188 years, LDL-C level > 4.1 mmol/L before statin therapy and one parent 

diagnosedd with FH. The children and parents were invited to participate in this 

studyy and to sign informed consent (by mail). Only families who gave their consent 

weree asked to complete the questionnaires on their next visit to the Lipid Clinic. 

Eightt children (8/77 children, n=69) and their parents (5 families) did not give 

consentt for unknown reasons. A total of 69 children and 87 parents from 51 

familiess participated in this study. Mean age in both the 8 non-responders and 

thee 69 participants was 15.3 years. From the non-responders 62.5 % were boys 

comparedd to 52.2 % in the participants (p=0.579). 

Procedure e 

Thee questionnaires were handed out to the children and their parents at the end 

off  the out patient visits. The interviewer, an independent person (M.C. 

Kerckhoffs),, explained the questionnaire and stayed in the room to answer 

questionss from the children and parents and to make sure all family members 

filledd out the questionnaires. In case of one child and two parents, both parents 

completedd the questionnaire; for two children and two parents, the mother 

answeredd for the eldest child and the father for the other child. In case of two 

childrenn and one parent, the parent tilled out the questionnaire for the eldest 

childd as well as an appendix with a selection of child individual FH specific 

questionss for the other child. 

Instrument s s 

Forr the evaluation of quality of life, anxiety and FH related concerns of children 

withh FH and their parents, three questionnaires were used: The Health Related 

Qualityy of Lif e (HRQoL) questionnaire, the trait anxiety inventory and a specific 

FHH survey. The TNO Institute of Prevention and Health, and the Leiden 

Universityy Hospital (A2L), designed the TNO AZL Children's Quality of Life 

questionnairee (TACQoL, 1997) u validated in a large cohort of healthy children. 

Thee trait anxiety was assessed with the Dutch version of the Trait Anxiety 
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Inventoryy for Children 12 and parents 13. The FH specific survey was developed 

byy the authors. 

HRQoLL  questionnaire 

Thee TACQoL instrument contains seven scales of eight items: 1. Pain and 

symptoms,, 2. Motor functioning, 3. Autonomy, 4. Cognitive functioning, 5. Social 

functioning,, 6. Positive emotions and 7. Negative emotions. Questions focus on 

healthh problems in the past few weeks and, if so, the emotional response based 

onn a four-points scale. The responses are the health-related component of the 

instrument,, and this is subsequendy reported. Maximum domain scores of the 

TACQoLL are 32 points for the first five domains, and 16 points for the emotional 

scaless (only problems). Higher scores represent a better quality of life. 

Trai tt  anxiety inventory 

Thee trait- scale, a 20-items self-report scale, measures relatively stable individual 

differencess in anxiety across people. The scale ranges from 20-60 points for 

childrenn and from 20-80 points for parents. Higher scores indicate more anxiety. 

Normativee data are available in: (a) children in primary school, 7 up to 13 years 

oldd (mean across 31.2 for boys and 32.5 for girls), (b) high-school children, 13 up 

too 17 years old (mean scores 28.7 for boys and 32.5 for girls) and (c) mean scores 

forr the parents, based on normative data from a random Dutch population (37.3 

forr man and 39.4 for women) 13. 

Specificc FH survey 

Thiss survey developed in our institution has 39 items in the children's form and 

366 items in the parent's form. Items are expressed as statements in the first 

personn and in the present tense. Children and parents were asked to indicate 

whetherr they agree with a given statement on two different 4-points scales. Twenty-

fourr items in the children survey and 23 items in the parent survey could be 

answeredd by an agreement scale (totally agree, agree, disagree or totally disagree). 

AA frequency scale (almost never, sometimes, often or almost always) was used 

forr 15 items of the children's form and 13 items of the parents' form. The 

children'ss survey consists of six groups of questions: 1. Knowledge about FH, 2. 

Experiencee of the disease, 3. Family communication, 4. Screening, 5. Diet, and 6. 

Experiencingg medication therapy. The parent's survey consists of five groups of 

questions:: 1. Experiencing the disease, 2. Family communication, 3. Screening, 4. 

Diett and 5. Experience of medication therapy. 
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Statisticall  analysis 

Health-relatedd quality of life of the FH children was compared with that of a 

randomm sample of 200 healthy Dutch children aged 12 up tol 6 years 14. Normative 

dataa for the TACQoL are presented for adolescents 12 up to 16 years old. Since 

thee FH population included children ranging from 11 to 19 years old, analyses 

weree first performed on the TACQoL domain scores for the FH age groups 11-

155 years (n=43) and 16 -19 years (n=26) to test whether these populations differed 

withh respect to HRQoL. Student's t-tests showed that the domain scores were 

similarr for both groups, so in further analyses the two groups were taken together 

whenn compared with the reference data. 

Thee student's t-test was performed to test the differences between FH children 

andd reference groups on the TACQoL questionnaire, and to compare anxiety of 

FHH children and parents with the Dutch norms for children 12; 13. Comparison 

wimm the normative data for the Trait Anxiety Inventory was performed for boys 

andd girls separately, and for men and women separately. Considering the number 

off  analyses performed in this population, a significant level of 1 % was considered 

too be statistically significant. 

Fromm the FH-specific survey, only the most o^scriminating questions among 

thee different answer categories were selected and translated for presentation in 

thiss paper. Questions answered with the agreement scale were selected if at least 

200 % of the participants answered with 'totally agree/agree' or 'disagree/totally 

disagree'.. The questions of the frequency scale were selected if at least 20 % 

answeredd with 'sometimes' or 'often'. After this selection, still all question 

categoriess were present. 

Results s 

Thee study cohort consisted of 69 children from 51 core families. There were 14 pairs 

off  siblings in the children's cohort and two sets of three siblings. Thirty-six 36 (52 %) 

weree boys and 33 (48 %) girls. The age ranged from 11 up to 19 years. Total cholesterol 

(TC)) (6.88  1.24 mmol/L) and LDL-C (5.22  1.19 mmol/L) without statin therapy 

weree increased (above 95th percentile) for age and gender15. Twenty-two of these 69 

childrenn (32%), had a parent with one or more events of cardiovascular disease. 

Eightt of these 22 children (36%) lost one parent because of FH. 

Eighty-sevenn parents participated in the study with a mean age of 44.6 years 
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(rangee 36-54 years) and 37 (43%) men. Of these parents 41 (47 %) were affected. 

Ninee (10%) parents suffered from cardiovascular disease. 

Healthh related quality of lif e 

Thee domains measuring TAQoL showed no significant differences between the 

FHH children and healthy peers (table 1). 

Tablee 1. Health-related quality of life scores for children with FH and 

healthyy children 

Painn and symptoms 

Motorr functioning 

Autonomy y 

Cognitivee functioning 

Sociall  functioning 

Positivee emotions 

Negativee emotions 

FH H 

nn = 69 

23.255 (5.2) 

30.166 (2.2) 

31.822 (0.7) 

28.999 (3.3) 

29.599 (2.1) 

13.811 (2.9) 

11.57(2.5) ) 

Normativ ee scores 

n == 199 

23.577 (5.8) 

29.788 (3.5) 

31.455 (1.8) 

27.855 (3.9) 

28.999 (3.7) 

13.122 (3.1) 

11.70(2.7) ) 

FH== Familial Hypercholesterolemia. All values are given as means (SD), 

p-valuess showed no significance between groups 

Anxiety y 

Onee child and 5 parents did not complete this questionnaire. There was no significant 

differencee between the FH population and the general population (table 2). 

Tablee 2. Trait anxiety inventory of the children and parents 

Children n 
Boyss (n= 36) 

Girlss (n=32) 

Parents s 

Maless (n=36) 

Femaless (n=46) 

FH H 

28.33 (6.0) 

29.66 (7.3) 

34.44 (9.7) 

36.0(11.4) ) 

Normativ ee scores 

28.77 (6.4) 

32.55 (6.7) 

37.33 (10.3) 

39.4(11.2) ) 

FH== Familial Hypercholesterolemia. All values are given as means (SD), 
p-valuess showed no significance between groups. 
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Specificc concerns 

Afterr selection of the questions of the children's survey, we present 19 items: 11 

too be answered with the agreement scale and 8 with the frequency scale (table 3). 

Thee section knowledge of FH shows that one third of the children disagrees or 

totallyy disagrees with the statement that FH cannot be cured (27.5 % disagree 

andd 5.8 % totally disagree). More than one third (33.3 % disagree and 2.9 % 

totallyy disagree) of the children does not know what they are allowed to eat. The 

sectionn about the experience of the disease shows that 43.5 % (8.7 % % totally agree and 

34.88 % agree) of the children suffer because of FH and almost 29 % (10.1 % 

totallyy agree and 18.8 % agree) feels that they are different from other children. 

Thee section about family communication shows that the children do not ask their 

parentss questions about FH frequently (49.3 % sometimes and 18.8 % never). In 

contrast,, 63.8 % (8.7 % totally agree and 55.1 % agree) of the children indicate 

thatt they talk in the family circle about all the aspects of FH. From the section 

screenings.screenings.isis clear that more than 60 % (31.9 % totally agree and 34.8 % agree) of 

thee children had a say in being tested for FH and that almost 60 % (17.4 % totally 

agreee and 39.1 % agree) wanted to know themselves whether they have FH or 

not.. The dietary questions show that a majority of the children keep a low 

cholesteroll  diet (17.4 % always and 43.5 % often) and more than 50 % (15.9 % 

alwayss and 37.7 % often) take care not to eat too fatty themselves. Almost 29 % 

sometimess keeps a low cholesterol diet at school. The questions about medical 

therapytherapy show that more than 50 % (13.0 % totally agree and 49.3 % agree) of the 

childrenn feel safer using medication. Eighty-one percent (55.1 % disagree and 

26.11 % totally disagree) of the children do not mind taking medication during 

theirr whole life. The medication is taken at regular time points (46.4 % always 

andd 23.2 % often), but many children sometimes forget to take it (44.9 %). 

Thee answers of 87 parents on the specific FH survey are summari2ed in table 

4.. After selection of the questions we present 18 items: 7 to be answered with 

thee agreement scale and 11 with the frequency scale. The section experience of the 

diseasedisease shows that 79.3 % (24.1 % totally agree and 55.2 % agree) of the parents 

sufferr because their child has FH and 37.9 % (8.0 % totally agree and 29.9 % 

agree)) answers that FH, as a genetic disease is a burden to the family. Fifty-one 

percentt of the parents sometimes worry about the future of their child, but they 

aree seldom afraid that their child becomes ill (33.3 % sometimes, 66.7 % never). 

Moree than 40 % (50.6 % never) is worried of becoming ill themselves. 
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Tablee 3. Children's survey (n=69) 

nrr  Question Totally agree <%) Agree (%) Disagree (%) Totally disagree (%) 

Knowledgee about FH 
11 FH cannot be cured 27.5 39.1 27.5 5.8 
22 When having FH it is 75.4 21.7 1.4 1.4 

evenn more important to 
neverr start smoking 

33 I know what is allowed 11.6 52.2 33.3 2.9 
too eat when having FH 
andd what not 

Experiencee of the disease 
44 I suffer trom the &ct 8.7 34.8 40.6 14.5 

thatt I have FH 
55 Because ofFH, I feel 10.1 18.8 0 71.0 

differentt from other children 
Familyy communication Totally agree (%) Agree (%) Disagree (%) Totally disagree (%) 

66 m our family we talk about 8.7 55.1 29.0 5.8 
alll  aspects that concern FH 

Alwayss (%) Often (%) Sometimes (%) Never  (%) 
77 If I have questions about 10.1 21.7 49.3 18.8 

FH,, I will ask my parents 
Screeningg Totally agree (%) Agree (%) Disagree (%) Totally disagree (%) 

88 My parents have asked me 
whetherr I wanted to be 
testedd for FH. 

99 It wanted to know myself 
whetherr I have FH 

Diet t 
100 My friends know what I am 

nott allowed to eat 

31.9 9 

17.4 4 

1.4 4 

Alwayss (%) 
111 I keep a low cholesterol diet 17.4 
122 1 find it hard to keep to my 

loww cholesterol diet 
133 I myself take care not to 

eatt fatty 
144 At school I keep a low 

cholesteroll  diet 

14.5 5 

15.9 9 

24.6 6 

Experiencee of Totally agree (%) 
medicationn therapy 
155 I feel safer now I am using 13.0 

medication n 
166 I don not like the fact 2.9 9 

havingg to take medication 
myy whole life 

Alwayss (%) 
177 My parents remind me that 17.4 

II  have to take my pills 
188 I take my pills at regular 

timee points 
199 Sometimes I forget to take 

myy pills 

46.4 4 

4.3 3 

34.8 8 

39.1 1 

31.9 9 

Oftenn (%) 
43.5 5 
17.4 4 

37.7 7 

29.0 0 

Agreee (%) 

49.3 3 

14.5 5 

Oftenn (%) 
8.7 7 

23.2 2 

2.9 9 

17.4 4 

24.6 6 

40.6 6 

Sometimes s 
30.4 4 
49.3 3 

36.2 2 

29.0 0 

(%) ) 

Disagreee (%) 

18.8 8 

55.1 1 

Sometimes s 
33.3 3 

10.1 1 

44.9 9 

(%) ) 

15.9 9 

18.8 8 

26.1 1 

Neverr  (%) 
7.2 2 
18.8 8 

10.1 1 

17.4 4 

Totall yy disagree (%) 

15.9 9 

26.1 1 

Neverr  (%) 
39.1 1 

17.4 4 

47.8 8 

FH=familiall  hypercholesterolemia. Percentages exclude missing data 
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Tablee 4. Parents questionnaire (n=87) 

24.1 1 

8.0 0 

4.6 6 

55.2 2 

29.9 9 

18.4 4 

13.8 8 

52.9 9 

64.4 4 

1.1 1 

9.2 2 

8.0 0 

nrr  Question Totally agree (%) Agree (%) Disagree (%) Totally disagree (%) 

Experiencee of the disease 
11 I suffer from the fact 

thatt my child has FH 
22 FH as a genetic disease 

iss a burden to our family 
33 The care for my child 

withh FH burdens me a lot 
Alwayss (%) Often (%) Sometimes (%) Never  (%) 

44 I worry about the future 4.6 2.3 51.7 41.4 
off  my child 

55 I am afraid that my child 0 0 33.3 66.7 
withh FH wil l become ill 

66 I worry about becoming 3.4 1.1 40.2 50.6 
il ll  myself 

Familyy communication Always (%) Often (%) Sometimes (%) Never  (%) 
77 I talk about FH with 8.0 16.1 71.3 4.6 

myy child 
88 If my child has questions 27.6 9.2 48.3 14.9 

aboutt FH he will turn to 
mee or my partner 

Screeningg Totally agree (%) Agree (%) Disagree (%) Totally disagree (%) 
99 I rather should not 1.1 28.7 0 65.5 

havee known that my 
childd has FH 

100 My child was allowed to 19.5 37.9 32.2 10.3 
decidee himself whether 
too be tested for FH 

Diet t 
111 I allow my child to not 9.2 74.7 14.9 1.1 

alwayss keep a low 
cholesteroll  food 

Alwayss (%) Often (%) Sometimes (%) Never  (%) 
122 My child takes care 24.1 18.4 48.3 8.0 

himselff  not to eat too fat 
133 I find it difficult to watch 2.3 8.0 47.1 42.5 

thatt my child eats littl e fat 
144 Keeping a healthy diet gives 1.1 4.6 37.9 56.3 

risee to trouble with my child 
Experiencee of Totally agree (%) Agree (%) Disagree (%) Totally disagree (%) 
medicationn therapy 
155 Taking pills causes conflicts 2.3 4.6 47.1 46.0 

Alwayss (%) Often (%) Sometimes (%) Never  (%) 
166 I  have to remind my 13.8 12.6 35.6 37.9 

childd to take his pills 
177 My child takes his 77.0 13.8 6.9 0 

medicationn at regular 
timee points 

188 Sometimes my child forgets 1.1 3.4 50.6 44.8 
too take his pills 

FH=familiall  hypercholesterolemia. Percentages exclude missing data 
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Fromm the section family communication, it becomes clear that majority of the parents 

talkss with their child about FH (4.6 % never). Almost 15% of the parents say 

thatt their child will never turn to them with a question about FH. Concerning the 

diet,diet, 83.9 % (9.2 % totally agree and 74.7 % agree) of the parents agrees with the 

statementt that they not always keep their child on a low cholesterol diet and 

almostt 47.1 % sometimes find it difficult to check whether their child keeps the 

diet.. From the section experience of medication therapy, 13.8 % of the parents answers 

thatt they always have to remind their child to take the pills, and 77.0 % answers 

thatt their child always takes pills at regular time points. 

Discussion n 

Inn the present study we could not identify any problems with regard to quality of 

lif ee and anxiety in FH children treated with statins and their parents. In contrast, 

ourr results do show that FH specific problems are often seen in these families. 

Froesee et al. (1980) were the first to investigate psychosocial functioning of 

FHH children I6. They concluded that the emotional impact of the premature 

deathh of an affected parent is greater than that of having FH. In the past decade, 

onlyy a few studies focused on the psychological aspects of FH. Studies on the 

psychosociall  effects of dietary treatment in children did not show major 

differencess when compared with healthy controls. Problems of psychosocial 

functioningg were more associated with demographic characteristics and with the 

deathh or disease of a parent17"19. In a pilot study, a self-designed small questionnaire 

forr parents and interviews with FH children were obtained 20. The parents were 

askedd about their attitude to the diagnosis and the treatment of FH in childhood. 

Thee children were asked about their know-how, initial reaction to the diagnosis 

andd their worries about the cholesterol level and cardiovascular disease. The 

authorss compared the responses of families with and without a history of 

cardiovascularr disease and concluded that most parents did not report psychosocial 

problemss in their children. 

If,, like in FH, a complete cure is not possible, it becomes important to establish 

thatt treatment really makes patients feel better. In clinical practice, our aims must 

constantlyy be critically evaluated in the light of quality and quantity of life 21. 

Recently,, the concept of quality of life has been introduced for the evaluation of 

thee consequences of a disease for both adults and children. Children with FH 
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aree not clinically ill , but the knowledge of future risks and the awareness of 

havingg the disease by taking medication every day could influence their quality of 

life.. However, our results showed no impaired quality of life in these children. To 

thee best of our knowledge the present study is the to focus specifically on the 

qualityy of life in children with FH and the first study evaluating the quality of life 

off  an asymptomatic genetic disease in childhood. 

Despitee all the information they receive about FH at the lipi d Clinic, our children 

doo not have elevated anxiety levels. This is in line with other studies, which show 

thatt openly being informed about diagnosis and prognosis benefits the emotional 

welll  being of children 22. However, children and parents in our study do report 

FH-specificc concerns. Despite, extensive information given by the physician about 

FHH and it's consequences for the life of these children, the knowledge about 

theirr disease seems poor. Most striking is that one third of the children disagrees 

withh the statement that FH cannot be cured and with the statement that they 

knoww what they are allowed to eat. Knowledge about the treatment and the disease 

iss essential for the patient's compliance, but information alone is not enough to 

promotee behavioral changes required to manage the disease. Other factors, such 

ass a positive attitude towards the disease and treatment, therapeutic motivation 

andd emotional well being are also associated with better compliance 23. 

Thee children put forward that they suffer because they have FH, but this survey 

alsoo shows that taking pills makes the children feel safer and moreover, they do 

nott mind taking medication their whole life. However, most children have to be 

remindedd by their parents to take medication, and sometimes the children forget 

too take them. In addition, children find it hard to keep a cholesterol-lowering diet 

andd do not take care of it themselves. These results also show that the role of the 

parentt is crucial since they have to support their children in the medication and 

dietaryy treatment. The parental support together with improving the child's 

knowledgee of the disease will hopefully help changing the attitude towards the 

therapyy and therefore have a positive influence on the prognosis of the children. 

Concerningg family communication, more than half of the children say they 

talkk about FH in their family but a vast majority of children says that they would 

onlyy sometimes or even never ask their parents questions about FH. Approxi-

matelyy the same outcome was seen in the parents. From the parents' survey, we 

couldd conclude that also the parents suffer because their child has FH. They 

experiencee this genetically determined disease as a burden to their family and a lot 

off  parents fear the future of their child. Understanding the parents' major concerns 
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andd meeting the expectations from the medical visit are extremely important to 

achievee a good pediatric compliance 24. Reassurance of the parents about their 

child'ss future is essential because worries and guilt feelings of the parents could be 

off  negative influence on the psychosocial development of the child. 

Studyy limitation s 

Thesee children frequently (2-4 times a year) visit our Pediatric Lipid Clinic. During 

everyy visit extensive information about the disease is given. This could lead to an 

underestimationn of the results for the total FH population and may suggest that 

otherr FH children and parents will have higher scores on the various items. 

Furthermore,, the study does not include information about the social-economic 

statuss of the parents. We do not know whether their educational level represents 

thee general FH population. The cohort of this study was too small to evaluate 

thee risk factors for the worries and the concerns reported in this population. 

Futuree research will have to prove whether risk factors such as a positive family 

historyy of CVD influences these worries and concerns. 

Conclusion n 

Thee data of our study show that statin treatment does not influence the 

psychosociall  functioning of these children and their parents and therefore, will 

nott form an obstacle to treat FH children in the nearby future. However, our 

resultss do show that the knowledge of the children about the disease is poor, 

thatt children and parents suffer because of FH and that family communication 

couldd be improved. Frequent visits to the Lipid Clinic do not change these aspects, 

butt the way the information about FH is given probably will . We suggest that 

besidess an open communication improving compliance of medication therapy 

andd lifestyle advices between the pediatrician and these children and parents about 

thee treatment and future risks of FH there seems to be a need for additional 

information,, which is available at home. A FH web-site, special information 

booklett or patients association could be helpful in supporting these families. The 

informationn should be focused on several aspects of living with FH, explanations 

aboutt the disease and the need for compliance with a healthy lifestyle and 

medicationn therapy. Opening the discussion about FH at home could make these 

familiess more aware of the disease and could be helpful in improving compliance 

off  medication therapy and lifestyle advices. 
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Abstract t 

Objectives::  To determine whether simvastatin improves endothelial function in 

childrenn with familial hypercholesterolemia (FH). 

Background::  Endothelial function measured by flow-mediated dilatation of 

thee brachial artery (FMD) is used as surrogate marker of cardiovascular disease 

(CVD).. Adult studies have shown that statins reverse endothelial dysfunction 

andd therefore reduces the risk for future CVD. 

Methods::  The study included 50 FH children (9-18 years) and 19 healthy, non-

FHH controls. FH children were randomized to receive simvastatin or placebo for 

aa period of 28 weeks. The FMD was performed at baseline and 28 weeks of 

treatment. . 

Results::  At baseline, FMD was impaired in FH children versus non-FH controls 

(p<0.024).. In the simvastatin FH group, FMD improved significantly, whereas 

thee FMD remained unaltered in the placebo FH group throughout the study 

periodd (absolute increase 3.9  4.3 % vs. 1.2  3.9 %, p<0.05). In the simvastatin 

FHH group, FMD increased to a level similar to the non-FH controls (15.6  6.8 

%% versus 15.5  5.4 %, p=0.958). Upon treatment, the simvastatin FH group 

showedd significant absolute reductions of TC (-2.16  1.04 mmol/L, 30.1%) 

andd LDL-C (-2.13  0.99 mmol/L, 39.8 %). The absolute change of FMD after 

288 weeks of therapy was inversely correlated to changes of TC (r= - 0.31, p<0.05) 

andd LDL-C (r= - 0.31, p<0.05). 

Conclusion::  Our data show significant improvement of endothelial dysfunction 

towardss normal levels after short-term simvastatin therapy in FH children. These 

resultss emphasize the relevance of statin therapy in FH patients at an early stage, 

whenn the atherosclerotic process is still reversible. 
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Introductio n n 

Familiall  hypercholesterolemia (FH) is an inherited autosomal dominant disorder 

off  lipoprotein metabolism caused by a plethora of mutations in the low-density 

lipoproteinn (LDL) receptor gene x. With a frequency of one in 400 persons, FH is 

onee of the most common inborn errors of metabolism in the Dutch population2. 

Thiss disorder is associated with elevated levels of LDL-cholesterol and premature 

atherosclerosis,, whereas the disease is usually a symptomatic in children3. 

Endotheliall  dysfunction is an early reversible stage in the development of 

atherosclerosiss 4 and has predictive value for future cardiovascular events5;6. It is 

characterizedd by an imbalance in favor of pro-atherogenic factors such as 

vasoconstriction,, platelet activation, monocyte adhesion, thrombogenesis and 

inflammation7.. In the last decade, a number of studies have shown that endothelial 

functionn measured as flow-mediated dilatation (FMD) is impaired in FH children 
811 °. Hydroxymethylglutaryl coenzyme A reductase inhibitors (statins) have been 

shownn to reverse endothelial dysfunction, however only in adult dyslipidemic 

patientss 1113. However, at later stages statin therapy is unable to normalize 

endotheliall  function in e.g. coronary arteries, likely due to structural changes. 

Inn spite of the aggressive nature of the disease, the recommended therapy for 

FHH children consists of a cholesterol- lowering diet and, if deemed necessary, 

bile-acidd binding resins 14. The use of statins in children has been evaluated to a 

certainn degree but is still under debate 15'17. In view of the limited time-span for 

cardiovascularr prevention in FH patients, improvement of endothelial function 

att an early reversible stage of the atherosclerotic process would provide a strong 

argumentt for implementation of statin therapy already in childhood4. 

Thiss placebo controlled study was designed to evaluate the effect of simvastatin 

therapyy on endothelial function in FH children. At baseline, endothelial function 

wass assessed as flow-mediated dilatation (FMD) of the brachial artery, a parameter 

forr endothelium-dependent vasodilatation, in FH children (n=50) and non-FH 

controlss (n=19). In the FH children, the measurements were repeated after 28 

weekss of simvastatin (n=28) or placebo ^==22) therapy, respectively. 
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Patientss and methods 

Patients s 

AA total of 50 heterozygous FH children, aged 9-18, were randomized to receive 

eitherr simvastatin or placebo at a 3:2 ratio, respectively. Twenty-eight children 

weree randomized to simvastatin and 22 to placebo. Nineteen healthy, non-FH 

siblingss between 9-18 years of age participated in the study as controls. The 

followingg criteria were designed to select children with heterozygous FH: plasma 

LDLL cholesterol levels above 95th percentile for age and gender; a documented 

familyy history of hyperlipidemia with LDL cholesterol levels above the 95th for 

agee and gender before treatment or a personal diagnosis of FH by detection of 

aa mutation in the LDL receptor gene. Exclusion criteria were smoking; current 

usee of any vaso-active medications; and concomitant conditions such as serious 

illness,, hypertension or diabetes mellitus. 

Studyy design 

Thee dosage of simvastatin was doubled every 8 weeks from 10 to 20 to 40 mg per 

day.. The assessment of FMD of the brachial artery as parameter for endothelium-

dependentt vasodilatation was performed at baseline (at entry of the study) and 

afterr 28 weeks of treatment (40 mg of simvastatin or placebo). Total serum 

cholesteroll  (TC), triglycerides (TG), low-density lipoprotein cholesterol (LDL-C) 

andd high-density lipoprotein cholesterol (HDL-C) were measured at both visits. 

Totall  cholesterol and TG were analyzed by enzymatic methods on a Hitachi 747 

analyzerr as previously describedl8. HDL-C was isolated with heparin-2M manganese 

chloridee 19. Safety measurements including hepatic transaminases (alanine 

aminotransferasee [ALT] and aspartate aminotransferase [AST]), and creatine kinase 

(CK)) were measured during each visit. Physical examination (height, weight, blood 

pressure)) was performed during the first and the last visit. Each child or child's 

parentss gave written informed consent for his or her participation in the study, 

whichh was approved by the Institutional Review Board of the Academic Medical 

Centerr (Amsterdam). 

Flow-mediatedd dilatation 

Thee assessment of flow-mediated dilatation (FMD) was performed as published 

previously2(l;21.. In summary, all measurements were performed during the morning 

inn a fasting state. All children refrained from alcohol and caffeine containing 
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beverages.. Patients were studied in supine position. The blood pressure cuff was 

placedd just below the elbow of the right arm. After a 10-15 minutes rest, the 

brachiall  artery in the right ante-cubital fossa was visualized using a 7,5 Mhz 

transducer5;22.. After an optimal image of the brachial artery wall was obtained, a 

walll  tracking system was used to measure the lumen diameter. After obtaining 2 

baselinee vessel diameter measurements, reactive hyperemia was induced by inflating 

thee blood pressure cuff to 200 mmHg, distal to the location of transducer. Upon 

releasee of the cuff after 4 minutes, the ensuing dilatation of the brachial artery is 

predominandyy mediated by endothelial NO-release 23. Ultrasonography then 

continuedd for 5 minutes to allow for lumen diameter measurements at 20 seconds 

intervals.. Wall track measurements were stored digitally and analyzed off-line by 

aa blinded observer using the wall track system software analysis package 24. All 

measurementss were performed by the same observer, unaware of clinical details 

andd the stage of the experiment. Baseline vessel diameter was calculated as the 

averagee of 2 measurements. Flow-mediated dilatation was calculated at each 

examinationn as {(maximal lumen diameter after ischemia- diameter at baseline)/ 

diameterr at baseline}  and expressed as a percentage 25. Intra- and intersession 

variationn coefficients are 1.1 and 3.8 % respectively21. The total duration of this 

investigationn is approximately 20 minutes. 

Statisticall  analysis 

Analysess were performed using SPSS 10.0 for Windows® software. The baseline 

characteristicss of the controls versus the treatment and placebo group were 

comparedd by ANOVA. In case of a significant result a post hoc analysis were 

performed.. Multi comparisons were taken into account by using the Bonferroni 

Method.. Differences between 2 groups were tested by using Students' t-test for 

continuouss data. Skewed data were first log-transformed before testing. Mean 

valuess before and after therapy were compared using the paired sample t-test. 

Correlationss were tested by using the bivariate Pearson correlation test for 

continuouss variables. A p-value < 0.05 was considered significant. 

Results s 

Baselinee characteristics showed no significant difference with regard to sex, age, 

bodyy mass index (BMI), blood pressure and baseline vessel size between the 
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non-FHH control group, placebo FH group and simvastatin FH group (table 1). 

However,, TC and LDL-C were significantly higher in the FH children compared 

too the non-FH controls (p<0.0001). FMD was impaired in the FH children versus 

thee non-FH controls (p<0.024). There were no significant differences with regard 

too age, sex, BMI and blood pressure between the simvastatin FH and placebo 

FHH group. Also lipid profile, baseline vessel size and FMD were not significantly 

differentt between these two groups. 

Tablee 1. Baseline characteristics of the FH children and controls 

Parameter r 

Noo (%) male 

Agee (year) 

BMI I 

Systolicc bloodpressure (mmHG) 

Diastolicc bloodpressure (mmHG) 

TCC (mmol/L) 

HDL-CC (mmol/L) 

LDL- CC (mmol/L) 

TGG (mmol/L)t 

baselinee vessel size (mm) 

FMDD (%) 

Control s s 

(non-FH) ) 

n=19 9 

111 (58) 

14.22  3.1 

21.55  5.4 

1211  17 

666  11 

4.322  0.85 

1.422 1 

2.511  0.66 

0.766 (0.50-1.38) 

3.100  0.53 

15.66  6.8 

Simvastatin n 

(FH) ) 

n=28 8 

15(54) ) 

14.66  2.0 

21.11  3.7 

1255  14 

666 9 

6.977 1 1 . 2 4* 

1.277  0.22 

5.311 * 

0.799 (0.50-1.82) 

3.199  0.59 

11.77 * 

Placebo o 

(FH) ) 

n=22 2 

11(50) ) 

14.66  2.5 

21.55  4.0 

1255  17 

677 8 

7.344  1.44 * 

1.400  0.30 

5.477 * 

1.077 (0.34-1.79) 

3.144  0.41 

11.66 * 

p-value e 

0.826 6 

0.943 3 

0.592 2 

0.988 8 

0.0001 1 

0.148 8 

0.0001 1 

0.222 2 

0.769 9 

0.024 4 

Al ll  values are given as means (SD) except for triglycerides given as median (range), BMI=body 

masss index, TC111 total cholesterol, HDL-high-density lipoprotein, LDL-C=low-density lipoprotein 

FMD-flow-mediatedd dilatation,-f-Tested after log-transformation, * post hoc analyses p<0.05, versus 

controls. . 

Afterr 28 weeks, the FMD increased significandy in the simvastatin FH group 

(pp <0.0001). In the placebo FH group, FMD remained unaltered throughout the 

studyy period (figure 1). There was no difference with regard to the baseline vessel 

sizess between both groups at 28 weeks (simvastatin: 2.96  0.53 mm versus 

placebo:: 3.05  0.38 mm, p=0.592). The mean absolute change in FMD was 

significantlyy higher in the simvastatin FH group compared to the placebo FH 

groupp (3.9  4.3 % versus 1.2  3.9 %, p=0.05). Eight children in the placebo 

FHH group (8/22; 36 %) compared to 19 children in the simvastatin FH group 

(19/28;; 68 %) had an improvement of FMD larger than 2.5%. 
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Figur ee 1. FMD (%) placebo versus simvastatin (FH) at baseline and 28 weeks 
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Inn the simvastatin FH group, FMD increased to a level similar to that in non-FH 

controlss (15.6  6.8 % versus 15.5  5.4 %, p=0.958). 

Afterr 28 weeks of treatment there was a significant mean absolute reduction 

off TC (-2.16  1.04 mmol/L, p<0.0001), LDL-C (-2.13  0.99 mmol/L, 

p<0.0001)) and TG (-0.19  0.37 mmol/L, p<0.002) in the simvastatin FH group 

(tablee 2). These data match with a TC reduction of 30.1 %, a LDL-C reduction 

off 39.8 % and a TG reduction of 16.7 %. There was an absolute increase in 

HDL-CC (4.5 %) in the simvastatin FH group, however, the change did not reach 

statisticall significance. There were no significant changes in lipoproteins in the 

placeboo FH group compared to baseline. The mean absolute changes for TC, 

LDL-CC and TG were significantly higher in the simvastatin FH group than in the 

placeboo FH group. Except for LDL-C, the lipoproteins in the simvastatin FH 

groupp after 28 weeks were reduced to levels comparable to those of the non-FH 

controll group. There were no significant differences with regard to safety-

measurementss (ALT, AST and CK) between simvastatin and placebo FH groups 

andd no adverse events were reported (data not shown). 

Inn the FH children the change of FMD after 28 weeks of therapy was inversely 

correlatedd to absolute changes of TC (r= - 0.31, p<0.05) and LDL-C (r= - 0.31, 

p<0.05). . 
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Tablee 2. Lipid measurements at baseline, 28 weeks and mean absolute change from baseline for the 

simvastatinn and placebo FH group 

Lipid ss Baseline 28 weeks p-value*  Absolute p-value* 

change e 

simvastatinn 6.97 4 4.80  1.05 0.0001-2.16 11.04 

TCC (mmol/L) < ^ 0.0001 

'"placeboo 7.34+1.44 7.3110.33 0.854 -0.05  1.17 

simvastatinn 1.27  0.22 1.32 10.24 0.141 0.05 10.17 

HDL-CC (mmol /L)/ 0.080 

placeboo 1.4010.30 1.3410.33 0.300 -0.05 10.22 

simvastatinn 5.3111.14 3.17 10.96 0.0001-2.13 10.99 

LDL- CC (mmol/L) / 0.0001 

placeboo 5.47 11.44 5.45 12.03 0.819 -0.05 + 1.06 

simvastatinn 0.79(0.50-1.82) 0.60(0.30-1.65) 0.002 -0.19 10.37 

TGG ( m m o l / L ) * ^ 0.041 

^ p l a c e boo 1.07(0.34-1.79) 0.80(0.40-2.55) 0.791 -0.10 10.54 

Al ll  values are given as means (SD) except for triglycerides given as median (range), TC=total 

cholesterol,, HDL=high-density lipoprotein, LDL-C =low-density lipoprotein, * Tested after log-

transformation,, f lipids baseline vs. 28 weeks, +. absolute change simvastatin vs. placebo 

Discussion n 

Ourr data clearly show that children suffering from familial FH are characterized 

byy impaired endothelial function. More importantly, we demonstrate a significant 

improvementt of endothelial dysfunction in FH-children after short-term statin 

therapy. . 

FHH patients are characterized by severely increased LDL-C levels, a major risk 

factorr for premature atherosclerosis and show symptoms of cardiovascular disease 

(CVD)) at relatively young age, sometimes even before the age of 30 1. Several 

populationn studies have demonstrated that, in the general population, the process 

off  atherosclerosis begins in adolescence 26; 27. In view of the aggressive nature of 

CVDD in adult FH patients, it is safe to assume that in these individuals atherosclerotic 

changess already begin in early childhood ,; 2l'. In line, several reports have 

demonstratedd the presence of endothelial dysfunction in FH children M0, which 

clearlyy precedes the onset of morphological changes 28. In the present study, we 
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verifiedd the presence of endothelial dysfunction in FH children without signs of 

macrovascukrr disease as compared to age and non-FH controls. 

Afterr short-term (28 weeks) statin therapy we show an improvement of 

endotheliall  dysfunction in the hypercholesterolemic children. To the best of our 

knowledgee this is the first placebo controlled trial that assessed the effects of 

statinn therapy on endothelial function in FH children. Many researchers 

investigatedd the effect of cholesterol-lowering therapy on peripheral  u'13, and 

coronaryy endothelial function, albeit in adults 29"32. Both positivet,;2931 and negative 
322 results have been reported. We have previously demonstrated complete 

reversibilityy of peripheral endothelial dysfunction in adult FH patients after short-

termm lipid-lowering therapy " . I n contrast, after long-term statin therapy in patients 

withh coronary artery disease (CAD), clear attenuation of the acetylcholine-induced 

'paradoxical'' vasoconstriction has been demonstrated but, endothelium-dependent 

vasodilatationn could not be restored 30;3!. These findings emphasize that in order 

too achieve normalization of endothelial function in 'atherogenic' vascular beds, 

suchh as the coronary arteries, therapy should be initiated at an early stage, before 

thee onset of 'severe' macrovascular structural abnormalities. 

Inn our study, the obtained reductions for TC, LDL-C and TG are comparable 

too those in adults 33. Previous statin trials in children showed similar reductions 

inn lipids, but these studies contained small numbers or included only boys l5~17. In 

thee present cohort, no toxicity or serious adverse- and/or side-effects were 

reportedd by the children during the course of this study. However, the duration 

off  the present study is too short to draw conclusions with regard to the safety of 

long-termm use of simvastatin in children. The long-term safety and efficacy of 

statinss in children is currendy being evaluated in ongoing trials at our department. 

Thee mechanism behind the beneficial effects of simvastatin on endothelial 

functionn can be twofold: (a) by the inhibition of hepatic HMG CoA reductase 

andd the subsequent lowering of serum cholesterol levels34, and/or (b) by a direct 

effectt on the vascular wall35. The correlation between FMD improvement and 

thee degree of LDL-C lowering in the current study implies a role for cholesterol 

loweringg per se in mediating the beneficial effects of statins. However, evidence 

hass cumulated to show that statins also exert lipid-independent pleiotropic effects 

onn the vasculature, for instance by up regulating endothelial cell NO synthase 

(ecNOS)) through stabilization of mRNA levels. In this respect, it remains to be 

establishedd whether and to what extent non-statin induced lipid-lowering will 

havee similar effects on vascular reactivity. 
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Finally,, it should be taken into account that changes in vascular smooth muscle 

celll  reactivity cannot be excluded as potential cause for the altered FMD response, 

sincee nitroglycerine (NTG) was not administered to these young children. 

However,, in previous studies we and others have shown normal vascular responses 

towardss exogenous nitrates in hypercholesterolemia 8U, making it unlikely that 

alteredd smooth muscle cell reactivity is of relevance in the present study. 

Clinicall  implications 

Endotheliall  dysfunction represents one of the earliest stages of atherogenesis 

andd has been shown to have a clear predictive value for future CVD. In the 

presentt study, we show an improvement of endothelial dysfunction in the forearm 

vasculaturee after short-term statin therapy in FH children. These findings 

underscoree the importance of lipid-lowering therapy in FH children. Hence, as 

soonn as long-term safety data on the use of statins in children have become available, 

thee current data vigorously support the institution of statin therapy at early stages, 

wheree endothelial dysfunction is still amenable to complete normalization. 
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Abstract t 

Introduction ::  Familial hypercholesterolemia (FH) is an inherited autosomal 

dominantt disorder of lipoprotein metabolism. In FH patients, LDL-C levels are 

severelyy elevated and there is an increased risk of premature cardiovascular disease 

(CVD).. A slowing of progression of the atherosclerotic process by statin 

treatmentt at an early reversible stage would provide a strong argument for 

implementationn of such therapy in FH children. 

Methodss and results: A total of 82 heterozygous FH children, aged 9-18, were 

randomi2edd to receive either simvastatin 40mg/day (n=48) or placebo (n=32). 

Inn the simvastatin arm LDL-C was reduced from 5.09 mmol/1 at baseline to 2.96 

mmol/11 at 48 weeks (41.8 % reduction, p<0.001). In the placebo arm LDL-C 

levelss weree 5.45 mmol/1 and 5.45 mmol/1 (p=0.85), respectively. No side effects 

off  statin treatment became evident. Baseline mean carotid IM T as measured by 

B-modee ultrasonography was 0.50 mm in both treatment arms and compared to 

healthyy controls, increased. After 48 weeks this was 0.51 mm in both treatment 

arms.. The difference within as well as between the 2 treatment arms was not 

significant.. At baseline distensibility as measured by M-mode ultrasonography 

wass 66 mmHg and 67.7 mmHg for simvastatin and placebo, respectively. After 

488 weeks this was 64.1 and 66.2 mmHg, respectively. Again, the differences within 

ass well as between the 2 treatment arms were not significant. 

Conclusion::  Simvastatin treatment significantly lowered LDL-C levels by 41.8%. 

Inn contrast no clear effect of simvastatin treatment on either B-mode arterial 

walll  thickness or on M-mode arterial wall stiffness was observed. Already at 

youngg age, FH children show increased IM T compared to healthy non-FH 

controls.. LDL-C levels are a major determinant for clinical outcome. Since in 

FHH children arterial wall changes can already be observed, indicating increased 

atherosclerosiss progression, and since there are no apparent side effects of statin 

treatmentt in this young FH population, treatment of these FH children with a 

statinn might be considered. 
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Introductio n n 

Familiall  hypercholesterolemia (FH) is an inherited autosomal dominant disorder 

off  lipoprotein metabolism caused by a plethora of mutations in the low-density 

lipoproteinn (LDL) receptor gene. This disorder is associated with elevated levels 

off  LDL-cholesterol (LDL-C) and premature atherosclerosis, whereas the disease 

iss usually asymptomatic in children l. 

Inn spite of the aggressive nature of the disease, the recommended therapy for 

FHH children consists of a cholesterol-lowering diet only and if necessary bile-

acidd binding resins. The use of statins in children has been evaluated to a certain 

degreee and is only just recently considered for prevention 2; 3. In view of the 

limitedd time-span for cardiovascular prevention in FH patients, slowing 

progressionn of the atherosclerotic process by statin treatment at an early reversible 

stagee would provide a strong argument for implementation of such a therapy in 

childhood. . 

AA promising marker for the extent of atherosclerotic vascular disease is the B 

(brightness)-modee ultrasound measurement of intima media thickness (TMT) of 

peripherall  superficial arteries. IMT increases with exposure to cardiovascular risk 

factorss (e.g. LDL and age)4 and patients with increased IM T have increased risk of 

cardiovascularr disease (CVD)5"7. Also, adult CVD patients treated with statins show 

aa reduced progression or regression of IMT 8; 9. B-mode IMT measurements are 

thereforee considered a valid surrogate endpoint for atherosclerotic disease n. 

Childrenn with FH show greater IMT readings as compared to healthy controls 10 

andd changes in artery wall stiffness are also considered a sign of early atherosclerosis 

inn these children 12; 13. In the latter case the M (wall movement) mode of the 

ultrasoundd signal is used to measure arterial wall stiffness. In effect, Virkola et al. 

showedd that an increase of IMT and an increase of carotid arterial wall stiffness 

correlatedd with total and LDL-C levels 10. However, effects of LDL-C lowering 

towardss arterial wall distensibility is still a topic of debate and data are scarce. 

Wee used both B- and M-mode ultrasound to assess the effects of simvastatin 

therapyy on functional and morphological parameters of the carotid arterial walls 

inn a population of children and young adolescents with FH. 
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Patientss and methods 

Patients s 

AA total of 82 hetero2ygous FH children, aged 9-18, were randomized to receive 

eitherr simvastatin or placebo at a 3:2 ratio, respectively. Forty-eight children were 

randomizedd to simvastatin and 32 were randomized to placebo. Inclusion criteria 

weree as follows; plasma LDL-C levels above 95th percentile for age and gender; a 

documentedd family history of hyperlipidemia with LDL-C levels above the 95th 

percentilee for age and gender before treatment or a personal diagnosis of FH by 

detectionn of a mutation in the LDL receptor gene. Exclusion criteria were smoking; 

currentt use of vaso-active medications; and concomitant conditions such as 

seriouss illness, hypertension or diabetes mellitus. 

Studyy design 

Thee dosage of simvastatin was doubled every 8 weeks from 10 to 20 to 40 mg 

perr day. B-mode and M-mode ultrasound scans were performed at baseline and 

afterr 48 weeks of treatment. Total serum cholesterol (TC), triglycerides (TG), 

LDL- CC and high-density lipoprotein cholesterol (HDL-C) were measured at both 

visits.. TC and TG were analyzed by enzymatic methods on a Hitachi 747 analyzer 

ass described previously 14. HDL-cholesterol was isolated with heparin-2M 

manganesee chloride. Safety measurements including hepatic transaminases (alanine 

aminotransferasee [ALT] and aspartate aminotransferase [AST]), and creatine kinase 

(CK)) were measured during each visit. Physical examination (height, weight, blood 

pressure)) was performed during the first and the last visit. Each child or child's 

parentss gave written informed consent for his or her participation in the study, 

whichh was approved by the Institutional Review Board of the Academic Medical 

Centerr (Amsterdam, the Netherlands). 

IM T T 

B-- and M-mode ultrasound examinations of the carotid arterial walls were 

performedd at baseline and at 48 weeks. The child rested in a comfortable supine 

positionn and its head was tilted slightly. Both carotid arteries were scanned from 

aa lateral angle. Regular quality control of scans was part of the protocol. One 

sonographerr and one image analyst performed all IMT measurements. 

Scanss were performed with an Acuson 128XP/10v (Acuson Corporation, 

Mountainview,, CA), equipped with a 7.0 MHz. small parts linear array transducer 
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(Acusonn L7) and Extended Frequency (EF) software. Real-time digital images of 

segmentss were temporarily stored on the cine loop of the ultrasound instrument. 

Ann appropriate frame was selected by the sonographer. This frame was stored as 

aa JPEG image file on a video-still image recorder (Sony DKR 700, Sony Inc, 

Tokyo,, Japan). 

B-mode.B-mode. Three predefined carotid arterial wall segments were investigated; the 

commonn carotid artery (CCA), the carotid bulb (CB) and the internal carotid 

arteryy (ICA). For efficacy analyses the mean combined carotid IM T of the 

segmentss was used. Furthermore, in secondary analyses we also studied effects 

off  therapy on IMT of separate artery wall segments. 

M-mode:M-mode: M-mode was used to study arterial wall stiffness. At time of the scan 

bloodd pressure measurements were obtained automatically according to RR using 

ann oscillometric method (OMRON M-705 CP). 

Fromm M-mode parameters and blood pressure measurements the distensibility 

coefficientss (DC) of the carotid artery can be calculated. DC is the primary 

endpointt of the M-mode study. 

Off-lineOff-line image: B- and M-mode image analyses were done off-line using E-trach 

softwaree as developed by the Departments of Physiology and Vascular Medicine 

att our center. 

Results s 

Thee two treatment arms were well matched with regard to age, sex, body mass index 

(BMI) ,, blood pressure, smoking, family history and cholesterol levels (table 1). 

Inn the simvastatin arm, LDL-C was reduced from 5.09 mmol/1 at baseline to 

2.966 mmol/1 at 48 weeks (41.8 % reduction, p<0.001). In the placebo arm LDL-C 

wass 5.45 mmol/1 at baseline and 5.45 mmol/1 at 48 weeks (p=0.85). TC decreased 

byy 2.13 mmol/1 (p<0.001), TG decreased by 0.06 (p=0.2) and HDL increased by 

0.033 mmol/1 (p=0.17) in the simvastatin arm, compared to no change in TC and 

HDL-CC and an increase of 0.18 mmol/1 (p=0.04) in TG in the placebo arm. A 

totall  of 2 patients in the placebo arm and 3 patients in the simvastatin arm did 

nott complete this study, because of unwillingness not due to any side effects. 

Theree was no significant difference in the occurrence of adverse events between 

thee 2 treatment arms. 
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Tablee 1. Baseline characteristics of the simvastatin and placebo treated patients 

Parameterr  Simvastatin Placebo 

Meann age (years) 

Male/femalee (n) 

Lengthh (meters) 

Weightt (kilograms) 

BMII  (kg/m2) 

Bloodd pressure (mmHg) 

Smokingg (n) 

Positivee family history for CVD (n) ) 
Unknownn LDL receptor mutation (n) 

TCC (mmol/1) 

LDL- CC (mmol/1) 

HDL-CC (mmol/1) 

TGG (mmol/1) 

14 4 

27/23 3 

1.666 (0.1) 

57.99 (13.9) 

20.88 (3.8) 

1222 (11.1)/67(7.5) 

5 5 

311 (62%) 

99 (18%) 

6.755 (1.0) 

5.099 (0.9) 

1.266 (0.2) 

0.911 (0.35) 

14 4 

16/16 6 

1.666 (0.1) 

61.11 (16.5) 

21.99 (4.4) 

1222 (17.0)/ 66 (10.5) 

3 3 

211 (66%) 

77 (21.9%) 

7.22 (1.45) 

5.455 (1.43) 

1.288 (0.28) 

1.044 (0.43) 

Valuess are mean (SD), unless otherwise stated, n=number of patients, BMI = body mass index, 
CVD== cardiovascular disease, TC=total cholesterol, LDL = low-density lipoprotein, HDL= high 
densityy lipoprotein, TG=triglycerides. 

Tablee 2 shows the B-mode IMT measurements at baseline and at 48 weeks. 

Theree was no difference in baseline values between placebo and simvastatin arm. 

Childrenn with a family history of cardiovascular disease in the first or second-

degreee family members (52 children) did not have a thicker IMT at baseline as 

comparedd to children with no cardiovascular disease in the family (30 children) 

(p=0.53). . 

Afterr 48 weeks no difference became obvious with regards to mean IM T 

Tablee 2. B-mode IM T measurements at baseline and after 48 weeks 

Baselinee 48 weeks 

Placeboo (n= 30) 

Meann carotid IM T 0.502 (0.05) 0.509 (0.05) 

Maximumm carotid IM T 0.724 (0.07) 0.731 (0.08) 

Simvastatinn (n=47) 

Meann carotid IM T 0.500 (0.05) 0.507 (0.05) 

Maximumm carotid IM T 0.707 (0.06) 0.730 (0.06) 

Valuess are mean (SD) and given in millimeters, IMT = intima media thickness, missing IMT 
measurementss 2 in the placebo group and 3 in the simvastatin arm. 
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(p=0.88)) or maximum IM T (p=0.95) between the placebo treated patients and 

thee simvastatin treated patients. No significant difference was observed when 

IM TT was divided into the 3 segments (carotid bulb (p=0.39), common carotid 

(p=0.59)) or internal carotid artery (p=0.59)) (table 3). 

Tablee 4 shows the M-mode IM T measurements at baseline and after 48 weeks. 

Againn no difference at baseline between placebo and simvastatin treated patients. 

Distensibilityy (p=0.47) did also not significantly improve after 48 weeks of 

simvastatinn treatment. 

Tablee 3. B-mode IM T measurements per carotid segment 

Baselinee 48 weeks 

Placeboo (n= 30) 

IM TT carotid bulb 0.547 (0.08) 0.534 (0.08) 

IM TT carotid common 0.529 (0.06) 0.535 (0.08) 

IM TT carotid internal 0.427 (0.09) 0.455 (0.09) 

Simvastatinn (n—47) 

IM TT carotid bulb 0.536 (0.07) 0.550 (0.08) 

IM TT carotid common 0.522 (0.06) 0.527 (0.06) 

IM TT carotid internal 0.439 (0.07) 0.446 (0.07) 

Valuess are mean (SD) and given in millimeters, IMT = intima media thickness, missing IM T 
measurementss 2 in the placebo group and 3 in the simvastatin arm. 

Tablee 4. M-mode IM T Measurements at Baseline and after 48 weeks 

Baselinee 48 weeks 

Placeboo (n= 32) 

Distensibilityy (mmHg) 67.69 (19.4) 66.20 (13.2) 

Compliancee 1.50 (0.40) 1.55 (0.34) 

Stiffnesss 3.08 (0.71) 3.13 (0.61) 

Strainn 0.19 (0.03) 0.20 (0.04) 

Simvastatinn (n=48) 

Distensibilityy (mmHg) 65.98 (14.9) 64.09 (12.6) 

Compliancee 1.52 (0.30) 1.49 (0.23) 

Stiffnesss 3.26 (0.98) 3.26 (0.67) 

Strainn 0.20 (0.04) 0.20 (0.04) 

Valuess are mean (SD), IMT = intima media thickness, missing M-mode measurements 9 in the 
placeboo group and 9 in the simvastatin arm. 
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Discussion n 

Inn our study simvastatin treatment significantly lowered TC by 31.6% and LDL-C 

levelss by 41.8%. In contrast, no clear effect of simvastatin treatment on either B-

modee arterial wall thickness or on M-mode arterial wall stiffness was observed. 

Duringg the study there were no side effects reported from the simvastatin treatment. 

IM TT measurement is accepted as a surrogate endpoint and did show a slowing 

off  progression or even a regression with statin treatment in adult patients 8;9; 15. 

However,, compared to adults, IM T in children is thinner. Therefore, the lack of 

ann effect of statin treatment in our study is most likely due to the small number 

off  subjects (48 on simvastatin and 32 on placebo) and the short duration of this 

studyy (48 weeks). With regards to the latter point, additional 2-year IM T data are 

noww being collected and might we are able to show differences between the 2 

treatmentt modalities after completion of this extension study. At this moment 

wee have to conclude that the arterial wall changes were probably too small to 

detectt by means of non-invasive ultrasound measurements. 

Interestingly,, in the same population of FH children we demonstrated a 

normalizationn of the endothelial function after the start of simvastatin 40 mg 

treatmentt (de Jongh, JACC in press). Changes in endothelial function are thought 

too precede structural changes of the arterial vessel wall (IMT and stiffness). 

Thee latter does point to a beneficial effect of statin treatment in this high-risk 

population. . 

Evenn in an apparently healthy non-FH population the initial stages of atherogenesis 

aree already clearly present at a young age 16; 17. The Muscatine study measured carotid 

IM TT in healthy young and middle-aged individuals over a period of 25 years to 

determinee the relationship between IMT and risk factors for CVD. This study 

demonstratedd that the main predictors for an increase of IMT were age and LDL-

CC levels in adulthood and, interestingly, TC levels during childhood ,8. 

Consequently,, as in FH children both LDL-C and TC levels are severely elevated, 

theyy are also characterized by an increased IMT in these children 19; 2IJ. When we 

comparedd our FH children with a group of healthy non-FH children from our 

ownn hospital, we indeed observed that the FH children have a thicker IMT, as 

thee FH children have an IMT of 0.50 mm versus 0.47 mm in these healthy 

controlss 21. Mabuchi et al. demonstrated that in heterozygous FH patients over 

thee age of 18 years significant stenoses were already visible on their coronary 

arteriess as seen on a coronary angiograms 22. 
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Thee sequence of events in the atherogenesis of FH children therefore seems to 

proceedd from endothelial dysfunction to increased arterial wall stiffness and 

subsequendyy to increased arterial wall thickness and finally to coronary stenoses 

inn the time span of two decades. So, this process develops three times more 

rapidlyy than in healthy individuals, which exposes FH patients to very early and 

lif ee threatening coronary disease. Conversely, it provides us with a plethora of 

intermediatee endpoints for the prevention of the afore mentioned clinical sequelae. 

Inn conclusion, although we could not show a significant effect of 1-year statin 

therapyy on IMT, these FH children already show an increased IM T early in life. 

Therefore,, they are at a high risk for future CVD. LDL-C levels are a major 

determinantt for clinical outcome and since there are no apparent side effects of 

statinn treatment in this young FH population, we should consider treatment of 

thesee FH children with a statin to lower their LDL-C levels. For the near future 

wee have to wait for larger and long-term randomized clinical statin trials to provide 

evidencee whether, like in adults, this therapy direcdy affects IMT. 
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Abstract t 

Objectives::  In adults with familial hypercholesterolemia (FH), cholesterol 

loweringg with statins has been shown to improve endothelial function, a hallmark 

off  early atherogenesis. Currendy, therapeutic options for treating high cholesterol 

levelss in FH children are limited. Plant sterols safely and effectively reduce serum 

cholesteroll  concentrations by inhibiting cholesterol absorption. Therefore, we 

evaluatedd the effect of plant sterols on cholesterol and vascular function in pre-

pubertall  children with FH. 

Studyy design: We included 41 children (5-12 y) with FH in a double blind cross-

overr trial using spreads containing 2.3 grams of plant sterols (mainly sitosterol 

andd campesterol) per 15 gram spread and placebo spread for a 4-week period, 

separatedd by a 6 weeks wash-out period. Lipid levels and endothelial function 

weree assessed after both 4-week treatment periods. Endothelial function was 

assessedd as flow-mediated dilatation (FMD) of the brachial artery using a wall 

trackingg system. Data were compared to those of 20 healthy controls. 

Results::  Intake of 2.3 grams plant sterols per day decreased total cholesterol 

(TC;; -11%) and low-density cholesterol (LDL-C; -14%) as compared to placebo 

spreadd in FH children. FH children were characterized by an impaired FMD 

comparedd to healthy control children (7.2  3.4 % versus 10.1  4.2 %, p<0.005). 

However,, the reduction of LDL-C in FH children did not improve FMD (placebo: 

7.22  3.4 % versus plant sterol: 7.7  4.1%). 

Conclusion::  The present study shows a clear reduction of LDL-C by plant 

sterolss therapy. However, short-term plant sterol therapy does not improve the 

endotheliall  function in FH children. 
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Introductio n n 

Familiall  hypercholesterolemia (FH) is an inherited autosomal dominant disorder 

off  lipoprotein metabolism caused by a plethora of mutations in the low-density 

lipoproteinn (LDL) receptor gene '. With a frequency of one in 400 persons, FH is 

onee of the most common inborn errors of metabolism in the Dutch population2. 

Thiss disorder is associated with elevated levels of LDL cholesterol (LDL-C) and 

prematuree atherosclerosis. Affected persons show symptoms of atherosclerotic 

cardio-vascularr disease at relatively young age, sometimes before the age of 30. 

However,, the disease is usually asymptomatic in children 3. 

Inn spite of the aggressive nature of the disease, the recommended therapy for 

FHH children only consists of a cholesterol- lowering diet and, if necessary, bile-acid 

bindingg resins4. However, clinical experience shows that the long-term cholesterol-

loweringg efficacy of dietary intervention in children is very limited 5 and resins 

appearr safe, but their lipid-lowering efficacy is modest and long-term compliance 

remainss poorb. Treatment with HMG CoA reductase inhibitors (statins) has been 

evaluatedd to a certain degree 7"9 and is expected to result in a better therapeutic 

response,, but is still under debate because of insufficient safety data in children. 

Plantt sterols and plant stanols effectively and safely reduce serum cholesterol by 

inhibitingg cholesterol absorption in the small intestine 10. Studies with hyper-

cholesterolemicc !I"13 and normocholesterolemic children 14, have shown that plant 

sterols/stanolss can reduce the plasma levels of total cholesterol fTC) and LDL-C 

byy 10 % and 15 %, respectively, without any clinical adverse events. However, it is 

unknownn whether and to what extent this reduction of LDL-C will contribute to 

ann improved clinical outcome in FH children. 

Thee last decade, endothelial dysfunction has emerged as the reflection of an 

early,, but reversible stage in the development of atherosclerosis15. Several studies 

havee shown that the presence of endothelial dysfunction has predictive value for 

futuree cardiovascular events l6. In addition, other studies have shown that 

endotheliall  function, measured as flow-mediated dilatation (FMD) of the brachial 

artery,, is impaired in FH children 17"19. In view of the limited time-span for 

cardiovascularr prevention in FH patients, restoration of endothelial dysfunction 

att an early stage of the atherosclerotic process would provide a strong argument 

forr lipid-lowering therapy, initiated in early childhood even before puberty 15. 

Plantt sterols might be a possible solution in addition to diet therapy for Hpid-

loweringg in these children. 

129 9 



Chapterr 9 

Wee therefore designed this placebo controlled cross-over study to determine 

whetherr pre-pubertal FH children are characterized by an impaired endothelial 

functionn of the brachial artery and whether short-term dietary intervention with 

plantt sterols can improve endothelial dysfunction in young FH children. 

Patientss and methods 

Patients s 

Inn present study we included 41 pre-pubertal heterozygous FH children between 

55 and 12 years of age and 20 non-FH, controls. All FH children were on a low-

saturated-fat,, low-cholesterol diet (Step I) 4. The following criteria were designed 

too select children with heterozygous FH: plasma LDL-C levels above 95th 

percentilee for age and gender20; a documented family history of hyperlipidemia 

withh LDL-C levels above the 95th for age and gender before treatment or a personal 

diagnosiss of FH by detection of a mutation in the LDL receptor gene. Exclusion 

criteriaa for both the FH children and controls were: post menarche in girls; boys 

withh a Tanner stage more than genital- and pubic hair stage 1.21; smoking; current 

usee of any vaso-active medications or dietary supplements; and concomitant 

conditionss such as serious illness, hypertension or diabetes mellitus. 

Studyy design 

Thee present study was a double blind placebo controlled cross-over trial. After a 

22 week run-in period or 6 weeks run-in period for children who used plant sterol 

enrichedd products, all children were randomly assigned to consume either 15 

gramss of plant sterol spread or 15 grams of placebo spread. Twenty children 

startedd to consume the plant sterol spread for 4 weeks, whereas 21 children 

startedd to consume the placebo spread. After a 6-week wash-out period, in which 

thee children consumed placebo spread, they crossed-over to the alternate spread 

forr another 4 weeks. 

Endotheliall  function was assessed by FMD after both 4-week periods. At 

baselinee and after both 4-week treatment periods, capillary lipid profile was 

measuredd [TC, high density lipoprotein cholesterol (HDL-C), LDL-C and 

triglyceridess (TG)]. Physical examination (including height, weight and blood 

pressure)) was performed at the baseline visit and after the second treatment 

period.. Compliance was measured during each visit by counting the returned full 
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andd empty tubs. In the healthy controls FMD and capillary lipid profile was 

assessedd once. Each child's parents gave written informed consent for his or her 

participationn in the study, which was approved by the Institutional Review Board 

off  the Academic Medical Center (Amsterdam). 

Spreadd composition and administration 

Thee plant sterol-enriched and control spread were produced and prepared by 

UBF,, Purfleet, UK and Unilever Research, Vlaardingen, The Netherlands. Fat 

andd sterol composition of the spreads were analyzed according to methods 

describedd by Weststrate et al  2Z. The spread was distributed to the patients in 

identical-lookingg 15 gram tubs and they were instructed to eat one tub daily. 

Preferably,, the subjects should consume it as spread on sandwiches, but they 

couldd also eat it as part of a hot meal if the spread was mixed with the food on 

thee plate. The tubs were labeled A or B and delivered to the children ones during 

eachh intervention period in boxes of 32 tubs (including spare tubs). Packaging 

andd labeling were performed by persons not involved with the patients or data 

handling.. All other personal and statisticians were blinded to the treatments. The 

plantt sterol-enriched spread contained 5.7 grams of fat (composed of 24.3 % 

saturatedd fatty acids [SAFA], 24.2 % monounsaturated fatty acids [MUFA] and 

51.00 % polyunsaturated fatty acids [PUFA]), and 2.3 grams of sterols in free sterol 

equivalentss (composed of 46.9 % sitosterol, 27.3 % campesterol, 16.3 % stigmasterol 

andd 9.5 % omer sterols) per 15 grams of spread. The control spread contained 5.4 

gramss of fat (composed of 23.2 % SAFA, 25.5 % MUFA and 50.8 % PUFA) per 

155 grams of spread. 

Flow-mediatedd dilatation 

Thee assessment of flow-mediated dilatation (FMD) was performed as published 

previouslyy 23;24. In summary, all measurements were performed during the morning 

inn a fasting state. Al l children refrained from alcohol and caffeine containing 

beverages.. Patients were studied in supine position. The blood pressure cuff was 

placedd just below the elbow of the right arm. After a 10-15 minutes rest, the 

brachiall  artery in the right ante-cubital fossa was visualized using a 7,5 Mhz 

transducerr ,6; 25. After an optimal image of the brachial artery wall was obtained, 

aa wall tracking system was used to measure the lumen diameter. After obtaining 

22 baseline vessel diameter measurements, reactive hyperemia was induced by 
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inflatingg the blood pressure cuff to 200 mmHg, distal to the location of transducer. 

Uponn release of the cuff after 4 minutes, the ensuing dilatation of the brachial 

arteryy is predominandy mediated by endothelial NO-release 26. Ultrasonography 

thenn continued for 5 minutes to allow for lumen diameter measurements at 20 

secondss intervals. Wall track measurements were stored digitally and analy2ed off-

linee by a blinded observer using the wall track system software analysis package27. 

Al ll  measurements were performed by the same observer, unaware of clinical 

detailss and the stage of the experiment. Baseline vessel diameter was calculated 

ass the average of 2 measurements. Flow-mediated dilatation was calculated at 

eachh examination as {(maximal lumen diameter after ischemia- diameter at 

baseline)// diameter at baseline}  and expressed as a percentage 28. Intra- and 

intersessionn variation coefficients are 1.1 and 3.8 % respectively 24. The total 

durationn of this investigation is approximately 20 minutes. 

Statisticall  analysis 

Analysess were performed using SPSS 10.0 for Windows® software. Assuming 

thatt the common standard deviation of FMD is 2.0%, a sample si2e of 17 children 

inn each group will have 80% power to detect a difference in means of 2%, using 

aa two group t-test with a 0.05 two-sided significance level. Skewed data were 

testedd using the Mann Whitney test. Mean values before and after therapy within 

thee FH group were compared using the paired Student t-test. A p-value < 0.05 

wass considered significant. 

Results s 

AA total of 41 FH children (age: 8.2 years) and 20 controls (age: 9.2 years) were 

includedd in this study (table 1). The baseline characteristics showed no significant 

differencess between the FH children and the controls with regard to gender, 

length,, weight and blood pressure. However, as expected in FH, TC and LDL-C 

weree significandy higher (p<0.001) and HDL-C was significandy lower in the 

FHH children. All 41 FH children completed the study. Based on the amount of 

returnedd empty and full tubs the compliance was 97 % in both the placebo and 

treatmentt group. The FH children did not report any adverse effects throughout 

thee whole study. 
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Tablee 1. Baseline characteristics 

Characteristic c 

N N 

Male/female e 

Agee (years) 
Lengthh (m) 
Weightt (kg) 

Syst.. bloodpressure (mmHg) ) 
Diast.. bloodpressure (mmHg) 
TCC (mmol/L) 

LDL-CC (mmol/L) 
HDL-CHDL-C (mmol/L) 
TGG (mmol/L) 

Controls s 

20 0 
9-nov v 

8.22 (2.2) 
1.344 (0.14) 
31.55 (8.0) 

955 (12) 
577 (11) 

4.033 (0.63) 
2.200 (0.65) 
1.522 (0.41) 

0.733 [0.51-1.34] 

FHH (home diet) 

41 1 
20/21 1 

9.22 (1.6) 
1.377 (0.10) 
33.33 (8.6) 

97(9) ) 
57(6) ) 

7.300 (1.51)' 
5.688 (1.53)' 
1.25(1.25)1 1 

0.744 [0.46-2.20] 

Al ll  values are given as means (SD), except for TG given as median [range]. TC; total cholesterol, 

LDL-C;; low-density lipoprotein cholesterol, HDL-C; high-density lipoprotein cholesterol, TG; 

triglyceridess 'p<0.001,1p<0.05 

Theree was no carry-over effect in the FH group (placebo and plant sterol) with 

regardss to the lipid and FMD data, and therefore, all data were analyzed as planned. 

Afterr 4 weeks of treatment with plant sterol, TC significandy reduced by -0.79 

mmol/LL (95%CI: -1.02 to -0.60) and LDL-C by-0.78 mmol/L (95%CI: -1.00 to 

—0.60)) (table 2); as percentages these reductions were 11% for TC and 14% for 

LDL-C.. HDL-C and TG did not change. 

Tablee 2. Lipids and absolute changes in lipids in FH children 

Lipids s Placeboo spread Plant sterol spread Mean Absolute change 

n=411 n=41 (95% CI) 

TCC (mmol/L) 
LDL-CC (mmol/L) 

HDL-CHDL-C (mmol/L) 
TGG (mmol/L) 

7.066 (1.35) 
5.400 (1.37) 

1.299 (0.29) 
0.900 (0.40) 

6.277 (1.12) 

4.588 (1.13) 
1.311 (0.31) 
0.855 (0.36) 

-0.799 (-1.02 to-0.60) 
-0.788 (-1.00 to-0.60) 

0.022 (-0.06 to 0.10) 
-0.055 (-0.20 to 0.09) 

Al ll  values are given as means (SD), except for die mean absolute change given as mean (95 % CI) 

TC;; total cholesterol, LDL-C; low-density lipoprotein chollesterol, HDL-C; high-density lipoprotein 

cholesterol,, TG; triglycerides 
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Thee FMD was significantly lower in the FH placebo group than in the healthy 

controlss (7.2  3.4% versus 10.1  4.2%, p<0.005) (figure 1), while the baseline 

vessell  size was not significantly different between these two groups (FH placebo: 

2.77  0.9 mm versus controls: 2.2 0 mm). However, within the FH children 

thee FMD between the placebo treatment and the plant sterol treatment phase 

remainedd essentially similar (7.2  3.4 % versus 7.7  4.1 %, p=0.592). There 

weree no significant differences in baseline vessel size between the placebo and 

thee plant sterol treatment (2.7  0.9 mm versus 2.7 0 mm). 

Figur ee 1. Mean FMD (SD) of the FH treatment groups and the controls 
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§ § 
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Controls s 

p<0.011 versus Controls 

FHH (placebo) FHH (plant sterol) 

Discussion n 

Inn the present study we show that pre-pubertal FH children are already characterized 

byy impaired endothelial function. Whereas the use of plant sterol spread leads to a 

14%% decrease of LDL-C, this reduction is not associated with restoration of 

endotheliall  dysfunction over a 4-week intervention period. 

Ass expected in FH, our data show mat pre-pubertal FH children already have 

severelyy elevated plasma levels of LDL-C 20. The use of plant sterol ester enriched 

spreadd (2.3 gram sterols/day) induced a 14% reduction in LDL-C. These data are in 

linee with the few studies previously described in FH children. One study in 7 young 

childrenn showed a reduction of 17% of LDL-C, using a three-fold higher dosage of 

freee plant sterols, compared to the present study n. Another study performed by the 

samee authors showed an exceptional LDL-C reduction of 20 % 13. However, the 
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meann LDL-C level in this study group was much higher (7.87 mmol/L) than in 

thee present study, which may explain the 20 % reduction. In a larger study by 

Gyllingg et aL the LDL-C reduction by a sitostanol margarine spread was similar to 

thee LDL-C reduction in our study u. Recently, another study with 41 FH children 

usingg a sterol spread (1.6 g/day) showed a LDL-C reduction of 10.2 %29. Clinically 

relevantt adverse effects were absent in all of the studies. Thus, plant sterols/stanols 

spreadss seem both efficacious and well tolerated in hypercholesterolemic children, 

andd offer an additional tool for cholesterol-lowering therapy in these children. 

Inn the general population, the process of atherosclerosis begins in adolescence30. 

Inn view of the aggressive nature of cardiovascular disease (CVD) in FH patients, 

itt reasonable to assume that atherosclerotic changes arise during early childhood. 

Inn line with these findings, we have recently demonstrated the presence of 

endotheliall  dysfunction in another cohort of 50 adolescent FH children31. Other 

studiess have also demonstrated an impaired endothelial function in FH children. 

However,, these studies were either small or concerned children with a higher 

meann age than present study3234. To the best of our knowledge the current study 

iss the first concerning only pre-pubertal FH children 

Afterr 4 weeks of plant sterol treatment we showed a significant reduction of 

LDL- CC and TC. However, this reduction did not restore the endothelial 

dysfunction.. Reduction of LDL-C by short-term treatment with lipid-lowering 

drugss (statins) is associated with complete normalization of endothelial 

dysfunctionn in adults 35;36 In a placebo controlled study we recently showed that 

short-termm statin therapy (28 weeks) normalizes endothelial dysfunction in 50 

FHH adolescents (de Jongh et al. JACC in press). Two factors may contribute to the 

observedd difference between sterols and statins: First, statins reduce LDL-C by 40 % 

inn hypercholesterolemic adults 37 and adolescents 9, whereas plant sterols only 

mildlyy reduce LDL-C (10-15%). The absence of vascular effects during sterol 

therapyy might imply a threshold of LDL-C lowering before improvement of 

endotheliall  function can occur. Second, statins have been shown to exert direct 

'pleiotrophic'' effects on the vasculature 38. The absence of such an effect on 

FMDD during sterol use might also be the consequence of a lack of pleiotrophic 

effectss of sterols. However, the improvement of endothelial function after LDL-

CC aphaeresis39 and the correlation between LDL-C levels and endothelial function 

clearlyy show a major role for changes in LDL-C per se. Hence, the difference in 

potencyy between statins and sterols is most likely to explain the difference in 

vascularr effects. 
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Overall,, these data lend further support to aggressive lipid-lowering therapy already 

inn pre-pubertal FH children, when endothelial dysfunction is still amenable to 

completee normalization. It remains to be established if, in spite of the lack of 

vascularr effects, the use of long-term sterols can improve future cardiovascular 

outcomee in this high-risk pediatric group. 
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Summaryy and general discussion 

Thee chapters in this thesis regard the clinical presentation and consequences of 

familiall  hypercholesterolemia in childhood. In overview, five main issues have 

beenn addressed: 

•• Optimal diagnostic strategy for FH in childhood 

•• Heterogeneity of cardiovascular risk in FH children 

•• Detection of sub-clinical atherosclerosis in FH children 

•• Efficacy and safety of lipid-lowering therapy in FH children 

•• Effect of lipid-lowering-therapy on surrogate endpoints in FH children 

Inn this chapter, the different studies presented in this thesis are summarized 

withh regard to these issues. Additionally, the rationale, clinical implications and 

suggestionss for future investigation are also discussed. 

Optimall  diagnostic strategy for  FH in childhood 

Althoughh FH children are characterized by elevated plasma levels of LDL-C, 

theyy rarely have clinical symptoms of atherosclerosis l. Therefore, the most 

accuratee method to identify FH in childhood is the determination of a defect in 

dee LDL-receptor gene 2. Unfortunately, DNA sequencing is only available to a 

limitedd number of physicians. A more simple and broadly available method is 

thee measurement of the LDL-C levels in blood plasma. 

Thiss raises the question what cut-off level should be used to make the diagnosis 

'FH'' in children of FH families? 

Thee 12-year referral data of our pediatric lipid outpatient clinic supports the use 

off a LDL-C cut-off level of 3.5 mmol/L at minimal loss of specificity and 

sensitivityy (chapter  2). Naturally, choosing a cut-off level will always result in a 

smalll percentage of missed diagnosis. 

Consequendy,, this implicates the greatest cautions in diagnosing children as 

nott having FH based on LDL-C level below the cut-off level. Hence, especially 

inn families with a history of premature CVD, follow-up of LDL-C plasma levels 

and/orr determination of the LDL receptor mutation should be recommended. 
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Heterogeneityy of cardiovascular  risk in FH children 

Analysess of mortality show a large variation in the onset and severity of CVD in 

FH.. Specifically, the risk of atherosclerosis in young adults with FH varies 

significantlyy between families 3; 4. Early identification of children in the highest 

riskk category could assist in the identification of FH children in need for early 

therapeuticc intervention. 

Whichh parameters in FH children are associated with the occurrence of 

prematuree atherosclerosis in their families? 

Inn chapter  2 we observed that severely increased LDL-C, Lp(a) and decreased 

HDL-CC plasma levels in FH children are associated with a positive family history 

forr CVD. In line, children with a positive family history have a more pronounced 

impairmentt of endothelial function, assessed as flow-mediated dilatation, than 

patientss with a negative family history (chapter  3). Summarized, these data 

underscoree the potential importance of extremely increased LDL-C and decreased 

HDL-CC levels and a positive family history for CVD for placing the FH children 

inn the highest risk category for future CVD. 

Thesee findings emphasize the importance of lipid-lowering therapy in early 

childhood,, especially in those children belonging to the highest-risk category. 

Particularly,, because of the aggressive nature of FH in adults and the limited 

time-spantime-span to prevent these children for future CVD. Ongoing research in adult 

FHH patients will have to determine which other genetic and environmental factors 

playy a role in the susceptibility for CVD in FH. Hopefully, this will provide 

additionall  tools for the early and reliable identification of FH children at the 

highestt cardiovascular risk. 

Detectionn of sub-clinical atherosclerosis in FH children 

Inn the general population autopsy studies of healthy subjects have shown that 

atheroscleroticc changes are already present in adolescents 5; 6. Given that adult 

FHH patients are often characterized by premature atherosclerosis 2; 7, it is safe to 

assumee that atherosclerotic changes begin in early childhood. The process of 

atherosclerosiss starts with the reversible stage of endothelial dysfunction even 

beforee the onset of morphological changes 8. In recent years, assessment of 

endotheliall  function (e.g. flow-mediated dilatation; FMD) and arterial wall thickness 
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(intimaa media thickness of the carotid artery; IMT) have emerged as surrogate 

markerss for atherosclerosis with clear predictive value for future CVD 9'10. 

Comparisonss of FMD (chapter  7 and 9) and IMT n of FH children to healthy 

controls,, demonstrated that young FH children are already characterized by an 

impairedd FMD and increased IMT, indicating the onset of atherogenesis in FH at 

aa very young age. In view of the reversibility of the early stage of atherogenesis, 

thesee data support the early initiation of lipid-lowering therapy when endothelial 

dysfunctionn throughout the vascular bed is still amenable to complete normalization. 

Efficacyy and safety of lipid-lowerin g therapy in FH children 

Thee present therapeutic guidelines for the treatment of FH children include 

lifestylee advice and, when the lipid-lowering response is inadequate, bile acid 

bindingg resins 12. The lipid-lowering efficacy of such therapy is modest and 

compliancee is often poor 13; 14. Cholesterol synthesis inhibitors (statins) are 

efficaciouss in lipid-lowering and reduce the incidence of CVD in adults and are 

thereforee the therapy of choice in adults 15. 

Doess statin therapy have similar lipid-lowering efficacy in children and are they 

safee for the use in these growing young children? 

Thee baseline characteristics of an international trial, evaluating the safety and 

efficacyy of simvastatin in FH children, showed that the study was performed in 

aa population that was representative for FH (chapter  4). The main results of 

thiss study demonstrated that simvastatin is highly efficacious (41% LDL-C 

reduction)) and most importantly that there was no evidence of any adverse effect 

off  simvastatin on growth and pubertal development (chapter  5). Additionally, 

wee demonstrated in chapter 6 that daily statin therapy has no adverse effects on 

thee quality of life and anxiety of the FH children and their parents. 

Thee aggressive nature of FH in adults and the knowledge that these children 

aree already characterized by sub-clinical atherosclerosis supports the need for 

earlyy intervention in order to delay and/or prevent the development of CVD in 

thesee patients. Comparable to adults our data show that simvastatin is an effective 

therapeuticc option in FH children. This trial was performed in pubertal children 

abovee the age of 10. 

Whatt are the options in even younger patients? 

Inn chapter  9 we evaluated the efficacy of cholesterol absorption inhibitors (e.g. 
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plantt sterols) in pre-pubertal children. Plant sterols were well tolerated in these 

childrenn and resulted in a LDL-C reduction of 14%. 

Bothh statins and plant sterols are efficacious in lipid-lowering. However, it 

remainss to be established whether they will improve the cardiovascular outcome 

inn these children. It wil l be a challenge to further evaluate the effectiveness of 

combinationss of lipid-lowering regimes, comprising e.g. statins and cholesterol 

absorptionn inhibitors. The additional value of doubling the statin dose has a 

smalll  effect on lipid-lowering efficacy, whereas it may increase statin-associated 

sidee effects. Adding plant sterols or other cholesterol absorption inhibitors to a 

loww dose of statins may result in an increasing efficacy whilst minimizing the 

chancee of statin-associated side effects. Hence, this may prove to be a valuable 

additivee for children who have to be motivated for lifetime lipid-lowering therapy. 

Effectt  of lipid-lowerin g therapy on sub-clinical 
atherosclerosiss in FH children 

Thee lack of clinical endpoint data in FH children thus far makes it difficult to 

predictt the effect of lipid-lowering therapy on the clinical outcome in these 

children.. Surrogate endpoint such as FMD and IM T have predictive value for 

futuree CVD and LDL-C reduction induced by statin therapy has been associated 

withh an improved FMD 16 and decreased IMT 17 in adults. 

Whatt is the effect of lipid-lowering therapy on these surrogate endpoints in 

youngg FH children, who are already characterized by sub-clinical atherosclerosis? 

Doess lipid-lowering therapy inhibit or even reverse the atherosclerotic process in 

thesee young FH children? 

Short-termm statin therapy significantly restored the endothelial function, assessed 

ass FMD (chapter  7). However, at 1-year follow-up we were not able to show a 

decreasee in the IMT of the carotid arterial wall between the statin and placebo 

groupp (chapter  8) in FH children. Several factors may have contributed to the 

lackk of improvement of IMT in these children. The IM T is still very 'thin' in 

thesee children compared to the IM T of adult FH patients. A larger sample size 

andd long-term intervention may be required to demonstrate significant changes 

inn IMT. Currently, longer-term data of these children are being collected. 

Thee 14% LDL- C reduction by plant sterols was unable to result in an 

improvementt in endothelial function of pre-pubertal FH children (chapter  9). 
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Thesee data may be used in favor of the 'pleiotrophic' effects 18 of statins beyond 

theirr lipid-lowering effect. On the other hand, we did show an inverse relation 

betweenn improvement in FMD and the LDL reduction of statins (chapter  7). 

Overalll  our data imply a threshold lipid-lowering effect necessary to improve 

endotheliall  function and therefore emphasize the need for aggressive LDL-

loweringg therapy in FH children. Future research will have to provide evidence if 

otherr lipid-lowering drugs (e.g. combination therapy) will be able to reverse the 

processs of sub-clinical atherosclerosis in this high-risk group. To predict the 

effectt on the clinical endpoints in FH children, surrogate endpoints should be 

incorporatedd in new lipid-lowering intervention trials in FH children. FMD has 

provenn to be a useful, easily modifiable marker to detect the earliest stages of 

sub-clinicall  atherosclerosis, whereas IMT has been accepted as a valuable tool in 

largee long-term intervention trials. 

Conclusion n 

Thee results of this thesis suggest that early identification and treatment of FH 

childrenn might change the course of the disease. Whereas their affected parents 

startedd therapy at an age where the process of atherosclerosis had already reached 

ann 'irreversible' state, institution of effective lipid-lowering in childhood will 

contributee to improvement of endothelial dysfunction, before irreversible structural 

changess occur. Although FH children are generally clinically asymptomatic, they 

aree already characterized by functional changes of the arterial wall from early age 

onwards.. Simvastatin is a good therapeutic option, it is effective, well tolerated, 

doess not adversely affect the quality of life and is able to restore the vascular 

functionn in FH children. In contrast, modest LDL-C reduction with plant-sterols 

iss unable to improve vascular dysfunction. Overall, the data presented in this 

thesiss provide convincing arguments for early institution of aggressive lipid-

loweringg therapy in children with FH with the aim of preventing them from the 

cardiovascularr events, from which their family members often suffered. 
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Samenvatting g 

Familiairee hypercholesterolemie (FH) is een van de meest voorkomende erfelijke 

aandoeningenn in de Nederlandse populatie (1:400). Deze aandoening wordt 

gekarakteriseerdd door een defect in het gen dat codeert voor de LDL-receptor. 

Dezee receptor is verantwoordelijk voor de opname van het low-density lipoprotein 

cholesteroll  (LDL-C) in o.a de lever. Als gevolg van dit defect functioneert de LDL-

receptorr niet naar behoren en ontstaat een verhoogd LDL-C in het bloedplasma, 

resulterendd in een verhoogde kans op premature atherosclerose. Al vanaf de 

geboortee is het cholesterol van deze patiënten verhoogd; kinderen vertonen 

doorgaanss echter geen klinische symptomen van deze aandoening (hoofdstuk 1). 

Dee hoofdstukken in dit proefschrift beschrijven de klinische presentatie en 

gevolgenn van FH op de kinderleeftijd. De hoofdstukken kunnen worden ingedeeld 

inn vijf hoofdpunten. 

•• De optimale diagnostische strategie voor FH op de kinderleeftijd 

•• De heterogeniteit van het cardiovasculair risico bij FH kinderen 

•• Het meten van sub-klinische atherosclerose bij FH kinderen 

•• De werkzaamheid en veiligheid van cholesterolverlagende therapie bij FH kinderen 

•• Het effect van cholesterolverlagende therapie op surrogaat-eindpunten 

Dee optimale diagnostische strategie voor  FH op de 
kinderleeftij d d 

FHH is het meest nauwkeurig te diagnosticeren door het defect van het LDL-

receptor-genn aan te tonen op het DNA. Helaas is deze methode niet voor iedere 

artss beschikbaar. Een eenvoudige en voor iedere arts wel beschikbare methode is 

dee bepaling van het LDL-C gehalte in het bloedplasma. 

Hoofdstukk 2 beschrijft de data van 12 jaar kinder-lipidenpolikliniek/AMC. De 

dataa van meer dan 1000 kinderen tonen aan dat een LDL-C afkappunt van 3.5 

mmol/LL moet worden gehanteerd om de diagnose FH te kunnen stellen bij kinderen 

uitt FH families. Bij dit LDL-C gehalte zijn de specificiteit en sensitiviteit optimaal. 

Dee heterogeniteit van het cardiovasculair  risico bij  FH kinderen 

Tussenn FH families is er een verschil in het risico op hart- en vaatziekten (HVZ). 

Omm de kinderen die het hoogste risico lopen als eerste in aanmerking te kunnen 
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latenn komen voor behandeling, is het belangrijk deze groep vroegtijdig te 

identificeren. . 

Dee data van de kinder-lipidenpolikliniek/AMC tonen aan dat FH kinderen 

mett een ernstig verhoogd LDL-C, Lp(a) en/of extreem verlaagd HDL-C (high-

densityy lipoprotein cholesterol), komen uit families waar de meeste HVZ 

voorkomen.. Op basis van deze gegevens kunnen deze kinderen tot de 

hoogrisicogroepp worden gerekend (hoofdstuk 2). De resultaten van hoofdstuk 3 

latenn zien dat FH kinderen met een positieve familie-anamnese voor HVZ een 

verminderdee flow-gemedieerde vasodilatatie (FMD) van de arterie brachialis 

hebbenn (dit is een maat voor de endotheel-functie), in vergelijking met kinderen 

mett een negatieve familie-anamnese. Daar de FMD een gevalideerd surrogaat-

eindpuntt is voor atherosclerose, kunnen ook de kinderen met een positieve familie-

anamnesee voor HVZ worden gerekend tot de hoogrisicogroep. 

Hett  meten van sub-klinische atherosclerose bij  FH kinderen 

Atherosclerosee is een proces dat niet alleen op de volwassen leeftijd plaats vindt. 

Autopsie-studiess uit de algemene populatie hebben aangetoond dat 

atherosclerotischee veranderingen al op jonge leeftijd aanwezig kunnen zijn. Omdat 

volwassenn FH patiënten al vroegtijdig HVZ ontwikkelen, is het derhalve 

aannemelijkk dat dit proces van atherosclerose juist bij deze patiënten al start op 

dee kinderleeftijd. 

Endotheel-functie-metingenn (FMD) en echografische vaatwanddikte-metingen 

vann de arterie carotis (IMT) , zijn gevalideerde surrogaat-eindpunten voor 

atherosclerosee en hebben daarmee een voorspellende waarde voor HVZ. 

Endotheel-functieverliess is één van de eerste reversibele stappen in het proces 

vann atherosclerose en treedt al op voordat er sprake is van irreversibele 

morfologischee schade aan de vaatwand. Studies waarin de endotheel-functie en 

vaatwanddiktee van de arterie carotis van FH kinderen werden vergeleken met die 

vann gezonde proefpersonen, hebben aangetoond dat FH kinderen een 

verminderdee FMD (hoofdstuk 7 en 9) en verdikte IM T hebben. Dit bevestigt 

dee aanname dat het proces van atherosclerose bij FH al begint op de kinderleeftijd. 
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Dee werkzaamheid en veiligheid van cholesterolverlagende 
therapiee bij  FH kinderen 

Dee huidige therapeutische richtlijnen voor FH kinderen bestaan uit het geven 

vann levensstijladviezen en, indien dit onvoldoende cholesterolverlaging oplevert, 

hett voorschrijven van cholesterolabsorptie-remmers (galzuurbindende harsen). 

Overr het algemeen is de cholesterolverlagende effectiviteit en de therapietrouw 

vann deze aanpak echter onvoldoende. Bij volwassenen is het gebruik van 

cholesterolsynthese-remmerss (statines) de eerste therapie keus. Deze verlagen 

hett cholesterol zeer effectief en verminderen het risico op het ontstaan van HVZ. 

Voorr kinderen zijn deze statines tot op heden nog niet beschikbaar. 

Inn hoofdstuk 4 worden de klinische karakteristieken van 173 FH kinderen 

beschrevenn die participeerden in een internationale studie naar de werkzaamheid 

enn veiligheid van een statine (simvastatine) bij kinderen. De resultaten van deze 1 

jaarr durende placebo-gecontroleerde studie (hoofdstuk 5) laten zien dat, net als 

bijbij  volwassenen, simvastatine het LDL-C verlaagt met 41% zonder van invloed 

tee zijn op de groei en ontwikkeling van deze kinderen. Daarnaast blijkt deze 

dagelijksee therapie geen invloed te hebben op de kwaliteit van leven en de 

angstbelevingg van de kinderen (hoofdstuk 6). In hoofdstuk 9 wordt een cross-

overr studie besproken waarin prepuberale FH kinderen placebo-gecontroleerd 

zijnn behandeld met plantensterol margarine, een cholesterolabsorptie-remmer. 

Dezee plantensterolen blijken minder effectief te zijn in cholesterolverlaging dan 

statines,, maar verlagen het LDL-C toch met 14%. 

Hett  effect van cholesterolverlagende therapie op surrogaat-
eindpunten n 

Doorr een gebrek aan klinische eindpunt-studies bij kinderen is het moeilijk te 

voorspellenn wat bij hen het effect van cholesterolverlagende therapie zal zijn op het 

risicoo op HVZ in de toekomst. Bij volwassenen is cholesterolverlaging door statines 

geassocieerdd met een verbetering van de surrogaat-eindpunten FMD en IMT. 

Naa een eerste korte periode van therapie met simvastatine bij FH kinderen (placebo-

gecontroleerd)) bleek dat de endotheel-functie normaliseerde (hoofdstuk 7). 

Daarentegenn kon na 1 jaar simvastatine behandeling nog geen verbetering van de 

IM TT worden aangetoond (hoofdstuk 8). De cholesterolverlagende effectiviteit 
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vann de plantensterolen bij prepuberale FH kinderen bleek niet voldoende om een 

verbeteringg van de endotheel-functie te bewerkstelligen (hoofdstuk 9). 

Conclusie e 

Dee resultaten van dit proefschrift breken een lans voor de vroegtijdige identificatie 

enn behandeling van kinderen met FH, om 20 het beloop van deze aandoening 

positieff  te kunnen beïnvloeden. De ouders van deze kinderen zijn veelal pas 

gestartt met cholesterolverlagende therapie op een volwassen leeftijd; een leeftijd 

waaropp het proces van atherosclerose doorgaans al een irreversibel stadium heeft 

bereikt.. Het is dan ook te prefereren om al in te grijpen op de kinderleeftijd, 

wanneerr er doorgaans alleen nog sprake is van endotheel-functieverlies, een 

reversibelee stap in het proces van atherosclerose. Simvastatine is een goede 

therapeutischee optie die het cholesterol bij kinderen zeer effectief verlaagt en 

daarmeee de gestoorde endotheel-functie normaliseert. Daarbij is deze statine 

veiligg en heeft het dagelijks gebruik geen invloed op de kwaliteit van leven. 

Plantensterolen,, die het LDL-C slechts beperkt verlagen, zijn niet instaat de 

endotheel-functiee te verbeteren. 

Concluderendd bevat dit proefschrift belangrijke argumenten voor vroegtijdige, 

agressievee cholesterolverlaging bij FH kinderen, met als doel deze kinderen te 

beschermenn voor de HVZ waaraan hun familieleden veelal op veel te jonge leeftijd 

(over)lijden. . 
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