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Stellingen behorende bij het proefschrift 

Familial Hypercholesterolemia in Childhood: Diagnostics, Therapeutical 
Options and Risk Stratification 

1. Kinderen met FH hebben recht op een volwassen behandeling van het 
cholesterol, (ditproefschrift) 

2. Statines zijn veilig en effectief in de behandeling van FH bij kinderen. 
(dit proefschrift) 

3. Met primaire preventie tegen hart-en vaatziekten kan je niet vroeg genoeg 
beginnen, (dit proefschrift) 

4. Statine therapie: The younger the better, (ditproefschrift) 

5. Vroege behandeling met statines is een belangrijke maat voor de 
vaatwanddikte van de halsslagader op latere leeftijd, (ditproefschrift) 

6. Een LDL-receptor mutatie is niet alleen belangrijk voor het stellen van de 
juiste diagnose, maar zal mogelijk in de toekomst bij kinderen met FH 
kunnen bepalen welke therapeutisch interventie wordt ondernomen. 
(dit proefschrift) 

7. Geneesmiddelen onderzoek bij kinderen is essentieel voor het vertrouwen in 
het geneesmiddel èn voor de optimale behandeling, (dit proefschrift) 

8. Obesitas en overgewicht bij kinderen zijn een uitdijend probleem. 

9. Part-time promoveren is een full-time job. 

10. Van goed hout snijdt men planken, maar in de wetenschap wordt het soms 
brandhout. 

11. Three is the magic number. 

12. The central struggle of parenthood is to let our hopes for our children 
outweigh our fears. (Ellen Goodman) 

13. De uitspraak "dit was een hele bevalling" is slechts halve waarheid. 

Jessica Rodenburg Amsterdam 13 september 2005 
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General Introduction 

Familial Hypercholesterolemia 

Heterozygous familial hypercholesterolemia (FH) is a common inherited autosomal 

dominant metabolic disorder of lipoprotein metabolism. In the Netherlands the frequency 

of heterozygous FH is 1:400 , and the underlying molecular defect consists of mutations 

in the gene encoding for the low-density 

lipoprotein (LDL) receptor protein . 

Clinically, FH is characterized with elevated 

levels of total cholesterol (TC) and low-

density lipoprotein cholesterol (LDL), from 

birth onwards, and at a older age by the 

presence of tendon xanthomas, xanthelas-

mata and /o r an arcus cornealis (Figure 1 

and 2). The elevated LDL-C levels strongly 

predispose for premature atherosclerosis 

and cardiovascular disease (CVD). 

Untreated, approximately 75% of male 

patients suffer from coronary artery disease 

before the age of 60 years ". Typically, the 

mean age of CVD onset is between 40 and 

45 years in male FH patients and about 10 

years later in female patients . 

Figure 1: Achilles tendon Xanthoma 

Figure 2: Arcus Lipoïdes 

Diagnosis 

In adult patients the clinical diagnosis of FH is based on a positive family history of 

premature CVD, physical examination and laboratory findings. In children, the disorder is 

mosdy asymptomatic. Less than 10% of the children have tendon xanthomas and these are 

primarily found in die second decade of life . Therefore the diagnosis in children is based 

on LDL-C levels above the 95 percentile for gender and age (Table 1) and a positive 

family history for premature CVD. However, a considerable number of false-negative and 

false-positive diagnosis might be expected as shown among adults in families with FH . 
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Table 1: 95th Percentile Plasma Lipid Values of Healthy Subjects in the First Two Decades of 
Life. 

Age /gender 

5-9 years 
Male 
Female 

10-14 years 
Male 
Female 

15-19 years 
Male 
Female 

Total Cholesterol 

4.91 
5.12 

5.25 
5.33 

5.10 
5.38 

LDL -Cholesterol 

3.26 
3.45 

3.37 
3.47 

3.86 
3.78 

•HDL-Cholesterof 

1.01 
0.85 

0.96 
0.91 

0.75 
0.85 

Triglycerides 

1.14 
1.19 

1.41 
1.48 

1.67 
1.40 

* Levels are 5th percentile. LDL=low-density lipoprotein, HDL=high-density lipoprotein. 
Values are expressed in mmol/L, to convert cholesterol levels in mg/dl multiply by 38.67; to 
convert triglyceride levels to mg/dL multiply by 88.57 

Therefore, a molecular diagnosis based on mutations in the LDL-receptor gene is more 

accurate and the only unequivocal diagnosis. 

Therapy 

Until currently, the recommended therapy for children with FH consists of dietary 

intervention and life-style changes. However, the long-term efficacy of stringent dietary 

interventions in children is very poor . The National Cholesterol Education Program 

(NCEP) for children recommends that pharmacological therapy can be considered in 

children above 10 years whose LDL-C is above 4.1 mmol/L and when other cardiovascular 

disease risk factors are present, or above 4.9 mmol /L when no other risk factors are 
Q 

present . Bile acid sequestrants are considered the drugs of choice in the pharmacological 

treatment of children with heterozygous FH, but the lipid lowering efficacy is modest and 

tbe long term compliance is poor . In adult patients with FH, 3-hydroxy-3-methylglutary] 

coenzyme A reductase inhibitors (statins) are the first choice in pharmacological lipid-

lowering strategies. Statins have proven to reduce the incidence of CVD, stroke and 

peripheral vascular disease " . Therefore in the last decade several trials have been 
. . , . 1 3 - 1 7 

conducted to establish the safety and efficacy of statin in children with FH "" . 

12 



General Introduction 

Detection of sub-clinical atherosclerosis 

In children with FH the disorder is mosdy asymptomatic. Nevertheless, autopsy reports 

of healthy children shows atherosclerotic lesions at a young age, even in the general 
1 u 

population . Another autopsy study demonstrated a prevalence of 3.2 % of coronary 

stenosis in adolescents between the age of 15-19 years , which indicates that 

atherosclerotic changes already starts in early FH childhood. 

Surrogate markers are able to assess sub-clinical atherosclerosis. They are predictive 

for CVD, and improvement of these markers correlates with improvement of the 

atherosclerotic process . The strength of a validated surrogate marker is enhanced 

by the fact that it may yield pathophysiological information at an early stage of the 

atherosclerotic process. Intima media thickness (IMT) ultrasound measurements and 

the endothelial function as measured by flow-mediated dilatation (FMD) are both 

surrogate markers for detection of early atherosclerotic disorders. 

Intima media thickness 
The intima media thickness is a well validated, noninvasive method for assessment of 

sub clinical atherosclerosis is intima media thickness. It is measured by B-mode 

ultrasonography , which visualizes the arterial wall of the carotid and femoral arteries. 

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

posterior artery walls represent the boundaries of the intima-media complex. The 
21 

distance between the interfaces is called intima-media thickness (IMT) . In patients 

with FH, IMT is greatly increased as compared to the general populat ion . 

Furthermore, a previous performed trial in adult patient with FH treated with aggressive 

lipid lowering strategies resulted in a regression of atherosclerosis as demonstrated 

with IMT ' . In children with FH, it was demonstrated in several studies that they 

have increased IMT as compared to healthy controls ' . 

Endothelial function 
Endothelial dysfunction is an early reversible stage in the development of atherosclerosis, 

and it is detectable before morphological changes are present . An impaired endothelial 

function has a predictive value for future cardiovascular events ' . I n previous years, 

several studies have shown that children with FH are characterized with impaired 
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endothelial function " , which indicates that the process of atherosclerosis already 

starts in young asymptomatic FH children. 

Endothelial function is a non-invasive marker and measured as FMD. The technique is 

based on nitric oxide (NO) availability of the endothelium. Increased arterial blood flow 

is sensed by the endothelium with a subsequent release of N O and other vasodilators. 

Using ultrasound sonography one can simply measure the diameter of the vessel before 

and after ischemia, which is imitated by inflating a blood pressure cuff upon the forearm 

and releasing it after a few minutes. Statins have been shown to reverse endothelial 

dysfunction in adult FH patients ' ' a s well as in children with FH ' . 

Outline of this thesis 

This thesis provides an update on recent developments in diagnostics, therapeutical 

options and additional risk factors for atherosclerosis in children with familial 

hypercholesterolemia. 

Part I describes how FH can be diagnosed in children from families with known FH. 

Chapter 1 is a review on recent advances in the diagnosis and management of children 

with FH. Chapter 2 gives an overview of the 12-year referral data of a large cohort 

of FH children from our outpatient clinic. The aims of this study were: first, to establish 

the LDL-C level that provides the most accurate diagnosis of F H in children from 

families with known FH; and second, to assess whether lipoprotein variation in these 

children is associated with premature CVD in relatives. In Chapter 3 we observed at 

what age morphological arterial wall changes are present in children with FH. 

Furthermore, we assessed the most important predictors for pre-atherosclerosis in 

these children. The purposes of Chapter 4 were to test the hypothesis that children 

with FH provide a better model to perform genotype-phenotype analysis than FH 

adults and to measure the supposed relationship between LDL receptor genotypes 

and lipoproteins in a paediatric cohort and their relation with the occurrence of parental 

C V D . In C h a p t e r 5 we desc r ibes the d i agnos i s of a u t o s o m a l recess ive 

hypercholesterolemia in a young boy with extremely high cholesterol levels. 

In Part II various therapeutical options for children with FH are described. Chapter 6 

and 7 both reviewed the various LDL-C lowering strategies in FH children with respect to 

14 



General Introduction 

efficacy and safety. In Chapter 8 we studied the efficacy and safety of 2-year pravastatin 

treatment in children with FH. The main objective was to determine the effect of 2 year 

statin treatment on the progression on carotid IMT in these children. Furthermore, we 

evaluated the effect of 2-year statin treatment on growth and sexual maturation. 

The effect of long-term statin treatment was further evaluated in Chapter 9, in which 

we followed all children who participated in the trial described in chapter 8. Chapter 10 

evaluated whether LDL receptor genotype influences the response to pravastatin 

treatment in children with FH. The last chapter of this part, Chapter 11, describes the 

effect of short term consumption of yoghurt enriched with plant stanols on LDL-C 

levels and the effect on endothelial function in pre-pubertal children with FH. 

Part III gives an overview about additional risk factors for (premature) CVD in children 

with FH as compared to healthy siblings. It also describes the efficacy of statin treatment 

on those additional risk factors. Therefore, we evaluated the particle concentrations 

of different lipoprotein subclasses in FH children in Chapter 12 and determined 

whether statin treatment improves the subclass profile. In the last chapter of this 

thesis, Chapter 13, we compared the levels of oxidized LDL-C between FH children 

and healthy siblings, and we also studied the effect of statin treatment on oxidized 

LDL-C levels. 

In summary, the aims of this thesis were 
(1) to establish the most accurate diagnosis for F H in children 

(2) to evaluate the efficacy and safety of statin treatment and other therapeutical 

options in children with FH 

(3) to assess whether children with F H have additional risk factors for premature 

CVD besides high LDL-C levels, and whether these risk factors are influenced 

by early statin treatment. 
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Chapter 1 

Purpose of this review 
This review provides an update on recent advances in the diagnosis and management 

of children with familial hypercholesterolemia. 

Recent findings 
A large cross-sectional cohort study of paediatric familial hypercholesterolemia 

demonstrated that affected children had a 5-fold more rapid increase of carotid arterial 

wall intima-media thickness during childhood years than their affected siblings. This 

faster progression led to a significant deviation in terms of intima-media thickness 

from the age of 12 years and onwards. Low-density lipoprotein cholesterol was a 

strong and independent predictor of carotid artery intima-media thickness in these 

children, which confirms the pivotal role of low-density lipoprotein cholesterol for 

the development of atherosclerosis. In this condition lipid lowering by statin therapy 

is a c c o m p a n i e d by caro t id i n t i m a - m e d i a th ickness r eg ress ion in familial-

hypercholesterolemic children, which suggests that initiation of low-density lipoprotein 

cholesterol-reducing medication in childhood already can inhibit or possibly reduce 

the faster progression of atherosclerosis. Furthermore, these trials demonstrated that 

statins are safe and do not impair growth or sexual development in these children. 

Conversely, products containing plant sterols reduced low-density l ipoprotein 

cholesterol levels by 14%, but did not improve endothelial dysfunction as assessed by 

flow-mediated dilatation. 

Summary 
Children with familial hypercholesterolemia clearly benefit from lipid-lowering 

strategies. Statins are safe agents and have been proven to reduce elevated low-density 

lipoprotein cholesterol levels significantly. In addition, statins improve surrogate markers 

for atherosclerosis. Therefore these agents should become the pivotal therapy in children 

with familial hypercholesterolemia. 
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Familial hypercholesterolemia 

Introduction 

Familial hypercholesterolemia is a common and inherited metabolic disorder of 

lipoprotein metabolism. Clinically, familial hypercholesterolemia is characterized by 

elevated levels of total cholesterol and low-density lipoprotein cholesterol (LDL-C) 

from birth onwards, due to mutations in the LDL receptor gene . The elevated levels 

of total cholesterol and LDL-C strongly predisposes to the early initiation of 

atherogenesis and premature cardiovascular disease (CVD), which can already be 

observed in children with familial hypercholesterolemia. 

In this review we describe recent advances in the diagnosis and management of children 

with familial hypercholesterolemia which have been published since early 2003. In 

previous years, most studies focused on treatment of these children. This resulted in 

a paradigm shift from screening, diagnosis, and treatment with bile acid-binding resins 

to better risk stratification and improved treatment through 3-hydroxy-3-methylglutarvl-

CoA reductase (HMG-CoA reductase) inhibitors (statins) and cholesterol-absorption-

inhibitor (ezetimibe, plant sterols and stanols) therapy. 

Risk stratification 

Although familial hypercholesterolemia is a monogenic disorder, mortality varies to a 

large degree among adult patients with the disorder ' . Additional genetic and 

environmental risk factors for CVD might determine the variable expression in patients 

with this disorder. Identification of these risk factors could lead to a more efficacious 

intervention strategy with lipid-lowering drugs or modification of lifestyle at a young 

age. Wiegman et al. assessed the diagnostic value of LDL-C levels and were the first 

to determine the best available cut-off value to diagnose familial hypercholesterolemia 

in a cohort of more than 1000 children of familial hypercholesterolemia relatives. 

LDL-C levels below 3.5mM were only found in 4 .3% of children with a mutation in 

the LDL-receptor gene. Therefore, in familial hypercholesterolemia families, the 

de te rmina t ion of LDL-C levels can reliably establish a diagnosis of familial 

hypercholesterolemia in children. Furthermore, Wiegman et al. observed that variations 
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Chapter 1 

in I D L - C but also in high-density lipoprotein cholesterol (HDL-C) and lipoprotein (a) in 

these children were associated with higher incidence of premature CVD in relatives. 

Familial-hypercholesterolemic children with LDL-C levels > = 6.2 mM had a familial-

hypercholesterolemic parent with premature onset of CVD 1.7 times more often. Children 

with HDL-C levels below 1.0 mM had a familial-hypercholesterolemic parent with 

premature onset of CVD 1.8 times more often, and children whose lipoprotein (a) was 

> = 300 mg/dl had a familial-hypercholesterolemic parent with premature CVD 1.5 times 

more often. So, children with premature CVD among first relatives had higher LDL-C, 

lower HDL-C and higher lipoprotein (a) levels. This suggests that when a diagnosis of 

familial hypercholesterolemia is certain in a family, simple measurement of the most 

important lipoproteins, LDL-C, HDL-C and lipoprotein (a), allows not only an accurate 

diagnosis of familial hypercholesterolemia in childhood but also can lead to identification 

of familial-hypercholesterolemia families with the highest risk of premature CVD . 

LDL-C levels vary between children with familial hypercholesterolemia, as a result of 

both environmental and genetic factors. In the general population the variability of 

LDL-C levels is partly influenced by polymorphisms in the Apo £ gene 3. In particular, 

the £ 4 allele is associated with higher, and the e 2 with lower, total cholesterol and 

LDL-C levels " . Variation at the apoE gene locus might account for as much as 14% 

of the genetically determined variation in total cholesterol D' . However, in children 

with familial hypercholesterolemia, the presence of the 8 4 allele did not contribute to 

the differences in LDL-C levels 10 but, strikingly, the £ 4 allele did explain 7 3 % of the 

variance in HDL-C levels. The presence of an £ 4 allele was also associated with lower 

HDL-C levels in an affected sib-pair analysis, which suggested that the £ 4 allele carries 

an additional disadvantage for familial-hypercholesterolemic children . This 

inconsistency between adult and paediatric studies might be explained by the fact that 

in an affected sib-pairs analysis the results are independent of additional familial factors. 

Surrogate markers for atherosclerosis 

Endothelial dysfunction and increased intima-media thickness (IMT) have both been 

validated as predictive for future CVD . In children with familial hypercholesterolemia 
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endothelial function is impaired ' ~, particularly in those children with a positive family 

history of premature CVD . Furthermore, children with familial hypercholesterolemia 

are also characterized by an increased IMT when compared with healthy controls ' . 

In fact, familial-hypercholesterolemic children had a 5-fold more rapid increase of 

carotid arterial wall IMT during childhood years than their affected siblings . This 

increase led to a significant deviation in terms of IMT values from the age of 12 years 

onwards. LDL-C proved a strong and independent predictor of carotid artery IMT, 

highlighting the pivotal role of this lipoprotein for the development of atherosclerosis 

in this condition already at a young age . Therefore, it might be suggested to measure 

carotid artery IMT as a marker of the increased atherosclerotic burden. This might 

assist in the decision of when to start lipid-lowering medication in children with familial 

hypercholesterolemia . 

3-Hydroxy-3-methylglutaryl-CoA 
reductase inhibitors (statins) 

By far the preferred drugs in the treatment of hypercholesterolemia in adults are 

HMG-CoA reductase inhibitors (statins). The use of these agents has been proven to 

be effective and safe in adults, and therefore they could also be beneficial for 

hypercholesterolemic children. Yet, most statins have not been registered for children 

and the recommended lipid-lowering therapy for familial-h)percholesterolemic children 
20 

above 10 years consists of diet and bile acid-binding resins . However the lipid-

lowering efficacy of bile acid-binding resins is modest (10-15%) and the long-term 
21 -23 

compliance is poor, mostly due to side effects " . 

24 32 

In previous years, several controlled and uncontrolled trials " have demonstrated 

the efficacv and short- and longer-term safety of statin therapy in children and 

adolescents with heterozygous familial hypercholesterolemia (Table 1). In the past 

year, two additional trials have been published with statins in hypercholesterolemic 

children. First, it was shown that 40 mg of atorvastatin reduced LDL-C by 40% after 
7 7 

26 weeks of treatment as compared with placebo . Second, in a 1-year uncontrolled 

trial, 5 mg of simvastatin reduced LDL-C by 25%, 10 mg reduced LDL-C by 30% and 
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20 mg reduced LDL-C by 36% " . This study demonstrated that even low doses of 

statins reduce LDL-C levels effectively. Taken together, these data ' show that 

statin therapy is both effective and safe in the short term in children with familial 

hypercholesterolemia. 

Table 1. Trials with Statins in Children with Familial Hypercholesterolemia 

No of subjects 
randomised 

Trial Treatment placebo statin mean age follow-up Mean reference 
(year published) y (range) (week) LDI.-C 

reduction 

Athyros (2002) 
(letter) 

Couture (1998) 

Mc Candle (2003) 

Dirisamer (2003) 

Ducobu (1999) 
(letter) 

dejongh (2002) 

Knipschcer (1996) 

atorvastatin 
10-20-40 mg 

simvastatin 
20 mg 

atorvastatin 
10-20 mg 

simvastatin 
5-10-20 mg 

simvastatin 
10-20-40 mg 

simvastatin 
10-20-40 mg 

pravastatin 
5-10-20 mg 

Lambert (1996) lovastatin 
10-20-30-40 mg 

Sinzinger (1992)) 
(letter) 

Stein (1999) 

Stefanutti (1999) 

Wiegman (2004) 

lovastatin 
20 mg 

lovastatin 
10-20-40 mg 

simvastatin 
10 mg 

pravastatin 
20-40 mg 

16 

47 

69 

18 

65 
(male) 

8 

108 

16 
(male) 

47 

140 

20 

32 
(male) 

106 

54 

69 
(male) 

9 

67 
(male) 

8 

106 

13 
(10-17) 

12,6 
(8-17) 

14,1 
(10-17) 

13 
(10-17) 

<17 

14,2 
(10-17) 

12 
(8-16) 

12,8 

(6-13) 

13,2 
(10-17) 

9 
(4-12) 

13 
(8-18) 

156 

6 

26 

52 

104 

48 

12 

8 

208 

48 

52 

104 

45% 

31-38% 

40°/. 

25-36% 

37% 

31-41% 

23-33% 

21-36% 

28% 

17-27% 

29% 

24% 

32 

28 

33 

34 

24 

31 

27 

26 

25 

29 

30 

39 

LDL-C = Low-density lipoprotein cholesterol. y=year 
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Furthermore, statins not only reduce LDL-C levels, but also improve surrogate markers 

of atherosclerosis. Reversal of endothelial dysfunction as well as regression of IMT 

upon lipid reduction reflects an improvement of the atherosclerotic process ^ . Statin 

therapy significantly improved endothelial dysfunction in children with familial 
-5-7 

hypercholesterolemia after 28 weeks of therapy* . In adult familial-hypercholesterolemia 

patients, aggressive lipid lowering by statins was even accompanied by carotid IMT 

regression " . This suggested that initiation of lipid-lowering medication in childhood 

inhibits progression or might even lead to regression of atherosclerosis. Therefore, a 

placebo-controlled trial in 214 children (8-17 years) with familial hypercholesterolemia 

was performed, to measure the effect of 2-year pravastatin therapy on IMT. As expected, 

pravastatin (20-40 mg) reduced LDL-C levels by 24% but, strikingly, 2 years of pravastatin 

led to regression of carotid IMT compared with placebo " . This shows that the increased 

arterial wall thickness, and similarly endothelial dysfunction as present in children with 

familial hypercholesterolemia ' , are reversible. 

Pharmacokinetics and pharmacodynamics 
of statins 

The pharmacokinetics of statins have been widely studied in healthy adults and patients 

with hypercholesterolemia . In order to formulate a rational dosing regimen for 

children, such studies had to be carried out in children as well. In fact, two trials have 

now described the single-dose pharmacokinetics of pravastatin in children; one with 

a single dose of 10 mg pravastatin in 20 children with familial hypercholesterolemia, 

aged 5-16 years, and another with a daily dose of 20 mg pravastatin in 24 children with 

familial hypercholesterolemia, aged 8-16 years. In fact, pravastatin 10 mg was absorbed 

rapidly and the mean maximum concentration was 15.7 ng/ml . The mean half-life of 

pravastatin was 1.6 h and the plasma levels were below the detection limit 10 h after 

dosing. Pravastatin (20 mg) showed a mean maximum concentration of 52.1 ng /ml in 

8-10-year-old children and 31.7 ng /ml in 11-16-year-olds . The mean half-life was 

2.5 h in bo th groups. T h e invest igators of bo th studies concluded that the 

pharmacokinetic profile of pravastatin in children was similar to that reported in 

adults. However, these data cannot be extrapolated to other statins, since pravastatin 

is not metabolized by cytochrome P450, in contrast to most other statins. 

2" 



Chapter 1 

Psychosocial aspects of statin use in children 

In the more distant past, numerous studies have shown that the emotional impact of 

p remature death of an affected parent is much greater than having familial 

hypercholesterolemia per se " . As lipid reduction is a life-long prerequisite for 

famiBal-hypercholesterolemic children, the question arises about what the consequences 

of statin therapy in these children are with respect to anxiety, quality of life and concerns. 

A recent study evaluated the influence of simvastatin on psychosocial functioning in 

69 children with familial hypercholes terolemia (mean age, 15.3 years). They 

demonstrated that 46% of the children with familial hypercholesterolemia suffer from 

the fact that they have the disease, but 62% felt safer by taking the medication and 

8 1 % expressed that they would not mind taking the medication for their whole life . 

So, statin treatment does not seem to negatively influence the psychosocial functioning 

of children with familial hypercholesterolemia. 

Inhibitors of cholesterol absorption 

In contrast to statins, which inhibit cholesterol synthesis in the liver, drugs are now 

available that reduce cholesterol absorption in the intestine. Ezetimibe is a novel 

cholesterol-lowering agent that prevents the absorption of cholesterol and plant sterols 

at the brush border of the small intestine by inhibiting the passage of sterols of 

dietary and biliary origin across the intestinal wall. Two target mechanisms for this 

drug have recently been proposed, namely the Niemann-Pick CI-like 1 protein 

(NPC1L1) 48 and the annexin-caveolin 1 complex ; both seem to be associated with 

the regulation of intestinal sterol metabolism. Other agents that reduce cholesterol 

absorption are plant sterols and stanols, which inhibit the solubility of cholesterol in 

micelles and thereby decrease its absorption n ' . The reduction in cholesterol 

absorption leads to a decrease in the amount of intestinal cholesterol presented to the 

liver. As a result, there is a compensatory increase in the production of endogenous 

cholesterol and an increase of the LDL-receptor expression. The net effect is a 

reduction of LDL-C levels ' ". 
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A daily intake of 10 mg of ezetimibe reduces LDL-C levels by approximately 18% in 

adul ts ' . A l t h o u g h eze t imibe has already been reg i s t e red for familial 

hypercholesterolemia children older than 10 years, it has not been adequately studied 

in this group of patients. Therefore, such studies are needed to assess the efficacy and 

safety of ezetimibe in children with familial hypercholesterolemia and confirm the 

data obtained in adults. 

A new trend is the enrichment of food products with plant sterols and stanols. A daily 

consumption of 2 g of plant sterols or stanols reduces cholesterol levels by approximately 

10% in adults as well as in children with familial hypercholesterolemia " . I n short-

term studies plant sterols and stanols seemed to be safe in children with familial 

hypercholesterolemia ' . In line with these data, de Jongh et al. showed that an 

intake of 2.3 g/day of plant sterols decreased LDL-C by 14% as compared with the 

placebo in young familial-hypercholesterolemic children (5-12 years). However, in 
37 

contrast to statin therapy , plant sterol consumption did not improve endothelial 

dysfunction in these children. The authors suggested that the absence of vascular 

effects during sterol therapy might imply a threshold of LDL-C reduction before 

improvement of endothelial function can occur. Also, statins might exert direct 

'pleiotropic' effects on the vasculature and the absence of an effect on flow-mediated 

dilatation of the brachial artery during sterol use might also be the consequence of a 

lack of pleiotropic effects of sterols. 

As the chemical structures of plant sterols and stanols are very similar to cholesterol ''", 

absorption of these compounds might be atherogenic. However, the absorption of 

plant sterols and stanols is at least less than 5% and less t han l%, respectively, whereas 

that of cholesterol varies from 35 to 70% ' . Furthermore, plant sterols and stanols 

cannot be synthesized in the body, and generally the serum concentrations of plant 

sterols and stanols are very low; less than 1% plant sterols are found in the serum 

sterol fraction in healthy humans "' . Earlier studies demonstrated that plant sterol 

consumption increased plasma plant sterol concentrations in children whereas plant 

stanol consumption decreased plasma plant sterol concentration ' . Therefore, 

Ketomaki et al. ' investigated the changes in ratios of plant sterols and stanols to 

cholesterol in red cells and plasma after consumption of plant sterols and stanols in 
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hypercholesterolemia children. Plant sterol consumption increased and plant stanol 

consumption decreased the ratios of plant sterols to cholesterol in red cells. The 

authors ' suggest that even though the safety of plant sterol ester spreads has been 

evaluated in long-term and short-term studies, the long-term effects on red cells and 

vascular endothelial cells need further investigation. 

Diet 

Cholesterol-lowering therapy in familial-hypercholesterolemic children starts with 

dietary intervention and life-style modification. However, most trials demonstrated 

that the lipid-lowering effect of diet is modest and moreover that long-term compliance 

is poor . In a recent prospective study, Sanchez-Bayle and Soriano-Guillen 

demons t ra ted that a fat-restricted diet with a mean durat ion of 7.4 years in 
71 

hypercholesterolemia children reduced LDL-C by 24% without affecting growth . In 

contrast with this unexpectedly high result, Engler etal. showed that a 6-week National 

Cholesterol Education Program (NCEP) Step II diet reduced LDL-C only by 8% in 15 

hyperlipidemic children. The discrepancy between those studies in LDL-C-lowering effect 

of diet might be due to differences in study design and diet restrictions, which were 

more stringent in the first study. Apart from the LDL-C reduction, Engler et al. found 

that supplementation of 500 mg/day of vitamin C and 400 i.u./l of vitamin E improved 

endothelial function whereas diet alone did not . The authors suggested that antioxidants 

are beneficial supplements in addition to diet. However, results of antioxidant vitamins 

in long-term efficacv trials in adults are controversial to say the least " , and treatment 

of familial-hypercholesterolemic children should, in our opinion, be focused on LDL-C 

reduction rather than on antioxidant treatment, in particular as <(3>-carotene in adults 

has been associated with pulmonary cancer . 
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Conclusion 

In the last decade, research in familial hypercholesterolemia in children has focused 

on the efficacy and safety of statins as well as on the effects of statins on surrogate 

endpoints of CVD. Several studies have demonstrated excellent LDL-C-lowering 

efficacy as well as reassuring safety of these drugs in prepubertal and pubertal children 

with familial hypercholesterolemia (Table 1). LDL-C reductions were of course 

dependent on the dosage and the particular statin but, more importantly, the reductions 

were much larger than those obtained with other treatments such as bile acid-binding 
21 78 79 

resins ' ' . Furthermore, statins not only reduced LDL-C levels, but also improved 

surrogate markers of atherosclerosis. Statins had already been shown to improve 

endothelial function in familial-hypercholesterolemic children " , and recently Wiegman 

et al. ' showed that 2-year pravastatin treatment also reduced the carotid IMT compared 

to placebo. All these data together stress the need and opportunity for early treatment 

of familial hypercholesterolemia children in order to reverse the progress of 

atherosclerosis as early as possible. 

It is still unclear at what age statin therapy should be initiated. The age of the youngest 

patients in the studies varied from 4 to 10 years (Table 1), which indicates that patients can 

be treated safely from an age of 10 years onwards. However, as prepubertal children with 

familial hypercholesterolemia are already characterized with endothelial dysfunction at the 

age of 5 years ' and IMT already deviates from normal from an age of 12 years 19, 

treatment of children younger than 10 years should be debated and investigated. 

Cholesterol-absorption inhibitors such as ezetimibe or plant sterols and stanols 

coadministrated with a statin offer new options in the treatment of adult patients with 

familial hypercholesterolemia . This combination therapy may also be beneficial 

for children for a number of reasons. First, low doses of statins coadministrated with 

cholesterol absorption inhibitors may result in an increased efficacy and therefore 

easier-to-reach target LDL-C levels. Secondly, it may avoid uptitration to high doses 

of statins, thereby minimizing the chance of statin-associated side effects. Unfortunately, 

to date there are no results on the efficacy and safety of ezetimibe, either combined 

with statins or alone, in children with familial hypercholesterolemia, and these studies 
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are urgently needed. Furthermore, treatment with food products containing plant sterols 

or stanols alone reduce LDL concentrations by 10-15% in children with familial 

hypercholesterolemia 37>56>57>83
) but in contras t to statin therapy, plant sterol 

consumption did not improve endothelial dysfunction' . This implies that plant sterol 

or stanols alone might not be efficacious enough to reduce the progression of 

atherosclerosis in children with familial hypercholesterolemia, but in combination with 

statins they might be additive 84. Therefore, future studies in paediatnc familial 

hypercholesterolemia should focus on combination therapy of statins with cholesterol 

absorption inhibitors, like ezetimibe, plant sterols or stanols. 

Furthermore, the advent of more potent statins will allow us to reach more stringent 

L D L - C goals in an even-increasing n u m b e r of children with familial hyper

cholesterolemia 85,86. Such low LDL-C levels obtained from a young age onwards 

might raise the hope that when familial-hypercholesterolemic children reach adulthood 

their CVD risk is virtually eliminated since they will have normal LDL-C levels, restored 

endothelial function and normal carotid IMT values. This should be the ultimate goal 

in the management of paediatric familial hypercholesterolemia. 

In summary, statins and cholesterol absorption inhibitors seem efficacious and safe in 

children with familial hypercholesterolemia; however, more long-term studies are 

required with statins as well as with combination therapy to restore function and 

morphology of the arterial walls in these children. 
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Abstract 

Background 

Elevated LDL cholesterol (LDL-C) levels in childhood predict cardiovascular disease 

(CVD) later in life. Familial hypercholesterolemia (FH) represents the paradigm of 

this relation. 

Methods and Results 

The objectives of this study were to (1) establish the LDL-C level that provides the 

most accurate diagnosis of FH in children from families with known FH and (2) 

assess whether lipoprotein variation in these children is associated with premature 

CVD in relatives. Foremost, however, it was our objective to identify children with FH 

who are at high risk and in need of early intervention. A total of 1034 consecutive 

children from FH kindreds were investigated. First, LDL-C levels >3.50 mmol/L had 

a 0.98 post-test probability (95% CI, 0.96 to 0.99) of predicting the presence of an 

LDL receptor mutation. Second, children with FH in the highest LDL-C fertile (>6.23 

mmol/L) had a 1.7-times higher incidence (95% CI, 1.24 to 2.36) of having a parent 

with FH suffering from premature CVD (P=0.001). In addition, such a parent was 

found 1.8 times more often (95% CI, 1.20 to 2.59) among children with FH who had 

HDL-C <1.00 mmol/L (P=0.004). Last, children with FH whose lipoprotein(a) was 

>300 mg/L had a 1.45-times higher incidence (95% CI, 0.99 to 2.13) of having a 

parent with FH suffering from premature CVD (P=0.05). 

Conclusions 

In FH families, LDL-C levels allow accurate diagnosis of FH in childhood. Moreover, 

increased LDL-C and lipoprotein(a) and decreased HDL-C levels in children identify 

FH kindreds with the highest CVD risk. 
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Introduction 

The incidence of familial hypercholesterolemia (FH) among Dutch children is 1 in every 

400 births, and a plethora of mutations in the LDL receptor gene underlie this disorder 

in our country . In children with FH, increased LDL cholesterol (LDL-C) deteriorates 

endothelial function at very young age" . Along with these functional changes, 

accumulation of cholesteryl esters changes the vascular morphology, and the intima-

media thickness of peripheral arteries increases more rapidly in children with FH ' . 

These findings support the notion of taking preventive measures when children are 

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

been suggested that lifestyle changes in these children can influence plasma LDL-C : 

The largest and longest placebo-controlled trial with statin therapy showed excellent 

safety and efficacy in children with FH . These results suggest that children with FH 

receive significant benefit from lifestyle modification as well as from pharmacological 

intervention to reduce the burden of increased LDL-C. 

Analyses of mortality rates show a large variation of the consequences of FH 'J ; 

specifically, the risk of atherosclerosis varies significantly between families . 

Identification of children who have severely increased familial risk of cardiovascular 

disease (CVD) could assist in the selection of targeted intervention. In the present 

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

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

these children. Subsequently, we addressed whether or not lipoprotein variation was 

associated with the occurrence of CVD in relatives. Foremost, however, our objective 

was to identify children with FH at high risk of CVD and in need of early intervention. 

Methods 

Study Population 
Between July 1989 and July 2001, 1034 children from parents with a diagnosis of 

heterozygous FH were referred to our Pediatric Lipid Clinic. A diagnosis of 

heterozygous FH in the parent was based on (1) a documented LDL receptor mutation 

or (2) plasma LDL-C levels above the 95th percentile for age and gender in a family 
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with a history of premature CVD in conjunction with (3) tendon xanthomata. The 

study protocol was approved by our review board, and analyses were performed with 

informed consent of the children and both parents. 

Laboratory Analysis 
Plasma total cholesterol, HDL-C, and triglycerides (TG) were determined with the use 

of commercially available kits (Boehringer Mannheim). LDL-C concentrations were 

calculated by means of the Friedewald formula. Apolipoproteins Al and B100 were 

determined on a Behring nephelometer (BN100, Behring). Lipoprotein(a) [Lp(a)] 

concentrations were determined with the use of the Apo-Tek ELISA (Organon 

Teknika). Mutations in the LDL receptor gene were assessed by conventional sequencing 

of the coding regions, as previously published . 

Statistical Analysis 
To select the LDL-C level that minimizes the proportion of false-negative and false-

positive values, a receiver operating characteristic (ROC) curve was constructed 
1 ? 

according to Altman and Bland . The diagnostic value of a given LDL-C level was 

analyzed by considering pretest and post-test probabilities and was expressed as the 

post-test likelihood of having FH (odds). AN OVA and %" analysis were used to compare 

subgroups. Statistical testing of T G and Lp(a) was performed after logarithmic 

transformation. To study the relation between the lipid and lipoprotein levels and 

family history, children with FH were divided into 3 groups: (1) those with a family 

history of premature CVD in first-degree relatives, (2) those with such a history in 

second- or third-degree relatives, and (3) those without such a history in any relative. 

Trends were analyzed by multiple linear regression with concomitant inclusion of 

covariables. Relative risks were analyzed by Cox regression, and cumulative event-free 

survival was illustrated with the Kaplan-Meier method. Statistical significance was 

assessed at the 5% level of probability. 
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Results 

Diagnosis of Familial Hypercholesterolemia 
A total of 1034 children from 591 families with a certain diagnosis of heterozygous 

FH were seen in our clinic. Until this time, a molecular diagnosis was obtained in 806 

children: 6 FH homozygotes and 611 FH heterozygotes, whereas 189 brothers and 

sisters did not carry that specific LDL receptor gene mutation. Seventy-four different 

mutations were found in the 611 heterozygous children with FH. 

For these 611 heterozygotes and their 189 normal siblings, ROC curves of plasma 

LDL-C, age- and gender-specific LDL-C percentiles and apoB levels are shown in 

Figure 1. The largest area was found under the curve of plasma LDL-C. The best 

LDL-C value for the diagnosis of FH in children in these families was 3.50 m m o l / L 

Figure 1. Receiver operating 
characteristic curves of plasma 
LDL-C, age- and gender-specific 
LDL-C percentiles, and apoB 
levels. Area under the LDL-C 
concentration curve is larger 
than areas under the other 
curves. Best cutoff level for 
LDL-C is 3.50 mmol/L. 

u!e for age and sex) 

0.8 1.0 

False positive rate (1-specificity) 

(135 mg/dL) . Levels below this concentration were found in only 4 .3% of children 

with a mutated LDL receptor (false-negative; 95% CI, 2.6% to 6.1%). In contrast, 

children with LDL-C >3.50 m m o l / L (135 mg/dL) had 0.98 (95% CI, 0.96 to 0.99) 

post-test probability of FH. It is important to note that this ROC curve and LDL-C 

cutoff is only valid against the background of a family investigation with a definite 

diagnosis of FH established. These data do not apply to the general population or to 
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children with other dyslipidemias. The remaining children numbered 228 from families 

in which an LDL receptor gene mutation has not yet been identified (they are still in 

the cue for sequencing). However, when we apply the cutoff LDL-C level of 3.50 

m m o l / L ( 1 3 5 m g / d L ) to these remaining children, 131 of them will have a 98% chance 

of having heterozygous FH. 

This brings the total of heterozygous children with FH to 611 (DNA diagnosis) plus 

131 (LDL-C level and parental diagnosis), which equals 742 children. According to 

the ROC analysis, the expected number of false-positive diagnoses is therefore <3 

children (95% CI, 1 to 5) of these 742. 

In contrast, a total of 286 siblings (189 with D N A diagnosis and 97 according to 

LDL-C levels) were normolipidemic. This ratio is not the expected 0.5 probability in 

autosomal dominant inheritance. The reason for this is that siblings with very low 

levels of LDL-C were often not referred to our center. 

However, for the exact comparison between FH heterozygotes and children without 

FH, we have used the 189 normolipidemic siblings, because they are, by molecular 

means, certainly non-FH (Table 1). 

Table 1. Characteristics of Heterozygous Children with FH and Nonaffected Siblings. 

Parameter 

Age, y (range) 
Gender, male/female 
Menses, n (%) 
Fat-restricted diet, n (%) 
Smoking, n (%) 
Stigmata, n (%) 
BM, kg/m" (range) 
Total cholesterol, mmol/L 
LDL-C, mmol/L 
HDL-C mmol/L 
Total /HDL cholesterol 
TG, mmol/L 
Lp(a) mg/L 
ApoAl g/1 
ApoB100g/L 

FH 
(n=742) 

11.0 2.0-18.7 
345/397 

144 36.3% 
625 84.9% 

47 6.3% 
35 4.8% 

18.5 12.2-41.1 
7.26 ± 0.06 
5.62 ± 0.06 
1.25 ±0.01 
6.09 ± 0.07 

0.73 [0.53-1.03] 
119 [50-294] 
1.27 ±0 .01 
1.59 ± 0.02 

Siblings 
(n=189) 

11.0 3.1-19.4 
96/93 

29 31.2% 
-

8 4.5% 

-
18.0 12.9-29.9 

4.30 ± 0.05 
2.55 ± 0.05 
1.42 ± 0.02 
3.17 ± 0.06 

0.66 [0.44-0.89] 
85 [33-273] 
1.37 ±0.02 
0.83 ± 0.01 

p-value 

0.98 
0.29 
0.35 
n.a. 
0.35 
n.a. 
0.09 

<0.001 
<0.001 
<0.001 
<0.001 
0.001 
0.05* 

<0.001 
<0.001 

Values are given as mean±SEM, *except for TG and Lp(a), which are given as median±IRand 
statistical testing after logarithmic transformation. 
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General Characteristics 
On the basis of the above-mentioned diagnostic criteria, 742 children (397 girls and 

345 boys) from 508 families were heterozygous for FH (Table 1). Their mean age was 

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

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

7%). Of the children with FH, 85% were on a fat-restricted diet. A total of 47 (6%; 

95% CI, 5% to 8%) children were cigarette smokers. Age, height, and body mass index 

(BMI) were not significantly different between the children with and those without FH. 

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

levels compared with nonaffected siblings (Table 1). LDL-C and apoB-100 levels were 

highly correlated (,=0.95; P<0.001), as were HDL-C and apoAl levels (f=0.76; PO.001). 

Girls with FH had mean LDL-C of 5.80 mmol/L (95% CI, 5.64 to 5.96 mmol/L) 

versus 5.42 mmol/L (95% CI, 5.27 to 5.57 mmol/L; P=0.001) for boys with FH. The 

median TG level in girls with FH was 0.76 mmol/L (interquartile range [IR]: 0.59 to 

1.06 mmol/L) versus 0.67 mmol/L (IR, 0.49 to 0.97 mmol/L) in boys (after logarithmic 

transformation, P<0.001). Mean BMI, 18.8 kg/m , was significantly higher in girls 

with FH (95% CI, 18.4 to 19.2 kg/m2) than the 18.1 kg/m2 in boys with FH (95% CI, 

17.8 to 18.4 kg/m ; P=0.005). No significant differences were found with regard to 

HDL-C and apoAl between girls and boys. 

Lifestyle and Plasma Lipoprotein Levels 
Heterozygous children with FH (742) grouped by LDL-C tertiles had similar 

distributions of age, diet, smoking, and BMI (data not shown). Also, LDL-C levels of 

children with FH not on a diet versus children with FH on a diet were similar. 

HDL-C <1.00 mmol/L was found in 132 children. They had a similar distribution of 

age, gender, and smokers compared with 610 children with FH with normal HDL-C 

levels (data not shown). However, in the low HDL-C group, 79% were on a fat-restricted 

diet compared with 86% in the normal HDL-C group %2=4.93, df=\; P~0.03). In 

addition, the mean BMI of children with FH with low HDL-C was 19.3 kg/m2 (95% 

CI, 18.5 to 20.0 kg/m2) versus 18.3 kg/m2 (95% CI, 18.1 to 18.6 kg/m2; P=0.007) in 

the normal HDL-C group. The median TG level of the low HDL-C group was 0.99 

mmol/L (IR, 0.70 to 1.33 mmol/L) versus 0.69 mmol/L (1R,0.51 to 0.94 mmol/L) in 

the normal HDL-C group (after logarithmic transformation, P<0.001). 
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Adjustment for age and gender did not change the diagnostic value of LDL-C levels as 

shown in the ROC curve, and no influence of age on lipoproteins became evident in 

our cohort of children with FH. 

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

analvzed these relations with different logistic regression models with subsequent 

inclusion of diet and BMI and of diet, BMI, and plasma TG. Diet and BMI were 

weakly correlated (R=-0.11, P=0.005). In the regression model, diet did not change 

the influence of BMI on HDL-C levels (data not shown). However,TG levels included 

in the model showed a strong inverse relation with HDL-C levels (OR, 0.25; 95% CI, 

0.16 to 0.39; P<0.001) and fully explained the effect of BMI on HDL-C (OR, 1.01; 

9 5 % CI, 0.96 to 1.07; P=0.7) and partly that of diet (OR, 1.49; 95% CI, 0.90 to 2.48; 

P=0.1) (Table 2). 

In brief, children with FH with lower HDL-C levels were heavier and had higher T G 

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

or anthropomorphic measures. 

Table 2. Relationships Between HDL-C > 1.00 mmol/L, Diet. BMI and Plasma TG in Heterozygous 
Children with FH. 

P-value 

0.03 
0.006 

<0.001 

0.05 
0.01 

0.12 
0.67 

<0.001 

Logistic regression analyses were performed with 1,2, and 3 covariables, respectively. 

Family History of Premature CVD 
The analyses of the relation between premature CVD and lipoprotein levels in children 

were restricted to 1 child per family (508 index children with FH). Their general 

characteristics, including lipids and lipoproteins, are shown in Table 3. A positive family 

history for premature CVD in first-degree relatives was found in 155 (31%) children. 

Determinants 

Diet 
BMI 
TG 

Model 1: 
Diet 
BMI 

Model 2: 
Diet 
BMI 
T G 

Odds Ratio 

1.71 
0.93 
0.25 

1.63 
0.94 

1.49 
1.01 
0.25 

95% CI 

1.06-2.76 
0.89-0.98 
0.16-0.38 

1.00-2.65 
0.89-0.99 

0.90-2.48 
0.96-1.07 
0.16-0.39 
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Table 3. Lipoproteins of Index Children With FH According to Premature CVD in Relatives 

Age, y 
Gender, male/female 

Total cholesterol, mmol /L 
LDL-C, mmol /L 
HDL-C, mmol /L 
TG, mmol /L 
Lp(a), mg /L 
A p o A l . g / L 
ApoB100,g/L 

First-degree 
relatives with 

premature CVD 
(n=155) 

11.0(3.2-18.0) 
66/89 

7.55±0.13 
5.90±0.13 
1.25±0.02 

0.80(0.60-1.09) 
114(40-376) 

1.28±0.02 
1.65±0.04 

Second-degree 
relatives with 

premature CVD 
(n=290) 

10.9 (2.0-18.7) 
126/164 

7.32L0.09 
5.67±0.09 
1.26±0.02 

0.76 (0.53-1.04) 
101 (44-247) 

1.27±0.01 
1.62±0.03 

No duch 
relatives 
(n=63) 

11.6 (3.3-18.2) 
29/34 

6.79±0.17 
5.09±0.18 
1.33±0.04 

0.72(0.53-1.08) 
135 (46-343) 

1.3610.03 
1.45±0.05 

p 

0.35 
0.90 

0.005 
0.002 
0.12 
0.16* 
0.31 
0.03 
0.01 

Statistical testing was performed with multiple linear regression. All analyses with and without 
adjustment for gender and age yielded similar results. Additional adjustment for TG 
concentration, diet, or cigarette smoking did not change the results on HDL and apoAl. Values 
are given as mean±SEM, *except for TGand Lp(a), which are given as median±IRand statistical 
testing after logarithmic transformation. 

A total of 290 (57%) children had a positive family history of premature CVD in a 

second- and /o r third-degree relative. N o family history of premature CVD was found 

in 63 (12%) children. Gender and age of the index children was equally distributed 

among these three groups. Strikingly, children (1) with premature CVD among first-

degree relatives, (2) with premature CVD among second-degree relatives, and (3) without 

premature CVD in any relative showed, respectively, higher, intermediate, and lower 

LDL levels (P for t r e n d=0.002). ApoBlOO levels showed a similar trend (Pfof ttend=0.01). 

LDL and HDL Cholesterol of the Index Child in Relation to CVD 
in the Parent With FH 
In support of these findings, children with FH with LDL-C levels 6.23 mmol /L (the 

highest tertile) were 1.7 times more likely (95% CI, 1.24 to 2.36; P=0.001) to have a 

parent with FH with premature onset of CVD than those with LDL-C <6.23 mmol/L. 

This analysis is shown in Figure 2; parents of children with these high LDL-C levels 

had shorter event-free survival than parents of children with lower LDL-C levels (log 

rank=10.35; df~\; P=0.001). When adjusted for parental gender and calendar period 

with Cox regression analysis, children with FH with HDL-C levels <1.00 m m o l / L 
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Figure 2. Event-free survival 
among parents with FH. 
Data represent Kaplan-Meier 
estimates according to LDL-C 
levels of children. Event-free 
survival was significantly better 
in parents of children who had 
LDL-C levels <6.23 mmol/L (log 
rank test, p=0.001). 

were 1.8 times more likely (95% CI, 1.20 to 2.59; P=0.004) to have a parent with F H 

with premature onset of CVD (Figure 3). In agreement with the Cox regression analysis, 

parents of children with low HDL-C levels had shorter event-free survival compared 

with parents of children with normal HDL-C levels (log rank=3.93; df—\; P=0.048). 

Moreover, adjusted for parental gender and calendar period, the upper quartile of 

children with FH whose Lp(a) was 300 m g / L were 1.45 times more likely (95% CI, 

0.00 to 2.13) to have a parent with FH with premature CVD compared with the other 

quartiles with low Lp(a) levels (P=0.05). 

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

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

CVD risk. 
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Figure 3. Event-free survival 
among parents with FH. 
Data represent Kaplan-Meier 
estimates according to HDL-C 
levels in children. Event-free 
survival was significantly better 
in parents of children who had 
HDL-C levels >1.00 mmol/L (log 
rank test, p = 0.048). 
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Discussion 

In this large cohort of FH families, we showed that LDL-C levels <3.50 m m o l / L (135 

mg/dL) are only found in 4 .3% of children with a mutation in the LDL receptor gene. 

Elevated LDL-C levels in childhood suggest a diagnosis of classic FH, and in seminal 

studies by the N I H group, it was shown that this diagnosis could be made on the basis 
1 ^ 

of cord blood LDL-C levels . However, the same authors also showed that cholesterol 

levels overlap to a certain extent between affected and normal children . The 

demonstration of a defect in the LDL receptor gene is more accurate for the diagnosis 

of F H than an LDL-C measurement, but D N A sequencing is only available to a 

limited number of physicians, and our data support the use of an LDL-C cutoff level 

at minimal loss of specificity and sensitivity. However, it should be stated explicitly 

that the ROC curves and LDL-C cutoff levels in our study only apply to families in 

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

or to the general population. 

We could also show, as has been known in the past three decades, that these children 

have severely elevated total cholesterol, LDL-C and apoB levels, in conjunction with 

decreased HDL-C and apoAl levels. In the early 1970s, Kwiterovich and colleagues 

established by investigating cord blood that HDL-C levels were significantly lower in 

children with FH than in nonaffected siblings. This finding was subsequently confirmed 

in older children with FH by the same authors . The reason(s) for low HDL-C in 

heterozygous FH have not been fully elucidated. They could be related to increased 

very-low-density l ipoprotein synthesis as seen in F H or due to the fact that 

intermediate-density lipoprotein, also cleared by the LDL receptor, accumulates in 

this disorder. These metabolic alterations of TG-rich lipoproteins could cause increased 

cholesteryl ester transfer protein (CETP) activity, with subsequent depletion of cholesterol 

in the H D L particle, as has indeed been suggested by Imazu and colleagues . Kinetic 

studies have suggested both increased fractional catabolic rate and decreased synthesis 
17 18 

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

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

enriched H D L particles and subsequent increased clearance of these particles in FH. 

Taken together, increased CETP activity in conjunction with increased HDL-C clearance 

could be hypothesized to underlie the lower HDL-C levels in children with FH. 
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LDL-C levels showed a wide range in our cohort. In healthy twin children, the variation 

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

76% to environmental influences . This is in sharp contrast to our findings; age, diet, 

BMI, and smoking were essentially similar across all LDLtertiles in children with FH. 

The loss of half of LDL receptor function might be an overriding force and may 

overwhelm any subtle environmental or other genetic influence on LDL-C levels, as 
20 ^1 

was shown previously for apoE genotype and diet in relation to F H ' . 

At the present time, the recommended therapeutic regimen for children with FH is 

restricted to bile acid—binding resins, which are only slightly more effective than diet 

alone . In contrast, Stein and colleagues reported on the long-term efficacy and 

safety of lovastatin in children and adolescents with FH, showing excellent tolerability 

and lack of serious side effects in this age cohort. 

However, not all children with FH have the dire consequences of accelerated 

atherosclerosis but, in fact, may have a normal life expectancy ' . In our opinion, 

targeted intervention of children with FH should take family history and notably the 

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

parent with FH showed in our study a strong relation with both LDL-C and HDL-C 

levels in children. Indeed, a positive family history is a strong and independent risk 

factor for both genders, and its effect is synergistic with other CVD risk factors as 
27 

well, also for individuals without FH . In addition, children with FH with Lp(a) levels 

>300 m g / L more often had a parent with FH with premature CVD than those with 

lower Lp(a) levels. 

Our observations suggest that a high familial risk of CVD may be identified in a child 

with F H before it becomes family history by analyzing the lipid profile. 

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

of the most important lipoproteins, LDL-C, HDL-C, and Lp(a), allows an accurate 

diagnosis of F H in childhood and leads to identification of FH families with the 

highest risk of CVD. It would therefore follow to study efficacy and safety of long-

term statin use in children with FH with a family history of premature CVD. 
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Chapter 3 

Abstract 

Patients with familial hypercholesterolaemia have severe coronary-artery disease early 

in adult life. Whether lipid-lowering treatment should be started in childhood remains 

to be established. We therefore assessed 201 children heterozygous for familial 

hypercholesterolaemia and 80 unaffected siblings (both age ranges 8-18 years) with 

B-mode ultrasound to measure carotid wall intima-media thickness. Mean combined 

carotid intima-media thickness of heterozygotes was significantly greater than that of 

unaffected siblings (0.494 mm [SD 0.051] us 0.472 [SD 0.049], P=0.002). A significant 

deviation in intima-media thickness was noted from age 12 years in children with 

familial hypercholesterolaemia. Findings on multivariate analysis showed L D L 

cholesterol, age, and sex to be strong and independent predictors of intima-media 

thickness. Since raised LDL cholesterol concentrations can be lowered efficiendy, clinical 

studies are needed to investigate long-term safety and effectiveness of statin treatment 

in children with familial hypercholesterolaemia. 
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Atherogenesis starts in early childhood, and a strong association exists between raised 

LDL cholesterol concentrations in young adults and risk of subsequent coronary-artery 
1 2 

disease . Familial hypercholesterolaemia is the theory behind this relation . 

B-mode ultrasound can reliably assess intima-media thickness of the arterial wall, and 

pathological findings on carotid scans have been reported in some young patients 

with familial hvpercholesterolaemia . Therefore, we postulated that carotid intima-

media thickness might serve as a marker of atherosclerotic burden in children with 

this disorder and might assist with the decision of whether or not to start lipid-lowering 

treatment. Here, we aimed to estimate the effect of age, sex, LDL cholesterol, and 

o t h e r character is t ics on this arterial-wall variable in chi ldren wi th familial 

hypercholesterolaemia and normolipidaemic siblings matched for age and sex. 

Between July, 1997, and March, 2001, we investigated all consecutively referred children 

aged 8-18 years, from families who had at least one child with a molecular diagnosis 

of heterozygous familial hypercholesterolaemia. Families were identified mostly from 

paediatricians. We also included as controls unaffected siblings in whom familial 

hypercholesterolaemia was excluded by D N A analysis. We obtained institutional review 

board ethics approval and written informed consent of both the child and their parents. 

We obtained venous blood samples from all participants and ascertained fasting and 

plasma lipid concentrations with routine procedures. 

Figure 1 Difference in mean carotid intima-media thickness (A IMT: thick line) and 95% confidence 
interval (CI: thin lines) between FH children and unaffected siblings plotted versus age, adjusted 
for family relations. 
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One sonographer (JG) did carotid B-mode ultrasound examinations with an Acuson 

XP128 ultrasound machine equipped with an L75—10MHz transducer and extended 

frequency software (Acuson-Siemens, Mountainview, CA, USA). Images of the distal 

common, bulb, and internal far-wall carotid segments were saved as J P E G stills on 

minidiscs. An image analyst measured intima-media thickness while masked to all 

clinical information. 

We assessed differences in baseline variables between groups by logistic regression 

analysis with generalised estimating equations in the SAS procedure G E N M O D to 

account for correlations within families. Variables with a skewed distribution were 

log-transformed. We used the same SAS procedure- allowing for clustering within 

families- to explore univariately the relation between mean carotid intima-media 

thickness and baseline variables, with linear regression analysis. With multivariate 

models, we identified independent predictors after stepwise backward selection. An 

equation for change in intima-media thickness (AIMT) was derived by subtracting the 

equa t ion for ch i ldren with familial hypercholes te ro laemia- ( i f G R O U P = l ) , 

I M T F H = p l A G E + p 2 G R O U P + P 3 A G E 3GROUP=(3l AGE+2(3+3pAGE- from the 

equation for their siblings: (if GROUP=0) , IMTSIB=1 AGE. This calculation resulted 

in: AIMT=r32+(33AGE. Betas and SEs were derived from the output of a linear 

regression analysis for the whole group (n=281). 

This procedure was used to account for correlations within families. We also did a sib-

pair analysis. Every child with familial hypercholesterolaemia was matched for age 

Table Determinants of carotid intima-media thickness of children with familial 
hypercholesterolemia and unaffected siblings (n=281) 

Univariate analysis 

Regression coefficient 
(SE) 

0.0035(0.0011) 
0.0116(0.0060) 
0.0052 (0.0014) 
-0.0237(0.0116) 
-0.0025 (0.0077) 

1 0.0002 (0.0004) 
0.0018(0.0011) 
0.0102(0.0077) 

P 

0.002 
0.05 

0.0003 
0.04 
0.7 
0.6 
0.08 
( i . 2 

Multivariate analy 

Regression coefficient 
(SE) 

0.0038(0.0011) 
0.0148 (0.0062) 
0.0052 (0.0014) 

-
-
-
-
-

sis 

P 

0.0007 
0.02 

0.0002 
-
-
-
-

• -

A g e 6') 
Male sexe 
LDL-cholesterol (mmol/L) 
HDL-cholesterol (mmol/L) 
Triglycerides (mmol/L) 
Mean arterial pressure (mm Hgy 
Body Mass Index (kg/m2) 
Premature disease in first degree 

*log transformed, t Mean arterial blood pressure = (systolic blood pressure + [2xdiastolic blood 
pressure])/3 
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and sex with an unaffected sibling, and we adjusted differences in age and sex within 

pairs in a matched multiple regression model. For statistical analyses, we used SAS 

release 8.02 (SAS Institute, Cary, NC, USA). 

Of 148 families, 201 children heterozygous for familial hypercholesterolaemia were 

recruited. From 69 of these families, 80 unaffected siblings served as controls. 

Heterozygotes and controls were similar with respect to age, sex, smoking status, 

body-mass index, and blood pressure. Mean combined intima-media thickness (all 

three carot id segments) was 0.494 mm (SD 0.051) in children with familial 

hypercholesterolaemia versus 0.472 mm (0.049) in unaffected siblings (p=0.002), which 

remained significant after adjustment for family history of premature cardiovascular 

disease, H D L cholesterol, or triglycerides. 

69 sib-pairs were available for analysis; mean difference of carotid intima-media 

thickness between children with familial hypercholesterolaemia and unaffected siblings 

was 0.022 mm (95% CI 0.005-0.031, P=0.006), which was closely similar to that in 

the whole study cohort. Adjustments for differences in age and sex within pairs in a 

matched multiple regression model did not change these results. 

When the difference in carotid intima-media thickness between children with familial 

hypercholesterolaemia and unaffected siblings (AIMT) was plotted against age (figure), 

patients showed at least five times more rapid increase in intima-media thickness during 

childhood than did controls (0.005 mm/year vs <0.001 mm/year) . The table shows 

the effect of individual baseline variables on carotid intima-media thickness and findings 

of the multivariate analysis. Age, LDL cholesterol, and sex were identified as 

independent predictors of carotid intima-media thickness. Although H D L cholesterol 

concentrations were significant on univariate analysis, this finding was not seen on 

multivariate analysis. 

Analyses were also done in boys and girls separately. Boys with familial hyper

cholesterolaemia had a significantly thicker mean carotid artery wall than did girls (mean 

difference 0.017 mm [95% CI 0.003-0.031], P=0.02). LDL cholesterol and age were 

the main contributors to this difference in boys). In analyses restricted to children with 

familial hypercholesterolaemia, age was significandy associated with increase in intima-

media thickness (0.005 mm/year [0 O03-0.008], p<0.0001). 

We have shown that carotid arterial wall atherosclerosis rapidly progresses during 

childhood in individuals heterozygous for familial hypercholesterolaemia. Moreover, 
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age, sex, and LDL cholesterol contributed significandv to this progression. 

Our findings highlight the important role of LDL in development of premature vascular 

disease. When children heterozygous for familial hypercholesterolaemia reach 

adulthood, their atherosclerotic burden has risen significantly as a result of one factor: 

amplified LDL cholesterol. A nearly 100-fold increase in risk for coronary-artery disease 

has been noted in patients with familial hypercholesterolaemia between ages 20 and 

40 years . Therefore, researchers now need to establish at what age lipid-lowering 

intervention should be initiated before clinical sequelae become inevitable and what 

the results of such treatment are in terms of safety and efficacy. 

Clinical research in individuals heterozygous for familial hypercholesterolaemia should 

focus on treatment of this disorder, initiated possibly before puberty to preserve 

normal arterial-wall composition, since these children face a high risk for future 

premature coronary-artery disease when untreated. 
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Abstract 

Studies on the clinical consequences of different low-density lipoprotein (LDL) receptor 

genotypes in adult patients have yielded conflicting results. We hypothesized that 

children with familial hypercholesterolemia (FH) provide a better model to perform 

genotype—phenotype analyses than adults. We tested this hypothesis and assessed the 

effect of LDL receptor genotypes on lipoprotein levels and on parental risk of 

cardiovascular disease (CVD) in a pediatric FH cohort. We identified 75 different LDL 

receptor mutations in 645 children with heterozygous FH; in these children, null alleles 

were clearly associated with more elevated LDL cholesterol levels compared to receptor-

defective mutations. Familial factors explained 50.4% of the variation in LDL cholesterol 

levels of this pediatric cohort compared to only 9.5% in adults. Parental CVD risk was 

not significantly different between carriers of null alleles and receptor-defective mutations 

(RR, 1.22; 95% CI, 0.76-1.95;/» = 0.4). The N543H/2393del9 mutation was associated 

with a less deteriorated lipid profile and the parents had less often CVD relative to 

parents with other mutations (RR, 0.39; 95% CI, 0.20-0.78;/ = 0.008). We could confirm 

that children with FH provide a better model to perform genotype—phenotype analyses. 

In particular, children with null alleles had significantly more elevated LDL cholesterol 

levels than carriers of other alleles but this was not associated with higher risk of CVD 

in the parents. Nonetheless, a specific LDL receptor mutation was associated with less 

deteriorated lipoprotein levels and a milder CVD risk. 
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Introduction 

Familial hypercholesterolemia (FH) is a common disorder caused by mutations in the 

low-density lipoprotein (LDL) receptor gene. FH is characterized by elevated plasma 

LDL cholesterol (LDL-C) levels, tendinous xanthomas, and premature cardiovascular 

disease (CVD) . Despite the monogenic nature of the disorder, heterozygous FH 

shows large variability in phenotypic expression related to both environmental and 
9 

genetic factors . At present, more than 800 sequence variations in the LDL receptor 

gene have been identified and the residual LDL receptor activity varies considerably 

between mutations ' . 

Previous studies in adult heterozygous FH patients have assessed whether the residual 

IJDL receptor function influenced lipoprotein metabolism and, consequendy, cardiovascular 

risk. These studies have yielded conflicting results " . Additional familial factors were 

proposed to have greater influence on the clinical consequences of FH ' . In effect, it is 

not clear whether variance of lipoprotein levels and CVD risk could be attributed to 

variation at the L D L receptor locus or to additional familial factors. For instance, 

adult FH patients referred to lipid clinics often suffered from additional lipid disorders . 

Such additional lipid disorders are not yet expressed in childhood. Therefore, F H 

children might be more suited to analyze the exact effects of LDL receptor genotypes. 

Moreover, selection of FH children is not based on additional CVD risk factors. 

The purposes of this study were: (1) to test the hypothesis that children with FH 

provide a better model to perform genotype—phenotype analysis than adults and (2) 

to assess the assumed relationship between LDL receptor genotypes and lipoproteins 

in a large pediatric cohort and their relation with the occurrence of parental CVD. 

Methods 

Study populations 
Our pediatric FH cohor t consists of 851 children with F H who were referred 

consecutively to our pediatric Lipid Clinic between July 1989 and January 2003. The 

general characteristics of this pediatric cohort have been previously published . At 

present, in our ongoing molecular screening program, a LDL receptor mutation was 
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identified in 655 children. In eight children, we found apolipoprotein B mutations and 

they were excluded from the analyses, as were two children with homozygous FH. We 

performed the lipoprotein analyses in 593 heterozygous FH children after exclusion 

of 52 children on lipid lowering medication. The selection procedure is shown in the 

flow chart of Fig. 1. We analyzed the parental risk of CVD in 436 affected parents of 

index children (the first child of a sibship that visited our lipid clinic). The presence of 

CVD in the parents was documented and defined as: (1) angina pectoris confirmed 

with electrocardiographic exercise testing, (2) >70% stenosis on coronary angiography, 

(3) myocardial infarction assessed by electrocardiography, or a deep and wide Q-wave 

as an electrocardiographic manifestation of an old infarction, or CPK-MB monitoring 

during the acute phase, (4) coronary bypass or percutaneous transluminal coronary 

angiography, or (5) stroke. CVD before the age of 60 years was considered premature 

CVD. The Institutional Review Board approved the study protocol, and informed 

consent was obtained from all children and parents. 

The adult FH cohort from our national genetic testing program for FH has been 

Figure 1 Flow chart of the selection procedure for the pediatric FH cohort 

total F H children 
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i 
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T 
excluding n—52 using lipid lowering medication 
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F H without medication 
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described in detail and we presented genotype—phenotype data elsewhere . In brief, 

we studied 399 untreated adult padents with an identified LDL receptor mutation 

after exclusion of all 66 index patients. Their mean age was 31.1 (±(S.E.M.) 0.90) 

years, mean LDL-C was 5.65 (±0.07) m m o l / L , mean high-density l ipoprotein 

cholesterol (HDL-C) was 1.06 (±0.33) mmol /L , mean triglycerides (TG) was 1.49 

(±0.05) mmol /L , and 16.0 (±4.0) % had CVD. In the present study, this adult FH 

cohort was used to calculate the sharing of familial factors among adult relatives (see 

statistical analysis). 

Type of LDL receptor mutation 
We compared lipid profiles between carriers of different types of mutations. Mutations 

can be divided into six functional classes based on their phenotypic effects on the 

protein. The mutation groups for our primary analyses were based on their functional 

class as reported in the literature: (1) the receptor-negative mutations or null alleles 

group contained all class 1 mutations, class 2A mutations, early stop-codons, and 

nonsense mutations, although the latter had often undetermined residual function, (2) 

the receptor-defective mutations group contained class 2B to six mutations, (3) the 

undetermined receptor activity mutations group contained all remaining mutations 

with undetermined mutational class. Secondary analyses were performed on seven 

mutations, frequently identified among the children. 

Laboratory methods 
Fasting plasma concentrations of total cholesterol (TC), TG, and HDL-C were measured 

using commercially available kids (Boehringer, Mannheim, Germany) . LDL-C 
1 K 

concentrations were calculated by the Friedewald formula . All children had plasma 

T G concentra t ions below 4.5 m m o l / L (398 m g / d L ) . Apol ipoprote in A l and 

apolipoprotein B100 were determined on a Behring nephelometer, BN 100 (Behring, 

Marburg, Germany). Lipoprotein (a) [Lp(a)] concentrations were measured using the 

Apo-Tek ELISA (Organon Teknika, Rockville MD, USA). Mutational analyses were 

performed with the use of polymerase chain reaction and restriction enzyme analysis 

as described previously . 
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Statistical analysis 
All data were analyzed using SPSS software (version 11.5, SPSS). In a linear mixed 

model, we calculated the intra-class correlations (i.e. the variance in LDL-C levels 

introduced by familial factors) in the pediatric and the adult FH cohort. In the pediatric 

FH cohort, we compared continuous data among specific LDL receptor mutations 

with one-way ANOVA. Statistical testing of T G and Lp(a) levels was performed after 

logarithmic transformation. We also performed analyses of the lipoproteins restricted 

to 398 index children without lipid lowering medication. Moreover, a sibpair analysis 

was performed to compare each index child with one sibling using the paired /-test. A 

total of 127 sibships consisted of two children, the remaining 30 sibships contained 

at least three children. In the latter, one affected sibling was randomly selected for the 

sibpair analysis. The effect of the nature of the mutation on lipoproteins was estimated 

in a linear mixed model, including random familial effects and adjusted for age and 

gender. A total of 239 children were unrelated. The remaining 354 children were 

brothers and sisters and 72 of these sibships were also related in 35 pedigrees. Therefore, 

we made separate categorical variables for sibship and pedigree to adjust for family 

ties. In effect, we adjusted for first degree and higher degree relative. 

In an affected-offspring model, we directly compared the parental risk of CVD in 

carriers of null alleles, receptor-defective mutations, and the N543H/2393del9 mutation 

with Cox regression and cumulative event-free survival was analyzed with the Kap lan-

Meier method. The parental date of birth was used in the Cox regression to adjust for 

differences in life expectancy over calendar periods and adjustment for parental gender 

and family was made. Statistical significance was assessed at the 5% level of probability. 

Results 

Additional familial factors 
In a linear mixed model, familial factors (intra-class correlation) explained 50.4% of 

the variance in LDL-C levels among the FH children. In the adult FH cohort, only 

9.5% of the variance in LDL-C levels could be explained by familial factors. Table 1 

shows the model in both the pediatric patients and the adult FH cohort: the LDL-C 

levels showed a much stronger correlation among related children than in adult siblings. 
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Table 1. LDL-C levels explained by determinants and familial factors in a mixed linear model 

Determinant Effect on LDL-C 

FH adults FH children 
mmol/L (± 95% CI) mmol/L ± (95% CI) 

Mean age 0.25 (-0.18 to 0.67) -0.39 (-0.73 to-0.06) 
Male gender -0.16 (-0.46 to 0.14) -0.43 (-0.64 to-0.22) 
Null allele 0.51 (-0.21 to 1.23) 1.13 (0.83 to 1.43) 
Unexplained 5.69 (5.14 to 6.24) 5.91 (5.50 to 6.31) 

Variance explained by familial factors* 9.5% 50.4% 

FH = familial hypercholesterolemia, LDL-C=low-density lipoprotein cholesterol. * intra-class 
correlation 

DDL receptor gene mutations in FH children 
The identified LDL receptor gene mutations are listed in Addendum I ( h t t p : / / 

www.sciencedirect.com/). A total of 75 different mutations were detected in 645 children 

with heterozygous FH from 383 apparently unrelated families. We found 19 null alleles 

in 186 children, 26 receptor-defective mutations in 372 children, and 30 mutations 

Table 2. Characteristics of FH children with receptor-negative mutations, receptor-defective 
mutations, and mutations with undetermined receptor activity 

Parameter Undetermined Null Alleles* Receptor-defective p-valuef 
receptor activity mutations 

(n=80) (n=172) (n=341) 

Age, y (range) 
Gender, m / f 
TC (mmol/L) 
LDL-C (mmol/L) 
IIDL-C (mmol/L) 
TC/HDL-C 
TG (mmol/L) 
Apo A-I (g/L) 
Apo B100 (g/L) 
Lipoprotein (a) (mg/L) 

10.4 (3.0-18.5) 
3 8 / 4 2 

7.82 ±0.17 
6.27 ±0.16 
1.21 ±0 .03 
6.65 ±0 .18 
0.73 ± 0.04 
1.23 ±0 .03 
1.77 ± 0.05 

184 ± 2 6 

10.6(1.4-19.9) 
7 9 / 9 3 

8.04 ± 0.11 
6.40 ±0.11 
1.26 ±0 .02 
6.65 ±0.15 
0.82 ± 0.03 
1.26 ±0 .02 
1.75 ±0 .03 

196 ± 19 

10.6 (1.4-19.3) 
1 7 0 / 171 

6.86 ± 0.08 
5.23 ± 0.07 
1.29 ±0.02 
5.57 ± 0.09 
0.74 ± 0.02 
1.26 ±0.01 
1.47 ± 0.02 

184 ± 12 

1.0 
0.4 

<0.001 
<0.001 

0.7t 
<0.001 
0.03§ 

1.0 
<0.001 

0.6§ 

TC=total cholesterol, LDL=low-density lipoprotein, HDL=high-density lipoprotein, Apo A-
I=apolipoprotein A-I. Apo B100=apolipoprotein B100, values are given as means ± standard 
error of the mean (SEM). We observed similar distributions of smoking, BMI, and stigmata (data 
not shown) in the three mutational groups. *The 5 nonsense mutations that were classified as 
null alleles had simular distributions of baseline characteristics compared with receptor-negative 
mutations (data not shown). fComparison between receptor-negative and receptor-defective 
mutations. ^Statistical analysis adjusted for individual serum triglyceride levels did not change 
the result (data not shown). §Statistical testing after logaritmic transformation. 
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with undetermined residual function in 87 children. Seven LDL receptor mutations 

were discovered in substantial numbers of children: the double mutation N543H/2393del9 

was found in 141 children; two splice site defects at positions 1359-1 and 313 + 1/2 

were detected in 106 and 64 children, respectively, the deletion of 2.5 kb at exons 7 

and 8 is a large rearrangement and was found in 26 children; two missense mutations, 

V408M and E207K, were present in 38 and 31 children, respectively, and the W23X 

nonsense mutation was found in 28 children. 

Lipoproteins 
A total of 52 FH children were on lipid lowering medication and were excluded from 

the lipoprotein analyses. The characteristics and lipid profiles according to the type of 

LDL receptor mutation of the remaining 593 FH children are presented in Table 2. 

The mean age was 10.6 years in the three groups. The 172 children with null alleles 

had significantly m o r e elevated mean L D L - C levels (difference (±S.E.M.) , 

1.16 + 0.13 m m o l / L ; p < 0.001) and h igher mean T G levels (dif ference, 

0.08 ± 0.04 mmol /L; p = 0.03) compared to the 341 children with receptor-defective 

mutations. The carriers of mutations with undetermined receptor activity had intermediate 

LDL-C and T G levels. Mean HDL-C levels were similar in the three groups. 

An analysis restricted to index children showed similar relations between lipoproteins 

and LDL receptor genotype (data not shown). A sibpair analysis showed no statistical 

Table 3. Characteristics of 7 most frequent mutations 

Parameter 

Age, y (range) 
Gender, m / f 
TC (mmol/L) 
LDL-C (mmol/L) 
HDL-C (mmol/L) 
TC/HDL-C 
TG (mmol/L) 
Apo A-I (g/L) 
Apo B100 (g/L) 
Lipoprotein (a) (mg/L) 

N543H/ 2393del9 
defective 
(n=139) 

10.4(1.4-19.3) 
81 / 5 8 

6.04 ± 0.09 
4.41 ± 0.08 
1.33 ±0.02 
4.73 ± 0.10 
0.66 ± 0.03 
1.28 ±0.02 
1.23 ±0 .02 

185 ± 18 

313+1/2 
defective 
(n=53) 

11.0(4.5-17.9) 
21 / 32 

7.55 ±0.19 
5.90 ±0 .18 
1.30 ± 0.04 
6.02 ± 0.20 
0.76 ± 0.05 
1.25 ± 0.03 
1.68 ±0.05 

147 ± 25 

V408M 
defective 

(n=35) 

11.7(2.0-16.6) 
1 8 / 17 

7.46 ± 0.20 
5.94 ±0 .19 
1.17 ±0 .05 
6.70 ± 0.28 
0.79 ± 0.06 
1.20 ±0 .04 
1.71 ±0 .05 
208 ± 42 

E207K 
defective 

(n=27) 

10.0(4.1-18.0) 
13 / 14 

7.73 ± 0.23 
6.17 ± 0.22 
1.24 ±0.05 
6.55 ± 0.37 
0.76 ± 0.07 
1.22 ± 0.02 
1.70 ± 0.07 

165 ± 4 8 

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 are given as means 
± standard error of the mean (SEM). ""Comparison between N543H/2393del9 mutation and 
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difference in terms of characteristics or lipoprotein levels between index children and 

affected siblings: the mean difference in LDL-C was 0.02 ± 0.11 mmol /L ; ƒ> = 0.9. In 

Fig. 2, a comparison of the mean LDL-C levels is shown between the mutation types 

and between the seven specific mutations adjusted for age, gender, and family ties. 

The mean LDL-C level in carriers of null alleles was 6.44 ± 0.22 mmol /L, significantly 

more elevated than the 5.31 ± 0.37 m m o l / L in the carriers of receptor-defective 

mutations (p < 0.001). 

Figure 2. Mean LDL -C according to type of LDL receptor mutations adjusted for age and gender. 
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* Significant (p<0.001) difference between carriers of the N543H/2393del9 mutation and carriers 
of other mutations. ** Significant (p<0.001) difference between carriers of null alleles and 
receptor-defective mutations with and without the N543H/2393del9 mutation. 

2,5 kb deletion 
defective 
(n=22) 

10.2(2.5-18.0) 
6/16 

8.14 ± 0.33 
6.54 ± 0.30 
1.17 ±0 .04 
7.10 ± 0.33 
0.98 ±0 .12 
1.23 ±0 .04 
1.84 ±0 .08 
227 ± 40 

1359-1 
Null Allele 

(n=100) 

10.5 (1.4-19.9) 
5 0 / 5 0 

7.82 ±0 .15 
6.21 ± 0.15 
1.26 ±0 .03 
6.47 ±0.19 
0.78 ± 0.04 
1.24 ±0 .02 
1.70 ±0 .05 

160 ± 2 1 

W23X 
Null Allele 

(n=28) 

11.3(3.2-18.0) 
10/18 

8.24 ± 0.25 
6.51 ± 0.26 
1.27 ±0.04 
6.76 ± 0.34 
0.94 ± 0.09 
1.31 ±0 .03 
1.85 ± 0.09 
210 ± 40 

p-value* 

0.4 
0.009 

<0.001 
<0.001 
0.09f 

<0.001 
<0.001± 

0.08f 
<0.001 

0.4± 

other mutations. tStatistical analysis after additional adjustment 
for individual serum triglyceride (data not shown).^Statistical 
testing after logaritmic transformation. 
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Table 3 shows lipid profiles of the seven most frequent mutations. Carriers of the 

N543H/2393de l9 mutation had significantly less increased mean LDL-C levels 

(difference, 1.76 ± 0.12 m m o l / L ; p < 0.001) and mean T G levels (difference, 

0.14 ± 0.04 mmol/L;/) < 0.001) and showed a tendency towards higher HDL-C levels 

(difference, 0.08 ± 0.03 m m o l / L ; p - 0.09) compared to carriers of other mutations. 

In line with our unadjusted results, the carriers of the N543H/2393del9 mutation had 

significantly less increased mean LDL-C levels compared with carriers of other alleles 

(4.49 ± 0.37 m m o l / L versus 6.17 ± 0.22 mmol /L; / ) < 0.001). Moreover, carriers of 

the two null alleles, 1359-1 and W23X, had significantly more elevated mean LDL-C 

levels relative to other mutations (6.27 ± 0.44 m m o l / L versus 5.42 ± 0.24 mmol /L ; 

p < 0.001 and 6.46 ± 0.57 m m o l / L versus 5.55 ± 0.25 m m o l / L ; p = 0.006, 

respectively). We compared the lipoproteins between null alleles and receptor-defective 

mutations after exclusion of the carriers of the N543H/2393del9 mutation (Table 4). 

Nonetheless, the difference in mean LDL-C levels between null alleles and receptor-

defective mutations remained significant (difference, 0.60 ± 0.14 mmol/L; / ) < 0.001). 

In fact, after adjustment for age, gender, and specific family ties, mean LDL-C levels 

were 6.44 ± 0.24 m m o l / L and 5.82 ± 0.40 m m o l / L for null alleles and receptor-

defective mutations, respectively (p < 0.001). 

Table 4. Null alleles versus receptor-defective mutations without the N543H/2393del9 mutation 

Parameter 

Age, y (range) 
Gender, m / f 
TC (mmol/L) 
LDL-C (mmol/L) 
HDL-C (mmol/L) 
TC/HDL-C 
TG (mmol/L) 
Apo A-I (g/L) 
ApoB100(g/L) 
Lipoprotein (a) (mg/L) 

Null alleles 
(n=172) 

10.6 (1.4-19.9) 
7 9 / 9 3 

8.04 ±0.11 
6.40 ±0.11 
1.26 ± 0.02 
6.65 ±0 .15 
0.82 ± 0.03 
1.26 ±0 .01 
1.75 ± 0.03 

196 ± 19 

Receptor-defective mutations 
(n=202) 

10.8 (2.0-18.0) 
8 9 / 113 

7.43 ±0.10 
5.80 ± 0.09 
1.27 ±0.02 
6.14 ±0.12 
0.80 ± 0.03 
1.25 ± 0.01 
1.64 ±0 .03 

182 ± 15 

p-value 

0.7 
0.7 

<0.001 
<0.001 

1.0* 
0.007 
0.6f 
0.5 

0.01 
0.5f 

TC=total cholesterol. LDL=low-density lipoprotein, HDL=high-density lipoprotein, Apo A-
I=apolipoprotein A-I, Apo B100=apolipoprotein B100. TG=triglyceride, values are given as means 
± standard error of the mean (SEM). *Adjustment for individual serum triglyceride levels did not 
change the result (data not shown). tStatistical testing after logarithmic transformation. 
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Parental history of CVD 
We restricted the analyses of the relation between the nature of the mutation and 

parental history of premature CVD to 436 index children with FH. The number of 

events in FH parents was 38 in 5341 person years for null alleles, 44 in 6519 person 

years for receptor-defective mutations (N534H/2393del9 mutation excluded), 24 in 

2651 person years for mutations with undetermined residual function, and 12 in 3852 

person years for the N534H/2393del9 mutation. After exclusion of the carriers of 

the N534H/2393del9 mutation, the CVD risk was 1.22 of parents with null alleles 

relative to receptor-defective mutations (95% CI, 0.76—1.95;/) = 0.4). Strikingly, parents 

with the N543H/2393del9 mutation had significantly less often CVD than the parents 

with other mutations (RR, 0.39; 9 5 % CI, 0.20-0.78;/) = 0.008). In Fig. 3, the Kaplan-

Meier curves show the CVD free survival of parents with null alleles, receptor-defective 

mutations, and the N534H/del2393del9 mutation, respectively. CVD free survival 

was significant better in the N543H/2393del9 mutation compared with null alleles 

and receptor-negative mutations (log rank test,/) = 0.02). 

Figure 3. Kaplan-Meier curves for CVD free survival among parents with different types of 
LDL receptor mutations. CVD free survival was significant better in the N543H/2393del 9 
mutation compared with null alleles and receptor-negative mutations (log rank test: p=0.02). 
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Discussion 

In the present study, we could confirm that FH children provide a better model than 

adults to analyze the relation between the type of LDL receptor mutation and 

lipoproteins: the LDL-C levels among related F H children were strongly correlated 

compared to a relative weak correlation among adult relatives with the disorder. Likely, 

children refrain from unfavorable lifestyles and share their environment to a greater 

extent than related adults . The consequences of LDL receptor genotypes could, 

therefore, be estimated against a more homogeneous background in our pediatric FH 

cohort. A similar analysis has been reported in genetically confirmed FH children, but 
21 

these children were selected on specific founder mutations . 

In line with most reports, we found that carriers of null alleles had significantly more 

elevated LDL-C levels than carriers of receptor-defective mutations" ' ' ' ' . In an 

adult FH cohort, we recently observed no difference of LDL-C levels between carriers 

of null alleles and other alleles after exclusion of families with the N543H/2393del9 

mutation . Exclusion of carriers with this mutation, however, did not change the 

results in our pediatric F H cohort. The analyses of lipoprotein levels were performed 

before the potential onset of additional lipid disorders in the children. Such lipid 

disorders may have influenced our and other analyses in adults. Moreover, the present 

results are in agreement with the only other study in FH children that showed 

significantly lower LDL-C levels in carriers of a receptor-defective mutation compared 
21 

to carriers of two null alleles . 

Contrary to some previous studies, we found no significant differences in CVD risk 

between null and other alleles3' ' " . The present results are, however, in line with 

our findings among FH adults: in a family study, we excluded all probands to avoid 

selection on CVD and found no difference in CVD risk between carriers of null 

alleles and other alleles . The results of the latter studies and two recent mortality 

studies suggest that additional factors are of greater relevance towards the burden of 

FH than heterogeneity at the LDL receptor locus ' ' ' . Instead of further genotype-

phenotype analyses, research in FH patients should better focus on the identification 

of these additional risk factors. 

The type of mutation did not significantly contribute to variation of CVD risk, but 

carriers of a specific mutation had clearly less increased CVD risk. This N 5 4 3 H / 
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2393del9 mutation is a combination of a missense mutation in exon 11 and a deletion 

of nine base pairs in exon 17 linked on the same allele. This allelic combination of 

mutations reduces the LDL-C uptake by 75%, suggesting a defect in transport of 

LDL receptor . Recently, we have found in the larger group of children with clinical 

FH that more severely increased LDL-C levels could identify the FH children from 

families at highest risk for CVD . In particular, F H children with LDL-C levels equal 

to or above 6.23 m m o l / L were 1.7 times more likely to have a parent with F H with 

premature onset of CVD than those with LDL-C levels below 6.23 mmol /L . In this 

latter study, however, the difference in parental CVD risk could be due to the selection 

of children with the N543H/2393del9 mutation. Our present genotype-phenotype 

analysis was performed in a subselection from this earlier report and only 4.3% of the 

children with this specific mutation had a LDL-C level equal to or above 6.23 mmol /L 

compared to 44.5% in children with other LDL receptor mutations. Therefore, our 

earlier finding on the LDL-C levels may be based on the presence of this specific 
17 

mutation . This finding of relative mild FH in carriers of the N543H/2393del9 mutation 

is in agreement with observations in Spanish FH patients carrying the same mutation23. 

Limitations of genotype-phenotype analyses in F H include the relatively large group 

of mutations with unknown functional class and residual receptor function. We divided 

the mutations into a null alleles group, a receptor-defective group, and a remaining 

group with undetermined mutational class. These groups were based on the functional 

class or specific properties of a mutation as reported in the literature. This classification 

has been used in several other studies and has resulted in well-defined groups. However, 

a disadvantage is that we excluded a relatively large group of mutations with 

undetermined receptor function from the analyses. 

In summary, we conclude that FH children provide a better model to analyze the 

effects of LDL receptor genotypes on the lipid profile than adults. The specific N 5 4 3 H / 

2393del9 mutation associates with a milder lipid phenotype and less increased parental 

CVD risk compared to other mutations. However, the variation in lipid profile poorly 

explains the differences in CVD risk in carriers of other mutations. Therefore, future 

research in FH patients should focus on the identification of additional risk factors in 

the pathogenesis of CVD. 

69 



Chapter 4 

References 
1. M.S. Brown and J.L. Goldstein, A receptor-mediated pathway for cholesterol homeostasis, Science 232 

(1986), pp. 34-47. 
2 E.J.G. Sijbrands, R.G.J. Westendorp and M.P. Lombardi et al, Additional risk factors influence excess 

mortality in heterozygous familial hypercholesterolaemia, Atherosclerosis 149 (2000), pp. 421-425. 
3. LDL receptor mutation catalogue: http://www.ucl.ac.uk/fh. 
4. H.H. Hobbs, M.S. Brown and J.L. Goldstein, Molecular generics of the LDL receptor gene in familial 

hypercholesterolemia, HumMutatX (1992), pp. 445-466. 
5. V. Gudnason, I.N.M. Day and S.E. Humphries, Effect on plasma lipid levels of different classes of 

mutations in the low-density lipoprotein receptor gene in patients with familial 
\\xperc\\o\esteTo\emis.,ArteriosclerThromb\A (1994),pp. 1717-1722. 

6. E.J.G. Sijbrands, M.P. Lombardi and R.G.J. Westendorp et al., Similar response to simvastatin in patients 
heterozygous for familial hypercholesterolemia with mRNA negative and mRNA positive mutations, 
Atherosclerosis 136 (1998),pp. 247-254. 

7. S. Bertolini, A. Cantafora and M. Averna et al, Clinical expression of familial hypercholesterolemia in 
clusters of mutations of the LDL receptor gene that cause a receptor-defective or receptor-negative 
phcnot\npe, ArteriosclerThromb Vase Bio/20 (2000), pp. e41-e52. 

8. M.A.W Umans-Eckenhausen, E.J.G. Sijbrands, J.J.P. Kastelein and J.C. Defesche, Ixiw-density 
lipoprotein receptor gene mutations and cardiovascular risk in a large genetic cascade screening 
population, Circulation 106 (2002), pp. 3031-3036. 

9. D. Gaudet, M.-C. Vohl and P. Couture et a/., Contribution of receptor negative versus receptor 
defective mutations in the LDL-receptor gene to angiographically assessed coronary artery disease 
among voung (25—49 years) versus middle-aged (50-64 years) men, Atherosclerosis 143 (1999), pp. 153— 
161. 

10. S. Tonstad, O. Joakimsen and E. Stensland-Bugge et al, Carotid intima-media thickness and plaque in 
patients with familial hypercholesterolaemia mutations and control subjects, Eur] Clin Invest 28 
(1998), pp. 971-979. 

11. K.L. Khoo, P. van Acker and J.C Defesche et al, Low-density lipoprotein receptor gene mutations in 
a Southeast Asian population with familial hypercholesterolemia, Clin Genet 58 (2000), pp. 98-105. 

12. A.E Vuorio, J.-P. Ojala and S. Sarna etal., Heterozygous familial hypercholesterolaemia: the influence 
of the mutation type of the low-density-lipoprotein receptor gene and PvuII polymorphism of the 
normal allele on serum lipid levels and response to lovastatin treatment,/ Intern Med 237 (1995), pp. 
43-48. 

13. M.J. Kotze, WJ.S. de Villiers and K. Steyn et al, Phenotypic variation among familial 
hypercholesterolemics heterozygous for either one of two Afrikaner founder LDL receptor 
mutations,ArteriosclerThromb 13 (1993), pp. 1460-1468. 

14. H.K. Jensen, L.G. Jensen, P.S. Hansen, O. Faergeman and N. Gregersen, The Trp " -stop and Trp -Gly 
mutations in the LDL receptor gene: common causes of familial hypercholesterolemia in Denmark, 
Atherosclerosis 120 (1996), pp. 57-65. 

15. E.J.G. Sijbrands, R.G.J. Westendorp and J.C. Defesche etal, Mortality over two centuries in large 
pedigree with familial hypercholesterolaemia: family tree mortality study, BMJ 322 (2001), pp. 1019-
1023. 

16. M.A.W Umans-Eckenhausen, J.C. Defesche, E.J.G. Sijbrands, R.L.J.M. Scheerder and J.J.P. Kastelein, 
Review of first 5 years of screening for familial hypercholesterolaemia in the Netherlands, lancet 
357 (2001), pp. 165-168. 

17. A. Wiegman, J. Rodenburg and S. de Jongh et al, Family history and cardiovascular risk in familial 
hypercholesterolemia: data in more than 1000 children, Circulation 107 (2003), pp. 1473-1478. 

18. W.T. Friedewald, F. Levy and D.S. Frederickson, Estimation of the concentration of the low-density 
lipoprotein cholesterol in plasma without the use of preparative ultra centrifugation, Clin Chem 18 
(1972), pp. 499-509. 

-n 

http://www.ucl.ac.uk/fh


LDL-receptor mutation 

19. SAX'. Fouchier, j.C. Defesche, MA.W Umans-Eckenhausen and J.J.P. Kastelein, The molecular basis of 
familial hypercholesterolemia in The Netherlands, Hum Genet109 (2001), pp. 602-615. 

20. M.J. Khoury, T.H. Beaty and B.H. Cohen, Fundamentals of genetic epidemiology, Oxford University 
Press, Oxford (1993) p. 273. 

21. A.L. Torres, S. Moorjani and M.-C Vohl et al., Heterozygous familial hypercholesterolemia in 
children: low-density lipoprotein receptor mutational analysis and variation in the expression of 
plasma lipoprotein-lipid concentrations, Atherosclerosis 126 (1996), pp. 163-171. 

22. H.K.Jensen, T.G.Jensen and O. Faergeman etal., Two mutations in the same low-density lipoprotein 
receptor allele act in synergy to reduce receptor function in heterozygous familial 
hypercholesterolemia, HumMutat9 (1997) (5), pp. 437^144. 

23. Castillo S, Reyes G, Tejedor D, et al. On behalf of the Spanish Group of FH. A double mutant 
[N543H + 2393del9] allele in the LDL receptor gene in familial hypercholesterolemia: effect on 
plasma cholesterol levels and cardiovascular disease. Hum Mutat 2002 (mutation in brief #558, 
online). 

"1 



Chapter 4 

Addendum I LDL receptor gene mutations in heterozygous FH children 

Location 

Exon 1 

Exon 2 

Intron 2 

Exon 3 

Intron 3 

Exon 4 

Exon 5 

Eixon 6 

1 ;.xi HI 7 

Intron 7 

Exon 8 

Exon 9 

Mutation 

M-21V 

M-21L 

W23X 

A29S 

191-2 

R60C 

313+1/2 

314-1 

C134G 

C146X 

C152W 

C163R 

646delTG 

652delGGT 

D200G 

C201X 

D203V 

D206E 

E207K 

E219X 

C234R 

D245E 

C249X 

K273E 

S285L 

C292Y 

G314V 

C317G 

G322S 

R329X 

C331W 

1061-8 

D333G 

I334V 

E336K 

C356Y 

C371X 

A378D 

R395W 

N407K 

V408M 

A410T 

D412Y 

V415A 

W422C 

I430T 

Effect 

Translation initiation 

signal deleted 

Translation initiation 

signal deleted 

Trp-»Stop at 23 

A!a-»Serat29 

3'-splice acceptor signal 

Arg-»Cys at 60 

5'-splice donor signal 

3'-splice acceptor signal 

Cys-»Glyat l34 

Cys-»Stopat 146 

Cys-»Trpat519 

Cys-»Argat l63 

Stop at 195 

Gly at 197 deleted 

Asp-»Gly at 200 

Cys-»Stop at 201 

Asp-»Valat203 

Asp-»Glu at 206 

Glu-*Lysat207 

Glu-»Stopat219 

Cys-»Argat234 

Asp-»Glu at 245 

Cys-»Stop at 249 

Lys-»Glu at 273 

Ser^Leu at 285 

Cys-»Tyr at 292 

Gly-*Valat314 

Cys-*Glyat317 

Gly-*Ser at 322 

Arg-»Stop at 329 

Cys-»Trp at 331 

3'-splice acceptor signal 

Asp-»Gly at 333 

De-»Valat334 

Glu-»Lys at 336 

Gly-»Tyr at 356 

Cys-»Stopat371 

Ala-* Asp at 378 

Arg-»Trpat395 

Asn-»Lys at 407 

Val-*Metat408 

Ala-»Thrat410 

Asp-»Tyrat412 

Val-»Akat415 

Trp-»Cys at 422 

I l e ^ T h r a t 4 3 0 

Type 

missense 

missense 

nonsense 

missense 

splicing 

missense 

splicing 

splicing 

missense 

nonsense 

missense 

missense 

frameshift 

frameshift 

missense 

nonsense 

missense 

missense 

missense 

nonsense 

missense 

missense 

nonsense 

missense 

missense 

missense 

missense 

missense 

missense 

nonsense 

missense 

splicing 

missense 

missense 

missense 

missense 

nonsense 

missense 

missense 

missense 

missense 

missense 

missense 

missense 

missense 

missense 

Ref. 

4 

5 

1 

6 

4 

4 

7 

4 

1 

3 

4 

4 

4 

1 

1 

2 

4 

1 

1 

Novel 

4 

1 

Novel 

4 

1 

4 

4 

4 

1 

4 

8 

4 

1 

4 

1 

4 

5 

6 

4 

4 

1 

1 

4 

6 

1 

4 

Activity 

1 

< 2 % 

2-5% 

20% 

15-30% 

< 2 % 

<2% 

5-15% 

<2% 

15-30% 

2-5% 

15-30% 

9% 

15-30% 

<2% 

< 2 % 

5-15% 

5-15% 

Class Receptor 

protein 

negative 

1 

1 

3/6 

2B 

1 

1 

2B 

2B 

1 

2B 

2B 

1 

2B 

1 

2B 

2B/5 

1 

2B 

2B/5 

2 B / 5 

1 

3-6 

5 

5 

3-6 

2B/5 

negative 

negative 

defective 

unknown 

unknown 
defective 

unknown 

defective 

negative 

unknown 

unknown 

negative 

defective 

defective 

negative 

unknown 

defective 

defective 

negative 

unknown 

defective 

negative 

unknow7n 

defective 

unknown 

unknown 

unknown 

defective 

negative 

defective 

unknown 

defective 

unknown 

defective 

unknown 

negative 

defective 

unknown 

unknown 

defective 

defective 

unknown 

defective 

defective 

unknown 

n 

4 

4 

28 

2 

10 

1 
64 

3 

1 
11 

2 

15 

1 

3 

1 

1 

2 

1 

31 

2 

1 

1 

1 

1 

15 

2 

3 

2 

1 

6 

1 

2 

4 

1 

1 

1 

7 

3 

2 

1 

38 

4 

3 

3 

1 

; 
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cont Addendum I 

Location 

Intron 9 

Exon 10 

Exon 11 

Exon 12 

Exon 13 

Exon 14 

Exon 15 

Exon 16 

Intron 16 

Exon 17 

Double 

mutation? 

Mutation 

1358+1 

1359-1 

W462R 

1480dell21 

1486delGG 

G525V 

G528D 

W556R 

1759delA 

G571E 

15771. 

L590F 

R612C 

2032dell2 

P664L 

P664T 

C690S 

2204insl3 

2343del5 

2389+1 
2390-2 

2411insG 
V806I 

K290R/ 

C292W 

N543H/ 

Effect 

5'-splice donor signal 

3'-splice acceptor signal 

Trp-»Argat462 

bp Stop at 486 

Stop at 513 

Gly-*Valat525 

Gly-»Asp at 528 

Trp-»Arg at 556 

Stop at 643 

Grjr*Glu at 571 

Ue-*Leu at 577 

Leu-»Pheat590 

Arg-»Cysat612 

Del Gln-Tyr-Leu-Cys at 

657-660 

Pro->Leu at 664 

P r o ^ T h r at 664 

Cys-»Ser at 690 

Stop at 715 

Stop at 765 

5'-splice donor signal 

3'-splice acceptor signal 

Stop at 795 

Val-»Ileat806 

Lys-»Argat290/ 

Cys-»Trp at 292 

Asn-»His at 543/ 

Type 

splicing 

splicing 

missense 

frameshift 

frameshift 

missense 

missense 

missense 

frameshitt 

missense 

missense 

missense 

missense 

frameshift 

missense 

missense 

missense 

frameshift 

frameshift 

splicing 

splicing 

frameshift 

missense 

Rcf. 

4 

3 

9 

Novel 

4 

Novel 

1 

4 

4 

1 

4 

6 

6 

4 

1 

4 

4 

Novel 

4 

4 

7 

4 

1 

4 

4 

Activity 

<2% 

5-15% 

15-30% 

<2% 

15-30% 

25% 

Class 

1 

2B/5 

1 

1 

2A 

1 

5 

2A 

3/6 

2B 

1 

1 

5 

1 

4A 

2B 

Receptor 

protein 

unknown 

negative 

defective 

negative 

negative 

unknown 

negative 

unknown 

negative 

defective 

unknown 

negative 

defective 

unknown 

defective 

unknown 

unknown 

negative 

negative 

unknown 

defective 

negative 

defective 

unknown 

defective 

n 

3 

106 
1 

4 

2 

2 

2 

1 

1 

6 

1 

1 

1 

4 

17 

1 

3 

1 

2 

I 

2 

2 

3 

3 

141 
2393del9bp Del Leu-Val-Phe at 

778-780 

Large rearrangements Deletion of 2.5kb 

Insertion of lOkb 

Insertion of 4,4kb 

Insertion of 4kb 

1 2-5% 3/5 defective 26 

4 unknown 9 

4 unknown 2 

novel unknown 1 
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Chapter 5 

Abstract 

We describe a 9 year old Iranian boy with tuberous xanthomas, elevated LDL-cholesterol 

levels of 15.5 mmol /L , and vague complaints of chest pain while playing soccer. The 

consanguineous parents of the boy had normal cholesterol concentrations, which 

indicated an autosomal recessive disorder rather than autosomal dominant familial 

hypercholesterolemia. The diagnosis of autosomal recessive hypercholesterolemia 

(ARH) was confirmed by the presence of a mutation in the phosphotyrosine binding 

domain of a putative adaptor protein, which prevents normal internalisation of the 

L D L receptor (LDLR) in the liver. The clinical phenotype of A R H is similar to that 

of classical homozygous familial hypercholesterolemia caused by defects in the LDLR 

gene, but it is more variable, generally less severe, and more responsive to lipid lowering 

therapy. The patient's complaints of chest pain were not caused by ischemia as was 

tested by an exercise and 24-hours electrocardiogram and by a myocardial perfusion 

scan. His LDL C reduced by about 60% after being treated with a combination of 40 

mg atorvastatin and 10 mg ezetimibe. 
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Introduction 

Familial hypercholesterolemia (FH) is an inherited autosomal dominant disorder of 

lipoprotein metabolism caused by a plethora of mutations in the low-density lipoprotein 

receptor (LDLR) gene . Clinically, FH is associated with elevated levels of low-density 

lipoprotein cholesterol (LDL-C) that are two- to four-fold higher than in healthy 

individuals {table 1) and premature atherosclerosis. Patients develop symptoms of 

atherosclerotic cardiovascular disease (CVD) in the third or fourth decade of their life 

and xanthomas on the extensor tendons of the hands and on the Achilles tendons . 

In patients with two defective alleles, homozygous or compound heterozygous FH, 

there is little or no LDLR activity, leading to plasma LDL-C levels about six-fold 

higher than in healthy individuals. They develop tendon and cutaneous xanthomas 

early in childhood and have manifestations of premature atherosclerosis within the 

first two decades of life . 

In addition to the classical autosomal dominant form of FH, some patients have been 

described with the clinical expression of homozygous familial hypercholesterolemia, 

but with an autosomal recessive genetic trait: autosomal recessive hypercholesterolemia 

(ARH). Recently, the disorder was shown to be caused by muta t ions in the 

phosphotyrosine binding domain protein (PTB) " . PTB domains are responsible for 

intracellular signaling and transport. The PTB domain binds the consensus sequence 

NPXY, a motive that is present in the cytoplasmatic domains of several cell-surface 

receptors, such as the LDLR . The intact N P X Y sequence is required for internalisation 

of the LDLR. Dysfunction of the binding between the PTB and the NPXY prevents 

internalisation of the LDLR, which results in an impaired LDLR activity. Patients 

with ARH have impaired hepatic LDLR function, but in contrast with homozygous 

FH patients, LDLR function in cultured fibroblasts in vitro is normal or only slightly 

decreased . Therefore, the fibroblasts are still able to bind and degrade LDL. ARH 

has been mapped at the short arm of chromosome 1 (Ip36.1-p35) . Today, eight 

mutations have been identified in patients from Lebanon, Sardinia, Iran, Italy and the 
7 8 

United States ' . 

There are several other rare conditions that are accompanied by the development of 

xanthomas, but they are not always accompanied by severe disturbance in plasma lipid 

levels persé. A similar but milder phenotype than FH is familial defective apolipoprotein 
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Tabel 1. Lipid disorders characterised with xanthomas 

Inheritance Frequency LDL-cholesterol Xanthomas 

Heterozygous Familial Autosomal dominant 1:400-500 2-4 fold elevated + + 
Hypercholesterolemia 

Homozygous Familial Autosomal dominant 1:1.000.000 6-fold elevated + + + -
Hypercholesterolemia 

Autosomal Recessieve Autosomal recessive 4-fold elevated + + + -
Hypercholesterolemia 

Sitosterolemia Autosomal recessive 1:1.000.000 Normal or slightly 
elevated 

+ + + -H 

Cerebrotendinous Autosomal recessive Normal or low + + + 
xanthomasis 

LDL-C= low density lipoprotein cholesterol, CVD= cardiovascular disease, HMG-CoA= 
Hydroxy methyl glutaryl Co enzym A 

B-100 (FDB). FDB is an autosomal dominant disorder associated with 

hypercholesterolaemia in which an amino acid substitution in apoprotein B-100 leads 

to low-density lipoprotein (LDL) particles which have defective binding to the LDL 

receptor . Sitosterolemia, caused by accumulation of plant sterol in tissues and plasma , 

is clinically characterised by extensive tuberous and tendon xanthomas, accelerated 

atherosclerosis, arthralgias and arthritis ' . In contrast to patients with FH or ARH, 

sitosterolemia patients usually have normal to moderately elevated total cholesterol 

levels but very high levels of plant sterols in their plasma, due to mutations in gene 
1 ^ 

encoding for the ABCG5 and ABCG8 transporters in the gut ". CTX is a rare inborn 

disorder of bile acid synthesis in which hepatic conversion of cholesterol to cholic 

and chenodeoxycholic acids is impaired caused by a mutation in the 27-hydroxylase 

gene. This disorder is clinically characterized by strongly elevated levels of cholestanol, 

diarrhea in childhood, cataracts, several neurological dysfunctions, Achilles tendon 

xanthomas and premature atherosclerosis . Another hypercholesterolemic phenotype 

similar to that in heterozygous FH has also been reported in a family with homozygous 

mutations in the gene for 7a-hydroxylase, another enzyme in the pathway of bile acid 

synthesis in the liver , but further families with this disorder remain to be identified. 

In this report we describe a case of ARH. 

"8 



Autosomal recessive hypercholesterolemia 

CVD Treatment Molecular defect 

Mutation in low-density 
lipoprotein receptor 

Mutation in low-density 
lipoprotein receptor 

Mutation in phospho-
tyrosine binding domain 
protein 

Mutation in adenosine 
triphosphate-binding 
cassette 

Chenodeoxycholic acid Mutation in sterol 
27 hydroxylase 

Case report 

A 9-year-old boy of Iranian descent was referred to our hospital. He had vague 

complaints of chest pain while playing soccer. Beside this problem, he had noticed 

strange lumps on both knees since the age of 7 years. Physical examination revealed 

tuberous xanthomas on both elbows, both knees and buttocks (figure 1). There were 

clear arcus cornealis lipoides. Further physical examination revealed no abnormalities, 

particularly no bruits or other signs of atherosclerotic disease. 

Laboratory investigations revealed severely elevated levels of total serum cholesterol 

(TC), and low-density lipoprotein cholesterol (LDL-C), and decreased levels of high-

density l ipoprotein (HDL-C) {table 2). Triglycerides levels were normal . The 

concentration of apolipoprotein B-100 was at 4.0 g / L also higher than the normal 

values of 0.6 to 1.4 g /L , and that of apolipoprotein Al was with 0.69 g / L lower than 

the normal range of 1.1 to 1.8 g /L . His lipoprotein (a) was 270 m g / L , which is within 

the normal range (< 300 mg/L) . N o other laboratory abnormalities were found. 

An exercise electrocardiogram and a 24-hours electrocardiogram were normal, in 

particular no ST-T segment abnormalities. A myocardial perfusion scan did not show 

ischaemia. Echography of the carotid arteries demonstrated thickening of the intima 

medial layer. 

3 -4 decade HMG CoA reductase inhibitors, 
cholesterol absorption inhibitors 

1 -2 decade HMG CoA reductase inhibitors, 
cholesterol absorption inhibitors 

4 decade HMG CoA reductase inhibitors, 
cholesterol absorption inhibitors 

2 - 3 r decade Low plant sterols diet, bile acid 
resins 
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Figure 1. Tuberous xanthomasis on knees and buttocks in autosomal recessive hyper
cholesterolemia. 

The patient's family history appeared to be positive for premature atherosclerosis. His 

father's mother died probably of a myocardial infarction at the age of 20 and her 

father died at a y-oung age too. His mother's brother suffered from a myocardial 

infarction at the age of 37. The father of the boy's mother died at the age of 56 of a 

myocardial infarction (figure 2). Based on the thickening of the intima medial layer and 

on this family history the diagnosis homozygous familial hypercholesterolemia was 

considered. However, the boy's parents have normal cholesterol levels (mother 26-

years old, TC 4.5 mmol /L ; father 33-years old, TC 5.7 mmol /L) . His 7-years old 

brother also has normal cholesterol levels (TC 3.3 mmol /L) . In addition, the patient's 

parents are blood relatives. The cholesterol levels of his parents indicate a lipid disorder 

of recessive origin rather than homozygous FH. This was confirmed by D N A analysis. 

Our patient was tested for the mutation by Professor H.H Hobbs and colleagues from 

Table 2. Serum cholesterol concentrations of the patient and the 5' , 50' and 95' percentiles 
of 5-9 y old boys. 

TC (mmol/L) 
LDL-C (mmol/L) 
HDL-C (mmol/L) 
Triglycerides (mmo 1/L) 

Patient 

16.5 
15.5 
0.66 
0.71 

5 th percen 

3.13 
1.74 
1.01 
0.34 

tile 30 percentile 

4.15 
2.41 
1.45 
0.63 

95 th percentile 

5.26 
4.91 
1.89 
1.14 
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Figure 2 Family tree of the patient with ARH 

56 AMI f 

ÓÓ 
37 AMI TC 4.5 

mmol/1 

1" \MI f 
1944-1964 u Ó Ó 

TC5.7 
mmol/1 

TC6.5 
mmol/1 

TC 16.5 TC 3.3 
mmol/1 mmol/1 

Circles present females and squares present males. Open symbols indicate that no genetic 
defect is present of that the genetic profile is unknown, halfopen symbols indicate heterozygous 
persons and closed symbols indicate homozygous persons. AMI= acute myocardial infarction, 
TC= Total cholesterol. + Died 

the Deptartment. of Molecular Genetics, University of Texas Southwestern Medical 

Center, Dallas, Texas, USA, and appeared to be homozygous for the ARH5 frame 
9 

shift mutation that results in a premature stop codon in amino acid 33. 

Treatment with an HMG-CoA reductase inhibitor was initiated. Pravastatin was started 

at a dosage of 40 mg upon which the LDL-C level decreased to 11.4 mmol /L . Later, 

the patient was treated with 40 mg of atorvastatin and his LDL-C decreased to 8.3 

mmol /L . The xanthomas on his knees and buttocks became smaller, but are still 

present. The patient is now 14 years old; we recently added a new cholesterol absorption 

inhibitor, ezetimibe 10 mg, to his medication. His LDL-C decreased further to 6.6 

m m o l / L and his HDL-C slightly increased to 0.9 mmol /L . When we asked him about 

his condition, he still complains of shortness of breath during exercise, but a yearly 

exercise electrocardiogram was still negative for ischaemia. 

81 



Chapter 5 

Discussion 

In 1973 Khachadurian et al described the first case of a patient with the clinical 

expression of homozygous familial hypercholesterolemia, but with an autosomal 

recessive genetic trait . The clinical characteristics of patients with ARH resemble 

those of homozygous hypercholesterolemia, but ARH patients have cholesterol levels 

intermediate between those of heterozygous FH and homozygous FH and the onset 

of symptomatic CVD is somewhat later {tablet). In spite of the lower plasma cholesterol 

levels compared to homozygous FH, patients with ARH often have large and bulky 
3 17 

xanthomas ' , as was seen in the patient described here. 

Patients with ARH are sensitive to a cholesterol lowering diet and HMG-CoA reductase 

inhibitors. The presence of residual LDLR activity in skin fibroblasts might explain 

the plasma cholesterol concentrations and the response on cholesterol lowering 

medication in patients with ARH . 

The family history suggested autosomal dominant FH initially, because some relatives 

died probably of a myocardial infarction at a young age. However, the boy's parents 

turned out to have normal cholesterol concentrations, and therefore, autosomal 

dominant FH could not be the disorder that caused the high cholesterol concentration 

in the boy. Besides, we could not establish whether the relatives have died from coronary 

artery disease as the data are only obtained by history and autopsy or tests for the 

mutation were not performed. This indicates that other (inherited) disorders might 

have been involved. Furthermore, if ARH was the cause of premature death of the 

relatives, then those persons had to be homozygous for the disease. Thus, the only 

fact we were certain of is that both parents of the boy were heterozygous for ARH 

and that they were consanguineous. Therefore, they are the only ones that are marked 

as being heterozygous for ARH m figure 2. 

The patient's complaints of chest pain were not caused by ischaemia as was tested by 

the exercise or 24-hours electrocardiogram and by the myocardial perfusion scan. We 

considered the results from these tests adequate to rule out coronary artery disease. 

Therefore, a coronary angiography was not indicated. Furthermore, a coronary 

angiography is invasive and not without risk for children at this young age. 
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Conclusion 

We present a young patient with xanthomas in skin and tendons and severely elevated 

plasma LDL-C levels, who is homozygous for the ARH5 mutation, which confirms 

the clinical diagnosis of ARH. 

Treatment with HMG-CoA reductase inhibitors coadministered with ezetimibe resulted 

in a nearly 60% reduction of LDL-C. To obtain optimal plasma cholesterol levels 

LDL-apheresis may be indicated in these cases. 
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Abstract 

In the last decades, there has been an important progression in the development and 

assessment of various cholesterol-lowering agents. Until recently, in children under 

age 10, the focus of treatment has been on dietary and lifestyle adjustments. For 

children older than 10 years, bile acid-binding resins were also recommended if LDL-

C levels remained high after dietary adjustment. However, the lipid-lowering effect of 

bile acid-binding resins is modest at best and long-term compliance is often poor. In 

contrast, HMG-CoA reductase inhibitors (statins) are currently widely used in adults 

and are considered the first choice in the treatment of hypercholesterolemia. In the 

last few years, several randomized trials have shown that statins are also effective in 

reducing LDL cholesterol levels in children and seem safe at least in the short term. 

Another novel development is the cholesterol-lowering agent, ezetimibe, which inhibits 

cholesterol absorption in the intestine. Although efficacy and safety data in children 

are still lacking, ezetimibe has a good safety profile in adults, either as monotherapy or 

in combination with a statin. Lasdy, two other classes of lipid-lowering drugs include 

fibrates and nicotinic acid, but most agree that the side effect profile precludes their 

use in children except in extreme circumstances. Overall, therapeutic options to lower 

cholesterol levels in children are expanding. 
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Introduction 

Low-density lipoprotein cholesterol (LDL-C) reduction is a pivotal factor in the 

prevention of coronary heart disease (CHD). In the last decades, there has been an 

important progression in the development and investigation of various cholesterol-

lowering agents. The most important pediatric target population for lipid reduction 

includes children with homozygous or heterozygous familial hypercholesterolemia (FH). 

FH is a common and inherited metabolic disorder of lipoprotein metabolism and it is 

clinically characterized by elevated levels of total cholesterol (TC) and LDL-C from birth 

onwards, due to mutations in the LDL receptor gene . Below we will provide an overview 

of the effects, mechanisms of action, and side effects of various cholesterol-lowering 

modalities that are used or considered for use in the pediatric population. The following 

agents will be discussed: bile acid-binding resins, statins, fibrates, nicotinic acid, and 

ezetimibe (Table 1) 

Indications for use of 
cholesterol-lowering drugs 

Currendy, pharmacological therapy to lower cholesterol is reserved for children and 

adolescents over the age of 10 years. The decision to treat with a drug is primarily based 

on the concentration of LDL-C. The National Cholesterol Education Program (NCEP) 

recommends that pharmacological therapy be considered in patients whose LDL-C is 

above 160 mg/dL (4.1 mmol/L) when other cardiovascular disease risk factors are present, 

or above 190 m g / d L (4.9 mmol/L) when no other risk factors are present . Risk factors 

include hypertension, diabetes mellitus, obesity, or a strong family history of cardiovascular 

disease. Pharmacological therapy should be instituted when cholesterol levels remain 

persistently above the cutoff points despite dietary and other lifestyle intervention. 

Recently, the N C E P guidelines for adults have become more stringent'. This could provide 

a stimulus for updating the guidelines for children as well. 

In children and adolescents drug therapy is indicated in both primary and secondary 

hypercholesterolemia. Primary hypercholesterolemia includes all forms of hyper

cholesterolemia due to an increase of plasma LDL-C for which there is no identifiable 
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Table: Overview of lipid-lowering medication for children. 

Medication Available doses Recommended LDL-C 
maximum reduction 

dose in children2 (%) 

Place of action 

Bile-acid binding resins 
Cholestyramine Sachets of 4 g 
Colestipol Tablet 1 g 

Sachets of 5 g 
Colesevelam Tablet 625 mg 

HMG-CoA reductase inhibitors (statins) 
Atorvastatin 10-20-40 mg 
Fluvastatin 20-40-80 mg 
Lovastatin 10-20-40 mg 
Pravastatin 10-20-40 mg 
Rosuvastatin 10-20-40 mg 
Simvastatin 5-10-20-40 mg 

Fibric acid derivates 
Bezafibrate 
Ciprofibrate 
Clofibrate 
Fenofibrate 
Gemfibrozil 

200-400mg 
lOOmg 
60-600 mg 
54-160 mg 
600 mg 

Nicotinic acid 
Immediate-release 
Extended-release 

Long-acting 

Ezetimibe 

100-250-500 mg 
250-375-500-
750-1000 mg 
100-400-500 mg 

10 mg 

24 g 
20 g 

nda'' 

< 4 0 m g 
nda 

<40mg 
< 40 mg 

nda 
< 4 0 m g 

400 mg 
nda 
nda 

300 mg 
nda 

20 mg/kg 
20mg/k g 

nda 

10mge 

15-20 Bind bile-acids in the 
intestinal lumen 

17-45c Inhibit 3-hydroxy-3-
methylglutaryl coenzyme 
reductase and thereby the 
cholesterol synthesis in the 
liver. 

41 Alter the transcription of 
genes encoding proteins, 
that control lipoprotein 
metabolism and vascular 
inflammation, via 
peroxisome proliferators-
activated receptors (PPAR's) 

30 Inhibit hepatic triglyceride 
synthesis and lipolysis and 
the hepatic removal of 
lipoprotein Al 

Inhibit the passage of 
sterols of dietary and biliary 
origin across the intestinal 
wall 

3 the maximum doses that have been studied in children with heterozygous FH, b no data 
available in children and the drug has not been registered for chi ldren. c effect depends on 
dose and type of statin, d the LDL-C reduction is based on data from only one study in 
ch i ldren . e there are no data available of ezetimibe in children and the LDL-C reduction of 
18% is based on studies in adults. Ezetimibe has been registered for children from the age 
of 10 years. LDL=Low-density lipoprotein, g=gram, mg=mil l igram kg=kilogram 

s e c o n d a r y cause . In s e c o n d a r y hype rcho l e s t e ro l emia , t h e unde r ly ing cause s h o u l d be 

t r e a t e d f irs t , w i t h c o n s e q u e n t t r e a t m e n t o f h y p e r c h o l e s t e r o l e m i a . S e c o n d a r y 

hype rcho le s t e ro l emia can b e caused by a variety o f medica l c o n d i t i o n s inc lud ing poor ly 

con t ro l l ed d iabe tes mel l i tus , h y p o t h y r o i d i s m , n e p h r o t i c s y n d r o m e , d y s p r o t e i n e m i a s , 

o b s t r u c t i v e liver disease , ce r t a in d r u g therapy, and a l coho l abuse . 
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Bile acid-binding resins 

Indications for use 
The currently recommended therapy for hypercholesterolemia consists of bile acid-

binding resins (or lovastatin or pravastin in the US; see section about statins) in children 

older than 10 years. In adults, the bile acid-binding resin, cholestyramine, is also indicated 

to relieve pruritus related to bile salts in case of biliary obstruction. 

Mechanism of action 
Cholesterol that is absorbed in the intestine or synthesized in the liver is eliminated 

primarily by conversion into bile acids and subsequent excretion in bile. After a fatty 

meal, bile is secreted into the proximal intestine. A large proportion of bile acids is 

then reabsorbed and returns to the liver, which represents the enterohepatic circulation. 

Resins bind to bile acids in the intestinal lumen by forming an insoluble complex that 

is excreted via the feces. The latter prevents the enterohepatic recirculation of bile 

acids and increases their excretion. Reduction of the hepatic bile-acid pool leads to an 

increased oxidation of cholesterol to bile acids, which reduces the hepatocellular 

cholesterol content. Consequently, hepatic synthesis of cholesterol will increase, but, 

additionally, LDL receptors on liver cell surfaces will be upregulated. The overall 

consequence of these changes is a decrease in plasma LDL-C levels. 

Dose range and rationale 
The available resins are cholestyramine, colestipol, and recently colesevelam in the 

US, all of which are intended for oral administration. Certain resins are administered 

as powders mixed with liquid: cholestyramine is available in sachets of 4 g and colestipol 

in sachets of 5 g. Colestipol is also available in tablets of 1 g. Colesevelam is only 

available in 625-mg tablets. The powders are taken once, twice, or even sometimes 

three times daily with meals depending on the dose. Children start with 1 sachet, taken 

shordy before or with a meal. Subsequently, the daily dose may be increased to 6 

sachets, divided into two or more doses. Recommended daily doses of the tablets, 

albeit in adults, are 2-16 g of colestipol and 3.75 g of colesevelam, taken with meals. 

However, in practice, doses above 8 g per day do not improve cholesterol levels and 

are associated with increased side effects. West et al showed that, during eight years of 
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study, cholestyramine at a dose of 0.4 g / k g / d reduced LDL-C levels by 26 to 44% in 

35 children with FH between ages 1.3-17.4 years . Also, in a three-week study in 13 

children, Farrah w1 a/showed that cholestyramine, at a dose that was increased daily by 

1 g /d up to 16 g /d , reduced cholesterol by about 40% 3 . However, many others have 

shown considerably less efficacy" . In fact, several recent trials using bile acid-binding 

resins have shown a maximum LDL-C reduction of 20%. In particular, one study of 71 

children with FH measured the effect of diet alone or diet plus resin for on average 14.5 

months. Fifteen subjects received cholestyramine (0.6 g /kg /d , maximal dose 20 g/d) and 

two received colestipol (0.6 g /kg /d , maximal dose 20 g/day). Resins reduced LDL-C 

by about 16% beyond the effects of diet alone . Another placebo-controlled trial in 

72 FH children, aged 6-11 years, showed that 8 g / d of cholestyramine for one year 

reduced LDL-C by 17% as compared to 1.4°/» in the placebo group1 2 . The same 

investigators measured the effect of colestipol (10 g/d) in 76 children with FH, aged 

10-16 years, in an 8-week placebo-controlled study. A 19.5% reduction in LDL-C levels 

was achieved in the colestipol group versus a 1% reduction in the placebo group . 

Finally, eight weeks of treatment with cholestyramine in either a tablet or powder form 

reduced LDL-C by 10% and 15%, respectively, in 38 children with FH aged 10 to 18 

years . There are no studies in children addressing the efficacy of colesevelam, but, in 

adults, colesevelam reduced LDL-C by the same amount as the other resins . Taking all 

studies together, the lipid-lowering effect of bile acid-binding resins is at best 15-20%. 

The maximum decrease in LDL-C is reached after six weeks of resin use. 

Adverse effects 
Because bile acid-binding resins are not absorbed, the most common side effects are 

constipation, abdominal pain, bloating, vomiting, diarrhea, weight loss, and excessive 

flatulence. It has also been suggested that bile acid-binding resins might impair the 

absorption of fat-soluble vitamins and folate. Indeed, several studies in children using 

cholestyramine or colestipol showed a decrease in the plasma levels of folate, 

carotenoids, and fat-soluble vitamins ' ' ' ' . However, if adjusted for cholesterol 

reduction, only folate and 25-hydroxyvitamin D seemed to be decreased by resin 
12 13 

treatment ' . Therefore, some advocate folate and vitamin D supplementation during 

resin treatment. N o negative effects were reported in children regarding growth, 

development, or sexual maturation in any trial of resins ' ' ' ' . Also, there were 
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no effects on liver enzymes or blood count ' . Nevertheless, due to the difficulty of 

taking these agents and their side effects, adherence to bile acid-binding resins is poor 

and there is a high drop-out rate ' ' . Children may be unwilling to take resins for 

long periods of time, particularly when the drug is started during adolescence ' . In 

one trial, the compliance and efficacy of two forms of cholestyramine resins were 

studied in 40 children with FH, aged 10-18 years. The children enrolled in a randomized, 

crossover trial of two eight-week periods of either a tablet or powder form of 

cholestyramine at a dose of 8 g/d. The mean compliance, as assessed by tablet or 

powder count, was significantly higher for tablets (61 vs 50%) . In another trial with 

colestipol tablets, adolescents also preferred the tablets to resin granules that they had 

tried previously . Adverse effects with colesevelam tablets in adults have been 

minimal 3 although there are no studies in children. It remains unknown whether 

long-term use of the tablets will result in a better compliance as compared to powder. 

Pregnancy 
The use of cholestyramine or colestipol for hypercholesterolemia in pregnant women 

has not been adequately evaluated. Because resins are hardly if at all absorbed into the 

circulation, they are not expected to have untoward consequences for the fetus when 

administered during pregnancy. Prolonged use of the resins, however, may result in 
20 

decreased maternal absorption of folate and vitamin D . These drugs have also been 

used for the treatment of cholestasis during pregnancy, and no adverse consequences 

with regards to the fetus were observed. Thus, the use of cholestyramine may be safe 
20 21 

during pregnancy ' . Conversely, the short-term interruption of cholesterol-lowering 

therapv dur ing pregnancy probably does no t inf luence the deve lopment of 

atherosclerosis. For this reason, we feel that resins should be discontinued during 

pregnancy and lactation. 

Conclusion 
Although bile acid-binding resins safely reduce plasma LDL-C levels by approximately 

15%, they are often difficult to take and long-term compliance is poor. Folate and 

vitamin D supplements should be considered with long-term resin treatment. 
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Statins (HMG-CoA reductase inhibitors) 

Indications for use 
Sta t ins are ind ica t ed for the t r e a t m e n t of b o t h p r i m a r y and s e c o n d a r y 

hypercholesterolemia. They are effective, safe, and well-tolerated lipid-lowering agents 

in adults. In fact, adults that are diagnosed with FH are currently undergoing lifelong 

treatment with statins. Six drugs are currently available within this therapeutic class: 

atorvastatin, fluvastatin, lovastatin, pravastatin, simvastatin, and recently rosuvastatin. 

In the US, the Food and Drug Administration (FDA) approved lovastatin in February 

2002 for heterozygous FH adolescent boys and girls, the latter who are at least one 

year post-menarche. The FDA also approved pravastatin in October 2002 for the 

management of FH in children aged 8 years or older. In Europe, lovastatin is not available 

and therapy with any other statin is not yet approved for children by the European 

Agency for the Evaluation of Medicinal Products (EMEA) and, therefore, treatment of 

hypercholesterolemia in children is restricted to bile acid-binding resins only. 

Mechanism of action 
Statins inhibit 3-hydroxy-3-methylglutaryl coenzyme A (HMG-CoA) reductase, thereby 

blocking the conversion of HMG-CoA into mevalonic acid, the precursor of cholesterol. 

As cholesterol synthesis is reduced, the expression of the LDL receptors in the liver is 

upregulated to enhance uptake and catabolism of LDL particles. The effect is a reduced 

concentration of LDL-C in plasma. Statins also reduce levels of TC and triglycerides, and 

they increase levels of HDL-C. The mechanism by which statins increase HDL is unknown. 

Atorvastatin is a synthetic lipid-lowering agent, which is extensively metabolized to 

o r t h o - and para-hydroxylated derivatives and various (3-oxidation p roduc t s . 

Approximately 70% of the inhibitory activity against HMG-CoA reductase is attributed 

to these active metabolites. Atorvastatin is metabolized by cytochrome P450 isoform 

3A4 and is also highly bound to human plasma proteins. 

Fluvastatin is a hydrophilic, synthetic cholesterol-lowering agent. The hydroxyl-

metabolites have some pharmacological activity, but reach only a low plasma 

concentration. It is predominantly metabolized by cytochrome P450 isoform 2C9, 

with —20% by cytochrome P450 isoform 3A4. It is also highly bound to plasma proteins. 

Lovastatin is isolated from a strain of Aspergillus terreus and administered as an inactive 
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lactone. It is readily hydrolyzed in vivo into the corresponding |3-hydroxyacid form, 

which inhibits HMG-CoA reductase. Lovastatin is metabolized by the cytochrome 

P450 isoform 3A4. It is lipophilic and highly bound to plasma proteins. 

Pravastatin is administered as an active compound and is not metabolized by 

cytochrome P450. Metabolites have one-tenth to one-fortieth of the HMG-CoA 

reductase inhibitory activity of the parent compound. It is relatively hydrophilic, and 

it is less completely bound to proteins in plasma (—50%). 

Rosuvastatin is not extensively metabolized; approximately 10% is converted into 

metabolites which have a HMG-CoA reductase inhibitor activity that is one-sixth to 

one-half to that of rosuvastatin. Clearance is not dependent on metabolism by the 

cytochrome P450 isoform 3A4, but principally on conversion by the cytochrome P450 

isoform 2C9. It is relatively hydrophilic and highly bound to plasma proteins. 

Simvastatin is derived synthetically from a fermentation product of Aspergillus terreus 

and is administered as an inactive lactone. It is readily hydrolyzed in vivo into the 

corresponding a-hydroxvacid form, which inhibits of HMG-CoA reductase. Simvastatin 

is metabolized by the cytochrome P450 isoform 3A4. It is lipophilic and highly bound 

to plasma proteins. 

Dose range and rationale 
Statins are administered as tablets. The pediatric doses of atorvastatin, lovastatin, 

pravastatin, and simvastatin that have been investigated range between 10-40 mg/day, 

with a therapeutic response that reaches a maximum within four to six weeks after 

start of the treatment. 

Atorvastatin: In a three-year study with 16 children aged between 10-17 years, 10-40 mg 
22 

of atorvastatin reduced LDL-C by 4 5 % . In a larger trial with 187 children of the 

same age group, 10-40 mg of atorvastatin reduced LDL-C by 4 0 % . Atorvastatin has 

not been registered for pediatric use in either the US or Europe. 

Lovastatin: Two trials assessed the efficacy of lovastatin in children with FH. In 69 

boys with a mean age of 12.8 years, eight weeks of treatment of 10 to 40 m g / d 

lovastatin reduced LDL-C by 21-36% . In 132 boys aged 10-17 years, lovastatin 

treatment of 48 weeks in a dosage of 40 m g / d reduced LDL-C by 27% as compared 

to diet alone ' . Lovastatin has not been registered for pediatric use in Europe, but 

has been approved in the US. 
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Pravastatin: Two studies have shown the efficacy and safety of pravastatin in children 

with FH. In a 12-week placebo-controlled trial, 5-20 m g / d of pravastatin reduced 
71 

LDL-C by 23-32% in 72 children aged 8 to 16 years . In a two-year safety and efficacy 

study, 20-40 m g / d of pravastatin reduced LDL-C by 24% as compared to placebo in 
TO 

children aged 8 to 18 years . Pravastatin has not been registered for pediatric use in 

Europe, but has been approved for pediatric use in the US. 

Simvastatin: The greatest number of studies in children and adolescents with FH has 

been carried out with simvastatin. In a short-term placebo-controlled study of six weeks, 

20 m g / d of simvastatin reduced LDL-C by 31-38% in 63 children aged 8 to 17 years . 

LDL-C was reduced by 37% in 32 children younger than 17 years after two years of 

treatment with 10-40 mg/d simvastatin' . In a larger placebo-controlled study, 48 weeks 

of treatment with 40 m g / d of simvastatin reduced LDL-C by 4 1 % in 173 children aged 
31 

10-17 years' . In a recent uncontrolled trial, LDL-C was reduced by 25-36% after one year 

of treatment with lower doses (5-20 mg/d) of simvastatin in 20 children and adolescents . 

Simvastatin has not been registered for pediatric use either in the US or Europe. 

There are no published reports about the efficacy and safety of fluvastatin or rosuvastatin 

in children. 

Thus, the LDL-C-lowering effect of statins in children with FH varies from 21-45%, 

depending on the dose and type of the statin used. 

Adverse effects 
Statins are well-tolerated by the vast majority of patients. The most common adverse 

effects observed in adults are: gastro-intestinal symptoms such as constipation, diarrhea, 

flatulence, dyspepsia, and abdominal pain. Other adverse effects include: myalgia, 

rash, headache, pruritus, fatigue, and sleep and mood disorders. For most patients, 

these symptoms resolve within the first month of treatment without having to alter or 

discontinue the therapy. However, myalgia, even without elevations in creatine 

phosphokinase (CK), is often a reason to change statin therapy in adults. 

All of the above-mentioned side effects have also been reported in the studies of 

statins in children, but, strikingly, adverse events, whether or not judged to be related 

to therapy, did not differ between treatment and placebo groups * * • ' . Some 

adverse effects did result in discontinuation of the medication in study subjects. One 

lovastatin-treated subject presented with increased bruising and purpura, but no abnormal 
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results were found in hematological testing. The investigators did not consider the reason 

for discontinuation clinically significant or definitely related to study drug . One child 

on 10 m g / d of simvastatin was discontinued from a study because of the development 

of infectious mononucleosis, which was considered not drug-related' , and one patient 

on 20 m g / d of atorvastatin was discontinued from the trial due to depression. The 

depression resulted in hospitalization and the investigators judged this adverse event as 

possibly related to treatment . Other adverse events during the treatment period were 

mild or moderate, and resolved spontaneously without interrupting the study medication. 

Laboratory abnormalities as a result of statin use have been extensively evaluated in 

adults. Most clinical trials in adults show that statin therapy is associated with an 

elevation of liver transaminases or CK levels in some cases. The risk for reversible 

elevation of liver transaminases, defined by alanine aminotransferase (ALT) and /o r 

aspartate aminotransferase (AST) levels >3 times the upper limit of normal (ULN), is 

approximately 1% for all statins, and the prevalence of CK levels >10 times ULN 

with statin monotherapy is approximately 0.12% ". Clinically relevant hepatotoxicity 

has not been observed, but cases of myositis and myopathy have been reported. 

Clinically important rhabdomyolysis with statins is rare with an overall incidence of 

fatal rhabdomyolysis of approximate ly 0.15 per 1 million prescr ip t ions ' . 

Rhabdomyolysis is a clinically and biochemically defined syndrome resulting from 

skeletal muscle injury and is defined as muscle symptoms with severely elevated CK 

levels (> 10 x ULN) in conjunction with myoglobinuria. The risk of myopathy or 

rhabdomyolysis is increased when statins are given together with medication that is 

metabolized by the same pathway via cytochrome P450 isoform 3A4. Such drugs 

include cyclosporine, erythromycin, itraconazole, ketoconazole, nicotinic acid, and 

fibrates, especially gemfibrozil. All statins are metabolized by cytochrome P450 isoform 

3A4, except for pravastatin, rosuvastatin, and fluvastatin that are not or only partly 

degraded through this pathway. Prudence is warranted when these are combined with 

the above-mentioned medications. Furthermore, drinking grapefruit juice has also 

been reported to increase the risk of myositis through this mechanism " . 

Elevation of CK levels was also observed in some children participating in statin 

trials. Such CK elevations fluctuated between 3x ULN and 5x ULN, without any 

clinical symptoms of myalgia, myositis, or rhabdomyolysis. The investigators of the 

studies in question could not find a relationship with the study medication, and mostly 
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attributed the CK elevation to excessive exercise and sports. All these laboratory 
i i • i i - i c i j j 24 ,25,28,31,32 

abnormalities returned to normal without interruption ot the study drug 

In a study on the efficacy and safety of pravastatin, one child had an asymptomatic, 

but extreme, CK elevation of 16,400 U / L after 168 days of therapy, receiving either 

pravastatin or placebo. Within one week after cessation of the study drug, the CK 

level fell to normal and, thereafter, the study drug was reintroduced. At the end of the 
TO 

trial, the child was found to be in the placebo group . One child on simvastatin, who 

concomitantly received erythromycin, showed a CK increase of more than lOx ULN 

without muscle symptoms. The level returned to normal after discontinuation of the 

antibiotic" . In the pediatric studies, no clinical symptoms of myositis, myopathy, or 

rhabdomyolysis were reported. 

Some trials showed increased levels in liver enzymes, ALT and AST, in the active 

t reatment group as compared to the placebo group. One child on simvastatin 

experienced several elevations <3x ULN as well as one elevation >3x ULN. Those 

elevations were considered drug-related, but not clinically significant. Therapy was 

interrupted for 10 days and levels returned to normal" . Two children treated with 

atorvastatin (10-20 mg/d) had an AST elevation of >3x ULN and one had an ALT 

elevation of >3x ULN, whereas no placebo-treated patients had such elevations. None 

of the children discontinued the study medication . In an uncontrolled study using 

lovastatin, statistically significant, but minor and clinically unimportant, increases of 2 

and 3 U / L of AST levels over baseline were observed during treatment with 30 mg/d 

and 40 mg/d lovastatin, respectively. ALT levels were not changed . In other controlled 

studies, there were no differences between the statin and the placebo group with 

respect to liver enzyme changes ' ' . In summary, discontinuation of statin treatment 

due to hepatic transaminase or CK elevation was rare in all pediatric studies. In most 

cases, such elevations decreased to normal spontaneously without changing or 

interrupting the study medication. 

Since cholesterol is the precursor of adrenal and gonadal steroids, inhibition of 

cholesterol synthesis by HMG-CoA reductase inhibitors may affect steroidogenesis, 

which, in turn, may affect growth and /or sexual maturation of treated children. Most 
94. 9^ 97 9R "̂ 1 

pediatric statin trials evaluated steroid hormone levels ' ' ' ' . However, results 

were variable. One uncontrolled study showed that 10 m g / d of lovastatin significantly 

increased plasma levels of Cortisol and that 40 m g / d of lovastatin significantly reduced 
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Cortisol levels . Other trials did not observe any changes in the levels of plasma 

Cortisol '""' ' . Similarly, for dehydroepiandosterone sulphate (DHEAS), children 

treated with lovastatin showed significantly increased plasma levels ' , whereas 

simvastatin at a dose of 40 m g / d was shown to significantly reduce levels of D H E A S 

in treated children' . In view of the fact that statins inhibit cholesterol synthesis, an 

increase of steroid hormones levels was totally unexpected and could not be explained 

by the investigators. In the case of simvastatin, the decrease of D H E A S was small 

and the investigators did not observe a deviation in growth or sexual development. 

Therefore, no clinical significance was attributed to the effects on D H E A S . In 
28 

contrast, in the pravastatin trial, no changes were found in the levels of D H E A S . 

Furthermore, statins did not affect levels of estradiol in girls or testosterone in boys, 

or the levels of gonadotropic hormones, lutropin and follicle-stimulating hormone 
OU "J 1 

(FSH) ' . N o significant deviations were observed for sexual maturation or growth 
21 28 l i 

in any of the studies ' ' . In conclusion, statins do not appear to have clinically 

meaningful effects on hormone levels, growth, or sexual maturation in children. 

Pregnancy 
Infants with malformations following in utero exposure to lovastatin and simvastatin 

have been described in reports, but a causal relationship between the drug and the 

defects has not been established. There is one case report of a pregnant women 

taking multiple medications, including fluvastatin, with good outcome ' . Recently, 

Edison and Muenke reviewed 178 cases of first-trimester statin exposure reported to 

the FDA from 1987 through 2001. After the exclusion of cases involving first-trimester 

elective or spontaneous abortions (46 and 42 cases, respectively), there were 20 reports 

of malformation, including five severe defects of the central nervous system and five 

unilateral limb deficiencies. All of these cases were associated with lipophilic statins. 

T h e au thors concluded that these findings suppor t the need for control led 

epidemiological studies evaluating the potential teratogenic effects of statins . 

Experimental animal studies with these agents do not indicate a substantial teratogenic 

risk. Only exposure of pregnant rats to very high doses of lovastatin resulted in skeletal 

abnormalities and gastroschisis in the offspring, while pre-and post-natal administration 

of atorvastatin to pregnant rats produced developmental abnormalities in their 

offspring ' . Because the interruption of cholesterol-lowering medication should have 
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no untoward consequences for the long-term treatment of hypercholesterolemia, the 

use of statins during pregnancy should be discontinued. Women taking these agents 

before conception should ideally stop the therapy before becoming pregnant and certainly 

on recognition of pregnancy. Accidental use of the drugs during gestation, though, 
20 

apparently has no known consequences for the fetus . 

Conclusion 
Statins seem safe and have been shown to effectively lower cholesterol levels in pre- and 

post-pubertal children. If children are started on statin therapy, they should be seen at 

regular intervals by a lipid specialist or pediatrician experienced in lipid disorders. Growth, 

sexual development, and levels of liver enzymes should be monitored frequently. Because 

statins increase the risk for myopathy or rhabdomyolysis, CK levels should be evaluated 

as well. Patients and their families should be instructed to immediately report symptoms 

of muscle pain, myalgia, weakness, or the appearance of dark urine. In such cases, CK 

levels should be assessed and, if more than 5 x ULN, therapy should be discontinued. If 

C K levels return to normal, therapy may be reinstituted at a lower dose. 

Fibric-acid derivatives (fibrates) 

Indications for use 
Fibric-acid derivatives or fibrates are indicated for use in the treatment of combined 

(mixed) hyperlipidemia or hypertriglyceridemia. In these conditions, the drugs decrease 

triglyceride levels and /o r increase H D L levels. Fibrates are also indicated for the 

t r ea tment of familial dysbe ta l ipopro te inemia to reduce l ipoprote in r e m n a n t 

concentrations and prevent coronary artery disease. A variety of fibrates are available 

worldwide: bezafibrate, ciprofibrate, clofibrate, fenofibrate, and gemfibrozil; however, 

the availability of fibrates varies between countries. They are rarely prescribed for 

children, because no randomized controlled studies exist with these compounds in a 

pediatric population. Safety and efficacy, therefore, are unknown. 

Mechanism of action 
The fibrates have a complex mechanism of action that includes multiple effects on 
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both the synthetic and catabolic pathways of triglyceride-rich particles . They are 

synthetic ligands for nuclear receptors such as peroxisome proliferator-activated 

receptors (PPARs), thereby altering the transcription of genes encoding proteins that 

control lipoprotein metabolism and vascular inflammation. For example, the expression 

of the enzyme, lipoprotein lipase (LPL), which catalyzes the hydrolysis of chylomicrons 

and VLDL, is increased. The activation of LPL also results in the transfer of cholesterol-

rich surface lipids from VLDL to HDL, leading to an increase of circulating levels of 

HDL-C "' . Fibrates may also decrease dense LDL particles in hypertriglyceridemic 

patients and convert them into larger, buoyant, and potentially less atherogenic forms. 

Dose range and rationale 
Fibrates are administered in tablet or capsule form with a meal. In adults, the dose of 

the fibrates varies from 100-900 mg /d , depending on the particular type. In children, 

data on the optimal dose are lacking as only a very few studies have evaluated the 

efficacy and safety of fibrates in hypercholesterolemic children. One uncontrolled 

trial demonstrated that intake of 100-300 m g / d of fenofibrate significantly reduced 

TC and triglyceride levels by 22% and 39%, respectively, as compared to baseline after 

three months of treatment D. Another controlled trial over six months in 14 children 

with FH aged 4-15 years using bezafibrate at a dose of 10-20 m g / k g / d reduced T C 

and triglycerides by 22% and 2 3 % , respectively, and increased HDL-C levels by 15% 

as compared with placebo . Finally, a three-month intervention with bezafibrate (2 x 

200 mg/d) in seven children with FH aged 5.3-10.8 years showed that TC, LDL-C, 

and triglycerides were reduced by 32%, 4 1 % , and 36%, respectively, and HDL-C levels 

were increased bv 17% . 

Thus, these studies suggest that fibrates may be effective lipid-lowering agents for 

children, particularly for elevated triglycerides, but the number of subjects studied to 

date is too small to establish or even estimate the long-term safety and efficacy of 

these compounds. 

Adverse effects 
In adults, the most common side effects of fibrates are gastrointestinal such as nausea 

and distention, diarrhea, vomiting, and dyspepsia. Furthermore, rash, urticaria, pruritis, 

headache, and elevated CK levels have been described. Other, more severe, but rare 
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adverse effects include: myalgia, myositis, and rhabdomyolysis. An association has been 

documented between clofibrate and an increased prevalence of gallstones. Myopathy 

is uncommon with the use of fibrate monotherapy, but the risk increases when these 

agents are combined with statins" ' . Therefore, the combination therapy of statins 

and fibrates should be avoided in children and adolescents. 

None of the above described adverse effects has been reported in the few trials in children, 

but those were short-term trials and the number of children was small. Wheeler et al 

reported a transient rise in alkaline phosphatase in one patient, probably due to an incurrent 

illness, and an unexplained increase in ALT in another patient . Steinmetz et al showed 

that AST and ALT levels increased 2- to 5x during three months of fenofibrate treatment 

in 4 out of 17 children43. On the other hand, Becker et a/did not observe liver enzyme 

elevations in the bezafibrate trial. Regular monitoring of liver function should be advised 

in children if therapy with fibrates is instituted. 

Pregnancy 
Experience with fibrates during pregnancy is very limited in humans and insufficient 

data are available for risk assessment. In a surveillance study conducted between 1985 

and 1992, 15 newborns had been exposed to gemfibrozil during pregnancy. One 
20 

structural brain anomaly and an infant with Pierre-Robin syndrome were reported . 

In rats and rabbits, reproductive studies have been conducted with doses that were 0.2 

to 18 times the maximum recommended human dose. All of these animal studies 

demons t r a t ed that high doses in rats increased the incidence of congeni ta l 

malformations, the rate of abortion, fetal death, and tumors . Based on these animal 
20 

results, fibrates should not be used during pregnancy and lactation . 

Conclusion 
Although fibrates reduce TC, LDL-C, and triglyceride levels, long-term safety data are 

lacking in children. Therefore, fibrates are not recommended for lipid-lowering therapy 

in hypercholesterolemic children, except in extreme cases of severe hypertriglyceridemia 

when other therapies fail to control lipoprotein levels. 
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Nicotinic acid (Niacin) 

Indications for use 
Niacin or nicotinic acid is used as adjunctive therapy in addition to diet and other measures 

to lower elevated serum cholesterol and triglycerides in patients with type II, III, IV, or 

V hyperlipoproteinemia, and also to increase HDL-C. However, in children, nicotinic 

acid is rarely used for the treatment of either hypertriglyceridemia or hypercholesterolemia. 

Furthermore, nicotinic acid or niacin should not be confused with niacinamide or 

nicotinamide, another subtype of vitamin B r Nicotinamide does not lower cholesterol 

levels. Nicotinic acid is also used for the prophylaxis and treatment of pellagra. 

Mechanism of action 

Nicotinic acid is a water-soluble B vitamin. The mechanism by which nicotinic acid 

affects lipids and lipoproteins is not entirely clear, but probably involves several pathways. 

It inhibits hepatic triglyceride synthesis which results in increased intracellular apoB 

degradation and subsequent decreased secretion of VLDL and LDL particles. In addition, 

it decreases the mobilization of fatty acids from adipose tissue to the liver by inhibiting 

the lipolysis of triglycerides. Furthermore, it has been suggested that nicotinic acid inhibits 

the hepatic removal of LP-A1 with a consequent rise of HDL-C ' . 

Nicotinic acid undergoes saturable, first-pass metabolism via two pathways. In one 

pathway, nicotinic acid is conjugated with glycine, whereas the other pathway involves 

a number of general oxidation/reduction reactions that produce nicotinamide. High 

doses or immediate-release nicotinic acid will quickly saturate the non-conjugative 

metabolic pathway, forcing a large fraction of the nicotinic acid dose to be metabolized 

by the conjugative system . 

Dose range and rationale 

Nicotinic acid is orally administered as a tablet. There are three types of nicotinic acid 

preparation: immediate-release, long-acting, and extended-release. Immediate- and 

extended-release nicotinic acids have been approved by the FDA for the treatment of 

dyslipidemia. Long-acting formulations are labeled with a variety of names such as 

"time-release" or "sustained-release," and are not approved by the FDA . The 

extended-release nicotinic preparation has been developed in an attempt to minimize 

103 



Chapter 6 

side effects of the immediate-release nicotinic acid. 

In adults, nicotinic acid reduces plasma cholesterol and triglyceride levels at doses of 

1 -3 g / d . Studies on the use of nicotinic acid in children are lacking. Only one trial 

has been conducted in 21 hypercholesterolemic children3 . Nicotinic acid treatment in 

daily doses of 1200-2250 mg reduced TC by 2 3 % and LDL-C by 30%, whereas daily 

doses of < 1000 mgwere less effective in cholesterol-lowering3 . In adults, nicotinic acid 

also increases HDL-C levels by 17-30%3 ; however, it did not improve HDL-C levels 

in the 21 children included in this trial3 '. 

Nicotinic acid may be used in a limited number of high-risk pediatric patients, but 

should only be prescribed to these patients by a lipid specialist and only when bile 

acid-binding resins and /or statins are not adequate, or if statin treatment is not possible. 

Adverse effects 
The most frequent side effects of nicotinic acid are cutaneous vasodilatation and 

flushing. Because of this, the use in adult patients is limited. To overcome this major 

obstacle to nicotinic acid, long-acting formulations of niacin have been developed, 

but nearly all of these formulations enhance the inherent hepatotoxicity of plain or 

unmodified nicotinic acid57. The FDA-approved extended-release nicotinic acid is 

associated with one-fourth of the flushing and, therefore, improves patient compliance, 

and produces less hepatotoxicity than other long-acting formulations . Pretreatment 

with aspirin about half an hour before intake of nicotinic acid may blunt flushing and 

could be cons ide red a necessa ry c o n c o m i t a n t med ica t ion if the re are no 

contraindications. Other adverse effects of nicotinic acid in adults are dry skin, pruritus, 

hepatotoxicity, hyperglycemia or diabetes, and hyperuricemia or even gout. 

The only study with nicotinic acid in 21 children showed that, although treatment 

with nicotinic acid was efficacious in lowering LDL-C, adverse events were common. 

Flushing was present in 71%) of the children. Other less prominent adverse events 

were itching, abdominal pain, nausea, vomiting, headache, and constipation. N o patients 

had life-threatening or irreversible adverse events. Due to the frequent side effects, 

discontinuation of medication was very common in the children. Furthermore, it was 

not possible to assess the long-term safety of nicotinic acid because only two patients 

were followed for more than 18 months. Thus, adverse events are very common and, 

as yet, long-term safety of high doses has not been established in children. 
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Myopathy is uncommon in niacin monotherapy, but the risk increases when niacin is 

given in combination with other hpid-lowering medication such as statins. When 

symptoms compatible with myopathy are reported, CK levels should be monitored 

and the drug discontinued. 

Pregnancy 
The recommended daily dietary allowance for nicotinic acid is 17 mg in pregnancy 

and 20 mg during lactation, whereas the lipid-lowering dose of 1000-3000 m g / d is 

100 times higher. Nicotinic acid is converted in humans to niacinamide, which is 

actively transported to the fetus. Doses used for lipid-lowering revealed adverse effects 

for the fetus in animal studies. Furthermore, niacin is actively excreted in human 

breast milk . Therefore, nicotinic acid should be discontinued during pregnancy and 

lactation. 

Conclusion 
Although niacin or nicotinic acid treatment might be efficacious for the treatment of 

hypercholesterolemia in children, adverse events are common. Furthermore, long-

term safety of high doses of nicotinic acid has not been established in this age group. 

Therefore, treatment with nicotinic acid should be reserved for the closely supervised 

treatment of severe hypercholesterolemia by a lipid specialist. In fact, nicotinic acid 

should only be prescribed when bile acid-binding resins and/or statins are not adequate 

or if statin treatment is not possible. 

Ezetimibe 

Indications for use 
In adults, ezetimibe is indicated, as an adjunct to diet, as monotherapy or in combination 

with statins in patients with primary hypercholesterolemia to reduce TC and LDL-C 

and in patients with homozygous sitosterolemia to reduce elevated plant sterol levels. 

Ezetimibe monotherapy has recently been approved for the treatment of children 

with FH from the age of > 10 years old. 
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Mechanism of action 
Ezetimibe is a novel cholesterol absorption inhibitor that prevents the absorption of 

cholesterol and plant sterols at the brush border of the small intestine by inhibiting 

the passage of sterol of dietary and biliary origin across the intestinal wall. Two target 

mechanisms for this drug have recently been proposed, namely the Niemann-Pick CI 

Like 1 protein (NPC1L1) and the annexin-caveolin 1 complex , both seemingly 

associated with the regulation of intestinal sterol metabolism. The inhibition of 

cholesterol absorption reduces the overall delivery of cholesterol to the liver, thereby 

promoting the synthesis of LDL receptors with a subsequent reduction of LDL-C. 

Ezetimibe is rapidly absorbed and studies in bile-duct cannulated rats show that intra-

duodenal delivered ezetimibe undergoes rapid and extensive metabolism to its phenolic 

glucuronide in the intestine. In the portal vein, more than 9 5 % of ezetimibe is already 

glucuronidated60. The absorbed glucuronide is taken up by the liver from the portal 

blood and excreted into the bile. Back in the intestinal lumen, the glucuronidated 

ezetimibe repeatedly inhibits cholesterol absorption. It is re-absorbed itself, indicating 

enterohepatic recycling61. In plasma, ezetimibe exhibits more than 90% plasma protein 

binding. In vivo experiments in humans assessing the effect of ezetimibe on the activity 

of drug-metabolizing enzymes revealed no effect on the activity of the cytochome 

P450 (CYP) isoenzymes CYP1A2, CYP2C8/9 , CYP2D6, or CYP3A4 62. 

Dose range and rationale 
Ezetimibe is administered as a tablet. In adults, the dose of ezetimibe for all indications 

is 10 m g / d whether prescribed as monotherapy or in combination with a statin. There 

are no reports on the efficacy and safety of ezetimibe in children, and ezetimibe can 

only be prescribed as monotherapy. One study with 18 adults with mild-to-moderate 

hypercholesterolemia showed that a two-week course of treatment with 10 m g / d of 

ezetimibe inhibited the fractional absorption of cholesterol by 54% relative to placebo. 

This inhibition was associated with an 89% increase in cholesterol synthesis. These 

changes led to a 22.3% reduction of plasma LDL cholesterol concentrations ". Other 

phase II, as well as phase III, placebo-controlled studies conducted in 432 and 1719 

adult patients with primary hypercholesterolemia, respectively, showed that daily intake 

of 10 mg of ezetimibe lowered LDL-C by approximately 18% " '. The maximum 

effect on LDL-C levels is reached within two weeks of initiation of treatment . 
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Furthermore, 10 m g / d of ezetimibe significantly and progressively reduced plasma 

plant sterol concentrations as compared to placebo in 30 sitosterolemia patients of 

who four were younger than 18 years. This confirms that ezetimibe also inhibits the 

intestinal absorption of plant sterols . 

Combina t ion therapy of ezet imibe with statins may offer an advantage over 

monotherapy. Moreover, the addition of 10 m g / d of ezetimibe to a low dose of a 

statin can avoid the risk of potentially serious adverse effects associated with the use 

of a high dose of a statin. Studies on the combinat ion therapy in adults are 

promising ' , but, in children, no studies addressing the efficacy or safety of ezetimibe 

alone or in combination with statins have been carried out. 

Adverse effects 

In adults, ezetimibe is well tolerated and has a good safety profile. Based on the pooled 

analyses of 432 adults in two larger phase II studies over 12 weeks, viral infection 

(8%), headache (9%), arthralgia (3%), and upper respiratory tract infections (1%) were 

the most commonly observed adverse events and occurred with the same frequency 

as in placebo recipients. Also in the phase III studies, the most frequently reported 

events were headache, upper respiratory tract infection, and back pain (4-11%) with 

similar frequency between the placebo and ezetimibe treatment groups65 '66. N o clinically 

significant differences between placebo and ezetimibe were reported in the results of 

safety laboratory tests, vital signs, electrocardiograms, and cardiopulmonary and general 

physical examinations . Ezetimibe is, therefore, a safe lipid-lowering agent that may 

be useful in patients who do not tolerate first-line treatment with statins69. Furthermore, 

administration of 10 m g / d of ezetimibe had no adverse effect on the lipid-soluble 

vitamins A, a- and |3-carotene, and D, or a - and y-tocopherol, and it did not adversely 

affect the production of steroid hormones D. However, it is unknown whether ezetimibe 

is also well-tolerated in children as efficacy and safety data are still lacking. 

Pregnancy 

Since ezetimibe is a novel drug, its effect on the human fetus is unknown, and treatment 

during pregnancy should be avoided. 
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Conclusion 
Ezetimibe, either as monotherapy or in combination with statins, might be beneficial 

to lower cholesterol levels in children with primary hypercholesterolemia who do not 

reach the target levels on statin therapy alone, and in children with homozygous 

sitosterolemia to reduce elevated sitosterol and campesterol levels. However, studies 

in children are urgently required to establish both long-term efficacy as well as safety. 

Summary 

There are increasing options for pharmacological treatment of dyslipidemias in children 

and adolescents. Clinicians who use these medications in pediatric patients should be 

familiar with their indications, dosing, and side effects. Data on long term safety and 

efficacy are still lacking. It will be important for investigators to perform such studies 

to increase confidence in their use. 
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Chapter 7 

Abstract 

The recommended therapy of hypercholesterolemia in children consists of dietary 

modification and bile acid-binding resins. Unfortunately, the lipid-lowering efficacy 

of bile acid-binding resins is modest and, moreover, long-term compliance is poor 

due to side effects. In contrast, HMG-CoA reductase inhibitors (statins) are widely 

used in adults and are considered a first choice in the treatment of hypercholesterolemia 

in that age category. In the last few years, several randomized trials have been conducted 

to evaluate the efficacy, safety, and tolerability of statin therapy in both children and 

adolescents. In this article we review statin therapy in hypercholesterolemic children 

in terms of efficacy, safety, pharmacokinetics and psychosocial functioning. 

Statins are not only effective in reducing LDL cholesterol levels in children with familial 

hypercholesterolemia, but also improve endothelial function and reduce the progressive 

thickening of the intima media complex of the carotid arteries. Statins seem safe at 

the longer term in children in terms of plasma levels of liver enzymes and liver function, 

creatine kinase levels and muscle function as well as growth and sexual development. 

Long-term follow-up studies are needed to assess whether statin treatment started 

early in children with FH can prevent future cardiovascular events. 
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Introduction 

In the last decade, treatment of elevated lipid concentrations has been fundamentally 

changed by the introduction of the hydroxymethylglutaryl coenzyme A (HMG-CoA) 

reductase inhibitors or statins. As the use of these agents has been proven to be 

effective and safe in adults, they might also be beneficial for hypercholesterolemic 

children. 

The most important target paediatric population for lipid reduction includes children 

with homozygous or heterozygous familial hypercholesterolemia (FH). FH is an 

autosomal dominantly inherited metabolic disease , due to mutations in the LDL 

receptor (LDLR) gene2 . FH is clinically characterized by elevated levels of low-density 

lipoprotein cholesterol (LDL-C) and total cholesterol (TC) from birth onwards resulting 

in early atherogenesis and premature cardiovascular disease (CVD). 

The urgent need for early therapy in children with heterozygous FH has been 

substantiated by studies using surrogate markers which are able to assess subclinical 

atherosclerosis and thereby predict cardiovascular disease. As the early stages of the 

process of atherosclerosis are characterized by endothelial dysfunction and intima 

media thickening, widely used surrogate markers to assess preclinical atherosclerosis 

are flow-mediated dilatation (FMD), which measures endothelial function of the 

brachial artery, and B-mode ultrasound, which measures the intima-media thickness 

(IMT) of the carotids and the femoral arteries. In recent years, several studies have 

unequivocally shown that endothelial function measured as F M D of the brachial artery 

is impaired'" and carotid IMT is increased " in FH children when they are compared 

to healthy controls. This underscores the very early onset of atherogenesis in FH 

children and the need for early and aggressive treatment. 

Currently, the recommended therapy for hypercholesterolemic children only consists 

of dietary and life-style modifications. The National Cholesterol Education Program 

(NCEP) recommends considering drug therapy in children aged 10 years and older if, 

after an adequate Step II diet, they still have LDL-C levels >190 mg/d l (4.9 mmol/L) 

or >160 mg/dl (4.1 mmol/L) in the presence of a positive family history for premature 

CVD (before 55 years of age) . The consequent and recommended treatment of 

hypercholesterolemic FH children consists of bile acid-binding resins. Unfortunately, 

trials using resins for the treatment of hypercholesterolemia in childhood show poor 

compliance and a high frequency of discontinuation due to side effects 
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Treatment with statins would be expected to result in a better therapeutic response. 

Recently, several trials have demonstrated the efficacy and short and longer term safetv 

of early initiation of statin therapy in children and adolescents with heterozygous FH. 

Currently, six drugs are available within this therapeutic class: lovastatin, fluvastatin, 

pravastatin, simvastatin, atorvastatin, and recently rosuvastatin. In the USA, the Food 

and D r u g Administration (FDA) has approved lovastatin in February 2002 for 

heterozygous FH adolescent boys and girls, who are at least one year postmenarche. The 

FDA also approved pravastatin since October 2002 for the management of FH in children 

aged 8 years or older. However, statin therapy is not yet approved by the European 

Agency for the Evaluation of Medicinal Products (EMEA) for use in children. 

In this article we descr ibe the spec t rum of statin therapy in children with 

hypercholesterolemia in terms of efficacy, safety, pharmacokinetics and psychosocial 

functioning. 

Efficacy 

Effects of various statins on lipids and lipoproteins in FH children 
Table 1 presents an overview of studies that have been conducted with statins in 

children and adolescents. All trials demonstrated significant reductions in the levels 

of LDL-C, TC, and apolipoprotein B100 (apoB). The reduction of LDL-C levels 

varied between 17 and 45%, for TC between 13 and 37%, and for apoB between 18 and 
1 7-77 

34%, depending on dose and statin used in the trial " . Most studies demonstrated 

mean elevations of HDL-cholesterol (HDL-C) levels between 1 and 1 1 % and of apoAI 

between 2 and 10% in the statin treated children, but these differences were not statistically 

significant as compared to either placebo or baseline. One study showed a significant 

increase in HDL-C of 22.5% after treatment with atorvastatin, but this study was not 

controlled" . Table 2 gives an overview of the efficacy of various statins in children. 

Overall, all studies demonstrated that statins are efficacious in terms of lowering 

LDL-C levels in children who are at high risk for premature C V D 
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Table 1. Overview of trials with statins in children 

Trial 

(year published) 

Kmpscheeretal(1996)19 

Lambert et al (1996)lH 

Couture etal(1998)20 

Stein e ta l ( l 999)1? 

Stefanuttietal(1999)26 

Ducobuetal (1999, letter)2. 

dejonghetal(2002)2 1 

Athyros et al (2002, letter)2'' 

Dirisamer et al (2003)22 

Mc Crindle et al (2003)24 

Wiegman et al (2004)23 

Treatment 

Pravastatin 
5-10-20 mg 
Lovastatin 
10-20-30-40 mg 
Simvastatin 
20 mg 
Lovastatin 
10-20-40 mg 
Simvastatin 
10 mg 
Simvastatin 
10-20-40 mg 
Simvastatin 
10-20-40 mg 
Atorvastatin 
10-20-40 mg 
Simvastatin 
5-10-20 mg 
Atorvastatin 
10-20 mg 
Pravastatin 
20-40 mg 

Randomized 
Subj 

Placebo 

(n) 

18 

16 

65 
(male) 

8 

69 

47 

108 

:cts 

Statin 

(n) 

54 

69 
(male) 

47 

67 
(male) 

8 

32 
(male) 

106 

16 
(male) 

20 

140 

106 

Mean 
Age 

>' (range) 

12 
(8-16) 
12.8 

12.6 
(8-17) 
13.2 

(10-17) 
9 

(4-12) 
<17 

14.2 
(10-17) 

13.0 
(10-17) 

13.0 
(10-17) 

14.1 
(10-17) 

13.0 
(8-18) 

Follow 
-up 

(week) 

12 

8 

6 

48 

52 

104 

48 

156 

52 

26 

104 

Mean 
LDL-C 

Reduction 

(%) 

23-33 

21-36 

31-38 

17-27 

29 

37 

31-41 

45 

25-36 

40 

27 

Efficacy on surrogate markers for atherosclerotic disease 
Impaired FMD and increased IMT are predictive for future CVD and improvement 

in these markers upon lipid lowering correlates with attenuation of the atherosclerotic 

process. ' In adults, several studies have shown that aggressive statin therapy not 

only reduces LDL C but also improves F M D and reduces the progression of carotid 

IMT' " . Also in children, FMD and IMT are improved by statins. De Jongh et al 

demonstrated that statin therapy restored endothelial dysfunction towards normal 

after 28 weeks of 40 mg simvastatin therapy in children aged 10-17 years. In the 

simvastatin group, FMD increased to a level similar to that of healthy controls. In the 

placebo group, FMD did not change during the 28 weeks treatment' . Wiegman et al 

demonstrated that the mean combined carotid IMT exhibited less progression after 

two years of treatment with pravastatin compared to the mean carotid IMT in the 

placebo group ". Improvement or even normalization of the pre-atherosclerotic 
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Table 2. Efficacy of statin therapy on lipids 

Statin 

Lovastatin 

Pravastatin 

Simvastatin* 

Atorvastatin-

Dosage 

10 

20 

30 

40 

5 
10 
20 
40 

5 
10 

20 

40 

10 
20 

TC 

-17a b 

-19 ab 

-21a 

-25ab 

-18 
-17 
-25 
•18 

-19 
-26cdc 

-28ccf 

-30 

-40 
-39* 

Change in lipic 

LDL-C 

-19ab 

-24ab 

-27a 

_31ab 

-23 
-24 
-33 
-24 

-25 
-28cdc 

-36cef 

-40 

-50 
-49* 

and lipoproteins ir 

s en lipof 

HDL-C 

•yab 

3ab 

l l a 

3ab 

3.8 
5.5 
10.8 

7 

-5.9 
1.5cdc 

-0.6crf 

4.1 

5 
4 ^ 

roteins (%) 

ApoBlOO 

-19a 

-20a 

-22a 

_25ab 

-18.0 
-19.2 
-26.8 
-19 

-28.8" 

-3i. rl 

-34.1 

-28 
-32* 

FH children 

ApoAl 

8a 

4a 

5a 

2a 

2.5 
6.6 
8.6 
5 

5.4e 

4.8ef 

8.8 

3.3 
2.9* 

References 

a 18 
Lambert et al ; 
Stein et al 

'' Lambert et al ; 
Stein et al 

'' Lambert et al ; 
Stein et al 

'* Lambert et al ; 
3 Stein et al 

Knipscheer et al 
Knipscheer et al 
Knipscheer et al 
Wiegman et al ' 

Dirisamer et al 
Dirisamer et al ; 

dStefanuttietal26; 
cDeJongh et al 
cDirisamer et al ; 
cDe longh et al ; 
t 20 
Couture et al" 
De Jongh et al 

Athyros et al-3 

gAthvros et al ' ; 
hMcCrindle et al241 

The changes are the means of the changes of the various studies, per statin. 
f children younger than 14 years received 20 mg, and those 14 years and older received 40 mg 

pravastatin. 
The study of Ducobu et al was not included as the lipid changes of the three dosages 
could not be disentangled. 

§ We did not include atorvastatin 40 mg 24 because only two children were treated with this 
medication. 

11 The reductions are presented as the percentage reduction as compared to the diet 
intervention. 
55% of the patients in the atorvastatin treatment group received 20 mg and 45% received 10 
mg atorvastatin 

abnormalities of the arterial wall after the use of statins highlights the importance of 

early initiation of such therapy in children with rapidly progressive atherosclerosis 

such as F H heterozygotes. 
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Safety 

Clinical adverse effects 
Statins are well tolerated by the majority of patients. The most common adverse effects, 

albeit in adults, are: gastro-intestinal symptoms like constipation, diarrhea, flatulence, 

dyspepsia and abdominal pain. Other adverse effects include: myalgia, rash, headache, 

pruritus, fatigue, and sleep and mood disorders. For most patients, those symptoms 

resolve within the first month of treatment without altering or discontinuing the therapy. 

However, myalgia without changes in creatine phosphokinase (CK) is often a reason 

to change statin therapy in adults. 

All above-mentioned side effects have also been reported in the statin studies with 

children, but adverse events, whether or not judged to be related to therapy, did not 

differ between treatment and placebo groups ' ' ' ' . However, some adverse effects 

resulted in discontinuation of the study subjects. Stein et al reported one lovastatin-

treated subject with increased bruising and purpura, but no abnormal results were 

found in the haematological indices. The investigators did not consider the reason for 

discontinuation clinically significant or definitely related to study drug . De Jongh et 

al reported the discontinuation of a child on simvastatin 10 mg; the child developed 
21 

infectious mononucleosis that was considered not drug related . Finally, McCrindle 

et al reported one patient on atorvastatin 20 mg that discontinued the trial due to 

mental depression. The depression resulted in hospitalization and the investigators 

judged this adverse event as possibly treatment related . Other reported adverse events 

during the t reatment periods with statins were mild or moderate and resolved 

spontaneously without interrupting the study medication. 

Laboratory safety parameters 
Statins have been extensively evaluated for laboratory abnormalities in adults. Most 

clinical trials in adults show that statin therapy is associated with an elevation of liver 

transaminases or CK levels in some cases. Clinically relevant hepatotoxicity has never 

been observed, but rare cases of myositis and myopathy have been reported. Clinically 

important rhabdomyolysis with statins is rare, with an overall incidence of fatal 

rhabdomyolysis of approximately 0.15 per 1 million prescriptions . Rhabdomyolysis 

is a clinical and biochemical defined syndrome resulting from skeletal muscle injury 
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and defined as clinical muscle symptoms with severly elevated CK (> 10 x ULN) 

levels in conjunction with myoglobinuria. The risk of myopathy or rhabdomvolysis is 

increased when statins are given together with medication that is metabolised by the 

same pathway via cytochrome P450 3A4 such as cyclosporine, erythromycin, 

itraconazol, ketoconazol, nicotinic acid and fibrates, especially gemfibrozil. Except 

for pravastatin and rosuvastatin, all statins are metabolized by cytochrome P450 3A4. 

Elevations of CK levels were also seen in children participating in statin trials. Such 

CK elevations fluctuated between 3x ULN and 5x ULN, without any clinical symptoms 

of myalgia, myositis or rhabdomvolysis. The investigators of the studies in question 

could not find a relationship with the study medication, and mostly attributed the CK 

elevation to excessive exercise and sports. All these laboratory abnormalities returned 

to normal without interruption of the study drug ' ' . Wiegman et al reported one 

child with an asymptomatic but extreme CK elevation of 16.400 U / L after 168 days 

of study therapy, being either pravastatin or placebo. Within one week after cessation of 

the study drug, CK fell to normal values and, thereafter, the study drug was reintroduced. 

At the end of the trial, the medication turned out to be placebo ". One child on simvastatin, 

who received concomitant administration of erythromycin, showed a CK increase of 

more than lOx ULN without muscle symptoms. The levels returned to normal after 

21 

discontinuation of the antibiotic . None of the investigators reported any clinical symptoms 

of myositis, myopathy or rhabdomvolysis in children. 

With respect to the liver enzymes alanine aminotransferase (ALT) and aspartate 

aminotransferase (AST), some trials showed increased levels in the active treatment 

group as compared to the placebo group. In the simvastatin study of de Jongh et al, 

one child experienced several elevations <3x ULN as well as one elevation >3x ULN. 

Those elevations were considered drug related but not clinically significant. Therapy 

was interrupted for ten days, and levels returned to normal . In the study of McCrindle 

et al, two children treated with atorvastatin (10 20 mg) had an AST elevation of >3x 

ULN and one had an ALT elevation of >3x ULN, whereas no placebo-treated patients 

had such elevations. However, none of the children discontinued the study medication . 

In an uncontrolled study of Lambert et al, statistically significant but minor and clinicallv 

unimportant increases of 2 and 3x U / L from baseline were observed in AST levels 

during treatment with 30- and 40 mg lovastatin, respectively. ALT levels were not 

changed . In other controlled studies, there were no differences between the statin 
17 10 9^ 

and the placebo group with respect to liver enzyme changes ' 
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In summary, discontinuation of statin treatment due to hepatic transaminase or CK 

elevation was rare in the total number of 665 paediatric patients who received statins 

for 6 to 156 weeks. In most cases, such elevations decreased to normal spontaneously 

without changing or interrupting the study medication. 

Hormone levels, growth and 
sexual maturation 

Since cholesterol is the precursor of adrenal and gonadal steroids, inhibition of cholesterol 

synthesis by HMG-CoA reductase inhibitors may affect steroidogenesis, which in turn 

may affect growth and/or sexual maturation of treated children. Most statin trials in children 

evaluated steroid hormones ~ ' ' . However, results were not unequivocal. One 

uncontrolled study showed that lovastatin 10 mg significantly increased plasma levels of 
1 K 

Cortisol and that lovastatin 40 mg significantly reduced Cortisol levels whereas other trials 
17 19 21 23 

did not observe any changes in the levels of plasma Cortisol ' ' . Similarly, for 

dehydroepiandosterone sulphate (DHEAS), lovastatin treated children showed significantly 
1 7 1 H 

increased plasma levels of DHEAS ' , whereas simvastatin 40 mg significantly reduced 
21 

levels of DHEAS in treated children . In view of the fact that statins inhibit cholesterol 

synthesis, an increase of steroid hormones levels was totally unexpected and could not be 

explained by the investigators. In the case of simvastatin, the decrease of DHEAS was 

small and investigators did not observe a deviation in growth nor sexual development. 
21 

Therefore, no clinical significance was attributed to the effects on DHEAS . In contrast, 

in the pravastatin trial no changes were found in the levels of DHEAS ~. Furthermore, 

statins did neither affect the gonadal hormone estradiol in girls or testosterone in boys, nor 
21 23 

the gonadotropic hormones lutropin and follicle-stimulating hormone (FSH) ' ". 

Besides a slight progression to more advanced Tanner staging and larger testicular volume 

in the lovastatin group at rates not significantly different from those of the placebo group , 

no deviations were observed for sexual maturation or growth in any other study . 

In conclusion, statins do not appear to have clinically meaningful effects on hormone 

levels, growth or sexual maturation in children. 
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Pharmacokinetics of statin therapy in children 

The pharmacokinetics of statins have been widely studied in adults' . In order to 

formulate a rational dosing regimen for children, such studies have to be conducted in 

children as well. In fact, two trials have described the single-dose pharmacokinetics of 

pravastatin in children; one with a single dose of 10 mg pravastatin in 20 children with 

FH, aged 5-16 y , and another with a daily dose of 20 mg pravastatin in 24 children 
39 

with FH, aged 8-16 y . Pravastatin 10 mg was absorbed rapidly and the mean maximum 

concentration was 15.7 ng/mL. The mean half-life of pravastatin was 1.6 h and the 

plasma levels were below the detection limit 10 hours after dosing . Pravastatin 20 mg 

showed a mean maximum concentration of 52.1 n g / m L in 8-10 y old children and 

31.7 n g / m L in 11-16 y old children. The mean half-life was 2.5 h in both groups' . The 

investigators of both studies concluded that the pharmacokinetic profile of pravastatin 

in children was similar to that reported in adults ' . Yet, the pharmacokinetics of 

other statins have not been studied in children specifically. 

Psychosocial aspects 

Considering the fact that lowering LDL-C requires life-long therapy with statins, we 

have to be aware of the long-term effects of such therapy on the quality of life, 

anxiety and concerns of children with familial hypercholesterolemia. Several studies 

showed that the emotional impact of premature death of an affected parent is much 

greater than having FH per se . One study evaluated the influence of simvastatin 

on psychosocial functioning in 69 children with FH (mean age 15.3 years). De Jongh 

et al demonstrated that 46% of the children with FH suffer from the fact that they 

have FH, but 62% felt safer by taking medication and 8 1 % did not mind taking the 

medication their whole life . The investigators of this studv concluded that statin 

treatment did not negatively influence the psychosocial functioning of the children. 
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Discussion and conclusion 

The N C E P recommends considering drug therapy in children aged 10 years and older, 

only if after an adequate A H A step II diet they still have LDL-C levels > 190 mg/dl 

(4.9 mmol /L) or > 1 6 0 mg/d l (4.1 mmol/L) in the presence of a positive family 

history for premature CVD . As a consequence, the question arises which drug therapy 

is preferred in children and adolescents suffering from hypercholesterolemia. At the 

moment the recommended drug therapy for FH children above 10 years consist of 

bile-acid resins. However, the lipid lowering efficacy is modest (10-15%), and long-

term compliance is very poor . Although statin therapy for FH children has not been 

approved, except for lovastatin and pravastatin in the USA only recently, several studies 

over the past few years have demonstrated both good efficacy as well as reassuring 

safety of this therapy in prepubertal and pubertal FH children. LDL-C reductions were 

dependent on the dosage and statin itself but more importantly, the reductions were 

larger than those obtained with bile-acid resins, which reduced LDL-C by 15-20% at 

best ' ' . Furthermore, statins not only decreased LDL-C, they also improved the 

endothelial function and the regression of the intima-media thickness in children with 

FH, who are already characterized by functional changes of the arterial wall from early 

age onwards. 

In view of the lack of adverse effects of statins in children with FH, we must conclude 

that statin therapy seems safe. All studies reported some adverse effects, but these 

were equally distributed between the placebo and statin groups. The investigators 

reported no cases of myositis, myopathy or rhabdomyolysis. Besides one hospitalization 

for a child with worsening of depression during atorvastatin administration, none of 

the investigators reported any serious adverse event or death with the use of statins in 

children. With respect to routine laboratory parameters some studies reported increased 

liver enzymes and CK levels without clinical symptoms. These laboratory abnormalities 

returned to normal without removal of the study drug. N o serious adverse effects, in 

terms of laboratory abnormalities were reported in these children. Even though several 

trials demonstrated significantly increases or decreases in D H E A S during statin use in 

the pubertal children, those changes were not clinicallv relevant. Taken together, statins 

seem safe not only for adults, but also for hypercholesterolemic children. 

We need to point out that children were not followed for more than 2 years of statin 
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treatment. Therefore, no guarantee can be given that statins are safe for life-long use. 

Follow-up studies are required to assess this. Long-term follow-up studies are also 

required to investigate whether statin therapy at a young age prevents premature CVD 

at an older age. 

It is still unclear at what age statin therapy should be considered. The age of the 

youngest patients in the studies varied from 4-10 years (table 1), which indicates that 

patients can be safely treated at an age of 10 years. However, further research is needed 

to determine if statin therapy should be initiated at a younger age. 

If children have started with statin therapy, they should be seen by a lipid specialist or 

pediatrician at regular intervals. Growth, sexual development, and liver enzymes levels 

should be checked frequently. Because statins increase the risk for myopathy or 

rhabdomyolysis, CK levels should be evaluated as well. Patients and their families 

should be instructed to immediately report symptom of muscle pain, myalgia, weakness, 

or the appearance of dark urine. In such case, CK levels should be assessed, and if 

levels are more than 5 times of normal, therapy should be discontinued. If CK levels 

have returned to normal, therapy may be continued at a lower dose. Furthermore, 

limited evidence from animal and human studies indicates that statins should not be 

taken during pregnancy . Adolescent girls and young women taking statins should be 

counseled about the need for contraception. 

In conclusion, statins seem safe and are proven to be effective to lower cholesterol 

concentrations in prepubertal and post-pubertal children. Early initiation of statin 

therapy seems to be the proper therapeutic option with regards to improvement of 

endothelial dysfunction, regression of intima-media thickening, and prevention of 

future cardiovascular events. 
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Chapter 8 

Abstract 

Context Children with familial hypercholesterolemia have endothelial dysfunction and 

increased carotid in t ima-media thickness (IMT), which herald the premature 

atherosclerotic disease they develop later in life. Although intervention therapy in the 

causal pathway of this disorder has been available for more than a decade, the long-term 

efficacy and safety of cholesterol-lowering medication have not been evaluated in children. 

Objective To determine the 2-year efficacy and safety of pravastatin therapy in children 

with familial hypercholesterolemia. 

D e s i g n Randomized, double-blind, placebo-controlled trial that recruited children 

between December 7, 1997, and October 4, 1999, and followed them up for 2 years. 

S e t t i n g and P a r t i c i p a n t s Two h u n d r e d four teen ch i ld ren wi th familial 

hypercholesterolemia, aged 8 to 18 years and recruited from an academic medical referral 

center in the Netherlands. 

Intervention After initiation of a fat-restricted diet and encouragement of regular physical 

activity, children were randomly assigned to receive treatment with pravastatin, 20 to 40 

m g / d (n = 106), or a placebo tablet (n = 108). 

Main Outcome Measures The primary efficacy outcome was the change from baseline 

in mean carotid IMT compared between the 2 groups over 2 years; the principal safety 

outcomes were growth, maturation, and hormone level measurements over 2 years as 

well as changes in muscle and liver enzyme levels. 

Results Compared with baseline, carotid IMT showed a trend toward regression with 

pravastatin (mean [SD],—0.010 [0.048] m m ; P = .049), whereas a trend toward progression 

was observed in the placebo group (mean [SD], +0.005 [0.044] mm; P = .28). The mean 

(SD) change in IMT compared between the 2 groups (0.014 [0.046] mm) was significant 

(P = .02). Also, pravastatin significantly reduced mean low-density lipoprotein cholesterol 

levels compared with placebo (—24.1% vs +0.3%, respectively; P<.001). N o differences 

were observed for growth, muscle or liver enzymes, endocrine function parameters, 

Tanner staging scores, onset of menses, or testicular volume between the 2 groups. 

Conclusion Two years of pravastatin therapy induced a significant regression of carotid 

atherosclerosis in children with familial hypercholesterolemia, with no adverse effects 

on growth, sexual maturation, hormone levels, or liver or muscle tissue. 
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Introduction 

Familial hypercholesterolemia is the paradigm of the established relationship between 

increased low-density lipoprotein cholesterol (LDL-C) and cardiovascular disease ' . 

This monogenic disorder is characterized by exposure to severely elevated LDL-C 

levels from birth onward ' . Endothelial function, measured as flow-mediated dilatation 

of the brachial artery, is already impaired in prepubertal children with familial 

hypercholesterolemia . In addition to these early functional changes, accumulation of 

LDL-C in children with familial hypercholesterolemia leads to deterioration of the 

vascular morphology and gives rise to increased intima-media thickness (IMT) of the 

carotid arteries . As a sequel to these observations, myocardial ischemia and coronary 

artery stenoses have been documented in young adults with this disorder ' . The 

sequence of events in untreated children proceeds from endothelial dysfunction to 

increased arterial wall thickness and, finally, to clinically important coronary stenoses, 

often in a span of less than 3 decades. 

On diagnosis, adult familial hypercholesterolemia patients are prescribed lifelong 

treatment with 3-hydroxy-3-metrrylglutaryl coenzyme A reductase inhibitors (statins), 

but postponing statin treatment until adulthood might allow development of significant 

arterial lesions in young familial hypercholesterolemia patients. Accordingly, early 

initiation of statin treatment in children with familial hypercholesterolemia might be 

advantageous, but unfortunately, studies of such treatment have so far only addressed 

short-term tolerability and safety " ' . 

Given the effects of statins on endogenous cholesterol biosynthesis,growth and sexual 

development might be negatively influenced by long-term exposure to these drugs in 

children. We therefore performed a placebo-controlled, randomized clinical trial with 

pravastatin in 8- to 18-year-old children with familial hypercholesterolemia; we used 

carotid IMT to measure efficacy and growth and maturation to assess the safety of 

long-term exposure. Carotid IMT represents the combined intima and media thickness 

of the arterial wall, and numerous studies have shown that this surrogate marker of 

atherosclerotic vessel wall change is sensitive to risk intervention and constitutes a 

reliable indicator of clinical outcomes " . 
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Methods 

Study Design and Participants 
The study was a prospective, randomized, double-blind, placebo-controlled trial in children 

with heterozygous familial hypercholesterolemia (Figure 1). The study recruited children 

between December 7,1997, and October 4,1999, at the Academic Medical Center, University 

of Amsterdam, the Netherlands, and followed them up for 2 years; the last patient left the 

study on November 4, 2001. Children were 

Figure 1. Flow of Study Participants 

274 Consecutive Children With Untreated 
Familial Hypercholesterolemia and 

IJDL-C Level = 155 mg /dL Screened 

44 Parents or Children 
Declined Participation 

230 Potential Study Participants Completed 

> 3-mo Fat-Restricted Diet 

16 Excluded 
9 Had a Second LDL-C 

Level <155 mg /dL 
3 Homozygous 

Familial 
Hypercholesterolemia 

1 Hypertriglyceridemia 
1 Hypothyroidism 
2 Persistent Elevation 

of Muscle or Liver 
emzymes 

106 Assigned to Receive 
Pravastatin 

1 
5 Discontinued Trial 

3 Withdrew Consent 

2 I.ost to Follow-up 

1 
101 Completed Trial 

108 Assigned to Receive 
Placebo 

5 Discontinued Trial 

4 Withdrew Consent 

1 Lost to Follow-up 

103 Completed Trial 

104 Included in Priman 

Analysis 

107 Included in Prirr 

Analvsis 

LDL-C indicates low-density lipoprotein 
cholesterol 

eligible when they met the following criteria: 

1 parent with a definite clinical or molecular 

diagnosis of familial hypercholesterolemia; 

age between 8 and 18 years; after 3 months 

on fat-restricted diet, 2 fasting samples with 

LDL-C levels of at least 155 mg/dL (4.0 

mmol/L) (99.6% chance of having an LDL 
on 

receptor mutation j and triglyceride levels 

below 350 mg/dL (4.0 mmol/L); adequate 

contraception use in sexually active girls; and 

no drug t r ea tmen t for familial 

hypercholesterolemia or use of plant sterols. 

Reasons for exclusion were homozygous 

familial hypercho les te ro lemia , hypo

thyroidism, and abnormal levels of muscle 

or liver enzymes. The institutional review 

board at the Academic Medical Center 

approved the study p ro toco l . Writ ten 

informed consent was obtained from all 

children and their parents. 

All children were instructed to continue a fat-

restricted diet and to maintain habitual physical 

activity during the trial. Seven-day diet 

histories were obtained 18 months into the 

treatment period. Completed menu checklists 
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were analyzed by a dietitian and compared with Dutch advice standards for children and 

adolescents and a survey of Dutch children's and adolescents' habits . Consenting children 

with familial hypercholesterolemia were randomly assigned to receive either pravastatin or 

placebo. Randomization was achieved by a computer-generated sequence in blocks of 8 

participants. Children younger than 14 years of age received half a tablet (equivalent to 

pravastatin, 20 mg, in the intervention group), whereas those aged 14 years or older received 

1 tablet (pravastatin, 40 mg) daily in the evening. Placebo tablets resembled pravastatin. 

Study drug compliance was monitored by tablet counting. Children were evaluated every 6 

months for 2 years by a single physician masked to group assignment. 

Primary Efficacy Outcome 
The primary efficacy outcome of this study was defined as the change from baseline 

in mean carotid IMT compared between the pravastatin and placebo groups at 2 years 

of follow-up. Mean carotid IMT was defined as the mean IMT of the right and left 

common carotid, the carotid bulb, and the internal carotid far wall segments. For a 

given segment, IMT was defined as the average of the right and left IMT measurements. 

If on either side a segment was missing, IMT was defined as the value of the remaining 

segment: if both left- and right-side values were unavailable, the IMT value was 

considered missing for that segment, and in that situation, the mean carotid IMT was 

also considered missing. 

O n e exper ienced s o n o g r a p h e r (bl inded) pe r fo rmed all B - m o d e u l t r a sound 

examinations. B-mode ultrasound image acquisition for the IMT measurements was 

performed at entry and after 1 and 2 years of follow-up. An Acuson 128XP/10v 

(Acuson Corp, Mountain View, Calif) ultrasound instrument equipped with a 5-10 

MHz L7 (Acuson L7) and Extended Frequency ultrasound system software, version 

7.02 (Acuson Corp) was used. The left and right far walls of the carotid artery segments 

were imaged in a standardized magnification ( 2 x 2 cm). The sonographer saved a 

video still image of each segment as a 4:1 compressed J P E G file (Sony DKR-700P 

video still image recorder). At the end of the study, 1 image analyst (blinded) batch-

read all ultrasound images in a random fashion regarding both participants and the 

order of their ultrasound visits. In-house—designed software (eTrack, version 2.3, W.J. 

Stok, Department of Physiology, Academic Medical Center, University of Amsterdam) 

was used as previously published . 
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Lipids and Lipoproteins 
Blood samples for measurement of lipids and lipoproteins were collected after at least 

a 12-hour overnight fast at baseline, 3-month intervals for the first year, and 6-month 

intervals the second year. Plasma total cholesterol, high-density lipoprotein cholesterol, 

and triglyceride levels were determined with the use of commercially available kits 

(Boehringer, Mannheim, Germany). Levels of LDL-C were calculated using the 

Friedewald equation . Lipoprotein(a) concentrations were determined with the use 

of the Apo-Tek enzyme-linked immunosorbent assay (Organon Teknika, Durham, 

NC). Mutations in the LDL receptor gene were detected as previously described . 

Primary Safety Outcome 
To measure deleterious effects on maturation and/or growth, we measured the levels of 

sex steroids, gonadotropins, and variables of the pituitary-adrenal axis at baseline and at 

1 and 2 years. Measurements of children's height, weight, body surface area, ' Tanner 

staging (genitals/breasts, pubic and axillary hair), and menarche or testicular volume were 

also obtained at the same time points. Body mass index was calculated as weight in kilograms 

divided by the square of height in meters. School records were reviewed for education 

level and yearly progress. To detect potential adverse effects on muscle and liver enzymes, 

alanine aminotransferase (ALT), aspartate aminotransferase (AST), and creatine 

phosphokinase (CPK) were assessed at the same time as lipids. 

Sample Size Calculation 
Primary Efficacy Outcome. The sample size for this study was based on the primary 

efficacy outcome, change from baseline to 2-year follow-up in mean carotid IMT 

compared between the 2 groups. Prior to the trial, replicate ultrasound measurements 

were performed in 20 children with familial hypercholesterolemia and 20 unaffected 

siblings. The standard deviation (8) of the means of the differences of the paired, repeated 

combined carotid IMT measurements was 0.045 mm (the of the mean for children with 

familial hypercholesterolemia and that of their siblings were similar). A sample size, N, 

for an effect size, A, and the 8 were calculated according to N = 2[(Z(3 + Z(3)/8/A] . We 

set the 2-sided (type I error) at .05 and the (type II error) at .10 (power of 90%). Based 

on these assumptions, a sample size of approximately 100 children in each group was 

needed to detect a difference of 0.02 mm in mean carotid IMT over a 2-year period. 
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Primary Safety Outcome. We subsequently used this sample size to calculate which 

safety outcome differences could be detected. Height measurements were first trans formed 

to standard deviation scores (SDS) using the Dutch Child Growth Foundation's growth 

reference program (Growth Analyzer 2.0 SP2, version 2.2) to adjust for age and sex. For 

example, an SDS of 0 means that the measurement of the individual is equal to the 

mean of the reference population of the same age and sex. We calculated the difference 

between the SDS at the start of the study and the SDS after 2 years of follow-up for 

each child. The sample size of 100 in each group had 90% power to detect a difference 

of 0.18 SDS (SD, 0.40) with a 2-sided significance level of .05. Two expert pediatric 

endocrinologists considered a difference of 0.25 SDS to be clinicallv relevant. 

The sample size of 50 boys in each group had 90% power to detect a probability of 

0.68 that a measurement of testicular volume in the pravastatin group is less than an 

observation in the placebo group with a 2-sided significance level of .05. The pediatric 

endocrinologists considered a probability of 0.7 to be clinically relevant. The power 

for other safety outcomes was not calculated. 

Statistical Analyses 
At baseline, mean values between the treatment groups were compared using a t test; 

data with a skewed distribution were first log-transformed. % Tests were applied for 

comparing distributions of dichotomous data between the groups. Differences in IMT 

between the treatment groups in terms of change from baseline after 2 years were 

analyzed with analysis of covariance (ANCOVA), in which the independent variables 

were treatment group and baseline IMT. In addition, several multivariate models were 

built to explore the effects of age, sex, and interaction terms. In some cases, more 

than 1 child per family was included, and consequently, data were related to a small 

extent. Therefore, data were also analyzed with linear regression analysis adjusted for 

family number using generalized estimating equations in the G E N M O D procedure 

of SAS. Treatment differences in change from baseline after 2 years in terms of lipids, 

lipoproteins, and safety measurements (hormones, liver and muscle enzymes, height, 

weight, and menarche or testicular volume) were analyzed with ANCOVA, with 

adjustments made for baseline values. Data with a skewed distribution were first log-

transformed. Occurrences of moderate elevations of AST, ALT, and CPK during 2 

years of treatment were compared by using the Fisher exact test. Furthermore, mixed-
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model analysis of variance with (linear) time and treatment effects and their interactions 

were used to assess the rates of change in AST, ALT, and CPK during follow-up. 

Analyses were interpreted at the 2-sided significance level of .05. Statistical analyses 

were computed with SAS software, version 8.02 (SAS Institute Inc, Gary, NC). 

Results 

Characteristics of Children 
In total, 274 consecutive statin-naive children whose initial LDL-C levels were at least 

155 m g / d L were evaluated (Figure 1). In 44 cases, parents, child, or both declined 

participation, and in 9 children, the second LDL-C level was below 155 mg/dL . Seven 

children were excluded for homozygous familial hypercholesterolemia (n = 3), 

hypothyroidism (n = 1), hypertriglyceridemia (n = 1), or persistently elevated levels of 

muscle or liver enzymes (n = 2). 

Thus, 214 children (100 boys and 114 girls) were randomized, 106 to pravastatin and 108 

to placebo (Figure 1). The mean and median age was 13.0 years (range, 8.0-18.5 years). 

In 205 children (96%), the diagnosis of familial hypercholesterolemia was confirmed by 

characterization of the mutation in the LDL receptor gene. Baseline characteristics were 

similar in the 2 groups with respect to age, smoking frequency, systolic and diastolic 

blood pressure, sex distr ibution, and, in girls, menarche (Table 1). P remature 

cardiovascular disease was present in 34% of the affected parents (median age, 37 

[range, 20-50] years), while 10% of parents with familial hypercholesterolemia had 

already died of cardiovascular disease (median age, 37 [range, 23-45] years). 

Ten children (all girls; 5 in the pravastatin and 5 in the placebo group) discontinued 

the study prematurely because they withdrew consent. However, only 3 of them had 

no 2-year follow-up data (2 children in the pravastatin group and 1 in the placebo 

group). The available lipids, IMT, and safety data were included in the primary efficacy 

and safety analyses as collected until discontinuation. At 18 months of treatment, 

both groups were compliant with their diets, with better fat intake than found in the 

99 21 

survey of habits and slightly worse fat intake than the recommended levels . The 

recommended intake of total fat for adolescents in the Netherlands is 30%, 10% as 

saturated fat. The surveyed Dutch adolescents ate 35% total fat and 15% saturated fat, 

whereas our study cohort ingested 32.6% total fat and 12.1% saturated fat. 
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Table 1. Baseline Characteristics of Participants " 

Pravastatin(n=106) Placebo(n= 108) 

Age, y 
Younger than 14 y, No. 
Girls, No. (%) 
Premenarche (girls), No 
Smoking, No. (%) 
Weight, kg 
Height, cm 
Height SDS 
BMI 
BSA, m2 

Blood pressure, mm Hg 
Systolic 
Diastolic 

Pulse beats/min 

(%) 

. (%) 

13.0 ( 3.0) 
65 (61) 
57 (54) 
26 (46) 
11 (10) 

49.1 (15.5) 
156(16) 
0.2(1.1) 

20(3) 
1.4(0.3) 

111 (13) 
61(9) 

72(13) 

13.0 ( 2.9) 
63 (58) 
57 (53) 
20 (35) 
13(12) 

49.7 (14.7) 
157(13) 
0.2 (0.9) 
20(4) 

1.4(0.3) 

110(12) 
62(9) 
72(11) 

Abbreviations: BMI=body mass index calculated as weight in kilograms divided by the square 
of height in meters; BSA=body surface area; SDS, standard deviation score. * Data are expressed 
as means (SD) unless otherwise noted 

Primary Efficacy Outcome 
At baseline, the means of the separate carotid IMT segments as well as the combined 

carotid IMT were similar in the pravastatin and placebo groups (Table 2). At the end 

of the 2-year trial, all of the carotid arterial wall segments showed a trend toward 

attenuation of IMT in the pravastatin group, while these segments exhibited a trend 

toward IMT increase in the placebo group (Figure 2). Hence, the mean combined 

carotid IMT was attenuated after 2 years of treatment with pravastatin (mean [SD] 

change in IMT,-0.010 [0.048] mm; P = .049) compared with a trend toward increase 

of the mean carotid IMT in the placebo group (mean [SD] change in IMT, +0.005 

[0.044] mm; P = .28) (Table 2). The overall change in carotid IMT (0.014 [0.046] mm) 

differed significantly between the 2 groups (P = .02). Multivariate analyses showed 

that neither sex nor age significantly influenced these results (mean [SD] change in 

IMT, 0.010 [0.066] mm; P value changed from .02 to .03). When the results were 

analyzed using generalized estimating equations, the overall results differed only 

marginally from the ANCOVA analysis, but the difference in changes for the common 

carotid artery segment between the 2 groups became statistically significant (P value 

changed from .06 to .04). The difference in the changes in the mean combined carotid 

IMT became statistically slightly more pronounced (P value changed from .02 to .01). 
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Figure 2. Mean IMT Changes From Baseline for the Different Carotid Arterial Wall Segments 
in Pravastatin and Placebo Groups. 

0.020 
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fVi' f 
-0.020 
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p=0.06 

Carotid 
Bulb 

p=0.3 

Internal 
Carotid 
Artery 
p=0.2 

Mean 
Combined 

Carotid 
IMT 

p=0.02 

IMT indicates intima-media thickness. Error bars indicates SE. p values for the differences 
between the 2 groups in change from baseline were calculated using analysis of covariance 
adjusted for baseline values. 

Table 2. Mean Changes from Baseline in IMT of Carotid Artery Segments and Lipids and 
Lipoproteins at 2 Years Follow-up* 

Pravastatin 

Carotid IMT, ram^: 
lipids, mg/dL 
Total cholesterol 
LDL cholesterol 
HDL cholesterol 
Triglvcerides 

I jpoprotein(a), g/L 

Baseline 

Placebo 
n = 106 

0.497 (0.055) 

302 (56) 
239 (53) 
47 (10) 

70 [50 to 112] 
0.13 [0.06 to 0.32] 

Pravastatin 
n=108 

0.492 (0.045) 

300 (47) 
237 (46) 
48 (11) 

64 [46 to 90] 
0.12 [0.04 to 0.24] 

Change from baseline 

Placebo 
n = 104 

-0.010(0.048) 

-56 (43) 
-57 (40) 
3(10) 

-12 [-35 to 16] 
0.01 [-0.00 to 0.05] 

n=107 p-

0.005 (0.044) 

2(39) 
0(36) 
1(9) 

1 [-20 to 22] 
0.00 [-0.01 to 0.03] 

valueT 

.02 

<.001 
•c.001 

.09 

.21 

.09 

Abbreviations: HDL, high-density lipoprotein; IMT, intima-media thickness; LDL=low-density 
lipoprotein. SI conversions: To convert cholesterol values to mmol/L, divide by 38.67; to convert 
triglyceride values to mmol/L, divide by 88.57. * Data are expressed as mean (SD) except for 
triglycerides and lipoprotein(a), expressed as medians (interquartile range) t p-values apply 
to the differences in change from baseline between the 2 groups + Mean carotid IMT was 
calculated as the means of common carotid artery, carotid bulb, and internal carotid artery. 
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Lipid and Lipoprotein Levels 
As expected, pravastatin significant!)- reduced mean LDL-C levels compared with placebo 

(—24.1% vs +0.3%; P<.001; absolute differences are shown in Table 2), which was 

maintained over the 2-year study period. High-density lipoprotein cholesterol, triglyceride, 

and lipoprotein(a) levels did not change significantly in pravastatin-treated children. 

Safety and Tolerability 
Compliance with study medication, as assessed by tablet counting, revealed that 84% of 

tablets were taken, whereas the mean visit attendance per child was 95% of all study 

visits. 

At baseline, the education level in the 2 groups was equal ( P = .68). During the 2-year 

treatment, pravastatin had no effect on academic performance; in both groups, 11 children 

had to repeat a school year once. 

The height of the children increased similarly in the pravastatin and the placebo groups 

(7.9 [5.7] and 7.8 [6.1] cm, respectively). Weight increased 8.0 (5.8) kg in the pravastatin 

group and 7.8 (5.5) kg in the placebo group. Therefore, body mass index increased 1.3 

(1.6) in the pravastatin group and 1.2 (1.3) in the placebo group. During the trial, 5 girls 

in the placebo group started menses at a mean age of 12.3 (1.3) years, whereas 12 girls in 

the pravastatin group started menses at a mean age of 12.4 (1.8) years. At the end of the 

trial, in both groups, 42 of 57 girls were postmenarchal. During the 2 years of follow-up, 

changes in testicular volume and Tanner staging scores were not different between the 

groups (Table 3 and Table 4). 

All endocrine function parameters at entry and after 2 years were not significantly different 

between the pravastatin and placebo groups (Table 3). At the end of the trial, no relevant 

differences were observed with respect to changes from baseline for AST, ALT, or CPK 

(Table 3). N o higher than 3-fold elevation occurred in ALT and elevation of higher than 

3-fold AST levels occurred only twice in the placebo group. A higher than 4-fold elevation 

in CPK occurred 4 times in the pravastatin group and 3 times in the placebo group. 

There was no difference between the 2 groups with respect to the rate of change of 

AST, ALT, or CPK during follow-up. One child had an asymptomatic but extreme CPK 

elevation (16.400 U/L) after 168 days of study therapy. Within 1 week after stopping the 

study regimen, her CPK level decreased to normal levels. The study regimen was reinstated, 

and at the end of the trial, the child was found to have been allocated to placebo. 
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Table 3- Safety Measurements at Baseline and at 2 Years 

Physical characteristics 
Weight, kg* 
Height, cm* 
Height SDS* 
BMI* 
BSA, m2 

Testis volume (boys), 

Baseline 

Pravastatin 
n=106 

49.1(15.5) 
156(16) 
0.2(1.1) 
20(3) 

1.4(0.3) 
mlf 4 [2 to 14] 

Liver and muscle enzymes, U/Lj -

AST 
ALT 
CPK 

Hormonesf 
Corticotropin, ng/1 
Cortisol, nmol/1 
DHEA-S umol/1 
FSH U/L 
L H U / L 
Thyrotropin, mU/1 
17b-estradiol 
(girls), nmol/L 
Testosteron 1.4 
(boys) nmol/L 

21 [16 to 27] 
13 [12 to 18] 

100 [77 to 144] 

28 [18 to 39] 
240 [180 to 340] 
2.4 [1.5 to 3.7] 
1.7 [0.6 to 3.8] 
1.1 [0.5 to 3.3] 
2.1 [1.3 to 2.7] 

0.05 [0.05 to 0.14] 

[0.4 to 16.0] 

Placebo 
n=108 

49.7(14.7) 
157(13) 
0.2 (0.9) 
20(4) 

1.4(0.3) 
4 [3 to 16] 

22 [17 to 26) 
14 [11 to 18] 

102 [75 to 145] 

27 [20 to 40] 
240 [190 to 310] 
2.9 [1.8 to 4.8] 
1.8 [1.0 to 3.6] 
0.5 [0.5 to 3.5] 
2.0 [1.5 to 2.8] 

0.05 [0.05 to 0.16] 

2.3 [0.4 to 17.5] 

of Follow-up 

Change trom baseline 

Pravastatin Placebo 
n=104 

8.0 (5.8) 
7.9 (5.7) 

-0.01 (0.38) 
1.3(1.6) 
0.2 (0.1) 

2 [1 to 14] 

2 [-2 to 5] 
0 [-4 to 4] 

-4 [-20 to 11] 

1 [-9 to 11] 
-10 [-70 to 60] 
0.6 [0.0 to 1.4] 
0.2 [-0.5 to 1.4] 
0.2 [0.0 tol.7] 

-0.3 [-0.7 to 0.4] 
0 [-0.01 to 0.09] 

4.1 [0.0 to 11.3] 

n=107 

7.8 (5.5) 
7.8 (6.1) 

-0.01 (0.46) 
1.2(1.3) 
0.2(0.1) 
3 [2 to 7] 

2 [-2 to 5] 
0 [-5 to 4] 

-3 |-22 to 20] 

0 [-7 to 6] 
10 [-60 to 110] 
0.7 [-0.1 to 1.5] 
0.4 [-0.8 to 1.8] 
0.1 [0.0 to 1.3] 

-0.1 [-0.7 to 0.4] 
0[-0.07 to 0.09] 

2.4 [0.0 to 8.9] 

p-value 

.83 

.94 

.87 

.58 

.87 

.95 

.24 

.18 

.68 

.42 

.13 

.46 

.74 

.34 

.86 
>.99 

.68 

Abbreviations: ALT=alanine aminotransferase; AST=aspartate aminotransferase; BMI=body 
mass index calculated as weight in kilograms divided by the square of height in meters; 
BSA=body surface area; CPK=creatine phosphokinase; DHEA-S=dehydroepiandrosteron 
sulfate; FSH = follicle-stimulating hormone; LH=lutheinizing hormone; SDS = standard 
deviation score SI conversion; To convert testosterone to ng/dL, divide by 0.0347. * Data are 
expressed as mean (SD). fData are expressed as medians (interquartile ranges) because of 
skewed distribution. 

Table 4. Tanner Stage Changes from Baseline to 2 Year Follow-up 

Girls 
N o change in stage 
Changed > 1 stage 

Boys 
N o change in stage 
Changed > 1 stage 

All 
No change in stage 
Changed > 1 stage 

Treatment group, 

Pravastatin 

19(35%) 
36 (65%) 

22 (45%) 
27 (55%) 

41 (35%) 
63 (61%) 

No. (%) 

Placebo 

22 (39%) 
34(61%) 

16 (32%) 
34 (68%) 

38 (36%) 
68 (64%) 

Between-Group 
p-value 

.61 
-

.24 
-

.66 
-
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Comment 

In this randomized, double-blind, placebo-controlled study, we assessed the 2-year 

efficacy and safety of pravastatin therapy in children with familial hypercholesterolemia. 

We were able to show that statin treatment improved the lipoprotein profile toward 

more physiological levels and we observed regression of carotid IMT. This shows that 

the increased arterial wall thickness progression found in children with familial 

hypercholesterolemia is reversible. Moreover, we extensively analyzed possible adverse 

events and untoward influences on growth and maturation of the children and none 

were observed, although some of our safety outcomes may have been underpowered. 

Finally, the long-term tolerability of pravastatin was excellent in these children. 

Discontinuation of the study protocol was a rare event and equally distributed between 

the active medication and placebo groups. So far, only a few studies have evaluated 

statin treatment in children with familial hypercholesterolemia " . These studies 

showed promising short-term efficacy and reassuring safety in terms of changes in 

hepatic and muscle enzymes. Our results are based on longer follow-up and broader 

safety measurements. While a previous study using simvastatin did show mild changes 

with 3-hydroxy-3-methylglutaryl coenzyme A reductase inhibition, ~ our study showed 

that levels of dehydroepiandrosterone sulfate and Cortisol were unchanged after 2 

years of pravastatin therapy. 

Several methodological aspects of our study require comment. Carotid IMT progression 

in the placebo group was less than expected, possibly as a consequence of strict 

adherence to a healthy lifestyle, including a strict diet, frequent physical activity, and a 

low frequency of cigarette smoking. Also, we used only a surrogate marker of future 

vascular disease and could not assess clinical end points, but solid evidence exists that 

changes in arterial wall IMT are predictive of cardiovascular outcome17"19 . To limit 

IMT measurement variability, a single ultrasound machine was used, 1 experienced 

sonographer performed all ultrasonagraphy, and images were analyzed by a single 

reader. To reduce variability further, image analysis software automatically investigated 

each IMT measurement and accounted for the video line interpolation of the ultrasound 

equipment. In addition, the double-blind design ensured that all study personnel were 

unaware of treatment allocation. Nevertheless, our findings cannot be extrapolated to 

children with an increased atherosclerotic risk as a result of disorders other than familial 
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hypercholesterolemia. In children with familial hypercholesterolemia, IMT likely 

constitutes a strong marker of future risk because it is part of the pathophysiological 

pathway from severe hypercholesterolemia to endothelial dysfunction, early 

atherosclerosis, and premature onset of cardiovascular disease. Our IMT findings and 

the observed efficacy of pravastatin treatment should therefore be restricted to children 

with familial hypercholesterolemia. 

Although this trial in children with familial hypercholesterolemia has, to our knowledge, 

the most extensive follow-up to date, data on even longer-term safety and efficacy of 

statin therapy in children are needed. 
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Chapter 9 

Abstract 

We previously demonstrated that 2- year pravastatin treatment induced regression of 

carotid intima-media thickness (IMT) in children with familial hypercholesterolemia 

(FH). Subsequently, in this cohort we elucidated the predictors for carotid IMT in 

adolescence. After a mean 4.5 years of follow-up, multivariate analysis revealed that 

age on which statin use was initiated, baseline carotid IMT, male gender and duration 

of therapy were independent predictors for carotid IMT. These data indicate that 

early initiation of statin treatment delays the progression of carotid IMT in adolescents 

and young adults. Our study highlights for the first time that earlier initiation of statin 

therapy in FH children has a better potential to prevent premature atherosclerosis in 

adolescence. 
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Children with familial hypercholesterolemia (FH) are characterized by increased intima-

media thickness (IMT) and impaired endothelial function ' . As expected, elevated 

low-density lipoprotein cholesterol (LDL-C) levels are an important contributor to 

increased IMT in these children " and this raised level can be lowered efficiendy by 

H M G Co A reductase inhibitors (statins). We previously demonstrated in a randomized 

placebo controlled lipid lowering trial that two years of treatment induces a significant 

regression of atherosclerosis in these children FH, with no adverse effects on growth, 

sexual maturation, hormone levels, liver or muscle . Subsequently, we continued the 

follow-up of this cohort for over 4 years and assessed carotid IMT at regular intervals. 

These data have allowed us to elucidate predictors for carotid IMT in FH adolescents. 

Furthermore, we could evaluate the long term effects of statin treatment on sexual 

maturation and growth in these adolescents and young adults. 

All 214 patients, who initially participated in the controlled study, were eligible for the 

present study. At the end of the study pravastatin was prescribed to all children at a 

dose (20-40 mg) dependent on age and LDL-C levels. 

We obtained at a regular intervals, plasma lipids, sex steroids, gonadotropins and 

variables of the pituitary-adrenal hormones, Tanner staging, menarche or testicular 

volume, muscle and liver enzymes. 

A single sonographer performed carotid B-mode ultrasound examinations with an 

Acuson XP128 ultrasound machine equipped with an L75—10MHz transducer and 

extended frequency software (Acuson-Siemens, Mountainview, CA, USA). Images of 

the distal common, bulb, and internal far-wall carotid segments were saved as J P E G 

stills on minidiscs. The intima-media thickness was measured by one image analyst 

masked to all clinical information. Mean carotid IMT was defined as the mean of the 

right and left common carotid, the carotid bulb, and the internal carotid far wall 

segments. The last IMT assessment had to performed at least 4 years after initiation 

of the original study. 

Hormone values were evaluated bv a paediatric endocrinologist using reference values 

according to age and Tanner staging as used in the Academic Medical Centre, 

Amsterdam, The Netherlands. 
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The original study protocol was approved by the Institutional Review Board, and 

informed consent was obtained from all participants. 

The relation between mean carotid IMT at the end of follow-up and other laboratory 

and clinical variables was first explored univariately using linear regression analysis. 

Independent predictors were subsequently identified using multivariate models. 

Variables with a skewed distribution were log-trans formed. Statistical analyses were 

done with SPSS 11.5 for Windows software. 

From the original cohort of 214 children, 11 (5%) subjects were lost to follow-up 

(moved, n=10; died due to a motor cycle accident n = l ) and 7 (3%) subjects refused 

consent. Of the remaining 196 subjects, ten (5%) subjects did not use statins (pregnancy 

or lactating n=6; unknown reasons n=4) and these were excluded from the present 

analysis. Mean age of the 186 (49% male) included subjects was 18.2 + 3.1 years; 

mean duration of statin treatment was 4.5 [range 2.1 to 7.4] years. None of the subjects 

had cardiovascular complaints or a cardiovascular event during follow-up. 

The determinants of carotid IMT at follow-up and the results of the multivariate 

regression analyses are shown in Table 1. The following independent predictors for 

combined carotid IMT at the last follow-up were carotid IMT at initiation of statin 

treatment ((3=0.446 ± 0.088, p<0.001), age at initiation of statin treatment (P=0.003 

± 0.001, p=0.016), male gender ((3=0.027 ± 0.008, p=0.001) and duration of statin 

use ((3=0.001 ± 0.000, p<0.001). Although mean arterial blood pressure and HDL-

cholesterol levels, both at start of statin use, were significantly associated in the 

univariate analyses, these relationships were lost in the multivariate analyses. 

N o serious laboratory adverse events were reported during the study period and no 

discontinuations were observed. Two male subjects had an asymptomatic increase of 

creatinine phosphokinase (CK) levels more than 10 times the upper limit of normal 

(ULN). In both cases, patients participated in fitness programmes and CK levels returned 

to normal in repeat test while remaining on statin therapy. Four subjects complained of 

occasional myalgia, however not accompanied by elevated levels of CK. 

N o significant clinical deviations were observed in sex steroids, gonadotropins or any 

of the studied variables of the pituitary-adrenal axis. 
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Table 1: Determinants of Combined Carotid Artery 

Gender, male 
A g e (y) , 
BMI (kg/rn ) 
Mean arterial BP (mmHg) 
Combined 1MT (mm) 
Total cholesterol (mmol/L) 
LDL-cholesterol (mmol/L) 
HDL-cholesterol (mmol/L) 
Triglycerides (mmol/L) 
Statin use (months) 

Univariate 

Regression 
Coefficient 

-0.033 (0.009) 
0.003 (0.001) 
0.002 (0.001) 
0.001 (0.001) 
0.544 (0.088) 
0.005 (0.003) 
0.007 (0.004) 

-0.038 (0.014) 
0.016 (0.009) 
0.001 (0.000) 

Intima-Media Thickness in FH Adolescents 

p-value 

<0.001 
0.029 
0.132 
0.010 

<0.001 
0.143 
0.069 
0.008 
0.094 
0.005 

Multi\ 

Regression 
Coefficient 

-0.027 (0.008) 
0.003 (0.001) 

-
-

0.446 (0.088) 
-
-
-
-

0.001 (0.000) 

ariate 

p-value 

O.001 
0.016 

<0.001 

<0.001 

Values are parameters at the start of statin treatment, except for statin use. Values are given 
as regression coefficients (standard error). *Value is log- transformed. yr=year, BP= blood 
pressure, BM1= Body mass index. LDL = Low-density lipoprotein, HDL = High-density 
lipoprotein, BP= blood pressure, mean arterial blood pressure= (systolic blood pressure + 
2x diastolic blood pressure)/3 

In this longest follow-up study of statin therapy in childhood to date, we could 

demonstrate that after adjustment for potential confounders, age at which statin therapy 

was initiated showed to be an independent predictor for carotid artery IMT in young 

adults with FH. The primary goal of the active identification programmes in both the 

Netherlands and the U K is to ensure that lipid-lowering treatment will be initiated as 

early as possible 5 6. Our data support the concept that this initiation should occur 

already in childhood. These findings are further supported by the favourable safety 

outcomes, which indicate that this therapy had no untowards effects on sexual 

maturation or growth. In addition, side effects such as myopathy were rare. 

Some methodological aspects of our study require comment. After finishing the 

original 2-year trial, all children received open label pravastatin treatment, and both 

efficacy and safety outcomes could have been affected by confounding. However, 

variations in h o r m o n e levels, g rowth and sexual maturat ion were individually 

evaluated by a pediatric endocrinologist and compared to reference values according 

to age, gender and pubertal stage. 

The active identification of FH patients is gaining acceptance across Europe. This 

will undoubtedly lead to even increasing numbers of FH children coming under medical 

care. Our results are likely to be useful in the counseling at these young children and 
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their parents as well as in the motivation for compliance with drug therapy. Longer 

term follow-up treatment with more robust lipid-lowering therapy is now required to 

show that arterial wall morphology in FH individuals can be restored to normal and 

consequently CV risk obliterated. 
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Abstract 

B a c k g r o u n d The lipid lowering effects of statin therapy show considerable 

interindividual variation in patients with familial hypercholesterolemia (FH). In adults, 

it is not yet established whether or not the type of low-density lipoprotein (LDL) 

receptor mutation predicts the response to statin treatment. We analyzed the relationship 

between LDL receptor genotype and response to pravastatin treatment in children 

with F H using carotid intima-media thickness (IMT) to measure efficacy. 

Methods and Results In a randomized, placebo-controlled, double-blind, two-year 

trial with pravastatin, 193 children had genetically confirmed FH and were included in 

the present substudy. At baseline, children with null alleles had higher LDL cholesterol 

levels (difference, 0.94 ± (SEM) 0.19 mmol /L ; p<0.001) and a greater carotid IMT 

(difference, 0.019 ± 0.01 mm; p=0.02) compared to children with receptor-defective 

mutations. The decrease in carotid IMT during the trial was not significantly different 

in children with null alleles and receptor-defective mutations (0.018 ± 0.012 m m and 

0.012 ± 0.010 mm; two-way covariance analysis p=0.7). However, after two-year 

treatment, the children with null alleles consistently had greater carotid IMT than 

children with receptor-defective mutations (difference, 0.016 + 0.01 mm; p=0.02). 

Moreover, the reduction of LDL cholesterol during the trial tended to be less in 

carriers of null alleles compared to carriers of receptor-defective mutations (1.30 + 

0.25 m m o l / L compared to 1.85 ± 0.20 mmol /L ; two-way covariance analysis p=0.08). 

Conclusions We found in FH children that null allele genotype was associated with a 

greater carotid IMT, higher LDL cholesterol levels and attenuated efficacy of pravastatin 

regarding LDL cholesterol reduction, when compared to receptor-defective mutations. 

Null alleles identify FH patients at the highest cardiovascular disease risk who may 

benefit from more aggressive treatment, possibly initiated already in childhood. 

150 



LDL receptor genotype 

Introduction 

Familial hypercholesterolemia (FH) is a common metabolic disorder caused by mutations 

in the low-density lipoprotein (LDL) receptor gene . The disorder is characterized by 

severely elevated LDL cholesterol (LDL-C) levels from birth onwards. Consequently, 

F H patients have an increased risk of cardiovascular disease. After diagnosis, 

heterozygous patients are treated lifelong with inhibitors of f3-hydroxy-P-methylglutaryl 

coenzyme A reductase (statins) to prevent premature CVD . 

T h e lipid lowering response to statin therapy, however, shows considerable 

interindividual variation'. Several investigators have assessed whether specific LDL 

receptor mutations affect the lipid lowering response to statin therapy " . Understanding 

this relationship could result in a more individual approach of the treatment of FH 

patients. However, these studies have yielded conflicting results. Selection on specific 

founder mutations, limited numbers of patients, different classifications of the LDL 

receptor mutation types, and a variety of treatment strategies without randomisation 

made it difficult to compare the results of these studies. In the present subgroup of a 

randomized, placebo-controlled clinical trial with pravastatin in FH children, we analyzed 

a large number of different LDL receptor mutations. Children are exposed to a more 

homogeneous environment than adults and are therefore better suited for genotype-

phenotype analyses . The influence of confounding factors on our observation was 

further reduced by randomization. In addition, since this was a placebo-controlled trial, 

the natural course of the specific LDL receptor mutations could be determined during 

the two-year follow-up. 

At present, genotype-phenotype studies have focussed on the lipid lowering response 

to statin therapy instead of analyzing the effects of statins on the atherosclerotic 

process. In adults, carotid intima-media thickness (IMT) has been accepted as a validated 
12-15 

marker for atherosclerosis and future cardiovascular outcome ". There are clear 

indications that carotid IMT is a marker of the increased atherosclerotic burden in 

childhood also . In a randomized statin trial, we measured both carotid IMT and lipid 

concentrations and the purpose of this subgroup analysis was to determine whether 

LDL receptor genotype influenced response to pravastatin treatment in children with 

heterozygous FH. 
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Methods 

Study Design 

The FH children in the present subgroup analysis were participants in a single center 

clinical trial carried out in The Netherlands. The study has been described in detail 

elsewhere ' . In brief, it was a prospective, randomized, placebo-controlled, double-

blind trial to assess the effect of two years of treatment with pravastatin on the carotid 

IMT in 214 children with heterozygous FH, aged between 8 and 18 years. After 

consenting, we randomized children to receive pravastatin once daily or matching 

placebo. In the active treatment group, children younger than 14 years of age received 

20 mg pravastatin and in those 14 years and older pravastatin 40 mg was given. We 

monitored study drug compliance by tablet counting. In the present genotype-phenotype 

substudy, we included all 193 children whose LDL receptor mutation had been identified 

(Figure 1). The Institutional Review Board approved the study protocol, and informed 

consent was obtained from all children and parents. 

Type of LDL Receptor Mutation 
We classified the LDL receptor mutations into mutation groups based on their 

functional class as reported in the literature: (a) the receptor-negative mutations or 

null alleles contained all class 1 mutations, class 2A mutations, large rearrangements 

(except the 2.5kb deletion which is a class 3 and 5 mutation), mutations resulting in a 

deletion of the translation initiation signal, early stop-codons, and nonsense mutations, 

although the latter had often undetermined residual function; (b) the receptor-defective 

mutations contained class 2B to 6 mutations; (c) the undetermined-receptor-activity 

mutations contained all remaining mutations with undetermined mutational class. The 

identified LDL receptor mutations are listed in the online Addendum. A total of 49 

different mutations were detected in 193 children with heterozygous FH. We found 

17 null alleles in 75 children, 14 receptor-defective mutations in 80 children, and 18 

mutations with undetermined residual function in 38 children (Figure 1). 

Intima-Media Thickness 

The primary efficacy outcome of this substudy was defined as the difference in change 

from baseline in mean carotid IMT between the placebo and pravastatin group at two 

years of follow-up compared between null alleles and receptor-defective mutations. A 
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Figure 1. Flow of study participants in the genotype-phenotype substudy. 

214 Randomized Children With Untreated 
Familial Hypercholesterolemia 

3 Lost To Follow -Up 

211 Children With Familial Hypercholesterolemia 
Completed Trial 

18 Excluded 
9 Apolipoprotein B Mutations 
9 Without LDL Receptor Mutation 

193 Children With Genetically Confirmed, 
Heterozygous Familial Hypercholesterolemia 

75 Null Alleles 

37 Received Pravastatin 
38 Received Placebo 

80 Receptor-Defective 
Mutations 
41 Received Pravastatin 
39 Received Placebo 

38 Undetermined Receptor 
Activity Mutations 
21 Received Pravastatin 
17 Received Placebo 

single experienced sonographer performed all B-mode ultrasound examinations. The 

far walls of the left and right common carotid artery (CCA), carotid bulb (BULB), and 

internal carotid artery (ICA) were imaged. The digital images were analyzed off-line 

by one image analyst. For a given segment, IMT was defined as the average of the left 

and right IMT measurements. Mean carotid IMT was defined as the mean of the 

CCA, BULB, and ICA far wall segments. The quantitative IMT measurements have 

been described in detail elsewhere 16,17 

Laboratory Methods 
Plasma concentrations of total cholesterol (TC), triglycerides (TG), and high-density 

lipoprotein cholesterol (HDL-C) were measured using standard (automated) methods 

after a 12-hour overnight fast. LDL-C concentrations were calculated by the Friedewald 

formula . All children had plasma T G concentrations consistently below 4.0 mmol /L. 

Mutational analyses were performed with standard methods as described previously . 
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Statistical Analysis 
All statistical analyses were carried out with SPSS software (version 11.5, SPSS). We 

compared children with null alleles and receptor-defective mutations for relevant clinical 

characteristics, lipid concentrations, and carotid IMT. Differences among LDL receptor 

genotype groups were analyzed with Students' t-test for continuous data. Since T G 

concentrations had a skewed distribution, the analyses were based on log-transformed 

data. In a multivariate linear regression analysis, we analyzed the relationship between 

LDL receptor genotypes and carotid IMT adjusted for lipid levels. Changes in carotid 

IMT and lipid concentrations during the trial were calculated between the placebo and 

pravastatin group, and the differences within the two LDL receptor genotype groups 

were analyzed with multivariate linear regression analysis. The interaction between 

genotype (null alleles or receptor-defective mutations) and treatment (placebo or 

pravastatin) was tested with the interaction test of two-way covariance analysis. Since 

LDL receptor genotype was associated with baseline lipid levels and carotid IMT, we 

did not adjust for baseline values in multivariate linear regression analysis and two-

way covariance analysis. Nonetheless, when we adjusted for baseline values, similar 

trends were found between LDL receptor genotype and response to treatment (data 

not shown). Throughout, a two-tailed P value of less than 0.05 was interpreted as 

indicating a statistical significant difference. 

Results 

Patient Characteristics 
The baseline characteristics according to the type of LDL receptor mutation are 

presented in Table 1. Study drug compliance was similar among the LDL receptor 

genotype groups. Children with null alleles and receptor-defective mutations were 

evenly distributed over placebo-treated and pravastatin-treated groups. As expected, 

children with null alleles had significantly more elevated mean T C levels (difference 

(± SEM), 0.94 ± 0.20 mmol /L ; p<0.001) as well as mean LDL-C levels (difference, 

0.97 ± 0.20 mmol /L; p<0.001) compared to children with receptor-defective mutations. 

Moreover, carriers of null alleles had a greater mean carotid IMT (difference, 0.020 ± 

0.01 mm; p=0.01) and mean IMT of the ICA segment (difference, 0.022 ± 0.01 mm; 
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Table 1. Baseline Characteristics of Children with Null Alleles. Receptor-Defective Mutations, 
and Mutations with Undetermined Receptor Activity 

Variable 

Age, years (range) 
CJender, male/female 
BMI, kg/m2 
Study drug compliance, % 

Lipids in m m o l / L 
TC 
LDL-C 
HDL-C 
TG 

I M T in m m 
CCA 
BULB 
ICA 
mean carotid 

Undetermined 
receptor activity 

(n=38) 

12.4 (8.0-18.5) 
1 6 / 2 2 

20.3 ± 0.6 
88.5 ± 2.3 

7.98 ± 0.22 
6.42 ± 0.21 
1.21 ±0 .04 
0.78 ± 0.07 

0.520 ± 0.01 
0.529 ± 0.08 
0.429 ± 0.01 
0.492 ± 0.01 

Null alleles 

(n=75) 

13.4(8.4-18.0) 
3 3 / 4 2 

19.5 r n.4 
89.4 ± 1.8 

8.30 ±0.16 
6.66 ±0 .15 
1.23 ±0 .03 
0.92 ± 0.06 

0.521 ± 0.01 
0.532 ± 0.01 
0.455 ± 0.01 
0.503 ± 0.01 

Receptor-defective 
mutations 

(n=80) 

12.6(8.1-18.5) 
4 4 / 3 6 

18.9 ± 0.4 
90.2 ± 1.3 

7.36 ± 0.12 
5.70 ± 0.12 
1.26 ± 0.03 
0.90 ± 0.06 

0.501 ± 0.01 
0.515 ±0.01 
0.433 ± 0.01 
0.483 ± 0.01 

p-value* 

0.1 
0.2 
0.3 
0.7 

<0.001 
<0.001 

0 .5 | 
0.9^ 

0.06 
0.08 
0.03 
0.01 

BMI=body mass index. TC=total cholesterol. LDL=low-density lipoprotein, HDL=high-density 
lipoprotein, TG=triglyceride, IMT=intima-media thickness, CCA=common carotid artery, 
BULB=carotid bulb, ICA=internal carotid artery, mean carotid=mean of the CCA, BULB, and 
ICA. All values are given as mean ± standard error of the mean (SEM). * Comparison between 
null alleles and receptor-defective mutations, t Statistical analysis adjusted for individual 
serum triglyceride levels did not change the result (data not shown). + Statistical testing after 
logarithmic transformation. 

p=0.03) compared to carriers of receptor-defective mutations. Mean IMT of the 

CCA and BULB segments also tended to be higher in children with null alleles but this 

was not significant (difference, 0.021 ± 0.01 mm; p=0.06 and difference, 0.017 ± 0.01 

mm; p=0.08, respectively). Furthermore, after adjustment for baseline LDL-C levels, 

the difference in mean carotid IMT between carriers of null alleles and receptor-

defective mutations was 0.018 ± 0.01 mm (p=0.04). 

Changes in Carotid IMT 
Figure 2 shows mean differences of the changes in carotid IMT during the trial between 

the placebo and pravastatin group according to the LDL receptor genotype. The 

decrease of mean carotid IMT as well as of mean IMT in the CCA, the BULB, and 

the ICA segments between children who received placebo and pravastatin treatment 

was not significantly different in carriers of null alleles compared to carriers of receptor-
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Figure 2. Mean differences of the changes in carotid IMT during the trial between the placebo 
and pravastatin group in children with null alleles and receptor-defective mutations. 

• Null alleles (n=75) ïl Receptor-defective mutations (n=80) 

-
s 

BULB 
p=0.4 

ICA Mean carotid 
p=0.3 p=0.7 

IMT=intima-media thickness, CCA=common carotid artery, BULB=carotid bulb, ICA=internal 
carotid artery, mean carotid=mean of the CCA. BULB, and ICA. Error bars indicate standard 
error of the mean difference. P values for the interaction between genotype (null alleles or 
receptor-defective mutations) and treatment (placebo or pravastatin) were calculated using 
two-way covariance analysis 

defective mutations (two-way covariance analysis; p=0.7, p=0.4, p=0.3, and p=0.7, 

respectively). Adjustment for changes in LDL cholesterol levels during the trial also 

did not change the decrease of mean carotid IMT among carriers of null alleles and 

carriers of receptor-defective mutations: both 0.014 + 0.01 mm (two-way covariance 

analysis; p=0.6). However, after two-year treatment, children with null alleles had a 

consistendy greater mean carotid IMT (difference, 0.016 ± 0.01 mm; p=0.02) and mean 

IMT of the CCA segment (difference, 0.019 ± 0.01 mm; p=0.04) compared to children 

with receptor-defective mutations. Mean IMT of the BULB and the ICA segments after 

the treatment period tended to be higher in children with null alleles but this did not 

reach significance (difference, 0.017 ± 0.01 mm; p=0.07 for both segments). 
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Changes in Lipid Concentrations 
Mean differences of the changes in lipid concentrations during the trial between the 

placebo and pravastatin group according to the LDL receptor genotype are presented 

in Figure 3. Children with null alleles tended to less reduction of TC and LDL-C 

levels during the trial compared to children with receptor-defective mutations, but this 

did not reach statistical significance (two-way covariance analysis; both p=0.08). After 

two-year treatment, mean TC in carriers of null alleles was 7.62 ± 0.20 m m o l / L and 

mean LDL-C was 5.94 + 0.19 mmol /L , and remained significantly more elevated 

than the 6.60 ± 0.17 m m o l / L and 4.90 ±0 .17 m m o l / L in carriers of receptor-defective 

mutations (both p<0.001). 

Pravastatin increased HDL-C levels and reduced T G levels to a similar extent in both 

LDL receptor genotype groups (two-way covariance analysis; p=0.9 and p=0.7, 

respectively). 

Figure 3. Mean differences of the changes in lipid concentrations during the trial between the 
placebo and pravastatin group in children with null alleles and receptor-defective mutations. 

• Null alleles (n=75) M Receptor-defective mutations (n=80) 

"5 

0.50 

0.00 

-0.50 

-LOO 

-1.50 

-2.00 

-2.50 

p=0.08 
LDL-C 
p=0.08 

HDL-C 
p=0.9 

TG 
p=0.7 

TC = total cholesterol, LDL = low-density lipoprotein, HDL = high-density lipoprotein, 
TG=triglyceride. Error bars indicate standard error of the mean difference. P values for the 
interaction between genotype (null alleles or receptor-defective mutations) and treatment 
(placebo or pravastatin) were calculated using two-way covariance analysis 
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Discussion 

In this subgroup study of a randomized, placebo-controlled, two-year trial with 

pravastatin in heterozygous F H children, we showed that LDL receptor genotype was 

significandy associated with the carotid IMT, independent of LDL-C levels. Although 

the reduction of LDL-C levels by pravastatin treatment tended to be less in carriers 

of null alleles, we observed no significant difference in change of carotid IMT during 

the trial between the two LDL receptor genotype groups. However, at baseline and 

after two-year treatment, carotid IMT and lipid profile were more unfavorable in 

children with null alleles compared to children with receptor-defective mutations. 

Our present analysis is the first genotype-phenotype study in F H that demonstrated 

the influence of statin therapy on carotid IMT. In adults, numerous studies have 

shown that an increase in IMT of the carotid artery is associated with an increased 

risk of myocardial infarction and stroke, and that a decrease in carotid IMT due to 

drug treatment is associated with a decrease in the incidence of vascular events ' . 

Therefore, noninvasive B-mode carotid IMT has now been accepted as a validated 

marker for the process of atherosclerosis in adults. There are clear indications that 

carotid IMT is also a marker for atherosclerosis in childhood. Children with FH have 

a 5-fold more rapid increase of carotid arterial wall IMT during childhood than their 

unaffected siblings . This increase led to a significant deviation in terms of IMT 

values from the age of 12 years onwards. Therefore, it might be suggested to measure 

carotid IMT as a marker of the increased atherosclerotic burden in children. 

In this placebo-controlled trial, the response to pravastatin treatment on carotid IMT 

was not significantly different between carriers of null alleles and receptor-defective 

mutations. Nonetheless, independent of LDL-C levels, the carriers of null alleles had 

a greater carotid IMT than carriers of receptor-defective mutations at baseline and 

this unfavorable difference persisted during treatment. Hence, untreated and treated 

children carrying null alleles exhibit a more increased risk of cardiovascular disease 

compared to children carrying receptor-defective mutations. We could not assess the 

relationship between LDL receptor genotype and responses to increasing doses of 

statins in the present substudy. In future research, the effect of more aggressive and 

earlier statin treatment in children with null alleles should be investigated. 

Previous studies in adult FH patients analyzed whether the nature of the LDL receptor 
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mutation influenced lipid lowering response to statin therapy, but have yielded conflicting 

results ~ . In a recent study, we showed that children with FH are better suited for 

genotype-phenotype analysis than adults . In a linear mixed model, we calculated the 

contribution of familial factors to the variance of LDL-C levels in a pediatric and an 

adult FH cohort (intra-class correlation). Familial factors explained 50.4% of the variance 

in LDL-C levels among the FH children and only 9.5% in adult FH patients. Hence, 

the LDL-C levels showed a much stronger correlation among related children than in 

adult siblings. Likely, children refrain from unfavorable lifestyles and share their 

environment to a greater extent than adults. The consequences of IJDL receptor genotype 

are, therefore, estimated against a more homogeneous background in children with 

FH. Moreover, we used placebo-controlled data and, therefore, information was available 

about the natural course of the specific LDL receptor mutation on carotid IMT and 

lipid profile during the two-year follow-up. Adjusting for the natural course reduces 

bias in the analyses of the relationship between LDL receptor genotype and treatment 

response: placebo effect and secular trends do not influence our observations. 

We found that the reduction of TC and LDL-C levels during pravastatin treatment 

tended to be less in null alleles compared to receptor-defective mutations in this placebo-

controlled trial. Most likely, this finding was not significant as a result of small numbers 

of children. In FH children, only one other study has been reported that investigated the 

relationship between the LDL receptor genotype and lipid levels. In contrast to our 

findings, two types of null mutations associated with significantly larger LDL-C reductions 

compared to one receptor-defective mutation . However, these children were selected 

on specific founder mutations and the results might have been influenced by additional 

familial factors. Moreover, placebo-treated children were excluded from these analyses, 

thereby loosing control for the natural course of the LDL receptor genotype. 

Our subgroup analysis had not enough power to observe small differences in the 

carotid I M T responses between the two L D L receptor genotype groups with 

significance. However, we had enough children in each genotype group to make a 

valid estimate of the mean difference of the change in carotid IMT between the 

placebo and pravastatin group of the subgroups and we observed similar point-

estimates. The question arises whether or not we have made a type II error: a difference 

is not observed with statistical significance because of lack of power due to small 

numbers. We did not find, however, a difference between the point-estimates. Recently, 
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Schultz and Grimes emphasized that methodological rigor to eliminate bias, properly 

report to avoid misinterpretation, and always publish results to avert publication bias 

is more important than insufficient sample size . Moreover, the methodological 

advantages enable that such analyses could ultimately be combined in meta-analysis. 

We have estimated that a meta-analysis to test the results of this hypothesis-generating 

study should be considered when 2600 or more children have been included in statin 

IMT trials. Future studies on genotype effects should also maintain the placebo-

controlled data of the trial to enable such a meta-analysis. 

In summary, we conclude that LDL receptor genotype was significantly associated 

with the carotid IMT before and during treatment with pravastatin in heterozygous 

FH children, independent of LDL-C levels. Selection of null alleles identifies children 

with the highest cardiovascular disease risk who may benefit by more aggressive as 

well as earlier lipid lowering treatment. 
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Abstract 

Objective 
Children with familial hypercholesterolaemia (FH) exhibit high cholesterol levels from 

birth onwards, resulting in early atherogenesis. The latter is reflected by impaired 

endothelial function. This emphasizes the need for early intervention in children with 

FH. Currendy, options for treating high cholesterol levels in these children are limited. 

Therapy with HMG-CoA reductase inhibitors (statins) has been shown to restore 

endothelial function in FH children, but statins have not been approved in Europe for 

use in children. Plant sterols or stanols also lower cholesterol levels by inhibiting 

cholesterol absorption in the small intestine. We therefore examined the effect of 

plant stanols on lipids and endothelial function in pre-pubertal children with FH. 

Study design 
A total of 42 FH children, aged 7-12 years, were enrolled in a double-blind crossover 

trial consuming 500 ml of a low-fat yoghurt enriched with 2.0 g of plant stanols (mainly 

sitostanol) and 500 ml of a low-fat placebo yoghurt for 4 weeks, separated by a 6-week 

wash-out period. Lipid profiles and endothelial function were assessed after both periods 

of consumption. Endothelial function was measured as flow-mediated dilation (FMD) 

of the brachial artery by means of ultrasonography and a wall tracking system. 

Results 
This daily intake of 2.0 g stanols decreased total cholesterol (TC) by 7.5% and LDL 

cholesterol (LDL-C) by 9.2% as compared to placebo. However, this reduction of 

LDL-C did not improve FMD, which was 10.5 ± 5.1% after plant stanol and 10.6 ± 

5.0% after placebo consumption, respectively (p~ 0.852). 

Conclusions 
In conclusion, the present study confirms that plant stanol consumption reduces LDL-C 

in children with FH. Nevertheless, plant stanols do not improve endothelial function in 

children with FH, in contrast to statins. This might be due to insufficient LDL-C reduction 

to improve endothelial function. Another explanation is that statins improve endothelial 

function irrespective of LDL-C lowering, and plant sterols might lack these pleiotropic 

effects. 
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Introduction 

Familial hypercholesterolaemia (FH) is an inherited autosomal dominant disorder of 

lipoprotein metabolism due to a variety of mutations in the LDL-receptor gene . The 

disorder is associated with elevated cholesterol levels from birth onwards and premature 

atherosclerosis. In general, affected persons show symptoms of cardiovascular disease 

at relatively young age. Although children with FH are almost always clinically 

asymptomatic, development of atherosclerosis has already started, as reflected by 

increased intima-media thickness and endothelial dysfunction ' . 

Endothelial dysfunction has emerged as a marker of an early, but reversible, stage in 

the development of atherosclerosis and can be measured as flow mediated dilation 

(FMD) of the brachial artery. F M D correlates well with known risk factors and other 
Q 

markers of coronary artery disease . Children with FH indeed exhibit impaired 

endothelial function " , which supports the view that prevention of atherosclerotic 

development should be initiated in early childhood . In a previous study, de Jongh et 

al demonstrated that treatment with statins improves endothelial dysfunction towards 

normal levels in children with FH . 

Statins appear to be safe and effective in children, as evaluated in a randomised 

controlled setting for up to two years . However, as their long-term safety in children 

is still under investigation, statins are presently not registered for children with FH in 

Eu rope . This is in contras t to the USA, where statins can be prescr ibed to 

rrypercholesterolaemic children from 10 years onward. In addition, ezetimibe, a new 

cholesterol- lowering drug, has been approved worldwide for prescr ip t ion to 

hypercholesterolaemic children older man 10 years of age. Strikingly however, clinical 

trials testing the effect and safety of ezetimibe in children are completely lacking. 

Therefore, the common lipid-lowering strategy for children with FH presently consists 

of dietary and lifestyle-interventions and, if considered necessary, bile-acid binding resins 

' . It has been shown, however, that the efficacy of a cholesterol-lowering diet alone 

is limited and that resins are poorly tolerated, resulting in poor compliance . Despite the 

emergence of new lipid-lowering strategies, non-pharmacological interventions currently 

remain the only therapeutic option for pre-pubertal children with FH. 

Plant sterols are synthesized in plants and are structurally similar to cholesterol. Plant 

sterols are naturally present in the diet, and B-sitosterol, campesterol and stigmasterol 

are the most common ones. Plant stanols are the saturated counterparts of plant 
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sterols. Over the past decade, food products enriched with plant sterols and stanols 

have been introduced to reduce cholesterol levels. Plant sterols and stanols inhibit the 

absorption of cholesterol in the small intestine by decreasing the incorporation of 

dietary and biliary cholesterol into micelles ' . Plant stanols also impede absorption of 

plant sterols, resulting in both lower serum cholesterol and plant sterol levels 

Sterols and stanols have been shown to safely reduce total cholesterol (Total-C) and 

low-density-lipoprotein cholesterol (LDL-C) by approximately 10% in FH adults and 

children " . However, it is uncertain whether the LDL-C reduction by plant sterols 

and stanols improves endothelial function. 

Therefore, we previously evaluated the effect of 2.3 g of plant sterols on LDL-C and 

endothelial function for four weeks in children with FH . Although LDL-C decreased 

with 14%, endothelial dysfunction did not improve. This is probably due to insufficient 

reduction of LDL-C before restoration of endothelial function can be realized. 

However, one cannot exclude a possible untoward effect of plant sterols on the vascular 

endothelium. Daily consumption of approximately 2.0 g of sterols is known to increase 

serum plant sterol concentration by 39-96% in both adults and children ' :>'~ . Raised 

serum plant sterol concentrations have been suggested as a potential risk factor for 
91 

coronary heart disease . Hence, the increase in serum plant sterol concentrations 

could attenuate the beneficial effect of plant sterol-induced cholesterol reduction on 

endothelial function. However, this should not apply to plant stanols, which are not 

only hardly absorbed, but actually lower serum plant sterol concentrations ' . 

Therefore, we designed a study to evaluate the effect of short-term consumption of 

plant stanols on LDL-cholesterol and to evaluate whether the presumed LDL-C 

reduction will improve endothelial function in pre-pubertal children with FH. 

Subjects and Methods 

Subjects 
Children were recruited from the outpatient lipid clinic at the Emma Children's Hospital 

in Amsterdam. F^ach subject, as well as each subject's parents or guardians, gave written 

informed consent for the child's participation in this study, which was approved by 

the Institutional Review Board of our centre. 

We enrolled 42 prepubertal FH-children between 7 and 12 years of age. All subjects 
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met the following inclusion criteria: A personal diagnosis of F H by detection of a 

mutation in the LDL-receptor gene or LDL-C above the 95 ' percentile for age and 

gender and one parent with a confirmed diagnosis of FH. N o n e of the children 

showed clinical signs of hypercholesterolaemia. Three subjects used drugs against 

asthma and one boy used medication for his attention deficit hyperactivity disorder 

(ADHD). At start of the study, none of the girls had reached menarche. Clinical 

characteristics at baseline are shown in table 1. Normal ranges of children's cholesterol 

and triglyceride levels are shown in table 2. 

Table 1 Baseline characteristics 

Characteristics FH subjects 

n 41 
Male/female 22/19 
Age (years) 9.8(1.5) 
Length (m) 1.43(0.10) 
Weight (kg) 36.5 (8.3) 
BMI(kg/m2) 17.7(2.8) 
Systolic blood pressure (mmHg) 108 (12) 
Diastolic blood pressure (mmHg) 61 (9) 
Total cholesterol (mmol/L) 6.92 (1.55) 
LDL cholesterol (mmol/L) 5.38 (1.69) 
HDL cholesterol (mmol/L) 1.32 (0.31) 
Triglycerides (mmol/L) 0.64 [0.51-0.95] 

All values are given as means (SD), except for triglycerides as median [interquartile range] 
To convert cholesterol levels expressed in mmol/L to mg/dl, multiply by 38.67 
To convert triglyceride levels expressed in mmol/L to mg/dl. multiply by 88.57 
n, number; FH, familial hypercholesterolaemia; BMI, body mass index; LDL, low density 
lipoprotein; HDL, high density lipoprotein. 

Table 2 Normal ranges for lipid levels in children 

Males Females 

5-9 years 10-14 years 5-9 years 10-14 years 

Total cholesterol (mmol/L) 4.15(5.26) 4.09(5.23) 4.22(5.31) 4.15(5.21) 
LDL cholesterol (mmol/L) 2.41 (3.26) 2.49 (3.37) 2.59 (3.45) 2.49 (3.47) 
HDL cholesterol (mmol/L) 1.45(1.01) 1.40(0.96) 1.37(0.85) 1.35(0.91) 
Triglycerides (mmol/L) 0.63(1.14) 0.75(1.41) 0.68(1.19) 0.85(1.48) 

Values are given as 50th percentiles (95th percentile) for age and gender, except for HDL 
cholesterol as 50th percentile (5th percentile) 
To convert cholesterol levels expressed in mmol/L to mg/dl, multiply by 38.67 
To convert triglyceride levels expressed in mmol/L to mg/dl, multiply by 88.57 
LDL, low density lipoprotein; HDL, high density lipoprotein. 
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Study design 
The study was a double-blind placebo controlled cross-over trial. The children started 

with a two week diet run-in period, in which they were not allowed to consume any 

plant sterol or stanol enriched food products or dietary vitamin supplements, as short-

term treatment with antioxidants has been shown to influence endothelial function in 

children with FH . This period was extended to 6 weeks in case subjects were already 

consuming these products on a regular basis. The children were restricted from these 

products and supplements during the study. After the run-in period, subjects were 

randomly assigned to consume either 500 ml of yoghurt containing 2.0 g of plant 

stanols or 500 ml of the placebo low-fat yoghurt without plant stanols, for four weeks 

each. Twenty children started with the plant stanol-enriched yoghurt, while twenty-

two children first ingested the control-yoghurt during this first study period. A 6-week 

wash-out period followed, after which the children crossed over to the alternate yoghurt 

for another four weeks. During the entire study, all children were on a low-saturated 

fat, low-cholesterol diet, compatible with the National Cholesterol Education Program 

Step II (NCEP-II) diet 10. 

Endothelial function was assessed at the end of both consumption periods. After an 

overnight fasting period of at least 12 hours, capillary lipid profile (Total-C, high-

density lipoprotein cholesterol (HDL-C), LDL-C and triglycerides (TG)) was measured 

at baseline and at the end of both consumption periods. Physical examination, including 

height, weight, blood-pressure and heart-rate, was performed at baseline and at the 

end of the study. 

Yoghurt composition and administration 
The stanol-enriched and the low-fat control yoghurt were both produced and blinded 

by Campina, Woerden, the Netherlands. The yoghurts were distributed in identical-

looking 500 ml jars. The children were instructed to consume one jar daily with their 

meals. At the start of each consumption period, the children received yoghurt for one 

week in a cooling bag. For the remaining three weeks, parents collected yoghurt at the 

hospital on a weekly basis. Compliance was measured at each study-visit by collection 

and calculation of the empty and full jars of yoghurt. 
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Endothelial function 

Endothelial function was measured as flow mediated dilation (FMD) and performed 

according to a standardized protocol ' ' . I n short, children were in the morning 

fasting state and were studied in the supine position. A blood pressure cuff was placed 

distal to the elbow of the right arm. After a 10 min rest, the brachial artery in the right 

antecubital fossa was visualized by use of a 7.5 MHz linear transducer. After obtaining 

an optimal view of the artery, the lumen diameter was measured by use of a wall 

tracking system. Three baseline vessel diameter measurements were obtained, after which 

reactive hyperaemia was induced by inflation of the cuff to a pressure of 220 mmHg for 

5 minutes, approximately 10 cm distal to the location of the transducer. Upon release 

of the cuff, the brachial artery dilates by mediation of endothelial NO-release. Lumen 

diameter measurements were performed at 20-second intervals, during five minutes 

after cuff-release. All measurements were performed by the same sonographer and 

were stored digitally. Off-line analysis was performed by a blinded observer, who was 

unaware of clinical details and treatment period. Baseline vessel diameter was calculated 

as the average of the three measurements prior to cuff inflation. Flow mediated dilation 

is defined as [(maximal lumen diameter after ischaemia - diameter at baseline)/diameter 

at baseline] and is expressed as a percentage. Intrasession and intersession variation 

coefficients are 1.1% and 3.8% respectively . The total duration of this measurement 

was approximately 20 minutes. 

Statistical analysis 

A power calculation was performed to determine the required number of patients. 

Assuming that the common standard deviation of F M D is 2.0%, a sample size of 17 

children in each group had 80% power to detect a difference in means of 2%. Statistical 

analyses were performed using SPSS 11.5 for Windows software. The paired Student's 

/-test was used to study the differences between treatments. Triglyceride data were 

skewed and, therefore, log- transformed before statistical testing. P<0.05 was considered 

statistically significant. The FMD measurements of four children were excluded from 

analysis due to technical problems during image acquisition. 
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Results 

Forty-two eligible children were enrolled. One child dropped out of the study after 

one week, as he was not able to drink the required daily amount of yoghurt. Forty-one 

children completed the trial. One girl reached menarche during the study. Excluding 

her data from the analyses did not change the results. Based on the number of returned 

empty jars, compliance was 98% during plant stanol consumption and 96% in the 

control period. None of the children experienced any serious adverse events. During 

the period in which the subjects consumed the plant stanol yoghurt, 6 children 

complained of stomach aches for several days, compared to 8 children during the 

placebo period. Consumption of plant stanols for four weeks did not affect blood 

pressure, length, weight or BMI, if compared to placebo (data not shown). 

After consumption of plant stanols for four weeks, Total-C was significantly reduced by 

0.53 mmol /L (95% CL -0.79 to -0.28 mmol/L) and LDL-C was significantly reduced by 

0.48 mmol /L (95% CI: -0.69 to -0.27 mmol/L) as compared to consumption of placebo 

yoghurt (table 3). Expressed in percentages, these reductions were 7.5% for Total-C and 

9.2% for LDL-C. There were no significant changes in HDL-C en triglyceride levels. 

FMD did not significantly differ between both periods. After plant stanol consumption, 

the F M D was 10.5% ± 5.1%, compared to 10.6%. ± 5.0% after consumption of the 

placebo yoghurt (p= 0.852) (table 3). Baseline vessel diameter during plant stanol and 

placebo consumption did not differ significantly (2.9 ± 0.3 mm versus 2.8 ± 0.4 mm, 

respectively). There were no carry-over effects between the two treatments (data not shown). 

Discussion 

In the present study we demonstrate that short-term use of 2.0 g of plant stanols 

reduces Total-C and LDL-C by 7.5% and 9.2%, respectively, in prepubertal children 

with FH. N o serious adverse events were evident. As expected, T G and HDL-C levels 

remained unaltered during stanol consumption. Despite the reductions in LDL-C 

levels, endothelial function did not improve. 

The reductions in Total-C and LDL-C are in line with previous findings on short-

term use of stanols in hypercholesterolaemic adults and children ' ' ' and are 
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similar to those observed in patients treated with sterols 3'14'17-2"'_ Becker et al reported 

an exceptional and frankly unexpected LDL-C reduction of approximately 30% in 

FH-children after consumption of 1.5 g stanols for 3 months . However, mean 

LDL-C levels were very high in this cohort (7.87 mmol /L) and the groups were small. 

In our study, lipid profiles were obtained by collection of capillary fingerstick samples. 

Use of this method has been shown to result in an overestimation of T G and HDL-C 

levels and thereby, an underestimation of LDL-C if compared to venous samples 29. 

However, in our study the change in LDL-C was calculated within subjects. Therefore, 

use of this method probably did not affect the observed LDL-C reductions. Altogether, 

plant stanols appear to be an effective cholesterol-lowering strategy in children with FH. 

The present study is the first to evaluate the effect of plant stanols on endothelial 

function. We found that a LDL-C reduction of 9.2% after plant stanol consumption 

was not associated with improvement of endothelial function in children with FH. 

This is similar to the findings of our previous study with plant sterols, in which we 

found that consumption of 2.3 g of plant sterols for four weeks did not restore 

endothelial function, in spite of reducing LDL-C by 14% . Based on the results of 

the latter study, we then suggested that, regarding the vascular endothelium, the 

beneficial effect of plant sterols on LDL-C levels may be counteracted by a rise in 

serum plant sterol concentrations after plant sterol consumption. Although serum 

plant sterol levels were not measured in our previous study, it is known that serum 

plant sterol concentrations increase by 39-96 % after daily consumption of 2.0 g of 

plant sterols ' ' . Raised serum plant sterol concentrations were suggested as a 

Table 3 Lipids and FMD with absolute changes in subjects 

Lipids 

Total-C 
LDL-C 
HDL-C 
TG 
FMD 

(mmol/L) 
(mmol/L) 
(mmol/L) 
(mmol/L) 

(%) 

Stanol yoghurt 
(n=41) 

6.47 (±1.35) 
4.77 (±1.32) 
1.35 (±0.24) 

0.61 [0.51-0.84] 
10.5 (±5.1) 

Placebo yoghurt 
(n=41) 

7.00 (±1.49) 
5.24 (±1.45) 
1.38 (±0.27) 

0.57 [0.51-0.93] 
10.6 (±5.0) 

Mean absolute 
change (95% CI) 

-0.53 (-0.79 to -0.28) 
-0.48 (-0.69 to -0.27) 
-0.03 (-0.13 to 0.06) 
-0.05 (-0.18 to 0.08) 
0.05 (-2.40 to 2.51) 

p-Value 

<0.001 
<0.001 

0.488 
0.444a 

0.852 

All values are defined as mean values (±SD), except for the mean absolute change given as mean 
(95% confidential interval (CI)) and triglycerides as median [interquartile range] 
a Difference between treatments was calculated after log-transformation of triglyceride values 
Total-C, total cholesterol; LDL-C. low-density lipoprotein cholesterol: HDL-C, high-density 
lipoprotein cholesterol; TG, triglycerides; FMD, Flow Mediated Dilation. 
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potential risk factor for coronary heart disease ~ . Even though serum sterol 

concentrations remain within the normal range after consumption of plant sterols, 

it is unknown if elevations in serum plant sterol concentrations affect endothelial 

function. However, the present study shows that neither plant stanols, which are hardly 

absorbed and actually lower plant sterol concentrations, ' improve endothelial 

dysfunction in children with FH. Thus, it is unlikely that raised serum plant sterol 

concentrations are responsible for the observed lack of effect of plant sterols on 

endothelial function. 

De Jongh et al have demonstrated that endothelial dysfunction in children with FH 

normalizes after treatment with statins for 28 weeks . Putative explanations for the 

lack of vascular effects of plant sterols and stanols compared to statins, include that 
31 

statins reduce LDL-C to a greater extent in hypercholesterolaemic adults ' , adolescents 

and children 9-32'33. As previously suggested by de Jongh et al , this implies the presence 

of a threshold of LDL-C lowering before endothelial function can improve. This is 

supported by LDL- aphaeresis studies, showing that changes in LDL-C per se are the 

most important determinant in the correlation between LDL-C levels and endothelial 

function 34. Another possibility might be that statins exert direct effects on endothelial 

cells, independent of their effects on serum cholesterol levels. Some studies showed 

that short-term use of statins improves endothelial function, without plasma lipid-

lowering 35~37. Thus, plant sterols and stanols might lack these lipid-independent pleiotropic 

effects of statins, or their LDL-C reducing effect is not large enough to improve 

endothelial function. 

It is unlikely that consumption of plant stanols for a longer period would have improved 

endothelial function in children with FH. It has been shown that the maximal effect 

of plant stanols on LDL-reduction is reached after a period of two weeks and that 

consumption for a longer period does not further reduce LDL-C. Elevation of the 
T O 

dose of plant stanols also does not result in a larger reduction of LDL-C ~ . 

Furthermore, FMD is a short-term surrogate marker of arterial disease progression and 
39 

has previously been shown to improve after only two weeks of statin treatment " . 

Therefore, it is unlikely that consumption for a longer period would have resulted in a 

stronger LDL-reduction and thereby an improvement of FMD. 

Consumption of plant sterols and stanols reduces plasma |3-carotene concentration 

and it is unknown whether this might have affected the endothelial function. A meta-
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analysis of 15 trials testing doses of > 1.5 g of sterols and /o r stanols in adults shows a 

mean change o f - 1 2 . 1 % in serum [3-carotene concentrations, adjusted for change in 

serum Total-C (reviewed in ). A recent study demonstrates a reduction of a - and (3-

carotene by 17.4% and 10.9%, respectively, in children with F H after daily consumption 

of 1.2 g of plant sterols . In vitro studies showed that carotenoids exert favourable 

effects on the vascular endothelium and smooth muscle cells (reviewed in ;. This may 

suggest that the reduction of plasma carotenoids, caused by plant sterol consumption, 

might be responsible for the lack of improvement of endothelial function after plant 

sterol or stanol consumption. However, in vivo human data, particularly on the effect 

of carotenoids on endothelial function measured as FMD, are lacking. Furthermore, 

we did not measure plasma (3-carotene levels in the present study. Therefore, it is 

uncertain whether a possible reduction in plasma 3-carotene concentration might have 

affected the vascular function. 

Our data imply that strong reduction of LDL-C is likely to be essential in order to 

improve endothelial function in children with FH. Statins would be the most powerful 

means for this purpose, possibly combined with plant stanols. Until children with FH 

reach the age at which they become eligible for more aggressive lipid-lowering strategies, 

treatment with plant stanols can be a useful non-pharmacological tool for cholesterol-

lowering. In addition, the children in our study generally considered the stanol-yoghurt, 

which is available in almost all supermarkets, as a tasteful addition to their daily diet. 

This is reflected by the high compliance reported in this study. With respect to safety, 

plant stanols have presently been evaluated for up to five years. N o adverse events 

were reported (reviewed in ). Therefore, consumption of plant stanols can be a 

beneficial, safe, tasteful and easy-accessible tool in order to accomplish early lipid-

lowering in pre-pubertal children with FH. 

In conclusion, short-term consumption of plant stanols reduces LDL-C in children 

with FH. Plant stanols do not restore endothelial dysfunction in children with FH, 

possibly due to insufficient reduction of LDL-C. This advocates more aggressive lipid-

lowering in FH-children in the future, by means of statin-treatment or possibly by 

combining stanols with other lipid-lowering compounds. In the interim, consumption 

with plant stanols might be a safe and useful cholesterol-lowering strategy in children 

with FH. 
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Abstract 

Introduction: Elevated levels of low-density lipoprotein cholesterol (LDL-C) as well 

as small dense LDL are associated with a propensity towards cardiovascular disease 

(CVD). Children with familial hypercholesterolemia (FH), characterized by elevated 

LDL-C levels from birth onwards are at very high risk for premature CVD in adulthood. 

Whereas the efficacy of statin therapy for LDL-C is fully established, the effect of 

statin treatment on levels and size of lipoprotein particles is unequivocal. 

Methods: We examined lipoprotein particle concentrations as well as size by nuclear 

magnetic resonance (NMR) spectroscopy in 144 FH children and 45 unaffected siblings. 

In addition, we evaluated the effect of pravastatin (20-40 mg) and placebo on particle 

levels and size. 

Results: FH children had significantly higher levels of VLDL particles (115.8 + 38.0 

n m o l / L vs 51.0 ± 19.2 nmol/L;/KO.001), LDL particles (1726.7 ± 388.8 n m o l / L vs 

945.8 ± 189.2 nmol/L;^KO.001), as well as lower levels of H D L particles (23.2 ± 4.0 

u.mol/L vs 26.9 + 3.7 u.mol/L;^><0.001). Pravastatin treatment reduced mainly overall 

L D L particle numbers by 342.7 ± 55.0 n m o l / L (19.6%) as compared to placebo, but 

did not significantly affect levels of small, dense LDL particles. In addition, pravastatin 

increased VLDL size by 1.0 nm (95% CI 1.0-2.1 nm; p=0.028). 

Conclusion: Children with FH are not only characterized by severely elevated LDL-C 

levels, but also by increased numbers of LDL and VLDL particles. Treatment with 

pravastatin reduced LDL-C levels, but although VLDL particle levels were reduced by 

31.2%, small LDL particles remained elevated. These data underscores that statin 

therapy of modest efficacy does not fully restore lipoprotein abnormalities towards 

normal in F H children and might support more aggressive lipid-lowering therapy in 

this population. 
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Introduction 

Studies in adults have demonstrated that levels of small, dense low-density lipoproteins 

(LDL) as well as LDL particle numbers are associated with an increased risk for 
1 7 

cardiovascular disease (CVD) ' . Small dense LDL's have a lower affinity for the LDL 

receptor, which has untoward consequences for the atherogenicity of these particles. In 

particular, the increased plasma residence time can contribute to pro-atherogenic changes 

at the level of the endothelium ~. In addition, small dense LDL's have an increased 

susceptibility towards oxidative modification ' , a process that is directly linked to foam 

cell formation. Notably, the presence of small dense LDL is usually associated with 

other risk factors such as elevated levels of triglycerides (TG), reduced concentrations 

of high-density lipoprotein cholesterol (HDL-C) and insulin resistance . Children with 

familial hypercholesterolemia (FH) are characterized by elevated levels of plasma LDL 

cholesterol (LDL-C) due to mutations in the LDL receptor gene . These elevated levels 

of LDL-C are present from birth onwards and predispose for premature CVD later in 

life. It is unknown whether the concentration of LDL particles is also increased in these 

children. Also, no data are available with regards to precise lipoprotein profiling in FH-

children. Such knowledge on lipoprotein subclass and size might allow us to identify 

those children, in whom very early and aggressive lipid lowering treatment is warranted. 

Hydroxy-methyl-glutaryl Co-enzyme A (HMG-CoA) reductase inhibitors reduce lipid 

and lipoprotein levels and consequently CVD risk. The effect of these agents on 

lipoprotein subclasses and size has been evaluated in adult FH patients, but the results 

are equivocal. Some studies showed that statins increase LDL size and reduce small 

dense LDL levels ' while in contrast, other studies showed no effect of statins on 

these parameters " . Notwithstanding these conflicting results, all studies demonstrated 
8 10 1S 

a reduction of absolute LDL particle levels " ' . 

Although statins safely reduce LDL-C levels in children with FH , it is unknown to 

what extent statin treatment alters lipoprotein distribution. In the present study, we 

compared lipoprotein subclasses and size in children with FH and healthy siblings. In 

addition, we evaluated the effect of pravastatin treatment on these parameters. 
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Methods 

Study population and design 
We previously performed a double-blind, randomized, placebo-controlled trial to 

determine the 2-year efficacy and safety of pravastatin therapy in 214 children aged 

8-18 years with heterozygous FH . Briefly, children were eligible to participate in 

this study based on a documented LDL-receptor mutation or plasma levels above the 

95 percentile for age and gender in a family with a history of premature CVD in 

conjunction with hypercholesterolemia and tendon xanthomas. Children were not 

eligible when they were homozygous for FH or when they had a secondary cause for 

hypercholesterolemia . Consenting children were randomly assigned to receive placebo 

or pravastatin 20-40 mg. The dose depended on age, children younger than 14 years 

received 20 mg pravastatin whereas those aged 14 years or older received 40 mg 

pravastatin daily. Children were instructed to continue a low fat diet and to maintain 

habitual physical activity during the intervention period. In addition, relevant 

information was assembled for 80 unaffected siblings in whom FH was definitely 

excluded by D N A analysis. 

Samples from 144 FH children and 45 unaffected siblings obtained at baseline and 

after a 1-year intervention period were available for lipoprotein subclass analysis and 

these children comprise the current study population. 

Lipids and lipoproteins 
Venous blood samples were drawn after a fasting period of at least 12 hours. Plasma 

levels of cholesterol and triglycerides (TG) were determined by standardized enzymatic 

procedures (Boehringer, Mannheim, Germany) and high-density lipoprotein-cholesterol 

concentrations (HDL-C) in plasma was measured by an automated method (Roche 

Diagnostics, Basel, Switzerland). LDL-C levels were calculated using the Friedewald 

equation . Plasma samples for subsequent lipoprotein subclass analysis were stored 

at -80°C. 

Lipoprotein subclasses and particle sizes 
Lipoprotein subclass particle concentrations and mean lipoprotein particle size were 

measured by nuclear magnetic resonance (NMR) spectroscopy at LipoScience, Inc. 
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(Raleigh, N C , USA) as previously described ' and recently modified . In brief, the 

particle concentrations of lipoprotein subclasses of different size are derived from the 

measured amplitudes of the spectroscopicalfy distinct lipid methyl group NMR signals 

they emit. The concentrations of the following subclasses were measured: small LDL 

(18.0-21.2 nm), large LDL (21.2-23.0 nm), IDL (23.0-27.0 nm), and large H D L (8.8-

13.0 nm), medium H D L (8.2-8.8 nm), small H D L (7.3-8.2 nm), large VLDL (>60 nm), 

medium VLDL (35.0-60.0 nm), and small VLDL (27.0-35.0 nm). VLDL and LDL 

subclass particle concentrations are given in units of n m o l / L and those of H D L 

subclasses i n ^ m o l / L . Weighed-average lipoprotein particle sizes (nm) were calculated 

from the subclass levels and the diameters assigned to each subclass. 

The reproducibility of the NMR-measured lipoprotein particle parameters was 

determined by replicate analyses of plasma pools. CVs < 4 % were observed for total 

VLDL, LDL, and H D L particle concentrations, < 2 % for VLDL size, <0 .5% for 

LDL and H D L size, < 1 0 % for large, medium, and small VLDL subclasses, < 8 % for 

large and small LDL subclasses, and < 5 % for large and small H D L subclasses. CVs 

for the IDL (<20%) and medium H D L (<35%) subclasses were higher, in part due to 

their low concentrations. 

Statistical analysis 
In the FH group, mean values between the pravastatin group and the placebo group 

were compared using an independent t-test. Chi square tests were applied for comparing 

distributions of dichotomous data between these groups. Differences in baseline 

characteristics, lipids, particle concentrations of lipoprotein subclasses and particle 

sizes between FH children and healthy siblings were analyzed using linear or logistic 

regression analyses. Since some of these children were related, analyses were performed 

with generalized estimating equations (GEE) in the SAS procedure G E N M O D to 

account for correlations within families. The same procedure was used to investigate the 

association between particle concentrations of lipoprotein subclasses and particle sizes. In 

a stepwise multivariate analysis we adjusted for potential confounders. 

The effects of pravastatin on lipoprotein lipid levels as well as subclass particle concentrations 

and particle size were studied by comparing the difference in change between the pravastatin 

and the placebo group after 1-year treatment by analysis of covariance (ANCOVA), in 

which independent variables were treatment and baseline levels. 
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Variables with a skewed distribution were log-transformed before the analysis. A p-

level of 0.05 was considered statistically significant (two sided). Statistical analyses were 

done with the SAS package version 9.1 (SAS Institute Ine, Cary, NC, USA). 

Results 

Baseline characteristics 
F H children in the pravastatin group did not significantly differ from the placebo 

group with respect to baseline characteristics, except for triglyceride levels (0.78 [0.57-

1.29] vs 0.66 [0.45-0.90]; p=0.011). As compared to the original cohort, the 144 FH 

children from this current study population did not differ in terms of baseline 

characteristics (data not shown). Fur thermore , FH children did not differ from 

unaffected siblings with regard to baseline characteristics, except for lipids and 

lipoproteins (Table 1). 

Baseline NMR results in FH children versus unaffected siblings 
Children with FH had significantly higher concentrations of VLDL (115.6 ± 38.2 vs. 

51.0 ± 19.2 nmol /L; p<0.001) and LDL particles (1726.8 ± 391.3 vs. 945.8 ± 189.2 

Table 1. Characteristics of FH Children and Unaffected Siblings 

Age 
Gender 
BMI 
Mean arterial blood 
pressure 

Total cholesterol 
HDL-cholesterol 
LDL-cholesterol 
Triglycerides^ 

y 
% 
kg/m 

mmHg 

mmol/L 
mmol/L 
mmol/L 
mmol/L 

F H 
Pravastatin 

n = 6 8 

12.9 ± 2.9 
33 (45) 

19.8 ±3 .4 

77.8 ± 9.3 

7.85 ± 1.49 
1.23 ±0.28 
6.18 ± 1.46 

0.78 [0.57-1.29] 

Placebo 
n = 7 6 

13.0 ± 3.0 
40 (53) 

19.5 ± 3.6 

77.3 ± 8.4 

7.83 ± 1.19 
1.29 ±0.28 
6.19 ± 1.19 

0.66 [0.45-0.98] 

D-value 

0.821 
0.623 
0.630 

0.749 

0.931 
0.179 
0.964 
0.011 

Siblings 

n= 45 

13.3 ±2 .6 
23 (49) 

18.6 ±3 .7 

75.8 ± 7.9 

4.27 ± 0.65 
1.46 ±0.36 
2.49 ± 0.55 

0.54 [0.41-0.89] 

. 2 p-value 

0.237 
0.827 
0.212 

0.160 

O.OOl 
<0.001 

0.013 
0.007 

FH Familial Hypercholesterolemia, y years. BMI body mass index, HDL high density lipoprotein, 
LDL low density lipoprotein, Mean arterial blood pressure indicates (systolic blood pressure 
+ 2x diastolic blood pressure)/3. 'p-value for pravastatin versus placebo. 2p-value for FH versus 
siblings adjusted for family relations. f Values are given in median and interquartile range 
between brackets. 
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Table 2: Baseline Values of Lipoprotein Subclasses and Partiele Sizes of Children with FH and 
Unaffected Siblings 

VLDL Particles 
Large VLDL 
Medium VLDL* 
Small VLDL 

LDL Particles 
IDL 
Large LDL 
Small LDL 

HDL Particles 
Large HDL 
Medium HDL 
Small HDL 

Particle Size 
VLDL size* 
LDL size 
HDL size 

nmol/L 
nmol/L 
nmol/L 
nmol/L 
nmol/L 
nmol/L 
nmol/L 
nmol/L 
umol/L 
umol/L 
umol/L 
umol/L 

nm 
inn 
nm 

F H n = 144 

115.6 ±38.2 
0.6 [0.2-1.9] 

18.9 [8.5-35.0] 
89.8 ± 29.3 

1726.8 ±391.3 
24.6 [9.4-49.7] 
850.1 ± 254.5 
845.3 ± 397.8 

23.2 ± 4.0 
6.3 ± 2.9 

0.4 [0.0-1.8] 
15.5 ± 3.0 

40.4 [38.2-43.4] 
21.4 ± 0 . 5 
9.5 ± 0.4 

Siblings n= 48 

51.0 ± 19.2 
0.4 [0.2-1.4] 

17.4 [7.8-21.5] 
33.4 ± 14.4 

945.8 ± 189.2 
1.9 [0.0-10.2] 
419.0 ± 133.3 
521.4 ±222.0 

26.9 ± 3.7 
8.7 ± 2.5 

3.1 |1.5-4.8] 
14.9 ± 3.3 

47.6 [44.6-51.5] 
21.3 ± 0.5 
9.5 ± 0.4 

p value'1 

<0.001 
0.392 
0.100 

<0.001 
<0.001 
<0.001 
<0.001 
<0.001 
<0.001 
<0.001 
<0.001 

0.217 

<0.001 
0.044 
0.830 

Values are given as means ± standard deviation. Values are given as median and interquartile 
range between brackets, a p-value adjusted for family relations. FH familial 
hypercholesterolemia, VLDL very low-density lipoprotein, IDL intermediate low-density 
lipoprotein, LDL low-density lipoprotein, HDL high-density lipoprotein. 

nmol /L ; p<0.001) and lower concentrations of H D L particles (23.2 ± 4.0 vs. 26.9 ± 

3.7 fXmol/L; p<0.001) (Table 2). The increased levels of VLDL particles were entirely 

due to an increase of small V L D L particles, whereas increased LDL particle levels 

were due to higher numbers of both large and small LDL particles. The decreased 

levels of H D L particles were caused by a decrease of large and medium HDL. Overall 

VLDL size was significantly smaller (40.4 [38.2-43.4] vs. 47.6 [44.6-51.5] nm; p<0.001) 

in children with FH whereas LDL size (21.4 ± 0.5 vs. 21.3 ± 0.5 nm; p=0.044) was 

larger. H D L size did not significantly differ between the groups. 

Effect of pravastatin 
In line with the two-year effect of pravastatin on LDL-C , one-year pravastatin 

treatment decreased LDL-C by 23.6% as compared to placebo. Pravastatin also 

significantly decreased VLDL particle levels by 35.8 nmol /L (31.2%) (95% CI: -46.6 

to -25.0 nmol /L; p<0.001) as compared to placebo (Table 3). This decrease was mainly 

due to a decrease in medium and small VLDL. Pravastatin reduced LDL particle 

numbers by 342.3 n m o l / L (19.6%) (95% CI: -451.4 to -234.0 nmol /L ; p O . 0 0 1 ) as 
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Table 3: Baseline and One Year Treatment Values of Lipoprotein Subclasses and Particle Sizes 
in FH Children 

Placebo n=76 Pravastatin n=68 

Baseline Mean Change Baseline Mean Change p-value^ 

VLDL Particles 
Large VLDL* 
Medium VLDL* 
Small VLDL 

LDL Particles 
IDL* 
Large LDL 
Small LDL 

HDL Particles 
Large HDL 
Medium HDL* 
Small HDL 

Particle size 
VLDL* 
LDL 
HDL 

112.7 ±35.8 
0.6 [0.2-1.7] 

13.9 [7.1-32.0] 
90.4 ± 27.9 

1676.9 ±307.1 
25.1 [8.7-43.2] 
882.3 ± 240.7 
765.5 ±341.9 

23.6 ± 4.4 
6.5 ± 3.0 

0.6 [0.0-1.7] 
15.7 ±3.3 

40.2 [37.8-42.8] 
21.5 ±0.5 
9.6 ± 0.4 

-1.6 ±32.0 
-0.1 ± 2.3 
1.8 ±20.6 
-3.3 ±21.3 

67.8 ± 354.0 
-9.4 ± 32.1 

61.0 ± 177.2 
16.3 ± 387.4 

0.4 ± 3.3 
0.3 ± 2.2 
-0.2 ± 2.1 
0.4 ± 3.1 

0.70 ± 4.98 
0.05 ± 0.45 
-0.02 ± 0.31 

118.8 ±70.7 
0.7 [0.2-2.0] 

23.5 [9.5-39.3] 
89.2 ± 31.1 

1782.6 ±463.9 
23.9 [10.1-54.1] 
814.2 ± 266.3 
934.5 ± 437.7 

22.9 ± 3.4 
6.1 ± 2.7 

0.4(0.0-1.8] 
15.4 ±2.6 

41.2 [38.3-43.9] 
21.3 ±0.5 
9.5 ± 0.4 

-37.5 ± 33.2 
-0.77 ± 3.6 
-9.5 ± 20.3 
-27.3 ± 25.6 

-274.9 ± 299.2 
-6.4 ± 30.1 

-128.5 ±209.7 
-140.0 ± 334.1 

2.6 ± 3.3 
1.3 ±2.0 
0.9 ± 2.3 
0.4 ± 3.0 

1.49 ±6.81 
0.03 ± 0.46 
-0.04 ± 0.28 

<0.001 
0.621 
0.011 

<0.001 
<0.001 

0.151 
<0.001 

0.152 
<0.001 

0.006 
0.001 
0.850 

0.028 
0.136 
0.455 

Values are given as means ± standard deviation. * Values are given as median and interquartile 
ranges between brackets t p-value for difference between groups. VLDL very low-density 
lipoprotein, LDL low-density lipoprotein, IDL intermediate density lipoprotein, HDL high 
density lipoprotein. LDL and VLDL particle concentrations are expressed in mmol/L, HDL 
particles concentrations are expressed in /xmol/L and particle sizes are expressed in nm. 

compared to placebo. Although pravastatin reduced all LDL subclass concentrations, 

only large LDL particle concentrations were significantly reduced by 189.7 nmol /L 

(95% CI: -253.2 to -125.1 nmol/L; p<0.001). Small dense LDL levels were not affected. 

In contrast, pravastatin significantly increased H D L particle levels by 2.2 (J,mol/L (12.5 %) 

(95% CI: 1.1 to 3.3 |0.mol/L; p <0.001) as well as large H D L particles by 1.1 | imol /L 

(34.3 %) (95% CI: 0.9 to 1.7 \lxnol/L; p=0.006) and medium H D L by 1.1 | !mol/L (200 %) 

(95% CI: 0.4 to 1.9 ^Imol/L; p=0.001). Pravastatin significantly increased VLDL size by 

1.0 nm (4.6 %) (95%CI: 1.0 to 2.1 nm; p=0.028) as compared to placebo. 

Discussion 

Children with FH are not only characterized by an increased number of LDL particles, 

but also by increased numbers of VLDL particles as well as decreased numbers of 
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HDL particle. Whereas pravastatin reduces LDL particles bv 19.6%, the atherogenic 

fraction of small LDL particles remained clearly elevated. Finally, pravastatin also 

lowered VLDL particle levels and increased H D L particle levels. 

To our knowledge, this study is the first to show that children with FH are characterized 

by, besides elevated LDL-C, additional atherogenic changes in lipoprotein distribution 

as well as in size. The numbers of both large and small LDL particles were considerably 

higher in FH children than their unaffected siblings. In addition, they had higher 

levels of small VLDL particles, presumably cholesterol-enriched, in face of normal 

T G levels (Table 1). Since high levels of small VLDL and IDL are associated with an 

increased risk of angiographic progression and clinical events of CAD , these small 

VLDL might contribute significantly to the atherogenic potential in these children. 

Pravastatin significantly decreased LDL particle numbers as well as VLDL particles, 

and it increased H D L particles and VLDL size. The decrease in VLDL particles might 

also be responsible for the increase of H D L particles rather than for the decrease in 

triglyceride levels ; T G levels were not affected in this study . The decrease in LDL 

particles mostly followed a significant decrease in large LDL, and to a much lesser 

extent small dense LDL particles. These data in FH children correspond to two studies 

in adults with pravastatin, which showed no effect on small dense LDL concentrations 

' . In contrast, atorvastatin and simvastatin therapy did affect LDL size and caused 

a decrease of small dense LDL ' ' " . These discrepancies might be explained by use 

of different statins, varying patient groups and different techniques to detect lipoprotein 

subclasses and size. The fact that atorvastatin did reduce small dense LDL in adults could 

imply that more aggressive lipid-lowering is essential. Also, other agents that reduce small 

dense I X)L 3' ' and VLDL particles in adults include fibric acid derivates '" . Shifts 

from smaller to larger LDL particles have been observed in hyper-triglyceridemic subjects 

treated with such compounds " . Hence, it could be worthwhile to investigate the use 

of fibrates to lower small dense LDL as well as large V L D L in hypercholesterolemic 

children. However, data on the use of fibrates in children are scarce and long-term 
• i l 

safety has not been established (reviewed in ). Alternatively, the addition of ezetimibe, 

a cholesterol absorption inhibitor to statin therapy might be considered. However, also 

no data are available on this combination therapy and thus clinical studies are needed 
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to evaluate whether such therapy would improve atherogenic profiles in FH children. 

We could also demonstrate that pravastatin significantly increased H D L particle 

concentrations in our study. The latter is compatible with a direct effect of pravastatin 
32 

on the activity or concentration of cholesterylester: transferprotein (CETP) " . Since 

statins inhibit cholesterol biosynthesis, they may also as a consequence reduce hepatic 

CETP expression "' through a reduction of intracellular oxysterol concentrations. 

This in turn will inhibit transcriptional activation of the CETP gene by Liver X Receptor 

(LXR) . Although Cheung et «/reported that pravastatin did not change CETP mass 

in adult patients with primary hypercholesterolemia , unpublished data from our 

group do show that three-month pravastatin treatment did decrease CETP mass by 

more than 12% in children with FH as compared to placebo. 

Several methodological issues of this study require comment. First, this study was a 

post-hoc analysis that was not predefined. Also, blood samples were not available for 

all study subjects, which might have resulted in selection bias. However, the baseline 

characteristics of our cohort were comparable to those of the initial study population. 

Finally, the use of frozen samples could theoretically have affected our results. Since 
1 1 - 3 

our findings are similar to those reported in adult studies ' , the latter is unlikely. 

In summary, we conclude that children with FH are characterized by higher concentrations 

of LDL and VLDL particle numbers with concomitantly lower H D L particle numbers. 

Whereas pravastatin significantly reduced total LDL particles in FH children, the number 

of small LDL particles was not reduced significandy. Overall, these data lend further 

support to more aggressive or even combination lipid-lowering therapy in childhood 

F H in order to prevent premature coronary artery disease later in life. 
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Abstract 

Introduction: Oxidized phospholipids (C)xPL) are a major component of oxidized 

LDL (OxLDL) and are bound to circulating lipoprotein (a) [Lp(a)] in plasma. The 

significance of these parameters in children with familial hypercholesterolemia (FH) 

and the effect of statins on OxPL are not known. 

Me thods : Children with FH were randomized to placebo (n=88) or pravastatin (n=90, 

20-40 mg daily) after instruction on step II AHA diet. Unaffected siblings (n=78) 

served as controls. The OxPL content on apolipoprotein B-100 (apoB) detected by 

antibody E06 (OxPL/apoB ratio), IgG and IgM apoB-immune complexes per apoB 

(IC/apoB) and on all apoB particles (Total apoB-IC = IC/apoB multiplied by plasma 

apoB-100 levels), autoantibodies to malondialdehyde (MDA)-LDL, Lp(a) and apoB 

levels were measured at baseline and after 2-years' treatment. 

Results: Compared to unaffected siblings, children with FH had significantly lower 

levels of OxPL/apoB but higher levels of IgG and IgM Total apoB-IC and IgM 

MDA-LDL autoantibodies. From baseline to 2-year follow-up, compared to placebo, 

pravastatin treatment resulted in a greater mean percentage change in apoB (-18.7% 

vs. 0.3%; p=0.001), Total IgG apoB-IC (-31.9% vs. -12.2%; p<0.001), and Total IgM 

apoB-IC (-25.5% vs. 13.2%; p=0.001). Interestingly, pravastatin also resulted in higher 

OxPL/apoB (48.7% vs. 29.3%; p=0.028) and Lp(a) levels (21.9% vs. 10.7%; p=0.044). 

In the entire cohort, there was a strong correlation between O x P L / a p o B and Lp(a) at 

baseline (r=0.84; p<0.001) and 2 years (r=0.92; p<0.001). 

Conclusion: Compared to unaffected siblings, children with FH are characterized by 

elevated levels of apoB-immune complexes and MDA-LDL autoantibodies but lower 

levels of circulating OxLDL, suggesting immune activation to OxLDL. Compared to 

placebo, pravastatin leads to a greater reduction in apoB-immune complexes but also 

to a greater increase in OxPL/apoB and Lp(a), which may represent a potential novel 

mechanism of mobilization and clearance of OxPL. 
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Introduction 

Children with heterozygous familial hypercholesterolemia (FH) are characterized by 

severely elevated LDL-cholesterol (LDL-C) levels that predispose to the early initiation 

of atherogenesis and premature cardiovascular disease (CVD). Although most children 

with this disorder are asymptomatic, they do manifest subclinical atherosclerosis such 

as impaired endothelial dysfunction and increased intima-media thickness (IMT) " . 

Carotid IMT is considered a valid surrogate marker for atherosclerosis and therefore 

employed to assess atherosclerosis in children with FH. We previously showed that 

pravastatin therapy induced a significant regression of carotid IMT in children with 

F H compared to placebo . 

A wealth of experimental and recently-derived clinical data suggests that lipoprotein 

oxidation plays an important role in atherogenesis (reviewed in j . Importantly, circulating 

oxidized low-density lipoproteins (OxLDL) are associated with subclinical atherosclerosis 

in adults ' angiographically-determined coronary artery disease , symptomatic CVD, 

acute coronary syndromes (ACS) and vulnerable plaques ' " ' and may also predict 

acute myocardial infarction (AMI) ' . 

The role of circulating OxLDL in the pathogenesis of early atherosclerosis in children 

and the effect of statins is unknown. In the current study, we investigated the effect of 

pravastatin on plasma levels of several direct and indirect markers of OxLDL in a 

cohort of FH children, treated with pravastatin or placebo, as well as in a group of 

unaffected siblings. 

Methods 

Study population and design 
We previously performed a double blind randomized placebo controlled trial to determine 

the 2-year efficacy and safety of pravastatin therapy in 214 children aged 8-18 years with 

heterozygous FH Briefly, children were eligible to participate in this study based on a 

documented LDL-receptor mutation or plasma levels above the 95 percentile for age 

and gender in a family with a history of premature CVD in conjunction with 

hypercholesterolemia and tendon xanthomas. Children were not eligible if they were 
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homozygous for FH or when they had a secondary cause for hypercholesterolemia 

Consenting children were randomly assigned to receive placebo or pravastatin 20-40 mg. 

Children younger than 14 years received 20 mg pravastatin whereas those aged 14 

years or older received 40 mg pravastatin daily. Children were also instructed to assume 

or continue a low fat diet (according to Step II AHA) and to maintain habitual physical 

activity during the intervention period. In addition, relevant information was assembled 

for 80 unaffected siblings in whom FH was definitely excluded by DNA analysis. Carotid 

IMT was performed as previously described ". 

Lipids, lipoproteins and CRP 
From the original cohort, plasma samples from 178 FH children at baseline and at 2 

years and from 78 unaffected siblings at a single time point were available for OxLDL 

measurements. Venous blood samples were drawn after a fasting period of at least 12 

hours. Plasma levels of cholesterol and triglycerides were determined by standardized 

enzymatic procedures (Boehringer Mannheim, Germany) and high-density lipoprotein-

cholesterol (HDL-C) in serum was measured by an automated method (Roche Diagnostics, 

Basel, Switzerland). LDL-C levels were calculated using the Friedewald equation 

Apolipoprotein B-100 (apoB) concentrations were assayed on a Behring nephelometer 

(BN 100, Behring, Frankfurt, Germany) and were calibrated on international reference 

samples. Lp(a) concentrations were determined using chemiluminescent ELIS A as previously 

described '. High sensitivity C-reactive protein (CRP) was measured by latex-enhanced 

nephelometry (Dade Behring Inc. Newark, DFL, USA). 

Determination of OxPL/apoB Levels, Apolipoprotein B-100-
I m m u n e Complexes and Malondia ldehyde (MDA)-LDL 
autoantibody titers 
Chemiluminescent ELISA was used to measure all OxLDL markers. All samples for a 

given assay were run in a single assay and internal controls consisting of high and low 

standard plasma samples were included to detect potential variations between micro 

titration plates. Each sample was assayed in triplicate and data are expressed as relative 

light units (RLU) in 100 milliseconds. The intra-assay coefficients of variation for all 

assays were 6-10%. 
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Plasma titres of IgG and IgM apoB-IC and IgG and IgM MDA-LDL (1:200 plasma 

dilution) autoantibodies were measured as previously described ". The content of 

oxidized phospholipids (OxPL) per apoB-100 particle was determined using the murine 

m o n o c l o n a l a n t i b o d y E 0 6 ( O x L D L - E 0 6 ) , which specifically b inds to the 

phosphorylcholine head group of oxidized but not native phospholipids (reviewed in 

' and references therein). A 1:50 dilution of plasma in phosphate-buffered saline 

(PBS) is added to microtiter wells coated with the monoclonal antibody MB47, which 

specifically binds apoB-100 particles. Under these conditions, a saturating amount of 

apoB-100 is added to each well and consequently an equal number of apoB-100 particles 

are captured in each well for all assays. The content of OxPL per apoB-100 is then 

determined with biotinylated E06 as previously described ". Because the amount of 

apoB-100 bound to each plate is essentially identical for each plasma sample ' , we 

arbitrarily assigned the apoB-100 RLU value in the denominator as 1 and report the 

OxPL/apoB values as OxPL RLU counts only. 

The data for apoB-IC are presented in two ways: 1) as IC/apoB, which specifically 

quantifies the content of apoB-IC on each captured apoB-100 particle, and 2) as Total 

apoB-IC, which reflects the apoBTC content on all apoB-100 containing particles in 

plasma, by multiplying the plasma " I C / a p o B " value by the plasma apoB-100 levels 

measured independently. We have previously also reported Total levels of apoB-OxPL, 

derived by multiplying the OxPL/apoB ratio by plasma levels of apoB-100, in patients 

treated with statins. Because of the difficulty in determining the exact amount of 

OxPL on non-Lp(a)-apoB lipoproteins vs. Lp(a), this parameter may not completely 

reflect the plasma levels of apoB-associated OxPL. Therefore it is not reported here 

pending further validation. 

Statistical analysis 

In the FH group, mean values between the pravastatin group and the placebo group 

were compared using an independent sample t-test. Chi square tests were applied for 

comparing distributions of dichotomous data between these groups. Differences in 

baseline characteristics and OxLDL markers between FH children and healthy siblings 

were analyzed using linear or logistic regression analyses. Since some of these children 

were from the same family, these analyses were performed with generalized estimating 

equations (GEE) in the Statistical Analyses System (SAS) procedure G E N M O D to 
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account for correlations within families. In a stepwise multivariate analysis we adjusted 

for potential confounders. 

The effect of pravastatin on O x L D L markers, apoB-100 and Lp(a) levels was studied 

by comparing the difference in mean change between the pravastatin and the placebo 

group after 2-year treatment by analysis of covariance (ANCOVA), in which independent 

variables were treatment and baseline levels. Pearson and Spearmans correlations were 

used to summarize the relationship between OxLDL markers and Lp(a) and CRP at 

baseline and after 2 years. 

Variables with a skewed distribution were log-transformed before the analysis. A p-level 

of 0.05 was considered statistically significant (two sided). Statistical analyses were done 

with the SAS package version 9.1 (SAS Institute Ine, Cary, NC, USA). 

Results 

Baseline characteristics 
The baseline demographics and physical characteristics of the study group were described 

previously and were not significantly different between children with FH in the 

pravastatin group compared to the placebo group. There were no differences in those 

children with (N=178) and without (N=36) available blood samples for OxLDL 

measurements. Children with FH did not differ from unaffected siblings with regard to 

baseline characteristics, except for mean carotid IMT and age (Table 1). A molecular 

diagnosis of FH was obtained in 9 5 % of the children. None of the children with FH 

suffered from cardiovascular disease or had any cardiovascular symptoms. At baseline, 

5.6% of the F H children had tendinous xanthomas at physical examination and 6 .1% 

smoked regularly. Smoking status (p=0.80) as well as clinical characteristics (p=0.55) 

were equally distributed between both treatment groups. 

Baseline OxLDL markers, Lp(a) and lipoprotein levels in the study 
group and in unaffected siblings 
The baseline lipid levels, apoB-100, CRP, OxPL/apoB, apoB-immune complexes and 

MDA-LDL autoantibodies were similar between the pravastatin and placebo groups. 

However, the Lp(a) levels were borderline higher in the pravastatin group (median 
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levels 8.1 vs 7.4 mg/dl , p=0.049) (Table 1). 

Interestingly, compared to their unaffected siblings, children with FH had significantly 

lower levels of OxPL/apoB (P<0.001) and IgG IC/apoB (P=0.016) but higher levels 

of Total IgG apoB-IC, Total IgM apoB-IC and IgM MDA-LDL autoantibodies 

Table 1. Baseline characteristics, OxLDL Markers, Lipids and Lipoprotein levels in FH Children 
and Unaffected Siblings. 

Age 
Gender, male (%) 

FH 

Pravastatin 
n= 90 

12.9 (3.0) 
48 (53) 

Lipids and Lipoproteins 
Total-cholesterol 
HDL-cholesterol 
LDL-cholesterol 
Triglycerides 
Apo B-100 
Lp(a) 

hsCRP 
Carotid IMT 

OxLDL Markers 
OxPL/apoB* 

Autoantibodies to 
IgG* 
IgM 

303.1 (58.9) 
47.2 (10.1) 
238.8 (56.2) 

69.5 [51.2-114.5] 
140.4 (36.1) 

8.1 [4.4-20.5] 
0.03 [0.01-0.10] 

0.498 (0.056) 

2473 [1615-6610] 

MDA-LDL 
2497 [1682-3904] 

16337 (6856) 

Immune Complexes 
Total IgG ApoB-IC* 
Total IgM ApoB-IC 
IgG IC/ApoB 
IgM IC/Apo B 

3255 [2173-4782] 
4919 (3247) 

2344 [1742-3250] 
3537 (2835) 

Placebo 
n= 88 

12.9 (2.9) 
45 (51) 

301.0 (45.6) 
49.4 (11.1) 
237.5 (46.1) 

62.4 [41.2-92.6] 
140.0 (25.6) 

7.4 [2.8-13.2] 
0.02 [0.01-0.07] 

0.493 (0.049) 

2266 [1362-3920] 

2299 [1502-3307] 
16192 (6532) 

3285 [2515-4235] 
5004 (2858) 

2309 [1893-2972] 
3557 (1729) 

p-value 

0.985 
0.640 

0.787 
0.163 
0.865 
0.019 
0.918 
0.049 
0.088 
0.526 

0.430 

0.160 
0.885 

0.811 
0.853 
0.910 
0.945 

Siblings 

n= 78 

14.1 (3.0) 
42 (54) 

168.1 (25.3) 
55.7 (12.6) 
97.8 (23.0) 

53.1 [41.6-74.4] 
80.7 (16.4) 

6.7 [4.5-22.8] 
0.01 [0.01-0.03]+ 

0.480 (0.048) 

3864 [2847-11557] 

2589 [1608-4134] 
13534 (5273) 

2342 [1554-3141] 
2905 (1419) 

2871 [2154-3407] 
3691 (1717) 

i 2 p-value 

<0.001 
0.359 

<0.001 
<0.001 
<0.001 

0.015 
<0.001 

0.422 
0.004 
0.024 

<0.001 

0.761 
<0.001 

<0.001 
<0.001 

0.016 
0.518 

For Total ApoB-OxPL and Total ApoB-IC IgG and IgM units are relative light units (RLU.mg/dL) x 
103. For OxPL/ApoB IgG and IgM IC/ApoB and autoantibodies to MDA-LDL units are in RLU, Total 
cholesterol, HDL-C, LDL-C, Triglycerides, Apo B-100 and Lp(a) levels are in mg/dL, hsCRP levels 
are given in mg/L. Carotid IMT is given in mm. Age is given in years. Values are give in means and 
standard deviation * given as median and interquartile ranges between brackets, t hsCRP values 
were available from only 16 siblings. ' p-value t-test for pravastatin group versus placebo group, 
p-value for logistic regression analysis adjusted for family using generalized estimating equations 

(GEE) in SAS procedure GENMOD for FH versus siblings. To convert Total-C ,HDL-C and LDL-C 
levels in mmol/L divide by 38.67. To convert Triglycerides in mmol/L divide by 88.57. Abbreviations 
are given in text. 
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Table 2: Baseline and Two-Years Treatment Mean Levels of Lipids. Lipoproteins and OxLDL 
Markers in Children with Familial Hypercholesterolemia 

Lipids and Lipoproteins 
Total Cholesterol 
HDL-Cholesterol 
LDL-Cholesterol 
Triglycerides 
Apo B-100 
Lp(a) 

OxLDL Markers 
OxPL/ApoB* 

Autoantibodies to MDA-LDL 
IgG* 
IgM 

Immune Complexes 
Total IgG ApoB-IC * 
Total IgM ApoB-IC 
IgG IC/ApoB* 
IgM IC/ApoB 

Placebc 

Baseline (SD) 

301.0 (45.6) 
49.4 (11.1) 

237.5 (46.1) 
62.4 [41.2-92.6) 

140.0 (25.6) 
7.4 [2.8-13.2] 

2266 |1362-3920] 

2299 [1502-3307] 
16192 (6532) 

3285 [2515-4235] 
5004 (2858) 

2309 [1893-2972) 
3557 (1729) 

. (n=88) 

Two-years (SD) 

300.4 (56.0) 
19.9 (10.5) 

236.5 (56.2) 
61.1 [39.9-85.9] 

139.8 (31.4) 
7.4 [2.7-15.3] 

2658 [1587-4668] 

2385 [1527-3251] 
16213 (6263) 

2881 [2158-3891] 
5279 (3745) 

2096 [1691-2824] 
3733 (2184) 

p-value' 

0.837 
0.616 
0.767 
0.845 
0.882 
0.735 

0.003 

0.735 
0.966 

<0.001 
0.310 

<0.001 
0.273 

For total ApoB-IC IgG and IgM units are relative light units (RLU.mg/dL)xl03 For OxPL/ApoB, IgG 
and IgM. IgG IC/ApoB and autoantibodies to MDA-LDL units are in RL. Total cholesterol.HDL-C. 
LDL-C, Apo B-100 levels and Lp(a) are in mg/dL. Values are given as means and standard deviation 
* given as medians and interquartile ranges between brackets, t p-value within treatment group 

(P<0.001 for all, Table 1). N o significance differences were present in IgM IC/apoB, 

IgG MDA-LDL autoantibodies or Lp(a). As shown previously, a significant difference 

was present for apoB-100 levels and carotid IMT at baseline between children with FH 

and their unaffected siblings . 

Effect of pravastatin on absolute changes in OxLDL 

markers and Lp(a) 
As previously described, TC, LDL-C and apoB-100 levels decreased significandy in the 

pravastatin group (p<0.001 for all) after two years, whereas no significant change 

occurred in the placebo group (Table 2) . The absolute values of OxPL/apoB increased 

significantly in both the placebo (+718 ± 2674 RLU; P=0.003) and pravastatin (+2442 

± 4224 RLU; P<0.001) groups, however, it increased significandy more in the pravastatin 
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Pravastatin (n=90) 

Baseline (SD) Two-years (SD) p-value+ Differences (CI) p-value * 

303.1 (58.9) 
47.2 (10.1) 

238.8 (56.2) 
69.5 [51.2-114.5] 

140.4 (36.1) 
8.1 [4.4-20.5] 

246.8 (62.1) 
50.7 (12.1) 
180.9 (59.7) 

67.3 [42.5-100.0] 
114.0 (39.8) 

10.5 [5.9-22.1] 

<0.001 
0.001 

<0.001 
0.044 

<0.001 
<0.001 

-53.7 (-71.2 to-36.1) 
3.0 (0.3 to 5.8) 

-55.6 (-72.8 to -38.3) 
-9.5 (-22.5 to 3.6) 

-26.1 (-33.7 to -18.5) 
1.3 (0.1 to 2.4) 

<0.001 
0.073 

<0.001 
0.756 

<0.001 
0.061 

2473(1615-6610] 3863 [2052-11933] <0.001 1970 (818 to 3123) 0.003 

2497 [1682-3904] 2365(1815-3844] 0.209 -51 (-537 to 435) 0.976 
16337 (6856) 159001 (6593) 0.314 -512 (-1812 to 787) 0.491 

3255 [2173-4782] 2342 [1686-3934) <0.001 -612 (-1090 to -133) <0.001 
4919(3247) 3936(2769) <0.001 -1327 (-1970 to -685) <0.001 

2344(1742-3250] 2281(1726-3050] 0.013 56 (-246 to 358) 0.298 
3537(2835) 3114(1847) 0.138 -332 (-692 to 29) 0.085 

t-test for change after two years. $ p-value for differences after two years between treatment 
groups (ANCOVA). To convert Total-cholesterol .HDL-C and LDL-C levels in mmol/L divide by 
38.67. To convert Triglycerides in mmol/L divide by 88.57. Abbreviations are given in text 

group compared to placebo (P<0.001, Table 2). This is consistent with previous studies 

showing similar increases in O x P L / a p o B in response to low fat diets 17 and high-dose 
1 Q 

atorvastaun . The Total IgG apoB-IC decreased in both the placebo (-529 ± 1313 

RLU -mg/dL, p<0.001) and the pravastatin group (-1146 ± 1873 RLU.mg/dL, P<0.001), 

but significantly more so in the pravastatin group (-612 RLU m g / d L , 95%CI: -1090 to 

-133, P<0.001). The Total IgM apoB-IC only decreased in the pravastatin group (-983 

± 1540 RLU m g / d L , P<0.001) The IgG IC/apoB decreased in both the control and 

pravastatin groups. There were no significant differences between the pravastatin and 

placebo groups in IgM IC/apoB, or IgG and IgM MDA-LDL autoantibodies. 

Interestingly, absolute values of Lp(a) also increased significantly in the pravastatin 

arm (+2.1 m g / d L ± 3.7, p<0.001) but not in the control group, as also documented 

previously in response to low fat diets and atorvastatin 17'18. In the entire cohort, a 
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Figure 1: Correlations between OxPL/apoB and Lp(a) in FH children at baseline and after 2 years 
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Figure 2: Geometrie mean (95%CI) percent change from baseline to 2 years in OxLDL markers, 

Lp(a) and ApoB-100 in pravastatin and placebo group. 

Mean 
OxPL/ApoB 

95% CI 

Pravastatin 
Placebo 

IgG Autoant ibodies 
Pravastatin 
Placebo 

IgM Autoantibodies 
Pravastatin 
Placebo 

Total IgG ApoB-IC 
Pravastatin 
Placebo 

Total IgM ApoB-IC 
Pravastatin 
Placebo 

IgG IC/ApoB 
Pravastatin 
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strong correlation was noted between O x P L / a p o B and Lp(a) at baseline(r=0.84; 

P<0.001) and 2 years (r=0.92; P<0.001, Figure 1). 

Effect of pravastatin on relative changes in OxLDL 
markers and Lp(a) 
As compared to placebo, pravastatin significantly increased OxPL/apoB (absolute mean 

increase of 19.4%, P=0.028) and Lp(a) (absolute mean increase of 11.2%, P=0.044) 

but significantly decreased Total IgM apoB-IC and Total IgG apoB-IC (Figure 2). N o 

significant changes were noted in IgG and IgM apoB-IC or IgG and IgM MDA-LDL 

autoantibodies from baseline to 2 years. 

Relationship among OxLDL markers, CRP and carotid IMT 
In the entire FH cohort, OxPL/apoB correlated weakly with IgG MDA-LDL (r=0.17, 

P=0.023) but not with other OxLDL markers or lipid parameters. IgM MDA-LDL 

autoantibodies correlated with IgM apoB-IC (r=0.62 P<0.001) and similarly IgG MDA-

LDL autoantibodies correlated with IgG apoB-IC (r=0.34, P<0.001). An inverse but 

weak correlation was noted between LDL-C and IgG MDA-LDL (r—0.15, P=0.0049). 

In contrast, in the siblings, there was a positive correlation between LDL-C and IgG 

MDA-LDL (t-0.29, P=0.013). There was a modest positive correlation of hsCRP with 

OxPL/apoB (r=0.16, p=0.038) and Lp(a) (r=0.17, p=0.025) at baseline in the FH group 

but not with the other OxLDL markers. None of the OxLDL markers, Lp(a) or hsCRP 

predicted the baseline or the change in carotid IMT following pravastatin treatment. 

Discussion 

This study demonstrates that children with FH have significantly higher concentrations 

of apoB-immune complexes and MDA-LDL autoantibodies but lower levels of OxLDL 

compared to unaffected siblings, suggesting immune interactions between circulating 

OxLDL and O x L D L autoantibodies. Furthermore, pravastatin treatment of children 

with FH decreased total levels of apoB-associated immune complexes but actually 

increased OxPL/apoB levels, in parallel with similar increases in Lp(a) levels. Consistent 

with our previous hypothesis, these changes may represent mobilization of OxPL into 

2n 1 



Chapter 13 

the circulation from peripheral sources and upregulation of Lp(a) levels by statins 
i i T / \ 8,13,16,18,19 

a n d / o r OxPL which have been shown to be strongly bound by Lp(a) , as 

opposed to other apoB-containing lipoproteins. 

Children with FH are characterized by elevated LDL-C levels at birth and more rapid 

p r o g r e s s i o n to clinical C V D as they b e c o m e y o u n g adu l t s c o m p a r e d to 

normocholesterolemic children. Even in the pediatric period, they already have evidence 

of subclinical atherosclerosis with increased carotid IMT l'2 and endothelial dysfunction 

compared to similar aged controls 3'2U'21. In this group, it is not clear if these subclinical 

abnormalities are purely mediated by LDL-C levels without significant additional 

cardiovascular risk factors or through additional inflammatory or oxidative pathways. 

Only recently have statin studies been performed in this group and the results are 

generally favorable with significant decreases in LDL-C levels without apparent adverse 

effects over 1-2 year treatment period 4 ' 2 2 2 4 . Pravastatin has been shown to induce 

carotid IMT regression 4 and simvastatin to improve endothelial function "' in children 

with FH. In addition, oral antioxidant vitamins C (500 mg/day) and E (400 IU/day) 

have also been shown to improve brachial flow mediated dilatation in children with FH 
26, but interestingly, did not affect the levels of the same O x L D L markers as measured 

in this study nor other markers of oxidation such as F2-isoprostanes. 

In this study we aimed to address the role of oxidative stress, and specifically the role 

of OxLDL markers in atherogenesis, in children with FH treated with pravastatin. In 

adults, a significant amount of data exists on the role of autoantibodies to OxLDL and 

their impact on atherogenesis. Although results are equivocal, it appears that IgG 

autoantibodies are positively associated with various manifestations of CVD, whereas 

IgM autoantibodies may be protective 27 '28. However, although they may play a role in 

modifying atherogenesis, it has not been conclusively established whether they have 

independent predictive value as biomarkers for CVD above and beyond traditional 

cardiovascular risk factors. In addition, data is now emerging from several laboratories 

that circulating OxLDL, measured by different antibodies, is associated with clinical 

and angiographic CVD and plaque disruption as noted in ACS and percutaneous coronary 

intervention (PCI) ?'9"13. A major limitation in this field is the scarcity of prospective 

studies that limits our understanding of their role in the development of CVD. In 

addition, although these measures are clearly interrelated, most studies do not measure 

circulating OxLDL, immune complexes and OxLDL autoantibodies in the same dataset, 
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which would provide a more complete assessment and a better definition of their role 

in atherogenesis. In children, particularly in those with FH where a clinical imperative is 

present to identify mechanisms of disease progression to initiate preventative measures 

early in the disease process, similar information is not available. 

OxLDL Markers in Children with FH and Unaffected Siblings 
To our knowledge, this study is the first to show that children with FH are characterized 

by higher levels of apoB-immune complexes and IgM MDA-LDL autoantibodies and 

lower levels of OxPL/apoB than their unaffected siblings, even after adjustment for 

age. The higher levels of apoB-immune complexes and MDA-LDL autoantibodies are 

potentially attributed to immunologic responses to the presence of OxLDL in the 

vessel wall and possibly to smaller quantities of OxLDL in the circulation. Consistent 

with this, it has been shown that aortas from human fetuses, in whom the mothers 

were hypercholesterolemic, contain O x L D L even prior to monocyte recruitment 29, 

suggesting that OxLDL is present a prion'in early human lesions prior to inflammatory 

components. OxLDL is both immunogenic and pro-inflammatory 30 '31 and the data in 

the current report is consistent with a pro-inflammatory mechanism since several studies 

in adults have documented increased O x L D L autoantibodies in patients with CVD. 

Interestingly, OxPL/apoB levels in the children with FH were actually significantly 

lower than unaffected siblings. Although the explanation for this is not apparent from 

this dataset, one may postulate clearance of O x L D L by p r e f o r m e d O x L D L 

autoantibodies and subsequent generation of immune complexes as a mechanism, as 

implied by higher levels of apoB-IC in the children with FH. In adults, it has been 

shown that a weak but significant inverse correlation exists between O x L D L 

autoantibodies and OxLDL levels, measured by antibody D L H 3 which binds a similar 

epitope as antibody E06 . 

OxLDL Markers in Response to Pravastatin in Children with FH 
O x P L / a p o B levels strongly correlate with the presence and extent of angiographic 

CAD and are increased in ACS , immediately following P C I 1 6 but interestingly, also 

increase in response to atorvastatin and low fat diets 1? '18. In the Myocardial Ischemia 

Reduction with Aggressive Cholesterol Lowering (MIRACL) Study, we evaluated the 

role of oxidized phospholipids present on apolipoprotein B-100 (OxPL/apoB) in 
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response to high dose atorvastatin and showed that the OxPL/apoB ratio was significantly 

increased in response to atorvastatin 80 mg, in concert with a proportional increase in 

lipoprotein (a) [Lp(a)] levels. The reasons for the increase in OxPL/apoB and Lp(a) in 

response to statins (or low fat diet) is not yet determined, but several other statin 

studies have also suggested small and even moderate increases in Lp(a) levels ~ . For 

example, Kostner et al showed a dose-response in increase in Lp(a) levels with lovastatin 

(0 mg, no change, 20 mg, +27%, 40 mg + 2 3 % , 60 mg +29%, 80 mg, +34%). We have 

shown that OxPL are preferentially bound to Lp(a), as opposed to other apoB-containing 

lipoproteins, both bound to apolipoprotein (a) ' as well as in the lipid phase of Lp(a) 

(Tsimikas/Witztum, unpublished observations). Consistent with the observations in 

this study, atorvastatin was also shown to significantly decrease Total IgG and IgM 

apoB-lC compared to placebo in the MIRACL study. 

Based on the above studies, we have postulated that Lp(a) may function to bind, 
1 8 

transport and potentially detoxify OxPL that are generated through oxidative stress . 

The reason for this increase OxPL/apoB in response to statins, which may seem 

paradoxical with other beneficial properties of statins, has not been fully elucidated but 

is clearly now a consistent finding in response to atorvastatin and pravastatin as well as 

in response to low fat diets, conditions where one might postulate a flux of OxPL from 

peripheral storage sites, such as the vessel wall. For example, the control group of this 

study, ingesting 32.6% total fat and 12.1% saturated fat after counselling on an A H A 

step II diet4 , also had increases in OxPL/apoB and Lp(a), but lower than the pravastatin 

group. This is consistent with the data by Silaste et al showing an increase in O x P L / 

apoB and Lp(a) by approximately 25% and 9%, respectively, after 5 weeks of medically-

supervised low fat diets. The explanations for these findings still need to be determined. 

One possibility is that Lp(a) is upregulated in response to statins or low fat diet and 

binds OxPL that may be derived from peripheral sources, such as the vessel wall. We 

have recently shown that placing LDLR_/" mice with pre-existing atherosclerosis on low 

fat diets results in a marked reduction in OxPL immunostaining of atherosclerotic 

plaques, even prior to complete lesion regression and cholesterol removal from the 

vessel wall, suggesting that efflux of OxPL from the vessel wall is a very early 

phenomenon during atherosclerosis regression ' . Additional animal data from our 

laboratory (Tsimikas/Witztum, unpublished observations) in several animal models 

with or without Lp(a), also suggests that with increase in the plasma OxPL/apoB levels 
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following low fat diets there is concomitant reduction of OxPL immunostaining in the 

vessel wall, suggesting an efflux of OxPL from the vessel wall to the circulation. 

In the current study, none of the OxLDL markers, Lp(a) or hs-CRP predicted change 

in carotid IMT. In this group whose primary risk factor was elevated LDL-C, and even 

after pravastatin treatment where LDL-C was still elevated at 181 mg/dl , it is likely 

that the changes in IMT were mainly mediated by this atherogenic lipoprotein rather 

than additional inflammatory components. It is not known if these OxLDL markers 

would predict changes in IMT with a longer follow-up period. 

In summary, this study suggests that children with F H are characterized by unique 

changes in O x L D L markers suggesting immune activation to OxLDL. Furthermore, 

pravastatin treatment decreased total levels of apoB-associated immune complexes 

but actually increased OxPL/apoB levels, in parallel with similar increases in Lp(a) 

levels, which may represent a potential novel mechanism of mobilization and clearance 

of OxPL. Additional long-term studies in children are needed to establish whether 

these markers ultimately predict cardiovascular outcomes . 
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Summary 

The studies described in this thesis provide insight into the diagnostics, therapeutical 

options, and additional risk factors for cardiovascular disease (CVD) in children with 

familial hypercholesterolemia (FH). The three main issues that are addressed are: 

(1) The most accurate diagnosis for FH in children 

(2) The efficacy and safety of statin treatment and other therapeutical options 

(3) Additional risk factors for premature CVD in childhood FH 

Part I: Diagnostics of Familial Hypercholesterolemia in Children 
Children with FH are characterized by elevated low-density lipoprotein cholesterol 

(LDL-C) levels from birth onwards, although they rarely have clinical symptoms of 

atherosclerosis or physical characteristics of FH . Therefore, the most accurate diagnostic 

tool to identify these children is the detection of an LDL-receptor mutation . However, 

D N A sequencing is not available for all physicians, hence the measurement of LDL-

C levels to screen for FH in children. We identified the most optimal cut-off point of 

LDL-C levels for the diagnosis of children with FH. Furthermore, the effect of other 

risk factors for premature atherosclerosis was evaluated. 

Chapter 1 gives an overview of the current knowledge and research in children with 

FH. In Chapter 2 we investigated a large cohort of children who were referred to our 

pediatric lipid clinic for FH diagnosis. We assessed the most optimal LDL-C level to 

diagnose F H in children with a parent in which the diagnosis of FH was unequivocal. 

We demonstrated that children with a LDL-C level above 3.50 m m o l / L had a post-

test probability of 98% of predicting the presence of a LDL-receptor mutation. This 

implies that LDL-C levels above 3.50 m m o l / L in children with a parent with a certain 

diagnosis of FH allow an accurate diagnosis. In the same chapter we also showed that 

lipoprotein (a) (Lp(a)) levels more than 300 m g / L and HDL-cholesterol levels less 

than 1.00 m m o l / L were associated with a positive family history for CVD. These 

findings might point to those children with the highest risk for premature CVD. 

In Chapter 3 we examined morphological changes of the arterial wall in a cohort of 

children with FH. We assessed the intima media thickness (IMT) by B-mode ultrasound 

measurements of the carotid arterial wall in 201 children with a definite molecular 

diagnosis of FH and 80 unaffected siblings. Children with FH were characterized by 

significantly thicker carotid artery measurements than their healthy siblings. This 
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suggests that, even in young FH patients, pre-atherosclerotic wall abnormalities are 

present. Furthermore, we established the most important contributors to these arterial 

wall changes. We demonstrated that age, gender and LDL-C levels were important 

determinants for increased IMT in these children. These findings underscore the need 

for early LDL-lowering intervention. 

The hypothesis of chapter 4 was that children with F H provide a better model to 

perform genotype—phenotype analysis than F H adults. Furthermore, we investigated 

the relationship between LDL-recep tor genotypes and l ipoproteins and their 

relationship with the occurrence of parental CVD. In a linear mixed model, familial 

factors explained more than 50% of the variance in LDL-C levels among F H children 

in contrast to the 9.5% of the variance in the adult FH cohort. Therefore, we could 

confirm that FH children provide a better model than adults to analyze the relationship 

between the type of LDL receptor mutation and lipoprotein concentrations. Our 

second objective was to investigate die relationship between LDL-receptor genotypes 

and lipoproteins in these children and the relationship with parental CVD. We 

demonstrated that the type of mutation did not significantly contribute to the variation 

of CVD risk in their parents, but carriers of one specific mutation clearly had a less 

increased CVD risk. This N543H/2393 del 9 mutation resulted in a less atherogenic 

profile as compared to other mutations. However, the variation in lipid profile poorly 

explained the differences in CVD risk between carriers of other mutations. Therefore, 

future research in FH patients should focus on the identification of novel additional 

risk factors in the pathogenesis of CVD. 

Chapter 5 is a case report of a boy with extremely high LDL-C levels and tuberous 

xanthomas. His consanguineous parents had normal cholesterol concentrations, which 

suggested an autosomal recessive disorder rather than autosomal dominant familial 

hypercholesterolemia. The diagnosis of autosomal recessive hypercholesterolemia 

(ARH) was confirmed by the presence of a mutation in the phosphotyrosine binding 

domain of a putative adaptor protein. ARH has a comparable clinical phenotype to 

that of classical homozygous familial hypercholesterolemia caused by defects in the 

LDLR gene, but it is more variable and generally less severe. In addition, patients with 

ARH are more responsive to lipid lowering therapy, as in this case, where an LDL-

lowering effect of more than 60% was obtained with atorvastatin and ezetimibe. 
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Part II: Therapeut ica l Opt ions in Children with Familial 
Hypercholesterolemia. 
In children with FH, the first line of treatment is dietary therapy, but compliance and 

efficacy are poor. National Cholesterol Education Program (NCEP) guidelines for 

children and adolescents recommends drug therapy in children older than 10 years 

whose LDL-C levels are above 4.1 m m o l / L when other risk factors are present, or 

above 4.9 m m o l / L when no other risk factors are present . 

The N C E P recommends bile acid-binding resins as pharmacological treatment in FH 

children. However, the lipid-lowering efficacy of resins is modest and again compliance 

is poor . In adult patients with FH, the first choice in pharmacological treatment 

consist of HMG-CoA reductase inhibitors (statins), which have been showed to reduce 

the incidence of CVD in adults D' . In recent years, several randomized trials have 

shown that statins are also effective in reducing LDL-C levels in children and seem 

safe, at least in the short term " . 

Chapter 6 provides an overview of the effects, mechanisms of action, and side effects 

of various cholesterol-lowering modalities that are used or considered for use in the 

pediatric population. The following agents are discussed: bile acid-binding resins, statins, 

fibrates, nicotinic acid, and ezetimibe. There is an increasing number of options for 

pharmacological treatment of dyslipidemia in children and adolescents. Clinicians 

who use these medications in pediatric patients should be familiar with their indications, 

dosing, and side effects. However, data on long term safety and efficacy are still 

lacking. Therefore , it is essential that long-term efficacy and safety of (new) 

pharmacological agents is continuously assessed in order to gain confidence in the use 

of these therapies in children with FH. 

In Chapter 7 we review the current knowledge about statin therapy in children. Early 

initiation of statin therapy seems to be the right therapeutic option with regards to 

improvement of endothelial dysfunction , regression of intima-media thickening, 

and prevention of future cardiovascular events. But again, data on long term efficacy 

and safety in children with FH are not available and long term follow-up studies are 

needed to confirm safety of statin therapy in children with FH. Chapter 8 describes 

a two-year randomized placebo controlled clinical trial, evaluating the efficacy and 

safety of pravastatin therapy in children with FH. The primary efficacy outcome of 
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this trial was defined as the change from baseline in mean carotid IMT between 

pravastatin treated children and the placebo group after two-year follow-up. The principal 

safety outcomes were deviadons of growth and sexual maturation as well as changes 

of levels of muscle and liver enzymes. We found an IMT regression of 0.010 mm in 

the pravastatin treated group and a progression of 0.005 mm in the placebo group, 

which indicates that two-year statin treatment significantly decreased mean carotid IMT 

as compared to the placebo. With respect to safety outcome, we observed no significant 

changes or deviations in sexual maturation or growth, and pravastatin was well tolerated 

in these children. From these data we might conclude that two-year pravastatin treatment 

is efficacious and safe. However, it is unknown what the consequences of early statin 

treatment are for IMT progression and safety later in life. In C h a p t e r 9, we evaluated 

the children who participated in the open label trial described in chapter 8, after a mean 

follow-up period of 4.3 years. All children received pravastatin at the end of the above 

mentioned trial. In this study, 195 children were able to visit our pediatric lipid clinic 

for a follow-up visit. We evaluated carotid artery IMT, lipoprotein levels, and safety 

parameters such as growth and sexual maturation and liver and muscle enzymes. None 

of the children had complaints of cardiovascular disease or events during statin treatment. 

Fur thermore , none of the children deviated from normal sexual maturation as 

compared to the age and sex matched healthy controls. Using multivariate analysis, we 

showed that months of statin use, the age at the start of statin use, gender, LDL-

cholesterol at the start of statin use and combined IMT at the start of statin were 

significant determinants of carotid artery IMT in adolescents and young adults. These 

data suggest that early statin treatment is an important determinant of carotid artery 

wall thickness at an older age, which underscores the need for early statin treatment in 

children. Although the current safety data support treatment of FH children older 

than 8 years, it remains to be investigated if FH children can also be treated with 

statins even before the age of 8. 

In Chap te r 10 we analyzed the relationship between LDL-receptor genotype and 

response to pravastatin treatment in children with F H using carotid intima-media 

thickness (IMT) to measure efficacy. A total of 49 different mutations were detected 

in 193 children with heterozygous FH. We found 17 null alleles in 75 children, 14 

receptor-defective mutations in 80 children, and 18 mutations with undetermined 

residual function in 38 children. After adjustment for baseline LDL-C levels, the 
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difference in mean carotid IMT between carriers of null alleles and receptor-defective 

mutations was 0.018 mm, which was significant. Mean IMT of the bulb and the internal 

carotid artery segments after the two-year statin period tended to be higher in children 

with null alleles but this did not reach statistical significance. In conclusion, we show 

that LDL-receptor genotype was associated with carotid artery IMT in F H children. 

Although the reduction of LDL-C levels modulated by pravastatin treatment tended 

to be less in carriers of null alleles, we observed no significant difference in change of 

carotid artery IMT during the trial between the two LDL-receptor genotype groups. 

However, at baseline and after two-year treatment, carotid IMT and lipid profile were 

more unfavorable in children with null alleles compared to children with receptor-

defective mutations. These findings imply that selection of null alleles identifies children 

with the highest cardiovascular disease risk who might benefit by more aggressive as 

well as earlier lipid lowering treatment. 

In chapter 8 and 9 we showed that statins improved IMT in FH children. Statin 

therapy has also been shown to restore endothelial function in these children 

Endo the l i a l dysfunct ion is an early reversible stage in the deve lopmen t of 

atherosclerosis, and it is detectable before morphological changes are present. Since 

statins have not been approved for use in children in Europe, we studied the effect of 

alternative lipid lowering agents on endothelial function in Chap te r 11. Plant sterols 

or stanols are incorporated into food products and they lower cholesterol levels by 

inhibiting cholesterol absorption in the small intestine. We examined the effect of 

plant stanols on lipids and endothelial function in pre-pubertal children (7-12 years) 

with FH. The daily intake of food products enriched with 2.0 g stanols decreased 

LDL cholesterol by 9.2% as compared to placebo. However, this reduction of LDL-

C did not improve endothelial dysfunction, as measured by flow-mediated dilatation 

(FMD). This lack of improvement in endothelial function was possibly due to 

insufficient reduction of LDL-C, since a previous trial with statin treatment in FH 

children, clearly showed an improvement of F M D with a mean LDL-cholesterol 

reduction of 40 % . The results of this trial advocate more aggressive lipid lowering 

treatment, by means of statins or possibly by combining stanols with other lipid-

lowering compounds. 

215 



Part III: Additional Risk Factors in Children with Familial 
Hypercholesterolemia. 
Previous studies in adults have demonstrated that several additional factors, besides 

high levels of LDL-cholesterol contribute to a higher risk for CVD. Two of such 

additional risk factors may be LDL-C particle concentrations as well as elevated 

levels of oxidized LDL (OxPL) , which both contribute to foam cell formation 

during atherogenesis. However, data on these additional risk factors in children with 

FH is sparse. We evaluated the concentrations of LDL particles and oxidized levels of 

LDL in these children and compared those with their unaffected siblings in Chapters 

12 and 13. In addition, we evaluated whether these risk factors are modulated by statin 

treatment. In Chapter 12 we showed that children with FH have significantly higher 

concentrations of VLDL and LDL particles numbers and lower levels of H D L particles 

when compared to healthy controls. Furthermore, pravastatin significantly reduced 

the atherogenic LDL particle concentration by 19.6% in the FH children as compared 

to placebo, which was mainly caused by a decrease in large LDL and to a lesser degree 

by the decrease of small dense LDL. In Chapter 13 we investigated the various OxPL 

markers in children with FH and their unaffected siblings and we evaluated the effect 

of pravastatin on plasma oxidized LDL levels. F H children had significantly higher 

concentrations of O x P L / A p o B as compared to the controls. Pravastatin significantly 

increased OxPL per ApoB particle by 19.4 % and Lp(a) levels by 11.2 % as compared 

to placebo. This suggests that pravastatin treatment results in OxPL enrichment of 

ApoB particles. These findings suggest that the clearance of OxPL from the circulation 

in response to pravastatin may be an important mechanism mediating the prevention 

of premature atherosclerosis in hypercholesterolemic children. 

Conclusions 

The results presented in this thesis indicate that: 

An LDL- C level above 3.5 mmol /L in children with a parent with a certain diagnosis 

of F H is the best cut-off point for the diagnosis of FH. 

The use of pravastatin is effective and safe in hypercholesterolemic children. The 

data in this thesis provide evidence that children with FH should be treated with 

statins as early as possible, to prevent progression of atherosclerosis. 
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Recommendations 

Several recommendations for future research can be made on the basis of the results 

described in this thesis. Conventional statin treatment in children with FH is deemed 

safe and efficacious, at least in the short term " ' . Although statins are effective at 

reducing IMT values in FH children, their LDL-lowering effectiveness in terms of 

reaching LDL goals has not been consistently demonstrated. Therefore, aggressive 

lipid-lowering trials should be conducted to evaluate the safety and the efficacy of 

reaching lower LDL-cholesterol goals in these children Moreover, therapeutical options 

could include combination therapy, as with statins and ezetimibe, a cholesterol 

absorption inhibitor. Furthermore, FH children are characterized with lower levels of 

HDL-cholesterol as compared to their healthy siblings ' 3 and low levels of HDL 

contribute to the progression of atherosclerosis . A novel cholesteryl ester transfer 

protein (CETP) inhibitor in combination with pravastatin was safe and efficacious in 
17 

increasing HDL-C in patients with type II dyslipidemia . In addition, Niaspan an 

extended release nicotinic acid, effectively raises HDL-C with concomitant beneficial 

effects on T G and LDL-C. It was demonstrated that this drug can be combined safely 
- ID 

with statins in adult patients . However, studies are needed in children with FH to 

confirm the safety and efficacy of combination therapy with ezetimibe and statins, 

CETP inhibitors and extended release nicotinic acid before their use is advocated. 

Finally, we clearly demonstrated that the age at the start of statin use is a strong 

predictor for carotid IMT in adolescence. Therefore, studies are needed to confirm 

the efficacy and safety of statin use in FH children even before the age of 8. 
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Samenvatting 

Dit proefschrift geeft een inzicht in de diagnostiek, de therapeutische mogelijkheden 

en de additionele risico factoren voor hart-en vaatziekten (HVZ) in kinderen met een 

familiaire hypercholesterolemie (FH). De drie belangrijkste punten die hierin worden 

besproken zijn; 

1. de beste accurate diagnose voor FH in kinderen 

2. de effectiviteit en veiligheid van statine behandeling en andere therapeutische opties 

3. additionele risico factoren voor vroegtijdige HVZ in FH kinderen 

Deel I: Diagnostiek van Familiaire Hypercholesterolemie 
in Kinderen 
Kinderen met FH zijn bekend met verhoogde low-density lipoproteine (LDL-C) 

cholesterol waarden sinds de geboorte. De klinische symptomen van familiaire 

hypercholesterolemie zijn op deze leeftijd zeer zeldzaam. Het vaststellen van een LDL-

receptor mutatie is de meest accurate methode om kinderen met F H te identificeren. 

D N A sequencen is voor als nog niet voorhanden voor alle clinici, in tegenstelling tot 

het meten van LDL-C waarden in het bloed. Wij hebben daarom de best mogelijke cut

off waarde voor LDL-C geïdentificeerd voor de diagnose van FH in kinderen. Daarnaast 

hebben we het effect van andere risico factoren voor vroegtijdige H V Z geëvalueerd. 

Hoofdstuk 1 is een review waarin het meest recente onderzoek op het gebied van 

kinderen en FH wordt beschreven. In Hoofdstuk 2 hebben we gekeken in een groot 

cohort met kinderen die verwezen werden naar onze polikliniek voor een FH diagnose. 

We bepaalden de meest optimale waarde voor LDL-C waarbij FH gediagnosticeerd 

kon worden bij kinderen, indien één van de ouders een bewezen F H had. Een LDL-C 

waarde boven de 3.5 m m o l / L bleek een vooraf test waarschijnlijkheid te hebben van 

98% voor het voorspellen van de aanwezigheid van een LDL-receptor mutatie. Dit 

suggereert dat LDL-C waarde boven de 3.5 m m o l / L in kinderen met één ouder met 

een zekere FH diagnose een goede en accurate methode is om de diagnose FH in 

kinderen te stellen. In het zelfde hoofdstuk toonden wij tevens aan dat lipoprotein (a) 

(Lp(a)) waarde van meer dan 300 mg/dL en high-density lipoprotein cholesterol (HDL-C) 

waarden beneden de 1.00 m m o l / L geassocieerd zijn met een positieve familie anamnese 

voor HVZ. Deze bevindingen wijzen naar die kinderen met het hoogste risico voor 

vroegtijdige HVZ. In Hoofdstuk 3 onderzochten we de morfologische veranderingen 
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van de vaatwand in een cohort met FH kinderen. Daarvoor bepaalden we de vaatwanddikte 

(IMT) door middel van B-mode echografie van de arterie carotis in 201 kinderen met 

een definitieve moleculaire diagnose voor FH en in 80 gezonde broertjes en zusjes, die 

geen FH hebben. Kinderen met FH werden gekarakteriseerd door een dikkere vaatwand 

in vergelijking met hun gezonde broertjes en zusjes. Dit suggereert dat zelfs in jonge FH 

patiënten de pre-atherosclerotische afwijkingen al aanwezig zijn. Daarnaast bepaalden we 

de belangrijkste voorspellers voor deze vaatwand veranderingen, waarbij we aantoonden 

dat leeftijd, mannelijk geslacht en LDL-C waarden de meest belangrijke determinanten 

zijn voor de dikkere vaatwanden in FH kinderen. Deze bevindingen benadrukken het 

belang voor vroegtijdige interventie om het LDL-C te verlagen. 

De hypothese voor hoofds tuk 4 was dat kinderen met FH een beter model vormen 

voor geno-fenotype onderzoek dan FH volwassenen. Ook onderzochten we de relatie 

tussen LDL-receptor genotypen en de lipoproteinen en de relatie met het voorkomen 

van HVZ bij de ouders van deze kinderen. In een lineaire mixed model, verklaarden 

familiaire factoren meer dan 50% van de variatie in LDL-C waarden tussen FH kinderen 

in tegenstelling tot 9.5% van de variatie in FH volwassenen. We mogen dus concluderen 

dat FH kinderen een beter model vormen dan volwassenen om de relatie te bestuderen 

tussen het type LDL —receptor mutatie en de lipoproteine concentratie. De tweede 

doelstelling was de relatie te bekijken tussen LDL-receptor genotypen en de lipoproteinen 

in deze kinderen en de relatie met de HVZ in de ouders van de kinderen. We toonden 

aan dat het type mutatie niet bijdraagt aan de variatie in het risico op H V Z in de ouders. 

We zagen wel dat dragers van een specifieke mutatie een duidelijk verminderd verhoogd 

risico hadden op HVZ. Deze N543H/2393 del 9 mutatie resulteerde in een minder 

atherogeen lipiden profiel dan andere mutaties, hoewel de variatie in de lipiden profielen 

het verschil maar slecht verklaarde in het H V Z risico tussen dragers van de andere 

mutaties. Daarom zou onderzoek in FH patiënten zich moeten focussen op de 

identificatie van nieuwe additionele risico factoren in de pathogenese van HVZ. 

Hoofdstuk 5 is een case report over een jongen met extreem hoge LDL-C waarden en 

tubereuze xan thomen . Zijn consanguine ouders hadden normale cholesterol 

concentraties, wat een autosomaal recessieve aandoening waarschijnlijker maakt dan 

een au tosomale d o m i n a n t e aandoening. D e diagnose au tosomale recessieve 

hypercholesterolemie (ARH) werd bevestigd door de aanwezigheid van een mutatie in 

het phosphotyrosine bindings domein van een putatief adopter eiwit. ARH heeft een 
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verge l i jkbaar f eno type als die van de k lass ieke h o m o z y g o t e familiaire 

hypercholesterolemie, welke wordt veroorzaakt door een defect in het LDL-receptor 

gen, maar ARH is variabeler en over het algemeen minder ernstig. Ook reageren patiënten 

met een ARH beter op lipiden verlagende therapie. Bij deze jongen werd er een LDL-C 

verlagend effect behaald van meer dan 60% door een combinatie behandeling van 

atorvastatine en ezetimibe. 

Deel II : Therapeutische Opties bij Kinderen met 
Familiaire Hypercholesterolemie 
De eerste keus van behandeling bij kinderen met een F H is een cholesterol verlagend 

dieet, maar de compliantie en het lipiden verlagende effect van een dieet is matig. De 

National Cholesterol Educat ion Program (NCEP) richtlijnen voor kinderen en 

adolescenten adviseren farmacotherapeutische therapie bij kinderen die ouder zijn dan 

10 jaar met een LDL-C waarde boven de 4.1 m m o l / L als er ook andere risico factoren 

aanwezig zijn, of bij een LDL-C waarde boven de 4.9 m m o l / L indien er geen andere 

risico factoren aanwezig zijn. De N C E P adviseert gal zuurbindende harsen als 

farmacologische behandeling in FH kinderen, maar het lipiden verlagende effect is 

matig en de compliantie is slecht. De eerste keus van farmacologische behandeling bij 

volwassenen met FH zijn de HMG-CoA reductase remmers (statines) welke de incidentie 

van HVZ reduceren. In de afgelopen jaren hebben verschillende gerandomiseerde 

klinische studies bij kinderen met FH aangetoond dat statines effectief zijn in het 

LDL-C verlagen en veilig zijn op de korte termijn. 

Hoofds tuk 6 is een overzicht van de effecten, de mechanismen van werking en de 

bijwerkingen van de verschillende cholesterol verlagende medicijnen, welke zijn gebruikt 

bij kinderen. De volgende medicamenten worden er besproken: galzuur bindenden harsen, 

statines, fibraten, nicotine zuur en ezetimibe. Er is een toenemend aantal opties in de 

farmacologische behandeling van dyslipidemie bij kinderen en adolescenten. Kinderartsen 

die deze medicamenten gebruiken in de behandeling van hypercholesterolemie bij kinderen 

zouden goed op de hoogte moeten zijn van de indicaties, de doseringen en de bijwerkingen. 

Gegevens over de lange termijn effecten zijn schaars en daarom is het essentieel dat 

lange termijn gegevens over effectiviteit en veiligheid van (nieuwe) farmacologische 

producten worden verkregen om op deze manier vertrouwen te krijgen in het gebruik 

van deze therapieën bij kinderen met hypercholesterolemie. 
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In Hoofdstuk 7 beschrijven we alle onderzoeken over statine therapie in kinderen. 

Het vroegtijdig starten van statines lijkt een goede therapeutische optie met het oog op 

het verbeteren van de endotheel functie, de regressie in de vaatwanddikte en de preventie 

van latere HVZ. Opnieuw zijn de gegevens over de langere termijn effectiviteit en 

veiligheid in kinderen met FH niet beschikbaar en zijn lange termijn vervolg studies 

nodig om de effectiviteit en de veiligheid van statine therapie in kinderen met F H te 

bevestigen. Hoofdstuk 8 beschrijft een twee jaar durende gerandomiseerde placebo 

gecontroleerde klinisch studie naar het effect en de veiligheid van pravastatine 

behandeling in kinderen met FH. De primaire uitkomst was gedefinieerd als de 

verandering in de gemiddelde vaatwanddikte van de halsslagader tussen de pravastatine 

groep en de placebo groep na twee jaar. De belangrijkste veiligheids uitkomsten waren 

de afwijkingen in groei en seksuele ontwikkeling als mede de veranderingen in de lever 

en spier enzymen. We vonden een vaatwanddikte afname van 0.010 mm in de 

pravastatine groep en een progressie van 0.005 mm in de placebo groep. Dit indiceert 

dat twee jaar pravastatine therapie een afname bewerkstelligt in de gemiddelde 

vaatwanddikte ten opzichte van placebo. We zagen geen veranderingen of afwijkingen 

in de groei en de seksuele ontwikkeling tussen placebo en pravastatine. Daarnaast werd 

pravastatine goed verdragen door de kinderen. Uit deze data mogen we dus concluderen 

dat twee jaar pravastatine gebruik effectief en veilig is bij kinderen, desondanks zijn de 

langere termijn effecten op de progressie van de vaatwanddikte en de veiligheid op 

latere leeftijd onbekend. In Hoofdstuk 9, hebben we daarom de kinderen die aan de 

placebo gecontroleerde studie deelnamen uit hoofdstuk 8 vervolgd na een gemiddelde 

per iode van 4.5 jaar. Alle kinderen kregen pravastatine aan het einde van de 

bovengenoemde studie. In deze studie waren 195 kinderen bereid om de kinder lipiden 

polikliniek te bezoeken voor een vervolg visite. Bij deze visite evalueerden we de 

vaatwanddikte van de halsslagader, de lipoproteine waarden, de groei en de seksuele 

ontwikkeling en de lever- en spier enzymen. Geen van de kinderen had klachten van 

H V Z gedurende de statine behandeling. Daarnaast waren er geen afwijkingen in de 

normale groei en seksuele ontwikkeling bij deze kinderen te zien ten opzichte van 

gezonde leeftijdsgenoten. Doormiddel van een multivariate analyse, toonden we aan 

dat de duur van statine gebruik, de leeftijd waarop de statine werd gestart, geslacht, 

LDL-cholesterol bij start van de statine, en de vaatwanddikte bij start van de statine 

goede voorspellers waren voor de vaatwanddikte van de halsslagaders van adolescenten 
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en jongvolwassenen. We mogen dus concluderen dat vroegtijdige statine behandeling 

een belangrijke voorspeller is voor de vaatwanddikte van de halsslagader op latere 

leeftijd. Dit benadrukt de behoefte voor vroegtijdige statine therapie bij kinderen. N u 

de veiligheid van statines is aangetoond bij kinderen vanaf 8 jaar, zou het onderzocht 

moeten worden of deze behandeling ook veilig is in de behandeling van FH kinderen 

jonger dan 8 jaar. 

In Hoofdstuk 10 analyseerden we de relatie tussen de LDL-receptor genotype en de 

op pravastatine behandeling bij kinderen met FH. O m de effectiviteit the bepalen 

hebben we naar de vaatwanddikte van de halsslagader gekeken. Totaal vonden we 49 

verschillende mutaties in 193 kinderen met FH. We vonden 17 nul allelen in 75 kinderen, 

14 receptor defectieve mutaties in 80 kinderen, en 18 mutaties in 38 kinderen konden 

niet geclassificeerd worden. Na correctie voor de uitgangs LDL-cholesterol waarden 

was er een verschil te zien in de dikte van de halsslagader van 0.018 mm tussen dragers 

van de nul allelen en de receptor -defecte mutaties. De gemiddelde vaatwanddikte van 

de bulbus en de carotis internus bleek hoger na twee jaar statine behandeling bij de 

kinderen met de nul allelen, maar dit was statistisch niet significant. Concluderend 

kunnen we zeggen dat de LDL-receptor mutatie is geassocieerd met de dikte van de 

halsslagader in kinderen met FH. De daling in LDL-cholesterol door pravastatine 

behandeling was minder in de null allelen, maar we zagen gedurende de studie geen 

verandering in de vaatwanddikte van de halsslagader tussen de twee LDL-receptor 

genotype groepen. Desondanks waren de uitgangswaarden en de waarden na twee jaar 

behandeling van de lipiden en de dikte van de vaatwand van de halsslagader ten nadele 

voor de kinderen met de null allelen vergeleken met de kinderen met de receptor-

defecte mutaties. Deze bevindingen impliceren dat selectie van de nul allelen in kinderen, 

deze kinderen identificeert met een hoger risico op H V Z en welke mogelijk meer 

voordeel hebben bij agressievere behandeling als wel bij lipiden verlagende behandeling 

op jongere leeftijd. 

In hoofdstuk 8 en 9 toonden we aan dat statine behandeling de vaatwanddikte 

verbeterde, daarnaast is er ook al aangetoond dat de dysfunctie van het endotheel door 

statines verbeterd wordt met statines in kinderen met FH. Endotheel dysfunctie is een 

vroeg omkeerbaar stadium in de ontwikkeling van atherosclerose en het is te detecteren 

voor dat de morfologische veranderingen waarneembaar zijn. In Europa is statine 

therapie nog niet geregistreerd voor de behandeling van kinderen met FH. Wij hebben 
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gekeken naar het effect van andere alternatieve cholesterol verlagende methoden en 

het effect daarvan op de endotheelfunctie in Hoofdstuk 11. Planten sterolen en stanolen 

toegevoegd aan voedingsproducten, zoals boter en yoghurt, verlagen het cholesterol 

door de cholesterol opname te remmen in de darm. Wij hebben het effect bekeken van 

planten stanolen op de lipiden waarden en de endotheelfunctie in prepuberale kinderen 

(7-12 jaar) met FH. De dagelijkse inname van de voedingsproducten verrijkt met 2.0 

gram stanolen verlaagden het LDL-cholesterol met 9.2 % in vergelijking met de placebo. 

Deze LDL-cholesterol verlaging verbeterde de endotheel dysfunctie niet. Het gebrek 

aan de endotheel dysfunctie verbetering is mogelijk te verklaren door het onvoldoende 

LDL-cholesterol verlagende effect, omdat in een eerdere studie met statutes wel een 

verbetering in endotheel functie plaats vond bij een LDL-cholesterol verlaging van 

40%. De resultaten van deze studie benadrukken dat agressievere lipiden verlagende 

behandeling nodig is, zoals met statines of door een combinatie van statines en andere 

lipiden verlagende componenten. 

Deel III Additionele Risico Factoren bij Kinderen 
met een Familiaire Hypercholesterolemia. 
Eerdere studies in volwassen patiënten hebben aangetoond dat verscheidene factoren, 

naast het hoge LDL-cholesterol bijdragen aan een hoger risico voor HVZ. Twee van 

deze additionele risico factoren zijn onder andere LDL-C partikel concentraties en 

verhoogde concentraties van geoxideerd L D L (OxPL). Beiden dragen bij aan de 

schuimcel formatie gedurende de atherogenese. In kinderen met FH zijn gegevens 

over deze additionele risico factoren schaars. Daarom hebben we gekeken naar de 

concentraties van LDL partikels en geoxideerd LDL in deze kinderen en vergeleken 

met de waarden in hun gezonde broertjes en zusjes in Hoofdstuk 12 en 13. In aanvulling 

daarop hebben we tevens gekeken of deze additionele risico factoren te beïnvloeden 

waren door statine behandeling. In Hoofdstuk 12 toonden we aan dat kinderen met 

F H hogere concentraties very low-density lipoprotein (VLDL) en LDL partikel aantallen 

en lagere H D L partikels in vergelijking met hun gezonde broertjes en zusjes hebben. 

Pravastatine behandeling reduceerde de atherogene LDL partikel concentratie met 

19.6 % in de FH kinderen in vergelijking met de placebo behandelde FH kinderen. 

Deze reductie werd met name veroorzaakt door een verlaging in grote LDL partikels 

en in kleinere mate door verlaging in kleine L D L partikels. In H o o f d s t u k 13 
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onderzochten we de verschillende OxPL markers in kinderen met FH en hun niet-

aangedane broertjes en zusjes en we evalueerden het effect van pravastatine op 

geoxideerde LDL waarden. FH kinderen hadden significante hogere concentraties van 

O x P L / A p o B in vergelijking met de controles. Pravastatin verhoogde de OxPL per 

ApoB partikels bij 19.4 % en Lp(a) waarden bij 11.2 % vergeleken met placebo. Dit 

suggereert dat pravastatine behandeling resulteert in een OxPL verrijking van de ApoB 

partikels. Deze bevindingen zouden kunnen impliceren dat de klaring van geoxideerd 

LDL van de circulatie in reactie op pravastatine een belangrijk mechanisme is in de 

preventie van vroegtijdige atherosclerose in hypercholesterolemische kinderen. 

Conclusies 

De conclusies van dit proefschrift zijn: 

Een LDL-C waarden boven de 3.4 m m o l / L in kinderen met één ouder met een 

zekere FH diagnose, de beste afkap waarde is voor de diagnose van FH in kinderen. 

Het gebruik van pravastatine is effectief en veilig in hypercholesterolemische kinderen. 

De gegevens in dit proefschrift tonen aan dat kinderen met FH zo vroeg mogelijk 

zouden moeten worden behandeld met statines om de progressie van atherosclerose te 

voorkómen. 

Aanbevelingen 

Op basis van de conclusies van dit proefschrift kunnen er verschillende aanbevelingen 

gemaakt worden. De standaard statine behandeling is veilig en effectief op de korte 

termijn in FH kinderen. Alhoewel statines effectief zijn in het reduceren van de 

vaatwanddikte in FH kinderen, is hun LDL-verlagende effect in termen van het bereiken 

van een streef LDL-C waarden is nog niet aangetoond. Daarom zouden er studies 

gedaan moeten worden met agressievere statine behandeling om de veiligheid en 

effectiviteit in het behalen van de LDL-C streefwaarden te evalueren in deze kinderen. 

Belangrijke andere therapeutische opties in het bereiken van een LDL-C streefwaarde 

zouden kunnen zijn een combinatie behandeling zoals statine en ezetimibe, een cholesterol 
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opname remmer. Verder zijn kinderen met FH gekarakteriseerd met lagere HDL-C 

waarden in vergelijking met hun niet aangedane broertjes en zusjes. Lagere HDL-C 

waarden dragen eveneens bij aan de progressie van atherosclerose. Het is aangetoonde 

dat een nieuwe cholesteryl ester transfer proteïne (CETP) remmer in combinatie met 

pravastatine veilig en effectief was in het verhogen van de HDL-C waarden bij volwassen 

patiënten met type II dyslipidemie. Daarnaast verhoogde Niaspan, een extended release 

nicotine zuur, effectief het HDL-C met gunstige bijkomende effecten op T G en LDL-C. 

Niaspan kan veilig gecombineerd worden met statines in volwassen patiënten. Studies 

naar de veiligheid en effectiviteit van combinatie behandeling met ezetimibe en statines, 

C E T P remmers en extended release nicotine zuur in kinderen met F H zijn nodig. Tot 

slot, wij toonden duidelijk aan dat de leeftijd waarop statine therapie wordt gestart een 

sterke voorspeller is voor de vaatwanddikte van de halsslagaders bij adolescenten. 

Daarom zijn er ook studies nodig waarin de veiligheid en effectiviteit van statins bevestigd 

wordt in FH kinderen jonger dan 8 jaar. 
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Dankwoord 

Een proefschrift schrijven, doe je nooit alleen, en daar is gelukkig een dankwoord voor. 

Allereerst wil ik alle kinderen en hun ouders bedanken die trouw hebben deelgenomen 

aan de verschillende studies. Helemaal vanuit Limburg naar het AMC reizen en dan 

nuchter blijven of elke dag een halve liter yoghurt als zeven jarige, beiden een behoorlijke 

opgave als je jong bent. 

Dan mijn beide promotoren. 

Prof dr. ]JP Kastelein, beste John, na een afspraak bij jou kom je altijd vol enthousiasme 

en ideeën weer terug. De map "ideeën John", vol met artikelen en mailtjes puilt inmiddels 

uit en is denk ik nog genoeg voor drie promovendi. Een artikel krijg je bij jou (soms 

met scherpe kritieken) vaak een dag later weer terug en menig brandhout is onder jouw 

vingers toch nog wat geworden. Ik ben er zeer trots op dat ik onder jouw supervisie en 

bij de Vasculaire Geneeskunde heb mogen promoveren op een onderwerp dat voor de 

kindergeneeskunde van groot belang is. 

Prof dr. WA Wijburg, beste Frits, ik heb je in het laatste gedeelte van mijn promotie 

traject mee mogen maken en deel uit mogen maken van de onderzoeksgroep kinder 

metabole ziekten, en daar ben ik je dankbaar voor. Je hebt er voor gezorgd dat er een 

echte samensmelting plaats heeft gevonden met de Vasculaire en de Metabole. FH 

blijft tenslotte de meest voorkomende metabole aandoening. Ik hoop dat we straks in 

de kliniek veel samen mogen werken. 

Dan heb ik de eer, maar liefst drie co-promotoren te mogen bedanken. 

Op de eerste plaats wil ik Dr. Ir. MN Vissers bedanken. Lieve Maud, als er een prijs 

bestaat voor natuurtalent co-promotor, dan behoort die prijs jou toe. Je bent voor mij 

van onschatbare waarde geweest in het schrijf- en denk proces. De "Katan" methoden 

"wat is de boodschap" en "wat heeft deze zin met de vorige te maken" vloeien door in 

Amsterdam. Naast de bekende co-promoter "taken" is het met jou ook altijd lachen 

(om blunders), gezellig eten en ben je er ook om een arm om iemand heen te slaan. Zo 

moet een co-promoter zijn. 
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Dr. A Wiegman, beste Bert, dankzij jou ben ik uiteindelijk gaan promoveren. Als medisch 

student ben ik bij jou begonnen met het invoeren van de poli gegevens en heb ik mee 

gekregen van jouw kennis in de kinder cardiologie. Ik van je geleerd hoe de kinder 

lipiden poli werkt en jaren later mocht ik uiteindelijk zelfstandig de poli draaien. De 

stukken zijn in prachtige tijdschriften gepubliceerd, daar mogen we trots op zijn. Dank 

voor je hulp. 

Dr. BA Hutten, lieve Barbara, wat was de statistiek nu zonder jou geworden. Het "eureka" 

moment van de lipids follow-up data op die donderdag middag in april zal me altijd bij 

blijven. Een afspraak bij jou begon altijd standaard met het kletsen over de kinderen, 

maar daarna konden we flink aan de slag Door jou precisie weet je zeker dat een 

statistische analyse klopt. Ik ben je uiterst dankbaar voor de analyse van lipids follow-

up en nu maar hopen dat de Lancet het accepteert. 

De leden van de promotie commissie Prof. dr. M.M. Levi, Prof. dr. USA. Heymans, Prof. 

dr. B.T. Poll-The, Prof. dr. F. Kuipers en Prof. dr. A.F.H. Stalenhoef (de prijs voor beste case 

report is zeker ook aan jou te danken) wil ik heel erg danken voor het beoordelen van 

mijn proefschrift en het aanwezig zijn op deze voor mij zo belangrijke dag. 

Mijn speciale dank gaat uit naar Dr. HD Bakker, beste Henk, dankzij jouw inzet om 

bijna vijftien jaar geleden de kinder lipiden poli op te zetten in Amsterdam zijn er 

inmiddels al drie proefschriften verschenen over FH in kinderen. Jammer dat vier co-

promotoren echt niet mogelijk was. 

Alle co-auteurs: Kristel Koeifvoets, Eric Si/brands, Paul van Trotsenburg, Jim Otvos, Stephen 

Daniels, Paul Ridker and a special thanks to Sam Tsimikas. Sam, you were of great help. 

First to analyze all samples for oxLDL and secondly in writing the manuscript during 

the last weeks to reach the deadline for the thesis, many thanks also to Elisabeth Miller 

and Joe Wit^tum. 

De Vasculaire Geneeskunde: Mieke Trip, jij verdient eigenlijk meer dan alleen hier genoemd 

te worden. Je sleept mensen door hun moeilijke momenten en blijft zakelijk indien 

nodig. De gezellige multi-culti eetfeestjes bij jou en Dick in Hoorn zijn tekenend voor 
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jullie gastvrijheid. Joep Defescbe, ooit bij jou het D G G E - e n onder de knie gekregen, en ik 

vond het nog leuk ook, dank voor alle D N A analyses. Harry Büllerdank voor je kritische 

blik op het lipids follow-up artikel. Saskia Middeldorp, de stolling blijft nog steeds een 

moeilijk onderwerp, maar dat ligt niet aan jouw uitleg. Dat geldt ook voor Joost Meijers, 

daarnaast waren je medische diagnoses tijdens de besprekingen vlijmscherp. Kuif, helaas 

heb ik weinig echt met je samengewerkt, maar wel met je mogen dansen in Venetië. 

Erik Stroes, het blijft magisch waar jij de energie vandaan haalt. PeterLansberg, als directeur 

van de S tOEH een belangrijke bron van verwijzingen naar de kinderpoli, en dat boekje, 

gaan we dat nog schrijven? Victor Gerdes, ook een wandelende encyclopedie. Eric de 

Groot, je blijft toch de IMT man, dat heeft ons heel wat prachtige top publicaties 

opgeleverd. 

Alle (ex) collega's van de Vasculaire Geneeskunde, waar moet ik beginnen? Stockholm, 

Salzburg, Chicago, Venetië, verre Skioorden, we hebben wat fantastische congresbezoeken 

er bij zitten. Het opnemen van onze inmiddels beruchte filmpjes onder de bezielende 

leiding van Sanne en later ook Matthijs. Ik heb zoveel mooie herinneringen aan iedereen. 

Promoveren hou je pas vol als er ook een leuke club collega's bij het "promotie pakket" 

zit, en ik had het juiste pakket. 

Eerst de collega's die mij voor zijn gegaan in het promoveren. Saskia (je blijft toch mijn 

voorbeeld, promoveren op kinderen met FH, twee kids en de opleiding...), Pernette 

(netwerk vrouw), Greetje (drinkt bier als een man), Angelique (als ik een GiraFH zie, 

moet ik altijd aan je denken, en aangezien ik een abonnement op Artis heb...), Sanne 

(Trans Fatty Acid Party op de StOEH), Kees (een onuitputtelijke bron van H D L ideeën, 

die nu nog steeds ten uitvoer worden gebracht, volgens mij kan jij nog drie boekjes 

vullen), Radjesh (alias bundi, een stralende vader), Matthijs (Circulation held), Koel (welke 

kloof?), Sigrid (die enorme kreeft in je soep in Venetië, prachtige foto geworden), Clara, 

Ivan, Jeroen, Marije, Nick (Chicago rules, vooral in een grote limousine). En mijn naaste 

collega's. Eerst mijn "roomies": wat hebben we het toch gezellig op onze gemengde 

kamer: Karim (het gaat lukken met de NMR), Anouk (ik kijk uit naar de dag dat we 

weer collega's zijn, want je bent echt een top collega) en mijn nieuwste roomie Menno 

(succes met je onderzoek). Dan heb ik ook nog drie oude roomies: Dominique ("How to 

persuade FH patients in clinical trials") en Lily (wat ben jij goed met kinderen en 

yoghurt, ze hebben het nog steeds over je) en natuurlijk Emily, naast collega ben je 
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bovenal toch een heel lieve vriendin geworden, wat ben ik blij jou ontmoet te hebben. 

Dat er nu een grote oceaan tussen ons in zit maakt voor de vriendschap niets uit. Je 

weet dat ik je graag als paranimf naast me had willen hebben, maar ja die oceaan hè? 

Maaike, wat ben jij een top mens. O p dezelfde momenten gingen we dezelfde fasen in, 

dezelfde diepe dalen en hoge pieken. Je hebt me absoluut gesteund tijdens de laatste 

fase van dit boekje. Succes in oktober. Iris (samen zwanger en de Ikealunch op de 

woensdagmiddag), Fatima (weeeeeeer een protocol), Marijn (hoeveel dingen kan je 

tegelijkertijd doen en je blijft altijd vrolijk). Kakesh, Wim, Raajen Sander, de "lipoboys" 

ik blijf toch benieuwd wat er besproken wordt zodra de deur dicht gaat, is het echt 

alleen maar nieuw wetenschappelijk onderzoek? Max (een van mijn favoriete collega's, 

gelukkig woon je om de hoek), Melchior (je schoenen liepen lekker in Salzburg en dat 

taxicafe was een goed idee), Nadine (onze vertolking van Linda, Roos en Jessica, heeft 

ons toch de eerst prijs bij Karaoke opgeleverd), Michielen Ti/men (een goed duo voor de 

organisatie van diverse gezellige aangelegenheden), Ward (de sikkelcelman ik denk dat 

ik je zeker nog eens om advies moet vragen als ik in de kliniek zit), Anja en Saskia (de 

flying queens), Marcello (successo con la vostra libro della prova), Stefan (Venetië, wat 

kan jij dansen), Sabine en Bert-Jan (de aandacht gebieders), Marnix (succes in oktober), 

Jaap, Dhalia, en de postdocs Robert-Jan, Anke en Han. 

De collega's van het trialburo: Trees, Jantje, Mia, Elsa, Coby, Jet, Yvonne, Bella, Claartje, 

Ans, Kelly, Petrouska, Patrick, Christy en Uesbeth. In het bijzonder wil ik bedanken Johan en 

Unda. Johan, met jouw rust, precisie en harde werken hebben we het toch maar weer 

voor elkaar gekregen dat 195 kinderen naar het AMC kwamen voor een echo. Ik ben 

blij dat jij zoveel zorgvuldigheid bezit en de gave om met kinderen te werken. Linda, 

voor jou geldt het zelfde, de kinderen van de Ellips kwamen trouw omdat jij er was om 

ze een "peptalk" te geven, te motiveren, uit leg te geven en de medicijnen in te laten 

nemen, echt top! 

De hele afdeling "vasculaire secretariaat": Els, onze maagdenhuis actie was goed, dank 

voor je ondersteuning en telefoontjes bij alle rompslomp rondom het promoveren. 

Marianne, dank voor al je administratieve acties en invoerwerk, geniet van je vrije tijd 

straks. Margreet, een aanwinst voor de vasculaire geneeskunde, Marianna, de gezellige 

praatjes op de gang, Agnes en de nieuwste aanwinst Debby. 
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Het hele D N A lab: Blianne, Laura, Silvia, Jorge, Carolyn, Hester, Ellen, Hans en Annika. 

Dank voor alle D N A screeningen en het beantwoorden van al mijn vragen. 

De dames van de kinder lipiden poli. Thessa, Yvonne, Wendy en Shahira. Met veel liefde 

organiseren jullie de afspraken voor de kinderen en hun ouders op de poli. Zulke 

mensen zijn goud waard. 

Ook de hele club kinder metabole ziekten wil ik bedanken voor de gezellige lunches 

(en natuurlijk de BBQ) en de wetenschappelijke besprekingen gedurende de laatste 

fase van mijn promotie onderzoek. 

De medische studenten: Suthesh, je bezit enorm veel enthousiasme en inzet, dank voor 

al je werk. Jammer dat geen van de stukken in mijn proefschrift staat. l-Mura, succes 

met de co-schappen en dat geldt ook voor Inge, jammer dat de D N A's van de kinderen 

"te oud" waren. E n tot slot maar niet minder belangrijk Dorien. Dorien, als scholier 

kwam je mij helpen met het invoeren van alle gegevens van de lipids follow-up, zeer 

zorgvuldig en contentieus, maar ook als oppas ben je goud waard. Succes met de 

geneeskunde studie. 

Gaby van der Bieden, heel veel dank voor het zorgvuldig lezen van de IMT's. 

Lieve vrienden, we hebben binnenkort toch echt een familie boerderij nodig als we 

weer een weekendje weg gaan. Ik ben heel blij met zulke lieve en trouwe vrienden, die 

ook in de wat zwaardere tijden begrip hebben gehad voor de zondagen in het AMC. Ik 

ben weer beschikbaar voor een partijtje Kolonisten, gezellige etentjes en straks na de 

zwangerschap weer voor een biertje. 

Lieve schoonfamilie ook veel dank voor jullie steun, gezelligheid en oppasdagen. 

Lieve paranimfen, Janneke en Floor. Lieve Jan, ik vind het heel bijzonder dat je naast me 

staat op deze dag. Ruim tien jaar geleden samen begonnen aan de studie, maar je bent 

toch eenandere weg ingeslagen. Je bent al een goede fysiotherapeut en nu op weg om een 

goede kinder fysiotherapeut te worden. In al die jaren heb je me altijd weer geholpen met 

het reflecteren en durfde je me lastige vragen te stellen. Je bent echt een lieve vriendin. 
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Lieve Floor, zusje, vriendin en mooi mens. \\"e hebben altijd veel met elkaar gedaan en 

meegemaakt. Ik ben heel blij met jou als zus, en daarom vind ik het ook heel bijzonder 

dat jij aan de andere kant naast me staat, het geeft me veel vertrouwen. Ik beloof geen 

documentaire van jou meer te missen. 

Lieve Jonne, broertje, jij "moet" nog straks in november. Ik heb veel bewondering voor 

jouw "striga" onderzoek, je werk op het onderzoeksinstituut en je keuze om in Afrika 

te wonen. Heel veel succes in november. 

Lieve Piet en lieve Tineke. Jullie zijn echt top ouders en dankzij jullie heb ik het toch 

maar voor elkaar gekregen, want het vertrouwen dat het ging lukken kwam altijd weer 

van jullie kant. Het doorzettingsvermogen heb ik zeker van jullie beide meegekregen. 

Ik wil jullie bedanken dat ik in zo'n open en leuk gezin heb mogen opgroeien waarin we 

alle vrijheid hebben gekregen om ons eigen wegen in te slaan. Ik hoop dat Daantje nog 

veel van jullie meekrijgt. 

Lieve Jules, dank je voor al je relativerende en 'alles komt altijd goed' momenten. Ik 

moet je elke keer weer gelijk geven, het komt inderdaad weer goed (zelfs dit boekje). Ik 

hou heel veel van je en ik weet zeker dat we het met zijn vieren straks heel leuk gaan 

hebben. Als laatste wil ik jou bedanken, lieve Daantje. O p de hele wereld bestaat er geen 

mooier persoon dan jij. Na een dag hard werken vergeet je direct wat een vreselijke dag 

het was als die mollige armpjes met een zorgeloze lach om je heen geslagen worden. 

Misschien dat je ooit dit boekje leest. 

V 
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Curriculum Vitae 

Jessica Rodenburg was born on rhe 7 t h of August in 1973 in Hilversum. After graduating 

secondary school at the "Stichtse Vrije School" in Zeist in 1993, she studied Medical 

Informatics for one year at the University of Amsterdam. She started Medical School 

at the University of Amsterdam in 1994. As a medical student she was involved in the 

LIPIDS trial (Long Term Influences of Pravastatin in Intima-media Diameter Study in 

Children with Familial Hypercholesterolemia) in 1997. In October 2002 she received 

her medical degree and she started as a PhD student at the Department of Vascular 

Medicine under supervision of Prof. dr. JJP Kastelein. In her position as a P h D 

student she saw children on the specialized out patient Lipid Clinic at the Emma 

Children's Hospital in Amsterdam. 

She is living with Jules and their daughter Daantje on the Oostelijke Eilanden in 

Amsterdam. In October 2005 they will expect a new baby. 
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