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GENERAL INTRODUCTION
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GENERAL INTRODUCTION 

 

‘About a century ago, scientists discovered a wonderful medicine. If you put that on your teeth every 

day, you will still have healthy teeth when you are eighty years old. You probably know that 

medicine: it's called toothpaste. Twenty-five years ago, a kind of toothpaste was invented for the 

blood vessels. If you take a pill each day, it may clean your vessels from the inside. Probably, your 

vascular system will then remain healthy until you are eighty years old as well.’ 

 

Paediatrician doctor Bert Wiegman has been telling this story for 15 years now, to many children 

visiting the Paediatric Lipid Clinic at the Academic Medical Center in Amsterdam. Doctor Henk 

Bakker started this clinic a quarter of a century ago, and more than 3500 children have visited 

since. 

These paediatricians have started to collect scientific evidence behind the abovementioned story, 

with the focus on children suffering from familial hypercholesterolemia (FH). This resulted in a 

fruitful and still on-going line of research; a group-effort of several researchers from the Academic 

Medical Center under the supervision of professor John Kastelein (Department of Vascular 

Medicine), professor Frits Wijburg (Department of Paediatric Metabolic Disease) and doctor 

Barbara Hutten (Department of Clinical Epidemiology, Biostatistics and Bioinformatics). 

About eighty percent of the children that have visited the paediatric lipid clinic are suffering from 

FH: the paradigm of the established relationship between increased low-density lipoprotein 

cholesterol (LDL-C) and cardiovascular disease (CVD). Indeed, almost all children visiting the Lipid 

Clinic have a dramatic family history, with close family members suffering from cardiovascular 

disease at a very young age.1 FH is a co-dominant monogenic disorder with a prevalence of 1:250 – 

1:500 individuals and is characterized by severely elevated levels of LDL-C from birth onwards. The 

underlying defect is mostly a mutation in the gene encoding for a liver cell-surface receptor that 

removes LDL-C particles from the circulation. Currently, more than a 1000 functional mutations in 

the LDL-receptor gene are known to underlie FH. In addition, mutations in the genes encoding for 

apolipoprotein B-100 -the carrier protein of cholesterol in the LDL-particle- and gain-of-function 

mutations in proprotein convertase subtilisin/kexin 9 –a protein that promotes LDL-receptor 

degradation- are identified as causes of FH.2 Treatment of FH patients with cholesterol-lowering 

medication, preferably from a young age, is mandatory to prevent premature CVD. 

Statins (HMG-CoA reductase inhibitors) have been widely accepted as effective drugs to reduce 

morbidity and mortality in patients with FH and are considered safe for long-term use.3 They act in 

the hepatocyte by inhibiting HMG-CoA reductase, which catalyzes the conversion of HMG-CoA to 

mevalonate; this reaction is the rate-limiting step in cholesterol synthesis. The consequently 
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decreased intracellular cholesterol levels trigger a feedback mechanism that increases LDL-C-

receptor activity, subsequently leading to increased clearance of LDL-C and decreased plasma 

LDL-C concentrations.4  

Despite their efficacy, statins were not prescribed to children with FH until about 15 years ago, 

because evidence regarding the efficacy and safety in children was completely lacking. My 

predecessors Saskia de Jongh, Bert Wiegman and Jessica Rodenburg, were among the first to 

change this. Amongst other findings, they showed first that carotid intima-media thickness (cMT), 

an established surrogate marker of cardiovascular disease5, is already increased in young children 

with FH as compared with their unaffected siblings.6 Concurrently, with the ‘LIPID’ study, they 

showed that 2 years of treatment with pravastatin reduces cIMT, and that pravastatin is safe in 

children.7 In an international, multi-centre trial it was proven that simvastatin is safe and 

efficacious as well, albeit in the short term8, and that statin therapy has a favourable effect on 

endothelial function in children with FH.9 In a 5-year follow-up study of the ‘LIPID’-cohort, it was 

shown that statins in children are safe in the longer term also, and that the age at which statin 

treatment was initiated, was a significant determinant of cIMT in young adulthood. This 

implicates that the younger statin therapy is started, the more efficacious the process of 

atherosclerosis is halted.10  

Anouk van der Graaf then started to study a new aspect of FH: the consequences of FH in 

pregnant women, for the unborn child. She showed that individuals born from a FH mother, have 

slightly higher LDL-C levels as compared to individuals born from a FH father, suggesting 

(epigenetic) consequences of exposure to elevated LDL-C levels in the womb.11 Also, she 

investigated the safety and efficacy of ezetimibe as add-on therapy to statins.12 Hans Avis was the 

first to show the safety and efficacy of rosuvastatin for children with FH.13 Furthermore, one of his 

studies showed that in 95% of children with a FH phenotype, a functional mutation could be 

identified.14 Subsequently, he investigated the follow-up of children who were molecularly 

diagnosed with FH through a Dutch screening program and found that this follow-up needs to be 

approved.15 Most importantly, he started to ride the long and rocky road of the ‘AfterTen’-study: a 

ten-year follow-up study of the ‘LIPID’cohort, that is reported in this thesis.  

In 2009, I had the privilege to become part of this line of research. My efforts since then have 

resulted in this thesis. The figure below illustrates the outline of my thesis, which generally 

consists of three parts. In part 1, the consequences of FH during pregnancy for the unborn child 

are further explored. Part II comprises several studies on the screening, diagnosis and follow-up 

of children with FH. The treatment of children with FH is studied in part III, with the most 

important results being presented in the ‘AfterTen’-study (chapter 17-20). 
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ABSTRACT 

 

Familial hypercholesterolemia (FH) is a co-dominant monogenic disorder of lipoprotein 

metabolism, characterized by severely elevated levels of low-density lipoprotein cholesterol (LDL-

C) from birth onwards. Treatment of FH patients with cholesterol-lowering medication is 

mandatory to prevent premature cardiovascular disease (CVD). As a result of a nationwide 

screening in the Netherlands, a large group of women with FH in the child-bearing age range is 

identified. Physicians are faced with a treatment dilemma if these females present either with a 

wish for pregnancy or an established pregnancy, since all systemically absorbed lipid-lowering 

medication is contra-indicated during pregnancy. Currently, no evidence based guidelines exist on 

the optimal clinical approach of these patients. Animal studies have shown conflicting data on 

potential teratogenicity of statins. In human, there is no strong adverse safety signal, but 

prospective studies are lacking. The consequences of maternal hypercholesterolemia during 

pregnancy for both mother and child are not well determined, although it has been suggested 

that it may increase the risk of CVD in the offspring.  

This review describes two representative cases from clinical practice, and discusses clinical 

considerations for treating pregnant FH patients supplemented with what is known from 

literature.  

 

  

INTRODUCTION 

 

Heterozygous familial hypercholesterolemia (FH) is a common inherited disorder of lipid 

metabolism with a prevalence of 1:500 individuals. The underlying molecular defect is a mutation 

in the low-density lipoprotein (LDL) receptor gene encoding for liver cell-surface receptors, and as 

a result, LDL cholesterol (LDL-C) uptake by the liver out of the circulation is dramatically reduced.1, 

2 Hence, patients with FH are clinically characterized by severely elevated LDL-C levels from birth 

onwards which strongly predispose for premature atherosclerosis and subsequent cardiovascular 

disease (CVD). If left untreated, the age– and sex –standardised cardiovascular mortality is even 4-

5 times higher than that in the general population. In general, FH patients are advised to adhere 

to a healthy lifestyle including strict diet, frequent physical activity and no smoking. Since these 

lifestyle modifications do not sufficiently reduce LDL-C levels, drug therapy is considered in almost 

all FH patients. Primarily, aggressive cholesterol-lowering is achieved by statin therapy; 

effectiveness of these compounds in reducing mortality and morbidity is well established today.  

In the Netherlands, the total number of patients with FH is estimated at 40.000 individuals. Even 

though FH is a common disorder, many patients are not diagnosed or only after a premature 

cardiac event already occurred. Therefore, in 1994 a nationwide screening programme started 

(since 2003 supported by the government) to identify these patients in order to make early 

cholesterol-lowering treatment possible.3 At present, 20.000 FH patients have been identified, 

among whom approximately 2.260 women in the age ranging from 20-40 years. For this growing 

number of female FH patients who are mostly intensively treated with lipid-lowering medication, 

a wish for procreation or an established pregnancy could lead to concerns for both mother and 

child. Physicians as well are faced with a genuine dilemma, as no evidence based guidelines are 

available for the management of these patients. Current practice is to advice to discontinue all 

systemically absorbed lipid–lowering medication with an option to replace them for bile acid 

binding resins, in order to avoid potential teratogenic effects in the unborn child. The National 

Institute for Health and Clinical Excellence (NICE) has published guidelines for the identification 

and management of individuals with FH including recommendations on treatment in the 

childbearing age, which are summarized in table 1.4 In short, these recommendations consist of 

cessation of lipid-lowering drugs and accept markedly increased cholesterol levels that are 

acknowledged to give rise to more atherogenicity for the mother (and possibly even the 

newborn). In this contribution, we will present two representative cases with all clinical 

considerations.  
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Table 1: Summary of NICE guidance on management of fertility in women with familial 
hypercholesterolemia (FH)4 

Period: prior attempting to conceive 

• When lipid-lowering medication is first considered for girls and women of childbearing 
age, risks to the pregnancy and the fetus while taking lipid-lowering medication should 
be discussed.  

• Combined oral contraceptives are not generally contraindicated for women being 
treated with lipid-lowering therapy. 

Period: attempting to conceive and during gestation 

• There is no contraindication to pregnancy for the majority of women with FH. 

• Women wishing to become pregnant should be advised to stop use of statins 3 months 
prior to attempting to conceive. 

• Women with FH who are considering pregnancy or who are pregnant should be 
provided with shared care including expertise in both cardiology and obstetrics. 

• In the unusual situation where a woman has symptoms of CHD or homozygous FH and 
is intending to become pregnant, she should discuss her intentions with her 
cardiologist. 

• Women with FH who conceive while taking statins or other systemically absorbed lipid-
lowering medications should be advised to stop treatment immediately and be referred 
to an obstetrician for fetal assessment.  

• It is not useful to regularly measure cholesterol concentrations during pregnancy. 

Period: lactation 

• Women with FH should be encouraged to initiate breastfeeding. Only resins should be 
considered as lipid-lowering therapy during lactation. 

 
FH: familial hypercholesterolemia; CHD: coronary heart disease 

 

CASES 

 

Patient A is a 35-year-old female diagnosed with FH since 5 years. She was treated with 

atorvastatin 40mg once daily (OD) and a cholesterol absorption inhibitor (10mg OD). Her lipid 

profile was within target levels according to clinical guidelines with a LDL-C of 1,9 mmol/L. 

Because of a pregnancy wish, she discontinued lipid-lowering therapy and started folic acid 

substitution three months before stopping her oral contraceptives. She conceived 3 months after 

and the subsequent gestation period was uncomplicated. During pregnancy, LDL-C was elevated 

up to 7,7 mmol/L. After delivery of a healthy son (AD 40 0/7, birth weight 3420 gram), she 

continued breastfeeding for three months. As a consequence she did not receive lipid-lowering 

medication for 15 months. IMT measurement was done before and after pregnancy and showed a 

  

mean increase of 0,0625 mm. The expected IMT increase for a FH women is approximately 0,01 

mm each year, so 0,0125 mm in 15 months.5 

 

Patient B is a 36–year-old female. She was diagnosed with FH when she was 18 years old and 

treated with simvastatin 40mg OD and adaptation of a healthy lifestyle ever since. At the age of 

29 years she discontinued statin therapy as she aimed to conceive. During her first pregnancy LDL-

C increased to 9,3 mmol/L. Colestyramine was prescribed, however she did not start with 

colestyramine in view of the expected side effects. She gave birth to a healthy daughter (AD 39 

1/7, birth weight 3540 gram) and she restarted statin therapy three months after delivery. At the 

age of 32, she was considering pregnancy again. After cessation of statin therapy (before 

conception) she decided to start with colestyramine therapy, bearing in mind her high cholesterol 

levels during the first pregnancy. Unfortunately, similarly high lipid levels were measured. She 

gave birth to a healthy daughter (AD 36 4/7, birth weight 3200 gram). Again, after three months 

of lactation, she restarted statin therapy. After two pregnancies patient did not receive adequate 

lipid lowering medication for a total of 30 months.  

These two cases describe different dilemmas for both female FH patients who are on statin 

therapy and have a wish for pregnancy, and their treating physicians. Next to the direct 

teratogenic effect of statins, the estimated risk to develop or to progress atherosclerosis with a 

reduced life expectancy is still not well delineated. This fact poses FH females and their treating 

physicians for serious conflicts that we will discuss hereafter.  

 

 

LIMITED EVIDENCE FOR CLINICAL RELEVANT SIDE EFFECTS OF LIPID-LOWERING TREATMENT  

 

No evidence based guidelines with respect to use of lipid-lowering compounds (e.g. statins) 

during pregnancy exist; observation and intervention studies are lacking unfortunately. Most 

information should therefore be considered as experience based instead of evidence based.  

Animal studies have shown conflicting evidence on potential teratogenicity of statins. Studies in 

both rat and rabbit models failed to show any teratogenic effect of simvastatin, however skeletal 

malformations have been noticed for lovastatin, cerivastatin and fluvastatin in the same animal 

models. Atorvastatin and mevinolin showed developmental toxicity and skeletal defects, 

respectively, but only at high supra-therapeutical doses that induced maternal toxicity, with a 

reduced maternal weight and reduced food consumption. Due to results emerging from these 

animal studies, all statins are considered as contraindicated during pregnancy and therefore data 

on therapeutic statin doses during pregnancies in human are scarce.  
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A case series of FDA reports in human that was published in 2004, reported 178 gestational statin 

exposures from 1987-2001. After exclusion of cases involving first-trimester elective or 

spontaneous abortions, pregnancy loss due to maternal illness, fetal genetic disorders, transient 

neonatal disorders, or loss to follow up, 52 cases could be analysed. Reported maximum doses 

were 40mg OD for lovastatin, 10mg OD for atorvastatin, 20mg OD for simvastatin, and 0.25mg OD 

for cerivastatin. Twenty cases reported structural birth defects (such as severe defects of the 

central nervous system and limb deficiencies), more often present after exposure to lipophilic 

statins as compared to hydrophilic statins. Lipohilic statins have shown to enter fetal tissues after 

passage of placental circulation in animal studies.6 In a post-marketing study, results of 134 

women were analysed who had used lovastatin or simvastatin during pregnancy (of which 89% 

only during the first trimester). Because the percentage of spontaneous abortions, congenital 

anomalies, fetal deaths and stillbirths was not higher than the expected incidence of the general 

population, the authors concluded that there was no evidence for a correlation between 

exposure to statins during pregnancy and pregnancy outcome.7 More recent reports lend further 

support to these conclusions, e.g. the Slone Epidemiology Center Birth Defects Study en de 

National Birth Defects Prevention Study.8, 9 Limitations of these analyses are incomplete data sets 

and the relatively rare occurrence of statin use during pregnancy. In addition, the patient group is 

rather heterogeneous, for example due to the inclusion of patients with diabetes or obesity. In a 

similar study, three groups of pregnant women with a history of dyslipidemia treated with a 

statin, a fibrate and/or nicotinic acid, or no treatment in the first trimester were compared all 

having a similar prevalence of congenital abnormalities. The question remains, however, whether 

significant differences in stillbirths exist between the various groups.10 These retrospective 

observations imply that negative effects as a result of statin use during the first trimester may be 

less severe than earlier reports have claimed. A cohort study on teratogenic effects of statin 

therapy in 64 pregnant women taking statins in the first trimester, and 64 pregnant women 

without exposure to statins, has shown no differences in prevalence of congenital anomalies, but 

gestational age at birth (38.4 versus 39.3 weeks) and birth weight (3.14kg versus 3.45 kg) were 

significantly lower in the statin group compared to the non-statin group.11  

Limited data on teratogenicity concerning other lipid-lowering agents is currently available (table 

2). Ezetimibe, nicotinic acid and fibrates all have been associated with teratogenic effects in 

animal studies. Ezetimibe is known to pass from maternal circulation into breast milk in rats. 

According to FDA and EMEA advices, these agents are preferred not to be prescribed during 

pregnancy and lactation.12 The use of the bile acid binding resin colestyramine during pregnancy in 

humans did not show an increased risk for congenital anomalies thus far. Clinical data on use of  

 

  

Table 2: Lipid-lowering drugs around pregnancy 

 Approved Contraindicated 

Preconceptional phase  

(<3 months before stopping 
contraceptives) 

 

Colestyramine (12-16gr OD, max. 24gr daily)  
Vitamin supplementation  
MgO2 in case of constipation 
Colesevelam? 

Statins 
Fibrates  
Ezetimibe 
Nicotinic acid 

During pregnancy Idem Idem 

Lactation period Idem Idem 

 

the newer bile acid binding resin colesevelam during pregnancy are lacking until now, but animal 

studies showed no adverse effects. 

 

 

LIPID LEVELS DURING PREGNANCY 

 

In the general population, maternal cholesterol levels (and subsequently LDL-C levels) increase 

with approximately 30-50% during pregnancy as a result of enhanced cholesterol synthesis in the 

liver, probably as a consequence of increased estrogen levels. The increase in cholesterol levels 

starts from the first trimester onward and is the most pronounced in the third trimester. HDL-C 

also rise from the first trimester and will remain augmented during the rest of pregnancy. 

Triglyceride levels can rise even three-fold compared to preconceptional levels.13, 14 The 

physiological explanation of this gestational hypercholesterolemia and hypertriglyceridemia may 

have a biological role in the need of increased sex steroids synthesis and maintenance of 

adequate nutrients supply for both pregnant mother and fetus. Despite the increase in lipid 

levels, the lipid profile will not be considered as atherogenic in non-FH patients.  

Presently, only one study on pregnant FH women is published.15 This Scandinavian study analysed 

lipid profiles between week 17 and 36 of gestation in 22 FH patients in comparison to 149 

normocholesterolemic individuals. In both groups, a significant increase in total cholesterol, LDL-C 

and triglycerides was found. Although the relative increase in lipid levels was equal between both 

groups, the absolute increase (LDL-C: 1,9 mmol/L vs. 0.8 mmol/L, respectively) was more 

pronounced in the FH group due to elevated levels at baseline. The average LDL-C increased from 

6,7 mmol/l to 8,6 mmol/l between week 17 and 36, as for the normocholesterolemic females these 

levels were 3.1 mmol/l and 3.9 mmol/l, respectively. These effects are schematically illustrated in 
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figure 1. HDL-C remained unchanged in both groups. No differences in birth weight, birth length 

and gestational age at delivery were observed.  

 

Figure 1: LDL-C levels during pregnancy in women with and without FH 

 
LDL-C: low-density lipoprotein cholesterol; FH: familial hypercholesterolemia 
 

CONSEQUENCES FOR THE MOTHER 

 

Currently, it is unknown whether increased cholesterol levels during pregnancy will lead to 

enhanced atherosclerosis for the FH mother. Given the average birth rate of 1.8 children for a 

Dutch female and a lactation period of three months, the total ‘unprotected’ period consist of at 

least 27 months, plus the time it takes to conceive from the moment of discontinuing 

contraceptives. Considering the achieved cholesterol levels that exceeds approximately threefold 

the physiological range this growth of atheroma is not unlikely, even more so if treatment 

cessation spans a period much longer than pregnancy itself. Subsequent pregnancies, long-term 

breast feeding, or an unfulfilled pregnancy wish can prolong this period substantially. In 

normocholesterolemic mothers, it has been shown that elevated lipid levels during pregnancy do 

not have adverse effects on endothelial function.16 Results of the Framingham Heart study (an 

extensive population cohort study), showed an elevated risk for CVD in (nonFH) women who had 

more than six pregnancies when compared to nulliparous women (relative risk 1.6; 95% 

confidence interval: 1.1-2.2).17 However, another population based study did not show a 

relationship between reproductive history and intima-media thickness, a surrogate marker for 

atherosclerotic disease, after correction for age.18 The case of our first patients suggests that 

  

there is a considerable IMT increase during the period around pregnancy when therapy is 

discontinued, but currently there are no studies that investigated this hypothesis in FH women. 

Finally, women with FH could have an increased risk for hypertensive disease during pregnancy 

since preeclampsia is associated with hypercholesterolemia.19  The same holds true for recurrent 

miscarriage. Theoretically and from animal experiments statins might reduce the risk for these 

pregnancy complications.20 However, further research is needed to investigate this hypothesis. 

 

 

FETAL DEVELOPMENT 

 

Besides maternal complications, it is also unknown whether high cholesterol levels in utero has a 

negative impact on fetal development. There are several recent indications that the fetus can 

acquire maternal cholesterol and use it for his own metabolic needs, like cellular growth.12 

Currently no reports exist indicating lipotoxicty of high maternal cholesterol levels for the fetus, 

but it is has been suggested that maternal hypercholesterolemia during pregnancy could induce 

increased cardiovascular risk for offspring. An autopsy study in spontaneously aborted fetuses 

showed that offspring from (nonFH) hypercholesterolemic mothers exhibit significantly more and 

larger preatherosclerotic aorta lesions than offspring from normocholesterolemic mothers.21 

Another autopsy study showed that children from hypercholesterolemic mothers show faster 

progression of preatherosclerotic lesions, compared to children from normocholesterolemic 

mothers.22 These results have been supported in animal studies.23-25 Experiments in murine models 

showed that differences in arterial gene expression between offspring of normo- en 

hypercholesterolemic mothers persist long after birth, supporting the assumption that fetal 

lesion formation is associated with genetic programming, which may in turn affect postnatal 

atherogenesis.26, 27 Maternal treatment of hypercholesterolemia during pregnancy may reduce 

atherosclerosis in offspring.28 However, this observation has not been repeated in human studies.  
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figure 1. HDL-C remained unchanged in both groups. No differences in birth weight, birth length 

and gestational age at delivery were observed.  

 

Figure 1: LDL-C levels during pregnancy in women with and without FH 

 
LDL-C: low-density lipoprotein cholesterol; FH: familial hypercholesterolemia 
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CONCLUSION AND CLINICAL IMPLICATIONS 

 

Thus far, prospective studies on statin use in FH patients around pregnancy are lacking 12 and this 

fact will raise some concern for FH patients with a pregnancy wish. Results from animal studies 

indicate that statins are associated with adverse fetal outcomes predominantly at supra-

therapeutical levels. From available reports in humans, there is no clearly adverse safety signal, 

but the ‘primum non nocere’ principle does argue against the use of statins during pregnancy and 

lactation presenting absence of ‘proven’ safety. Women who experience an unplanned pregnancy 

can be reassured that the chance on an adverse pregnancy outcome is minor. When FH patients 

are using contraceptives, they should stop taking statins approximately 3 months before 

discontinuation of contraceptives. Concerning lipid-lowering therapy, treatment with bile acid 

binding resins is the only option. However, since this drug reduces lipid levels by only 15% at the 

expensive of significant side effects, the majority of women will not reach target levels for LDL-C 

even if they continue to use the drug throughout pregnancy. Using these drugs, supplementation 

of fat soluble vitamins needs to be considered. However, tolerance to colestyramine is poor, 

mainly because of constipation. An alternative may be the recently introduced compound 

colesevelam, a bile acid binding resin with significantly less side effects.29 Presently, colesevelam 

is registered for patients with a primary hypercholesterolemia with LDL-C above target levels 

despite optimal therapy, and for patients who do not tolerate statin therapy.  

In conclusion, teratogenicity of statins and other lipid-lowering medications should be further 

investigated. In addition, large follow-up studies are needed to determine the effect of 

hypercholesterolemia during pregnancy on CVD risk for FH women, as well as for their offspring.
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SUMMARY 

 

Statins enjoy widespread acceptance as effective drugs to reduce morbidity and mortality in 

patients with and without cardiovascular disease and are considered safe for long-term use. 

However, these compounds are contraindicated during pregnancy based on their potential 

teratogenic effects. Because of the increasing number of young women eligible for statin therapy 

and the concern that discontinuation of statin therapy might be harmful for both mother and 

child with hypercholesterolemia, gestational exposure to statins has become increasingly an issue 

of significant clinical importance. In this systematic review of both human and animal studies on 

the teratogenic effects of statins during pregnancy, we found that most of the available data 

suggest, in fact, that statins are unlikely to be teratogenic. In humans, the observed congenital 

anomalies were isolated and no consistent pattern has emerged that suggests that a common 

mechanism could underlie these observations. Animal studies show conflicting results, but in the 

reports in which an excess of congenital anomalies was reported in the statin treated rodents, 

excessive doses were used compared to the regimens we commonly prescribe to human 

subjects. 

 

 

 

 

 

 

 

 

 

 

 

 

INTRODUCTION 

 

Statins, or ß-hydroxy- ß-methylglutaryl-coenzyme A (HMG-CoA) reductase inhibitors, are widely 

used for the treatment of hypercholesterolemia and have shown to reduce morbidity and 

mortality in patients with and without cardiovascular disease (CVD). Although statins are 

considered to be safe for long-term use, they are contraindicated during pregnancy. This is 

dictated by the uncertainty about the consequences for the fetus and possible interference with 

fetal steroid synthesis and other downstream effects. Therefore, for women who have a wish to 

get pregnant, current practice encompasses the advice to discontinue all systematically absorbed 

lipid-lowering agents in order to avoid potential teratogenic effects.1 

However, whereas these drugs were initially used in older individuals, an increasing number of 

women of childbearing age are now being considered eligible for statin treatment. This is 

especially true for patients with familial hypercholesterolemia (FH) and those with premature 

coronary disease for other reasons. For these patients, continuous statin therapy is the mainstay 

of cardiovascular disease prevention.2 Also, the rise in obesity, physical inactivity, high-fat diets 

and type 2 diabetes all contribute to the increasing numbers of young women for whom 

prescription of cholesterol-lowering drugs is considered. As a consequence, a growing number of 

women, who are treated with statins, present either with a wish for procreation or with an 

established pregnancy. Indeed, several recent studies have reported on prescription of statins 

during pregnancy in the general population with percentages of statin exposed pregnancies 

varying from 0.06-2.4%.3-6 

Discontinuation of lipid-lowering therapy for the relatively short duration of a pregnancy is 

thought to have little impact on long-term therapy in (familial) hypercholesterolemia. However, 

several studies suggest that pronounced maternal hypercholesterolemia during pregnancy has 

adverse consequences for both fetus and mother.7-11 This may have important implications for the 

management of dyslipidemia in this particular group of at risk individuals.  

Knowledge on the possible teratogenic effect of statins was derived from case reports, 

observational studies and experimental animal studies, and most of these are inconclusive. 

Because of the increasing number of young women eligible for statin therapy and the concern 

that discontinuation of statin therapy might be harmful for both mother and child, gestational 

exposure to statins is an issue of significant clinical importance. Therefore, we present a 

systematic review of both human and animal studies on the potential teratogenic effects of 

statins during pregnancy. 
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METHODS 

 

Search strategy 

We conducted a systematic literature search of MEDLINE (1966 – October 2010) and EMBASE 

(1980 – October 2010) for studies addressing the effect of statins on pregnancy outcomes. We 

used three different domains of MeSH-terms and free text words combined by “AND”, and in 

each domain the terms were combined by “OR”. The first domain contained terms on statins 

(including all different synonyms and abbreviations like HMG-CoA reducatase inhibitors), the 

second on pregnancy and the third on teratogens (including MeSH-terms and free text words like 

“embryonic and fetal development/drug effects”, “abnormalities, drug induced”, “fetotoxin”, 

and “embryotoxin”). Searches were supplemented by checking reference lists of relevant 

publications, recent reviews and editorials; and by consulting experts in the field. Language 

restrictions were not used. 

 

Study selection and quality assessment 

Two investigators determined the eligibility of retrieved studies independently, according to 

predetermined criteria. Disagreements were resolved by consensus and if necessary by the 

opinion of a third reviewer.  

We selected those studies that evaluated statin exposure during pregnancy in humans as well as 

in animals by means of a randomised controlled trial, non-randomised trial, cohort study, case 

control study, cross-sectional study, case series or case report. Studies were excluded if they were 

duplicate reports or preliminary reports of data later presented in full, or if none of the following 

outcome measures were reported: congenital anomalies, birth weight and gestational age of 

newborns, and miscarriages, stillbirths and induced abortion.  

The methodological quality of the included experimental studies was assessed according to 

criteria based on those proposed by the Cochrane Collaboration.12 The Newcastle-Ottawa Scale 

(NOS) was used for assessing the quality of the observational studies in this review.13 No formal 

quality assessment was undertaken for case series and case reports. 

 

Data extraction 

Two authors independently extracted the following characteristics for the included studies: first 

author, year of publication, type of subjects (human or in case of animal: species), study design, 

number of study participants, trimester of exposure, type and dosage of statin used and 

concomitant medication. Furthermore, the following outcomes were retrieved: number and type 

of congenital anomalies in newborns, number of miscarriages, stillbirths, abortions and live births, 

 

birth weight, gestational age and maternal toxicity. Disagreements were resolved by consensus 

and if necessary by the opinion of a third reviewer.  

 

Statistical analysis 

The abstracted data from each included study was tabulated for human and animal studies, 

separately. For the cohort studies with sufficient data on the number of congenital anomalies, 

induced abortions, spontaneous abortions, live births and stillbirths, the prevalences of these 

pregnancy outcomes were calculated and compared with reported prevalences in large 

population studies.  

We performed a meta-analysis for the controlled animal studies that examined the association 

between statin exposure during pregnancy and the occurrence of congenital anomalies of the 

fetus for rabbits and rats, separately. For each of the trials, we calculated a relative risk (RR) and 

95% confidence interval (CI). Because different types and doses of statins were used, we decided 

to combine study data using a random effects model according to the method of DerSimonian 

and Laird. The forest plots were visually examined and we tested for heterogeneity of RR’s across 

the studies using the Cochran’s Q test and we measured the proportion of between-study 

differences not attributable to chance with the I2 statistic. A subgroup analysis was performed for 

the dosing groups that did not induce maternal toxicity. A Z test was performed to test the overall 

effect. Analyses were performed using Review Manager 5 (the Cochrane Collaboration). 
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RESULTS 

 

Description of studies 

Our search yielded 1863 publications, of which 1818 were not included after scanning titles and 

abstracts, leaving 45 studies for detailed assessment. Of these, 22 studies were excluded; 11 

studies because of duplicate data or sub-studies, 10 studies because pregnancy outcomes were 

not explicitly reported after statin exposure and one study because only in vitro data were 

reported. Hence, 23 studies remained for final inclusion in this review; 13 human studies14-26 and 10 

animal studies.27-36 Of one human study, full data have not been published yet, and only its 

abstracts was available.16 

Characteristics of the included studies are shown in Table 1 for the human studies and in Table 2 

for the animal studies. Of the human studies we identified 5 cohort studies14-18, 2 case series,19, 20 

and 6 case reports 21-26. All animal studies had an experimental design.27-37 The number of subjects 

(pregnant women or dams) in the studies varied from 1 to 2135 in human studies and from 52 to 

125 in animal studies. In most human studies, statin exposure was during the first trimester, and in 

most animal studies exposure was from day 6-1728 or day 6-1827, 29 of pregnancy, the period of 

major organogenesis. For both human and animal studies exposure to atorvastatin, cerivastatin, 

fluvastatin, lovastatin, pravastatin and simvastatin were evaluated. Exposure to rosuvastatin was 

only reported in one human study.  

 

Methodological quality of included studies 

The methodological quality of the 5 cohort studies was evaluated following the criteria of the 

Newcastle-Ottowa Quality assessment scale, as can be seen in Table 3. All animal studies had an 

experimental design. The methodological quality of these was assessed according to criteria 

based on those proposed by the Cochrane Collaboration. In three studies31, 32, 37 random allocation 

was reported. None of these described the randomization technique and allocation concealment 

was not adequately reported. Information regarding blinded outcome assessment was present in 

only one of the animal studies.27 
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nd  

N
o abnorm

alities  
Birth w

eight 2.4 kg  (<5th percentile) 
G

A 38 +1 w
eeks 

 
 

 
 

 
 

 
 

Seguin  
1999[24] 

1 
W

om
en (28 yrs) w

ith history of 
hyperlipideam

ia, hypertension and 
renal transplantation exposed to 
statin, prednisone, yclosporine, 
sustained release nifedipine, 
azathioprine, cephalexin and ranitidine 
during pregnancy 

Fluva 20 m
g 

N
one 

1 st   
N

o abnorm
alities 

Birth w
eight 2.9 kg 

G
A 38+1 w

eeks 

 
 

 
 

 
 

 
 

aO
nly for live births, or otherw

ise reported 
bAdjusted for age at end of pregnancy, socioeconom

ic variables, diabetes, hypothyroidism
, com

edications, m
edical visits before pregnancy, low

 birth w
eight and gender of 

new
born.  

Abbreviations: atorva, atorvastatin; cerva; cerivastatin; Exp, exposed; FDA, food and drug adm
inistration; fluva, fluvastatin; GA, gestational age; IU

GR, intrauterine grow
th 

retardation; lova, lovastatin; NBDPS, National Birth Defects Prevention Study; n, num
ber; non-exp, non-exposed; O

R, odds ratio; prava, pravastatin; pros, prospective; ref, 
reference; retro, retrospective; rosuva, rosuvastatin; RR, relative risk; SEC-BDS, Slone Epidem

iology Center Birth Defects Study; sim
va, sim

vastatin; vs, versus; W
AES, 

W
orldw

ide Adverse Experience System
; yrs, years 
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 Table 2. Characteristics and outcom
es of anim

al studies 
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M
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Year (ref) 
n 
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Borns/D

am
‡ 

Body w
eight (g)‡ 

A
nom

alies
# 

O
ther 

Rabbits 
 

 
 

 
 

 
 

 

 
 

 
 

 
 

 
 

 
 

Tanase  
1987[28] 

CT 
4x14 

D
ay 6-17  

Prava 
 

0 12.5 
25 
50 

11.2 
14.3 
12.0 
13.3 

7.9 ±0.4 
6.0 ±0.6 
7.3 ±0.7 
6.5 ±0.7 

36.4 ±1.2 
39.7 ±1.0 
37.0 ±1.2 
41.0 ±1.8 

N
o lethal or teratogenic effects 

nor retardation of fetal 
developm

ent w
as observed in 

any treated group  

D
ecreased food intake of 

dam
s at 50 m

g/kg 

 
 

 
 

 
 

 
 

 
 

W
ise  

1990[27] 
CT  
4x18 

D
ay 6-18 

Sim
va 

 
0           
2.5 
5 10 

6.5 
7.5 
4.1 
6.2 

7.5 
8.2 
8.2 
7.7 

39.0 
38.1 
37.1 
38.8 

N
o evidence of teratogenic 

effects or em
bryotoxicity at 

dose levels up to 10 m
g/kg  

N
o m

aternal toxicity 

 
 

 
 

 
 

 
 

 
 

D
ostal  

1994[29] 
CT  
4x20  

D
ay 6-18  

Atorva 
 

0 10 
50 
100 

6.8 
9.3 
14.0 
18.9 

8.3 ±3.1 
7.1 ±3.4 
7.2 ±3.4 
7.2 ±3.1 

42.6 ±5.9
♂

  41.8 ±6.1 ♀ 
45.2 ±7.9    43.4 ±5.9 
42.5 ±9.4    39.9 ±5.9 
39.4 ±10.8  39.1 ±11.3 

N
o evidence of teratogenic 

effects or em
bryotoxicity at 

dose levels up to 100 m
g/kg  

M
aternal toxicity at 50 and 

100 m
g/kg 

 
 

 
 

 
 

 
 

 
 

Rats 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

H
rab  

1994[32] 
RCT  
3x20

§ 
D

ay 15 till  
day 17 
postpartum

  

Fluva 
0 12 
24  

6.1 
10.5 
8.6 

15.1 
12.6 
11.1* 

N
ot reported 

N
ot reported 

M
aternal m

ortality /toxicity 
at 12 and 24 m

g/kg 
(cardiom

yopathy) 
 

 
 

 
 

 
 

 
 

 
Tanase 
1987[34]  
 

CT  
4x22 

M
&

F treat-
ted before 
pregnancy; F 
till day 7 of 
gestation 

Prava 
0 20 
100 
500 

6.8 
6.6 
6.1 
5.6 

9.8 ± 0.6 
10.0 ± 0.4 
10.5 ± 0.3 
10.2 ± 0.5 

3.26 ± 0.04 
3.30 ± 0.02 
3.33 ± 0.02 
3.28 ± 0.03 

N
o evidence of teratogenic 

effects or em
bryotoxicity at 

dose levels up to 500 m
g/kg 

N
o m

aternal toxicity 
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3x22 

D
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Prava 
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4.7 
5.7 
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11.1 ± 0.3 
10.9 ± 0.4 
10.7 ± 0.5 

4.26 ± 0.03 
4.36 ± 0.03 
4.36 ± 0.03 

N
o evidence of teratogenic 

effects or em
bryotoxicity at 

dose levels up to 1000 m
g/kg 

N
o m

aternal toxicity 

  
 

 
 

 
 

 
 

 
 

W
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1990[36] 
RCT  
4x25 

D
ay 6-17 

Sim
va 

0 6.25 
12.5 
25 

3.8 
1.6 
5.5 
6.5 

13.7 
14.5 
13.8 
14.0 

3.89 
3.78* 
3.80 
3.68* 

N
o evidence of teratogenic 

effects or em
bryotoxicity at 

dose levels up to 25 m
g/kg 

N
o m

aternal toxicity 

 
 

 
 

 
 

 
 

 
 

M
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D
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0 8 80 
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o treatm

ent 
related effects 
(no num

bers 
reported) 
  

N
o treatm

ent 
related effects (no 
num

bers 
reported) 
 

Significant reduction  
in m

ean fetal w
eight  

at 800 m
g/kg (no 

num
bers reported) 

Fetal toxicity at 800 m
g/kg: 

gastroschisis, single or m
ultiple 

anom
alies of the ribs as w

ell as 
split and m

isaligned vertebrae 
and sternebrae 

M
aternal toxicity (w

eight 
gain reduced) at 800 m

g/kg  

 
 

 
 

 
 

 
 

 
 

Lankas 
2004[30] 

CT  
5x25 

D
ay 6-20 

Lova 
 

0 100 
200 
400 
800 

6.0 ±6.0 
5.1 ±4.8 
5.9 ±6.7 
14.1 ±28.4 
11.0 ±21.7 

15.5 ±2.2 
15.9 ±1.8 
15.1 ±2.2 
13.3 ±4.7 
14.3 ±4.2 

5.0 ±0.3
♂   4.7 ±0.3

♀ 
4.7 ±0.3*   4.5 ±0.3*    
4.7 ±0.3*   4.4 ±0.3*    
4.3 ±0.6*   4.1 ±0.6*    
4.2 ±0.4*   4.0 ±0.3*   
 

Fetal skeletal abnorm
alities  

at levels >100 m
g/kg but as  

a result of m
aternal toxicity 

rather than due to a direct 
teratogenic effect; anom

alies at 
400 and 800 m

g/kg considered 
treatm

ent related 

M
aternal toxicity at 100 

m
g/kg 

 
 

 
 

 
 

 
 

 
 

H
enck  

1998[31] 
RCT  
4x30 

D
ay 7- till end 

of pregnancy  Atorva  
0 20 
100 
225 

9.0 ±1.4 
10.6 ±1.9 
10.2 ±2.3 
11.3 ±2.4 

15.0 ±0.4 
14.7 ±0.8 
15.0 ±0.7 
14.1 ±0.7 

6.4 ±0.1 ♂   6.1 ±0.1 ♀ 
6.6 ±0.1     6.3 ±0.1 
6.4 ±0.1     6.0 ±0.1 
5.8 ±0.2*   5.4 ±0.2* 

N
ot reported 

M
aternal m

orbidity/ 
m

ortality (13%), at 225 
m

g/kg 

 
 

 
 

 
 

 
 

 
 

D
ostal  

1994[29]  
CT 
4x25   

D
ay 6-15  

Atorva 
 

0 10 
100 
300 

4.3 
7.1 
8.6 
10.8 

14.3 ±2.5 
13.0 ±2.4 
13.5 ±1.7 
13.3 ±3.6 

3.6 ±0.3
♂  3.4 ±0.3

♀ 
3.6 ±0.2     3.5 ±0.2 
3.5 ±0.3     3.3 ±0.3 
3.4 ±0.2*   3.2 ±0.2 

N
o evidence of teratogenic 

effects or em
bryotoxicity at 

dose levels up to 300 m
g/kg 

M
aternal toxicity at 300 

m
g/kg 

 
 

 
 

 
 

 
 

 
 

†Exposure during days of gestation, unless otherw
ise noted 

*Difference w
ith control group is statistically significant (p ≤ 0.05) 

§O
nly relevant treatm

ent groups reported 
#Num

bers are show
n in forest plots (Figures 1 and 2) 

‡M
ean ± SE for studies [28;31;33;34]; M

ean ± SD for studies [29;30] 
Abbreviations: atorva, atorvastatin; CT, controlled trial; F, father; fluva, fluvastatin; g, gram

s; lova, lovastatin; M
, m

other; n, num
ber; post-im

pl, post-im
plantation; 

prava, pravastatin; ref, reference; RCT, random
ized controlled trial; sim

va, sim
vastatin 
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 Table 3. Q
uality assessm

ent of the included cohort studies using the N
ew

castle-O
ttow

a scale 
 *No non-exposed cohort present 
#Follow

-up until birth 
†Follow

-up rate calculated based on study data 
  

Selection 
 

Com
parability 

 
O

utcom
e 

 First A
uthor 

Year (ref) 

Representation      
of exposed      
cohort 

Selection               of 
non-exposed 
cohort 

Ascertainm
ent   

of exposure 
O

utcom
e not 

present at 
start   of study 

 Com
parability in 

design or analysis 
 Assessm

ent of 
outcom

e 
Follow

-up long 
enough for outcom

e 
to occur # 

Adequacy of 
follow

-up of 
cohorts 

 
 

 
 

 
 

 
 

 
 

 
O

fori  
2007[14] 
 

To som
e extent 

D
raw

n form
 the 

sam
e population 

Secure record 
Yes 

 
Adequate 

 
Record linkage 

Yes 
96%

† 

 
 

 
 

 
 

 
 

 
 

 
Taguchi  
2008[15] 
 

To som
e extent 

D
raw

n form
 the 

sam
e population 

Self report 
Yes 

 
Adequate 

 
Self report 

Yes 
100%

† 

 
 

 
 

 
 

 
 

 
 

 
M

cG
rogan  

2009[16] 
 

N
o description 

N
o description 

Self report 
Yes 

 
Adequate 

 
N

o description 
Yes 

78% 

 
 

 
 

 
 

 
 

 
 

 
Pollack  
2005[17] 
 

N
o description 

N
ot applicable*  

Self report 
Yes 

 
N

ot applicable*  
 

Self report 
Yes 

58% 

 
 

 
 

 
 

 
 

 
 

 
Freyssinges  
1996[18] 
 

N
o description 

N
ot applicable*  

Self report 
Yes 

 
N

ot applicable*  
 

N
o description 

Yes 
74%

† 

 

Human studies 

Congenital anomalies 

Regarding congenital anomalies, three cohort studies14-16 compared neonatal outcomes of statin 

exposed versus non-exposed pregnancies and no statistically significant differences in the rate of 

congenital anomalies were found between the two groups (Table 1). In these studies, exposure 

was to various types of statins prescribed in standard therapeutic doses. One minor anomaly out 

of 46 live births (2%) was observed in the statin group in the study of Taguchi et al; a cervical soft 

tissue mass, which was surgically removed. Ofori et al reported three anomalies (5%) in the statin 

group; an unspecified anomaly of the heart, a ventricular septal defect and an atrial septal defect. 

In the study of McGrogan et al, the identified congenital anomalies (3%) were not further 

specified. Pollack et al reported 5 congenital anomalies out of 154 live births (3%) born from 

simvastatin exposed women from which a report was entered into the WAES database after 

exposure in the first trimester but prior to knowledge of pregnancy outcome (prospective 

reports).17 No specific pattern in congenital anomalies (postaxial polydactyly, balanic hypospadias, 

duodenal atresia, cleft lip, balanced traslocation chromosomes I and II) could be observed, and in 

4 cases the pregnancy was exposed to other drugs as well. The same study described 91 

retrospective reports of maternal exposure, which were reports that entered into the WAES 

database after knowledge of the pregnancy outcome. These reports showed 13 congenital 

anomalies in 8 live births, 1 spontaneous abortion, and 4 elective abortions.17 Freyssinges and 

Ducrocq prospectively reported on 120 hypercholesterolemic women, whose exposure to 

simvastatin during pregnancy led to a request for information from pharmaceutical firms. Of the 

73 live born infants, 3 newborns had the following malformations: granulation tissue on fifth 

finger, cleft lip and hypospadia.18  

Part of the above mentioned cohort studies provided sufficient data to calculate the prevalence 

of congenital anomalies in live births and stillbirths of statin-exposed pregnancies. We 

summarized these data in Table 4 in which it is estimated that for all statin-exposed pregnancies 

together, the pooled prevalence of congenital anomalies is 3.6% (95% CI: 1.4%-5.7%). The 

prevalence in background studies from Europe and the United States ranged from 2.4-3.2%.38, 39  

A case series of FDA reports in human that was published in 2004,19 reported 214 gestational 

statin exposures from 1987-2001. After exclusion of cases involving first-trimester elective or 

spontaneous abortions, pregnancy loss due to maternal illness, fetal genetic disorders, transient 

neonatal disorders, or loss to follow up, 70 reports of statin-exposed pregnancies could be 

analysed. Twenty-two cases reported structural birth defects (of which 5 malformations of the 

central nervous system and 5 limb deficiencies), following pregnancies exposed to all statins 

except pravastatin and fluvastatin. A high proportion of mothers included in this study also  
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tissue mass, which was surgically removed. Ofori et al reported three anomalies (5%) in the statin 

group; an unspecified anomaly of the heart, a ventricular septal defect and an atrial septal defect. 

In the study of McGrogan et al, the identified congenital anomalies (3%) were not further 

specified. Pollack et al reported 5 congenital anomalies out of 154 live births (3%) born from 

simvastatin exposed women from which a report was entered into the WAES database after 

exposure in the first trimester but prior to knowledge of pregnancy outcome (prospective 

reports).17 No specific pattern in congenital anomalies (postaxial polydactyly, balanic hypospadias, 

duodenal atresia, cleft lip, balanced traslocation chromosomes I and II) could be observed, and in 

4 cases the pregnancy was exposed to other drugs as well. The same study described 91 

retrospective reports of maternal exposure, which were reports that entered into the WAES 

database after knowledge of the pregnancy outcome. These reports showed 13 congenital 

anomalies in 8 live births, 1 spontaneous abortion, and 4 elective abortions.17 Freyssinges and 

Ducrocq prospectively reported on 120 hypercholesterolemic women, whose exposure to 

simvastatin during pregnancy led to a request for information from pharmaceutical firms. Of the 

73 live born infants, 3 newborns had the following malformations: granulation tissue on fifth 

finger, cleft lip and hypospadia.18  

Part of the above mentioned cohort studies provided sufficient data to calculate the prevalence 

of congenital anomalies in live births and stillbirths of statin-exposed pregnancies. We 

summarized these data in Table 4 in which it is estimated that for all statin-exposed pregnancies 

together, the pooled prevalence of congenital anomalies is 3.6% (95% CI: 1.4%-5.7%). The 

prevalence in background studies from Europe and the United States ranged from 2.4-3.2%.38, 39  

A case series of FDA reports in human that was published in 2004,19 reported 214 gestational 

statin exposures from 1987-2001. After exclusion of cases involving first-trimester elective or 

spontaneous abortions, pregnancy loss due to maternal illness, fetal genetic disorders, transient 

neonatal disorders, or loss to follow up, 70 reports of statin-exposed pregnancies could be 

analysed. Twenty-two cases reported structural birth defects (of which 5 malformations of the 

central nervous system and 5 limb deficiencies), following pregnancies exposed to all statins 

except pravastatin and fluvastatin. A high proportion of mothers included in this study also  
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Table 4. Prevalence of congenital anomalies for statin-exposed pregnancies in humans and 
reported background rate 

 Taguchi[15] Freyssings[18] Pollack[17] Total % ( 95% CI) Background rate (%) 

Congenital anomaly 1 / 47* 3 / 75* 6 / 158* 10 / 280* 3.6 (1.4-5.7) 2.3-3.2 [38;39] 

Induced abortion 3 / 64# 40 / 122# 49 / 225# 92 / 411# 22.4 (18.4-26.4) 16-21 [64] 

Spontaneous abortion 14 / 61† 7 / 79† 18 / 176† 39 / 316† 12.3 (8.7-16.0) 12 [65] 

Fetal death / stillbirth 1 / 47* 2 / 75* 4 / 158* 7 / 280* 2.5 (0.6-4.1) 0.6-1.0 [66] 

*Live births + fetal deaths  
#Total number of pregnancy outcomes  
†Spontaneous abortions + livebirths + fetal deaths 
 

reported pre-pregnancy diabetes, obesity, or both.19 Petersen et al.20 explored data form the 

National Birth Defects Prevention Study (NBDPS) and the Slone Epidemiology Center Birth 

Defects Study (SEC-BDS) and included respectively 13 and 9 cases with birth defect born to 

mothers who reported exposure to statins. In total, 19 mothers were exposed to lipophilic statins 

and 3 to hydrophilic statins. Various birth defects were reported (congenital heart defects in 7 and 

5 cases, respectively). Only 2 mothers from the NBDPS and 2 mothers of the SEC-BDS reported 

normal BMI and no pre-existing diabetes.20   

Six case reports of statin exposure during pregnancy were found, of which 3 reported congenital 

anomalies. Trakadis et al26 reported microcephaly, growth retardation, dysmorphic features 

(suggestive of Smith-Lemli-Opitz syndrome), profound global development delay and peri-Sylvian 

polymicrogyria, after exposure to rosuvastatin 10 mg during the full length of pregnancy. The 

mother was also hypertensive and was treated with telmisartan 80 mg during the first 7 months 

of pregnancy as well. Vagt en Kastendieck23 described aplasia of the left hand, wrist and distal 

forearm in a newborn after exposure to atorvastatin 10 mg until gestational week 7. There was no 

other drug use reported during pregnancy, but the mother smoked 10-15 cigarettes daily during 

the full pregnancy. Ghidini et al25 reported of an infant with the VATER association (vertebral 

anomalies, anal atresia, renal and radial dysplasias) after exposure to lovastatin 10 mg and 

dextroamphetamine sulphate 10 mg from gestational week 6 until week 11. Three other case 

reports of exposure of atorvastatin 40 mg until gestational week 721, pravastatin 40 mg until 

gestational week 2422 and fluvastatin 20 mg until gestational week 924 reported no congenital 

anomalies.  

 

Other Pregnancy Outcomes 

Two cohort studies compared statin exposed versus non-exposed pregnancies regarding to 

pregnancy outcomes other than congenital anomalies (Table 1).14, 15 Ofori et al14 reported 45% vs 

 

63% live births, 34% vs 27% miscarriages/stillbirths/unspecified abortions and 21% vs 10% induced 

abortions in the statin exposed group and the non-exposed group, respectively (no p-values were 

given).14 No other pregnancy outcomes were reported. Taguchi et al15 reported no significant 

differences in number of live births, still births, spontaneous abortion, induced abortion or 

neonatal health outcomes in 128 pregnancies. Gestational age at birth and birth weight were 

significantly lower in the statin-exposed group than that of the non-exposed group (Table 1).15 

McGrogan et al reported an adjusted RR of recorded induced abortions associated with statin use 

in the first trimester of 2.5 (95%CI 1.7-3.7).16 

Of the 225 reports received after exposure but prior to knowledge of outcome, 5 cases (2%) of 

prematurity were documented in the study of Pollack et al17, including 1 case with intrauterine 

growth restriction (IUGR). Of the 91 reports received after the knowledge of pregnancy outcome, 

1 case of preterm delivery (31 weeks) and macrosomia (infant suffered from respiratory distress 

and metabolic disorder, his mother had diabetes), 1 preterm (32 weeks) infant with IUGR who 

died 3 days after births (mother had preeclampsia), 1 preterm (35 weeks) infant with IUGR and 1 

small-for-gestational-age infant were reported.17 Freyssinges and Ducrocq described 40 induced 

abortions and 2 stillbirths out of 125 women, and 4 preterm infants out of 73 live births.18 Table 4 

shows the pregnancy outcomes of the prospective data of three of the above mentioned studies 

together,15, 17, 18 compared to the Northern American and Western European background rates.  

The results of Edison and Muenke showed 5 cases of stillbirths and 4 cases of IUGR in 70 reports 

of maternal statin exposure spontaneously reported to the FDA.19 One of the inclusion criteria of 

the case series of Petersen et al was the presence of a congenital anomaly and other pregnancy 

outcomes were not mentioned.20 

Regarding the case reports, birth weight was reported in 5 cases, of which one newborn was 

small-for-gestational-age.22 Pregnancy duration was reported in all 6 case reports, of which one 

case of preterm delivery at 36 weeks.21 

 

Animal studies 

Congenital anomalies 

Three experimental studies in rabbits compared the prevalence of congenital anomalies between 

newborns after maternal exposure to simvastatin (maximum dose 10 mg/kg/day)27, pravastatin 

(maximum dose 50 mg/kg/day)28 and atorvastatin (maximum dose 75 mg/kg/day)29 during 

pregnancy, with newborns of non-exposed pregnancies. None of these studies reported 

significant differences in the occurrence of congenital anomalies. Analysis of the pooled data 

showed no significant differences between the exposed and non-exposed newborns, with a risk 

ratio of 0.66 (95% CI 0.24-1.79) (Figure 1).  
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pregnancy outcomes other than congenital anomalies (Table 1).14, 15 Ofori et al14 reported 45% vs 

 

63% live births, 34% vs 27% miscarriages/stillbirths/unspecified abortions and 21% vs 10% induced 

abortions in the statin exposed group and the non-exposed group, respectively (no p-values were 

given).14 No other pregnancy outcomes were reported. Taguchi et al15 reported no significant 

differences in number of live births, still births, spontaneous abortion, induced abortion or 

neonatal health outcomes in 128 pregnancies. Gestational age at birth and birth weight were 

significantly lower in the statin-exposed group than that of the non-exposed group (Table 1).15 

McGrogan et al reported an adjusted RR of recorded induced abortions associated with statin use 

in the first trimester of 2.5 (95%CI 1.7-3.7).16 

Of the 225 reports received after exposure but prior to knowledge of outcome, 5 cases (2%) of 

prematurity were documented in the study of Pollack et al17, including 1 case with intrauterine 

growth restriction (IUGR). Of the 91 reports received after the knowledge of pregnancy outcome, 

1 case of preterm delivery (31 weeks) and macrosomia (infant suffered from respiratory distress 

and metabolic disorder, his mother had diabetes), 1 preterm (32 weeks) infant with IUGR who 

died 3 days after births (mother had preeclampsia), 1 preterm (35 weeks) infant with IUGR and 1 

small-for-gestational-age infant were reported.17 Freyssinges and Ducrocq described 40 induced 

abortions and 2 stillbirths out of 125 women, and 4 preterm infants out of 73 live births.18 Table 4 

shows the pregnancy outcomes of the prospective data of three of the above mentioned studies 

together,15, 17, 18 compared to the Northern American and Western European background rates.  

The results of Edison and Muenke showed 5 cases of stillbirths and 4 cases of IUGR in 70 reports 

of maternal statin exposure spontaneously reported to the FDA.19 One of the inclusion criteria of 

the case series of Petersen et al was the presence of a congenital anomaly and other pregnancy 

outcomes were not mentioned.20 

Regarding the case reports, birth weight was reported in 5 cases, of which one newborn was 

small-for-gestational-age.22 Pregnancy duration was reported in all 6 case reports, of which one 

case of preterm delivery at 36 weeks.21 

 

Animal studies 

Congenital anomalies 

Three experimental studies in rabbits compared the prevalence of congenital anomalies between 

newborns after maternal exposure to simvastatin (maximum dose 10 mg/kg/day)27, pravastatin 

(maximum dose 50 mg/kg/day)28 and atorvastatin (maximum dose 75 mg/kg/day)29 during 

pregnancy, with newborns of non-exposed pregnancies. None of these studies reported 

significant differences in the occurrence of congenital anomalies. Analysis of the pooled data 

showed no significant differences between the exposed and non-exposed newborns, with a risk 

ratio of 0.66 (95% CI 0.24-1.79) (Figure 1).  
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Figure 1: Forest plot of the relative risk of congenital anomalies for statin-exposed versus 
unexposed pregnancies in animals 

 
 

Decreased food intake of dams was observed in the pravastatin 50 mg/kg/day27, atorvastatin 50 

mg/kg/day and atorvastatin 100 mg/kg/day groups. In the atorvastatin 50 mg/kg/day and 

atorvastatin 100 mg/kg/day groups, body weight loss and death of dams were observed as well.29 

Analysis of the pooled data, only for the dosing groups without any sign of maternal toxicity, 

showed a risk ratio of 0.68 (95% CI 0.31-1.48) (Figure 2). 

 

Figure 2: Forest plot of the relative risk of congenital anomalies for statin-exposed versus 
unexposed pregnancies that did not induce maternal toxicity in animals 

 

 

In rats, six experimental studies compared the prevalence of congenital anomalies in newborns 

after exposure to simvastatin (maximum dose 25 mg/kg/day)36, atorvastatin (maximum dose 300 

mg/kg/day)29, lovastatin (maximum dose 800 mg/kg/day)30, 35 and pravastatin (maximum dose 

1000 mg/kg/day)33, 34 during pregnancy, with newborns of non-exposed pregnancies. Exposure 

was from day 0-734, 6-1529, 6-1735, 36, 6-2030 or day 7-1733 of pregnancy. Only in the two studies with 

lovastatin at the maximum dose of 800 mg/kg/day, a significant increase in congenital anomalies 

was seen in the exposed groups, almost all malformations of vertebrae and ribs.30, 35 Analysis of 

the pooled data of all experimental studies in rats showed a significant increase in congenital 

anomalies in newborns exposed to statins, with a risk ratio of 2.69 (95% CI 1.40-5.14), favouring 

the non-exposed group (Figure 1). Maternal toxicity (including decreased food intake, decreased 

body weight and mortality) was seen in groups with doses of atorvastatin 300 mg/kg/day29, and 

lovastatin 200, 400 and 800 mg/kg/day.30, 35 Analysis of the pooled data, only for the dosing 

groups without any sign of maternal toxicity, showed a risk ratio of 1.89 (95% CI 0.95-3.78) (Figure 

2). 

  

Other Pregnancy Outcomes 

Three experimental studies in rabbits compared post-implantation loss, number of living fetuses 

and fetal body weight after statin exposed and non-exposed pregnancies, and reported no 

significant differences in any of these outcomes (Table 2).27-29 

Eight studies examined these pregnancy outcomes in rats (Table 2). A trend towards increasing 

post-implantation loss with increasing doses was seen in a study with atorvastatin (maximum 

dose 300 mg/kg/day), but this did not reach significance.29 Lankas et al also reported non-

significant increased post-implantation loss in lovastatin 400 mg/kg/day and 800 mg/kg/day 

groups, but Minsker et al reported no difference in post-implantation loss at the same maximum 

dose of lovastatin 800 mg/kg/day.35 Other studies with maximum doses of simvastatin 25 

mg/kg/day36, pravastatin 500 mg/kg/day34, pravastatin 1000 mg/kg/day33 , fluvastatin 24 

mg/kg/day32 and lovastatin 800 mg/kg/day35 reported no significant differences in 

postimplantation loss between the different treatment groups (Table 2).  

Only one study reported a significant decreased number of live borns, after exposure to 

fluvastatin 24 mg/kg/day.32 Other studies with maximum doses of simvastatin 25 mg/kg/day36, 

pravastatin 500 mg/kg/day34, pravastatin 1000 mg/kg/day33, atorvastatin 225 mg/kg/day31 and 

lovastatin 800 mg/kg/day30, 35 reported no significant differences in number of live borns (Table 2).  

Fetal body weight was significantly decreased compared to controls after exposure to 

atorvastatin 225 mg/kg/day31, atorvastatin 300 mg/kg/day29, lovastatin 800 mg/kg/day,35 

simvastatin 25 mg/kg/day.36 A trend was shown toward a lower fetal body weight with increasing 
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doses of lovastatin i.e. 100, 200, 400 and 800 mg/kg/day.30 Hrab et al32 reported that drug-related 

lower birth weights was evident at doses of fluvastatin 24 mg/kg/day, but neither weight 

measurements nor p-values were given. Two other studies with maximum doses of pravastatin 

500 mg/kg/day34 and pravastatin 1000 mg/kg/day33 did report on fetal body weight, but found no 

significant differences between the treatment groups (Table 2).  

 

 

DISCUSSION 

 

General findings 

In this systematic review and meta-analysis, we evaluated the potential teratogenicity of statins in 

both human and animals. Observational studies in humans revealed a similar prevalence of 

congenital anomalies between statin exposed pregnancies and control pregnancies. 

Furthermore, no specific pattern of congenital anomalies has emerged. Animal studies have 

produced conflicting results on the potential teratogenicity of statins. In particular, studies in 

rabbit models failed to show any teratogenic consequence of simvastatin, pravastatin or 

atorvastatin use. Several anomalies were reported for lovastatin, atorvastatin and fluvastatin in 

both rat and rabbit models, but only at excessive doses that also led to maternal toxicity. 

However, in rat models, pooled data of the dosing groups in which no signs of maternal toxicity 

occurred did show a trend towards a higher risk of congenital anomalies for exposed newborns.  

Due to the emerging results from animal studies in conjunction with the belief that treatment of 

dyslipidemia offers no benefit for the expecting mother, all statins are labelled as FDA Pregnancy 

Category X in the US. No human data were available at the time Category X was assigned.40 

Although the results from our study suggest that statins are unlikely to be teratogenic in human, 

our data are far from conclusive, which is in agreement with the few other reviews on this 

subject.41-43 Although experimental data in animals with large dose ranges may address the 

question if statins could potentially be teratogenic, we feel that human data will be most relevant 

in assessing risk to human pregnancies in clinical practice. Therefore, the focus will be on human 

data in this discussion. 

 

Patterns of congenital anomalies in human studies 

Regarding human studies, Edison and Muenke19 suggested that the reported cases display 

patterns consistent with dysfunction of cholesterol synthesis (such as Smith-Lemli-Opitz 

syndrome) and diminished Sonic Hedgehog activity, and that the reported anomalies could 

indeed result from statin exposure during pregnancy. However, these interpretations were 

 

strongly opposed by others,44 and suggested patterns were not confirmed in later studies.14, 15, 17, 18, 

20, 45 The congenital anomalies in these studies were isolated and no consistent pattern suggesting 

a common mechanism could be identified. Furthermore, the anomalies were unrelated by 

pathogenesis and target organs, and in some cases there was no relationship between the time 

of exposure and the critical period for the embryonic organs affected.   

When combining the prospective data of three human studies15, 17, 18, the prevalence of congenital 

anomalies seems to be slightly higher than in the background population. However, the reason 

for hypercholesterolemia and possible co-morbidity was not reported in any of these cases. In 

other studies,19, 20 it was shown that a high proportion of mothers who inadvertently used statins 

during pregnancy also reported pre-pregnancy diabetes, obesity, or both. Especially diabetes, but 

also obesity is known to be strongly associated with major congenital anomalies,46, 47 perinatal 

mortality46 and abortion.47, 48 Possibly, a considerable proportion of the included subjects were on 

statin therapy as a result of dyslipidemia caused by diabetes or obesity, which could also explain 

the increase in congenital anomalies. 

 

Other pregnancy outcomes 

Other pregnancy outcomes than congenital anomalies were not always reported in human 

studies, or reported with different denominator data, which makes it difficult to compare. Two 

studies demonstrated a higher rate of induced abortions14, 16, which could possibly reflect the fact 

that the pregnancy was unintended, and therefore statin therapy was not discontinued. 

However, it might also be possible that the higher rate of induced abortions was in response to 

evidence of fetal malformation. McGrogan et al16 report that pregnancy termination was in the 

first trimester, which makes this hypothesis less likely, as only major malformations can be 

detected in this stage. Ofori et al14 do not report on the moment of abortion or reason for 

abortion. However, another study did not confirm this higher abortion rate 15 and it is explicitly 

reported that the three induced abortions in the statin group of this study were not in response 

to any detected fetal abnormality. Furthermore, the calculated rate in Table 4 is similar to the 

background population of Northern America and Western Europe. However, the total number of 

included patients is too small to draw any conclusion. The same holds true for birth weight and 

duration of gestation. One study reported significantly lower birth weight and a shorter gestation 

after exposure to statins, but other studies did not sufficiently report on these aspects. 

Interestingly, a study in expecting mothers with TC levels < 10th percentile without any use of 

cholesterol-lowering agents, showed lower birth weights of their newborns and a shorter 

gestation as well.49  
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duration of gestation. One study reported significantly lower birth weight and a shorter gestation 

after exposure to statins, but other studies did not sufficiently report on these aspects. 

Interestingly, a study in expecting mothers with TC levels < 10th percentile without any use of 

cholesterol-lowering agents, showed lower birth weights of their newborns and a shorter 

gestation as well.49  
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Most animal studies did report on other pregnancy outcome such as post-implantation loss, 

number of live born and fetal body weight, but often gave rise to conflicting results. Some studies 

showed significantly reduced birth weight of fetuses in the statin exposed groups,29-31, 35, 36, but a 

clear dose-response relationship was not always present. Regarding the dosing groups in which a 

significant lower birth weight was found, maternal toxicity was always reported as well, which 

could also explain the decrease in birth weight. In two studies, a trend toward an increased post-

implantation loss was found29, 30 (no p-values given) and only one study reported a decreased 

number of live borns after exposure to fluvastatin 24 mg/kg.32 However, these findings have not 

been confirmed in a number of other studies.  

 

Cholesterol and fetal development 

Without doubt, cholesterol is crucial for fetal development. It is an essential part of cell 

membranes, a precursor of steroid hormones and it plays a significant role in metabolic processes 

such as the “Sonic Hedgehog signalling pathways” that regulate morphogenesis and patterning 

of the central nervous system50. On the other hand, it is unknown whether high cholesterol levels 

in utero also have a negative impact on fetal development. There are several recent indications 

that the fetus can acquire maternal cholesterol and use it for his own metabolic needs, like 

cellular growth.43 Furthermore, it has been suggested that maternal hypercholesterolemia during 

pregnancy could induce increased cholesterol levels11 and confer increased cardiovascular risk for 

the offspring.7, 8 These results have been supported in animal studies.37, 51, 52 Experiments in murine 

models showed that differences in arterial gene expression between offspring of normo- and 

hypercholesterolemic mothers persist long after birth, supporting the assumption that fetal 

lesion formation is associated with genetic programming, which may in turn affect postnatal 

atherogenesis.9, 53 Maternal treatment of hypercholesterolemia during pregnancy may reduce 

atherosclerosis in offspring.54 However, this last observation has not been repeated in human 

studies.  

Concerning the pathophysiological mechanisms involved in the development of teratogenicity 

induced by statin exposure, Kenis et al55 explored the effects of simvastatin on the placenta in an 

in vitro human placental model, and it was found that simvastatin inhibited migration and 

proliferation of trophoblast cells and increased cytotrophoblast apoptosis. Furthermore, beta-

human chorionic gonadotropin and progesterone levels were reduced following incubation of the 

trophoblast cells with simvastatin, and simvastatin also proved to inhibit migration of extravillous 

trophoblast cells. The authors suggest that these effects may contribute to failure of the 

implantation process and be deleterious to the growth potential of the placenta, which can be 

responsible for a higher abortion rate as well as teratogenicity.55  

 

Clinical implications 

An increasing number of women of childbearing age are becoming eligible for statin treatment, 

both as a result of screening programmes for FH and the rise in metabolic disorders, that are 

important causes of secondary dyslipidemia. Since 50% of pregnancies are unplanned,56 it is of 

importance to inform women on potential risk of statin therapy, in case of an established 

pregnancy. The same is true for the consequences of statin cessation during pregnancy and 

lactation. In normal pregnancy, maternal cholesterol levels increase with approximately 30-50% as 

a result of enhanced cholesterol synthesis in the liver, probably as a consequence of increased 

estrogen levels.57, 58 The physiological explanation of this gestational hypercholesterolemia and 

hypertriglyceridemia may lie in the biological role of increased steroid synthesis and maintenance 

of adequate nutrient supply for both pregnant mother and fetus. Despite the increase in lipid 

levels, this is not considered as atherogenic. However, in specific patient populations such as FH, 

the increase in cholesterol can be more pronounced,59 and the question arises whether increased 

cholesterol levels during pregnancy in women with a history of dyslipidemia will lead to enhanced 

atherosclerosis. Finally, women with pre-existing hypercholesterolemia could have an increased 

risk for hypertensive disease during pregnancy since preeclampsia is associated with a family 

history of hypercholesterolemia.60 The same holds true for recurrent miscarriage. Theoretically 

and based on data from animal experiments, statins might reduce the risk for these pregnancy 

complications.61, 62 Again, further research is needed to investigate this hypothesis. 

 

Limitations 

An important limitation of our review is the lack of inclusion of randomised controlled trials (RCT) 

in humans. However, as an RCT would be obviously unethical, this level of evidence will never 

become available. Most included studies are limited by the lack of appropriate comparator 

groups.  Denominator data are mostly lacking as well, such as exposed population and drug 

exposure patterns that would provide the exact number of patients exposed to statins and thus 

to the risk of adverse events. Although prospective reports are less likely to be influenced by 

reporting bias, the limitations of spontaneous reporting remain; neither the true number of 

reports nor the source population from which they are drawn is known. Furthermore, even 

though studies that were duplicate reports or preliminary data later presented in full, were 

excluded as much as possible based on the available information, it is possible that voluntary 

reports to the manufacturer are replicated in some cohorts studies, which could have lead to an 

overestimation of the prevalence of congenital anomalies. 

The included exposed women are not always representative of the general population, mainly 

due to the inclusion of patients with diabetes or obesity. As mentioned before, both diabetes and 
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obesity are strongly associated with congenital anomalies. Macintosh et al found a prevalence of 

congenital anomalies of 4.8% for type 1 diabetes and 4.3% for type 2 diabetes.46 For obesity, it was 

shown that it can lead to neural tube defects, with the increasing risk positively related to 

maternal weight.63 For the congenital anomalies in the diabetic or obese patients in the included 

studies, it remains unclear whether these are attributable to statins, the underlying metabolic 

disease, or neither of these factors. At last, to draw definite conclusions about safety of statins 

during pregnancy, long term follow-up data on health outcomes of newborns is needed, 

particularly considering the concerns about CNS development.  

 

 

CONCLUSION 

 

Most of the available data suggest that statins cannot be considered teratogenic. In human 

studies, the congenital anomalies were isolated and no consistent pattern suggesting a common 

mechanism has emerged. In some of these studies, pre-pregnancy diabetes and/or obesity was 

reported in the major part of expecting women, which are both related to a higher risk for 

congenital anomalies as well. Animal studies show conflicting results, but in the studies in which 

more congenital anomalies were found in the statin exposed groups, excessive doses were used 

that also induced maternal toxicity. Large multicenter prospective cohort studies that enrol 

women who have been inadvertently exposed to a statin in early pregnancy seem to be the best 

next step. Use of other drugs and co-morbidity must be reported accurately and risk-matched 

controls should be recruited concurrently. However, until additional data become available, it 

would be prudent to advise women with a wish for pregnancy to discontinue the use of these 

drugs. On the other hand, interruption of pregnancy should not be a consideration in cases of 

inadvertent exposure. 

 

 

EXPERT COMMENTARY & FIVE-YEAR VIEW 

 

The question whether statins are teratogenic remains unanswered, and will probably not be 

answered in the near future. The FDA labelled all statins as Pregnancy Category X, due to results 

emerging from animal studies, plus the belief that treatment of dyslipidemia offers no benefit for 

the expecting mother. This latter assumption needs to be questioned, especially for women with 

FH. FH is a common inherited disorder of lipid metabolism with a prevalence of 1:500 individuals. 

Patients with FH are characterized by severely elevated LDL-C levels from birth onwards which 

strongly predispose for premature atherosclerosis and subsequent CVD. As intensive statin 

therapy, preferably initiated already in childhood, is likely to be a mainstay of CVD prevention, 

gestational exposure to statins is an issue of significant clinical importance. Considering the 

cholesterol levels during pregnancy that exceed approximately the physiological range by two- or 

threefold,59 the growth of atheroma is not unlikely, even more so if treatment cessation spans a 

period much longer than pregnancy itself. Subsequent pregnancies, long-term breast feeding, or 

an unfulfilled pregnancy wish can prolong this period substantially. 

At the same time, an increasing number of both animal and human studies suggest that maternal 

hypercholesterolemia during pregnancy has deleterious effects on the offspring with respect to 

the risk of CVD later in life. Furthermore, animal studies showed also beneficial effects of 

treatment of hypercholesterolemia in pregnant females for their offspring. These aspects may be 

even of greater clinical relevance in the question whether or not to treat hypercholesterolemic 

pregnant women with statins.  

Considering the increasing number of women of childbearing age that are becoming eligible for 

statin treatment, both as a result of screening programmes for FH and the rise in metabolic 

disorders that are the cause of secondary dyslipidemia, the possible teratogenicity of statins is 

certainly not the only concern. The consequences of strongly increased maternal lipid levels 

during pregnancy as a result of discontinuation of statin therapy, need to be further investigated 

or both mother and child as well. 
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ABSTRACT 

 

Objective 

Studies in children and adults have resulted in conflicting evidence in the quest for the answer to 

the hypothesis that offspring from hypercholesterolemic mothers might have an increased 

cardiovascular risk. Previous studies might have suffered from limitations such as cohort size and 

clinical sampling bias. We therefore explored this hypothesis in large cohorts of both subjects 

with familial hypercholesterolemia (FH) and unaffected siblings in a wide age range. 

Methods  

In three cohorts (cohort 1: n=1988, aged 0-18 years; cohort 2: n=300, 8-30 years; cohort 3: n=369, 

18-60 years), we measured lipid and lipoproteins as well as carotid intima-media thickness (c-IMT) 

in offspring from FH mothers versus FH fathers. For LDL cholesterol, triglycerides and c-IMT, we 

performed a pooled analysis.  

Results  

No significant differences could be observed in c-IMT, lipid or lipoprotein levels from offspring of 

FH mothers versus FH fathers. Pooled analyses showed no significant differences for either LDL 

cholesterol (mean difference 0.02 [-0.06,0.11] mmol/L, P=0.60), triglycerides (mean difference 

0.07 [0.00,0.14] mmol/L , P=0.08) or c-IMT (mean difference -0.00 [-0.01,0.01] mm, P=0.86).  

Conclusion 

Our data do not support the hypothesis that cardiovascular risk markers are different between 

offspring from FH mothers and FH fathers.  

 

 

 

INTRODUCTION 

 

Familial hypercholesterolemia (FH) is a co-dominant monogenic disorder of lipoprotein 

metabolism, characterized by severely elevated levels of low-density lipoprotein cholesterol (LDL-

C) from birth onwards. Treatment of FH patients with cholesterol-lowering medication, preferably 

initiated at a young age, is mandatory to prevent premature cardiovascular disease (CVD). During 

pregnancy, statins are contraindicated and it is recommended to discontinue statin therapy once 

a woman with FH decides to conceive 1. 

Maternal cholesterol levels (and subsequently LDL-C levels) increase with approximately 30-50% 

during pregnancy as a result of enhanced cholesterol synthesis in the liver, probably due to 

increased estrogen levels 2, 3. In women with FH, the increase in cholesterol can be even more 

pronounced 4 and together with the recommended discontinuation of statin therapy, these 

women can exhibit severely elevated cholesterol levels during pregnancy. Several studies suggest 

that maternal cholesterol is transported from the maternal to the fetal circulation 5, 6, and that 

lipid levels of the mother are closely aligned to those of the fetus in the first six months of 

pregnancy 7. As a result, fetuses of FH mothers may also be exposed to high lipid levels in utero.  

Although results from both animal and human studies suggest that maternal 

hypercholesterolemia during pregnancy could induce increased cardiovascular risk for the 

offspring 7-11, studies in humans on the effect of maternal FH on cholesterol levels of the offspring 

show conflicting results. In a study in adult FH patients, it was shown that FH inherited from the 

mother slightly increased levels of total cholesterol and LDL-C in their adult offspring 12. A small 

study in children showed that lipid levels and carotid intima-media-thickness (c-IMT), an 

established measure of subclinical atherosclerosis 13, 14, did not differ between children with FH 

who inherited the disease maternally or paternally 15. A similar study in non-FH offspring of FH 

parents has never been performed. 

Therefore, we set out to explore whether there is a difference in lipid levels or c-IMT in offspring 

(FH subjects as well as healthy siblings) of FH fathers compared to FH mothers in large cohorts of 

different age groups.  
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Our data do not support the hypothesis that cardiovascular risk markers are different between 
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Familial hypercholesterolemia (FH) is a co-dominant monogenic disorder of lipoprotein 

metabolism, characterized by severely elevated levels of low-density lipoprotein cholesterol (LDL-

C) from birth onwards. Treatment of FH patients with cholesterol-lowering medication, preferably 

initiated at a young age, is mandatory to prevent premature cardiovascular disease (CVD). During 

pregnancy, statins are contraindicated and it is recommended to discontinue statin therapy once 

a woman with FH decides to conceive 1. 

Maternal cholesterol levels (and subsequently LDL-C levels) increase with approximately 30-50% 

during pregnancy as a result of enhanced cholesterol synthesis in the liver, probably due to 

increased estrogen levels 2, 3. In women with FH, the increase in cholesterol can be even more 

pronounced 4 and together with the recommended discontinuation of statin therapy, these 

women can exhibit severely elevated cholesterol levels during pregnancy. Several studies suggest 

that maternal cholesterol is transported from the maternal to the fetal circulation 5, 6, and that 

lipid levels of the mother are closely aligned to those of the fetus in the first six months of 

pregnancy 7. As a result, fetuses of FH mothers may also be exposed to high lipid levels in utero.  

Although results from both animal and human studies suggest that maternal 

hypercholesterolemia during pregnancy could induce increased cardiovascular risk for the 

offspring 7-11, studies in humans on the effect of maternal FH on cholesterol levels of the offspring 

show conflicting results. In a study in adult FH patients, it was shown that FH inherited from the 

mother slightly increased levels of total cholesterol and LDL-C in their adult offspring 12. A small 

study in children showed that lipid levels and carotid intima-media-thickness (c-IMT), an 

established measure of subclinical atherosclerosis 13, 14, did not differ between children with FH 

who inherited the disease maternally or paternally 15. A similar study in non-FH offspring of FH 

parents has never been performed. 

Therefore, we set out to explore whether there is a difference in lipid levels or c-IMT in offspring 

(FH subjects as well as healthy siblings) of FH fathers compared to FH mothers in large cohorts of 

different age groups.  
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METHODS 

 

Study Population 

For the current study, participants of different Dutch cohorts were included. The first cohort 

consisted of children with FH and their unaffected siblings aged 0-18 years, who consecutively 

visited the AMC Pediatric Lipid Clinic between 1989 and July 2012 (cohort 1, n=3010). The second 

cohort comprised children with FH (aged 8-18 years) who participated in a randomised placebo-

controlled trial to assess the efficacy and safety of pravastatin, and their healthy siblings in the 

same age range (cohort 2a, n=309) 16, 17. Both the FH patients and their siblings were followed up 

after 10 years, and they constituted cohort 2b (n=277). The third cohort consisted of participants 

of a cross-sectional study in which subjects aged 18-60 years were recruited from the database of 

the screening organization for FH in the Netherlands, within 18 months after genetic screening 

(cohort 3, n=440) 18. The study was approved by the Medical Ethical Committee of the Academic 

Medical Center, Amsterdam, the Netherlands. All participants of cohort 2a, 2b and 3 gave 

informed consent. 

The diagnosis of FH in all patient cohorts was based on the presence of a documented pathogenic 

LDL receptor (LDLR) or apolipoprotein B (ApoB) mutation. For all mutations, functionality has 

been established by co-segregation analysis of pedigree data. Siblings were included if they had a 

documented absence of the known family mutation. FH patients and unaffected siblings were 

then divided into two groups: one with subjects whose mother had FH and one with subjects 

whose father had FH. Patients with homozygous FH or compound heterozygous FH, and subjects 

for whom the mode of inheritance of FH was unknown were excluded from the analyses. 

Information about demographic characteristics, classical risk factors and fasting lipid levels was 

obtained from the patient’s medical records, or obtained from patients at their first visit at the 

AMC Pediatric Lipid Clinic.  

 

Lipid and lipoprotein levels 

Lipid and lipoprotein levels were determined in fasting patients in all cohorts. Plasma total 

cholesterol (TC), HDL cholesterol and triglyceride (TG) levels were measured by standard 

methods, and LDL-C levels were calculated using the Friedewald formula. Plasma apo B100 

(ApoB) and apo A1 (ApoA) were measured by standard methods. 

 

DNA analysis 

In all cohorts, genomic DNA was prepared from 5 mL whole blood on an AutopureLS apparatus 

according to a protocol provided by the manufacturer (Gentra Systems, Minneapolis, MN). In 

 

patients from families with a known molecular diagnosis, mutations in LDLR, APOB and PSCK9 

were detected as previously described19. In patients with an unknown mutation in the family, 

mutation identification in the LDLR and APOB genes was performed by direct Sanger sequencing; 

identification of large rearrangements in the LDLR gene was done by multiplex ligation-dependent 

probe technique as described previously in more detail 19. Sequence analysis was performed by 

direct sequencing with the Big Dye Terminator ABI Prism Kit, version 1.1 (Applied Biosystems, 

Foster City, CA). Products of sequence reactions were run on a Genetic Analyzer 3730 (Applied 

Biosystems), and sequence data were analyzed by the use of the Sequencer package (GeneCodes 

Co, Ann Arbor, MI). 

 

Carotid intima-media thickness 

Carotid ultrasound measurements of intima-media thickness were performed in the subjects of 

cohort 2 (a and b), and in cohort 3. These measurements were performed according to a 

standardized and validated methodology as described in detail before 20. Ultrasound 

measurements of cohort 2a were performed by one experienced sonographer using the Acuson 

128XP/10v (Acuson Crp, Mountain View, Calif) ultrasound instrument equipped with a 5-10 MHz L7 

transducer. In cohort 2b and 3, ultrasound measurements on all participants were made by one 

(cohort 2b) or two (cohort 3) experienced sonographer(s) using the Acuson Sequoia 512 

instrument (Siemens AG, Malvern, Pa, and Erlangen, Germany) equipped with an 85 Mhz linear 

array transducer. Still images were saved as DICOM files. One certified image analyst analyzed 

these images. Both the sonographers and the image analyst were blinded to clinical genetic data 

and inheritance pattern. Mean c-IMT was defined as the mean IMT of the right and left common 

carotid, the carotid bulb, and the internal carotid far wall segments. 

 

Statistical analysis 

The different cohorts were analysed separately. Differences in variables between the ‘mother’ 

and ‘father’ group were evaluated for the subjects with and without FH separately, as well as for 

the cohort as a whole. Differences in variables with a continuous or a dichotomous distribution 

between groups were evaluated using linear or logistic regression analyses, respectively. By 

means of multivariable regression analysis, we adjusted for potential confounders. The analyses 

were performed using the generalized estimating equation method to adjust for correlations 

within families.  

Variables with a skewed distribution were log-transformed before statistical analyses. A P-value 

<0.05 was considered statistically significant. The analyses were performed with the SPSS 

package version 19 (SPSS Inc, Chicago, IL). 
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For the current study, participants of different Dutch cohorts were included. The first cohort 

consisted of children with FH and their unaffected siblings aged 0-18 years, who consecutively 
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of a cross-sectional study in which subjects aged 18-60 years were recruited from the database of 

the screening organization for FH in the Netherlands, within 18 months after genetic screening 

(cohort 3, n=440) 18. The study was approved by the Medical Ethical Committee of the Academic 

Medical Center, Amsterdam, the Netherlands. All participants of cohort 2a, 2b and 3 gave 

informed consent. 

The diagnosis of FH in all patient cohorts was based on the presence of a documented pathogenic 

LDL receptor (LDLR) or apolipoprotein B (ApoB) mutation. For all mutations, functionality has 

been established by co-segregation analysis of pedigree data. Siblings were included if they had a 

documented absence of the known family mutation. FH patients and unaffected siblings were 

then divided into two groups: one with subjects whose mother had FH and one with subjects 

whose father had FH. Patients with homozygous FH or compound heterozygous FH, and subjects 

for whom the mode of inheritance of FH was unknown were excluded from the analyses. 

Information about demographic characteristics, classical risk factors and fasting lipid levels was 

obtained from the patient’s medical records, or obtained from patients at their first visit at the 

AMC Pediatric Lipid Clinic.  

 

Lipid and lipoprotein levels 

Lipid and lipoprotein levels were determined in fasting patients in all cohorts. Plasma total 

cholesterol (TC), HDL cholesterol and triglyceride (TG) levels were measured by standard 

methods, and LDL-C levels were calculated using the Friedewald formula. Plasma apo B100 

(ApoB) and apo A1 (ApoA) were measured by standard methods. 

 

DNA analysis 

In all cohorts, genomic DNA was prepared from 5 mL whole blood on an AutopureLS apparatus 

according to a protocol provided by the manufacturer (Gentra Systems, Minneapolis, MN). In 

 

patients from families with a known molecular diagnosis, mutations in LDLR, APOB and PSCK9 

were detected as previously described19. In patients with an unknown mutation in the family, 

mutation identification in the LDLR and APOB genes was performed by direct Sanger sequencing; 

identification of large rearrangements in the LDLR gene was done by multiplex ligation-dependent 

probe technique as described previously in more detail 19. Sequence analysis was performed by 

direct sequencing with the Big Dye Terminator ABI Prism Kit, version 1.1 (Applied Biosystems, 

Foster City, CA). Products of sequence reactions were run on a Genetic Analyzer 3730 (Applied 

Biosystems), and sequence data were analyzed by the use of the Sequencer package (GeneCodes 

Co, Ann Arbor, MI). 

 

Carotid intima-media thickness 

Carotid ultrasound measurements of intima-media thickness were performed in the subjects of 

cohort 2 (a and b), and in cohort 3. These measurements were performed according to a 

standardized and validated methodology as described in detail before 20. Ultrasound 

measurements of cohort 2a were performed by one experienced sonographer using the Acuson 

128XP/10v (Acuson Crp, Mountain View, Calif) ultrasound instrument equipped with a 5-10 MHz L7 

transducer. In cohort 2b and 3, ultrasound measurements on all participants were made by one 

(cohort 2b) or two (cohort 3) experienced sonographer(s) using the Acuson Sequoia 512 

instrument (Siemens AG, Malvern, Pa, and Erlangen, Germany) equipped with an 85 Mhz linear 

array transducer. Still images were saved as DICOM files. One certified image analyst analyzed 

these images. Both the sonographers and the image analyst were blinded to clinical genetic data 

and inheritance pattern. Mean c-IMT was defined as the mean IMT of the right and left common 

carotid, the carotid bulb, and the internal carotid far wall segments. 

 

Statistical analysis 

The different cohorts were analysed separately. Differences in variables between the ‘mother’ 

and ‘father’ group were evaluated for the subjects with and without FH separately, as well as for 

the cohort as a whole. Differences in variables with a continuous or a dichotomous distribution 

between groups were evaluated using linear or logistic regression analyses, respectively. By 

means of multivariable regression analysis, we adjusted for potential confounders. The analyses 

were performed using the generalized estimating equation method to adjust for correlations 

within families.  

Variables with a skewed distribution were log-transformed before statistical analyses. A P-value 

<0.05 was considered statistically significant. The analyses were performed with the SPSS 

package version 19 (SPSS Inc, Chicago, IL). 
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With cohort 1, 2b and 3, a pooled analysis was performed for LDL-C and logtransformed TG levels 

and with cohort 2b and 3 for c-IMT. For each of the cohorts, we calculated a mean difference and 

95% confidence interval (CI), adjusted for age, sex, body-mass index (BMI), statin use, family 

relations and in case of c-IMT, also blood pressure. A random effects model according to the 

method of inverse variance was used. The forest plots were visually examined and we tested for 

heterogeneity of mean differences across the cohorts using the Cochran’s Q test and we 

measured the proportion of between-cohorts differences not attributable to chance with the I2 

statistic. A Z test was performed to test the overall effect. Analyses were performed using Review 

Manager 5 (the Cochrane Collaboration). 

 

RESULTS 

 

General characteristics 

Of the children in cohort 1 who were eligible for this study, 1664 children had a documented 

pathogenic LDLR or APOB mutation and in 324 siblings the specific family mutation was absent. 

These 1988 children of cohort 1 could be included in the study (Supplementary Figure 1). Of cohort 

2, 211 children with molecularly proven FH and 89 unaffected siblings could be included at baseline 

(cohort 2a), and 192 subjects with molecularly proven FH and 78 siblings without FH could be 

traced after ten years and were included in cohort 2b. Of the third cohort, 267 subjects with 

molecularly proven FH and 102 subjects without FH were included. Because the subjects of cohort 

2b were the same subjects of cohort 2a (but 10 years later), only those of cohort 2b were included 

in the pooled analysis. So, the total number of subjects included in the pooled analysis of lipid 

levels was 2962, and for the pooled analysis of c-IMT the total number was 661. Mutation 

distribution of the different cohorts are presented in Supplementary Tables 1-3.  

General characteristics of the different cohorts are presented in Table 1. In cohort 1, FH subjects 

whose father had FH were comparable with those whose mother had FH. In the sibling group 

there were differences in smoking status between subjects whose father had FH and subjects 

whose mother had FH (0% versus 4.8%,respectively, P = 0.005) and in diastolic blood pressure 

(68.5± 5.0 mmHg versus 60.2 ± 7.9 mmHg, P = 0.001). In cohort 2a, subjects who inherited FH 

paternally were slightly older compared to subjects who inherited FH maternally (13.4 ± 3.0 and 

12.3 ± 2.7 years, respectively;  P = 0.006). After a mean follow-up period of more than 10 years 

(cohort 2b), more statin users were seen in the group of FH patients who inherited FH paternally 

compared to subjects who inherited FH maternally (92.1% versus 77.1%, respectively: P = 0.004). 

Both the FH group and the sibling group of cohort 3 were comparable. For patients with FH in 

 

cohort 3, median (interquartile range) duration of statin use was 0 [0–7.5] months for subjects 

whose mother had FH and 0 [0-9.25] months for subjects whose father had FH (p=0.956). 

 
Table 1: General characteristics of the different cohorts 

FH  Non-FH   Cohort 1 
(0-18 y) FH mother 

n=775 
FH father 

n=889 
 
P 

FH mother 
n=124 

FH father 
n=200 

 
P 

Age 10.2 ± 3.7 10.1 ± 3.7 0.66 9.5 ± 3.9 9.9 ± 4.0 0.39 
Male gender 51.5% 49.8% 0.47 44.4 % 51.5% 0.21 
BMI 18.0 ± 3.4 17.9 ± 3.3 0.26 17.3 ± 3.5 17.7 ± 3.6 0.35 
 z-score 0.3 ± 0.9 0.3 ± 0.9 0.36 0.1 ± 0.9 0.2 ± 0.9 0.40 
Smoking status 2.7% 2.7% 0.61 4.8% 0% 0.005 
Statin use 3.1% 2.9% 0.81 - - - 
Blood Pressure       
 Systolic 108.3 ± 10.2 107.7 ± 11.3 0.45 105.1 ± 7.5 105.0 ± 10.6 0.97 
 Diastolic 64.3 ± 8.6 64.4 ± 9.0 0.91 68.5 ± 5.0 60.2 ± 7.9 <0.001 

FH  Non-FH  Cohort 2a 
(8-18 y) FH mother 

n=85 
FH father 

n=126 
 
P 

FH mother 
n=33 

FH father 
n=56 

 
P 

Age 12.3 ± 2.7 13.4 ± 3.0 0.006 12.2 ± 2.6 13.2 ± 3.0 0.10 
Male gender 44.7% 49.2% 0.52 48.5% 50.9% 0.83 
BMI 19.3 ± 3.8 19.7 ± 3.4 0.47 18.7 ± 3.9 19.0 ± 3.5 0.71 
 z-score 0.4 ± 0.9 0.3 ± 0.9 0.46 0.3 ± 0.9 0.2 ± 0.8 0.61 
Smoking status 5.9% 14.9% 0.37 13.0% 5.6% 0.65 
Statin use - -  - -  
Blood Pressure       
 Systolic 108.3 ± 12.0 111.5 ± 12.5 0.06 110.8 ± 11.8 109.8 ± 12.7 0.71 
 Diastolic 61.2 ± 8.0 61.6 ± 9.0 0.73 61.9 ± 7.0 62.7 ± 9.4 0.65 

FH  Non-FH  Cohort 2b 
(18-30 y) FH mother 

n=75 
FH father 

n=117 
 
P 

FH mother 
n=26 

FH father 
n=52 

 
P 

Age 23.2 ± 2.8 24.5 ± 3.3 0.006 23.2 ± 2.9 24.0 ± 3.1 0.26 
Male gender 44.7% 49.2% 0.52 48.5% 50.9% 0.83 
BMI 24.2 ± 4.9 24.7 ± 4.7 0.47 23.8 ± 4.0 23.7 ± 3.9 0.95 
Smoking status 28.2% 23.0% 0.39 24.2% 28.1% 0.69 
Statin use 77.1% 92.1% 0.004 - - - 
Blood Pressure       
 Systolic 125.1 ± 10.7 126.7 ± 12.9 0.35 127.0 ± 14.8 123.8 ± 13.4 0.35 
 Diastolic 73.8 ± 7.7 75.6 ± 8.6 0.15 76.5 ± 11.0 76.1 ± 8.0 0.87 

FH  Non-FH  Cohort 3 
(18-60 y) FH mother 

n=154 
FH father 

n=122 
 
P 

FH mother 
n=53 

FH father 
n=49 

 
P 

Age 35.4 ± 8.6 36.8 ± 9.0 0.17 39.6 ± 8.0 42.0 ± 9.3 0.16 
Male gender 43.5% 42.1% 0.81 50% 48% 0.84 
BMI 25.0 ± 4.5 25.3 ± 5.0 0.60 25.5 ± 3.8 25.5 ± 4.4 0.97 
Smoking status 18.6% 15.1% 0.43 18.5% 22% 0.66 
Statin use 39.8% 41.3% 0.80 5.6% 2% 0.35 
Blood Pressure       
 Systolic 124.1 ± 12.9 123.2 ± 12.9 0.56 127.8 ± 13.0 127.4 ± 14.8 0.90 
 Diastolic 76.1 ± 9.2 75.8 ± 8.8 0.84 79.9 ± 8.4 78.7 ± 9.3 0.49 
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With cohort 1, 2b and 3, a pooled analysis was performed for LDL-C and logtransformed TG levels 

and with cohort 2b and 3 for c-IMT. For each of the cohorts, we calculated a mean difference and 

95% confidence interval (CI), adjusted for age, sex, body-mass index (BMI), statin use, family 

relations and in case of c-IMT, also blood pressure. A random effects model according to the 

method of inverse variance was used. The forest plots were visually examined and we tested for 

heterogeneity of mean differences across the cohorts using the Cochran’s Q test and we 

measured the proportion of between-cohorts differences not attributable to chance with the I2 

statistic. A Z test was performed to test the overall effect. Analyses were performed using Review 

Manager 5 (the Cochrane Collaboration). 

 

RESULTS 

 

General characteristics 

Of the children in cohort 1 who were eligible for this study, 1664 children had a documented 

pathogenic LDLR or APOB mutation and in 324 siblings the specific family mutation was absent. 

These 1988 children of cohort 1 could be included in the study (Supplementary Figure 1). Of cohort 

2, 211 children with molecularly proven FH and 89 unaffected siblings could be included at baseline 

(cohort 2a), and 192 subjects with molecularly proven FH and 78 siblings without FH could be 

traced after ten years and were included in cohort 2b. Of the third cohort, 267 subjects with 

molecularly proven FH and 102 subjects without FH were included. Because the subjects of cohort 

2b were the same subjects of cohort 2a (but 10 years later), only those of cohort 2b were included 

in the pooled analysis. So, the total number of subjects included in the pooled analysis of lipid 

levels was 2962, and for the pooled analysis of c-IMT the total number was 661. Mutation 

distribution of the different cohorts are presented in Supplementary Tables 1-3.  

General characteristics of the different cohorts are presented in Table 1. In cohort 1, FH subjects 

whose father had FH were comparable with those whose mother had FH. In the sibling group 

there were differences in smoking status between subjects whose father had FH and subjects 

whose mother had FH (0% versus 4.8%,respectively, P = 0.005) and in diastolic blood pressure 

(68.5± 5.0 mmHg versus 60.2 ± 7.9 mmHg, P = 0.001). In cohort 2a, subjects who inherited FH 

paternally were slightly older compared to subjects who inherited FH maternally (13.4 ± 3.0 and 

12.3 ± 2.7 years, respectively;  P = 0.006). After a mean follow-up period of more than 10 years 

(cohort 2b), more statin users were seen in the group of FH patients who inherited FH paternally 

compared to subjects who inherited FH maternally (92.1% versus 77.1%, respectively: P = 0.004). 

Both the FH group and the sibling group of cohort 3 were comparable. For patients with FH in 

 

cohort 3, median (interquartile range) duration of statin use was 0 [0–7.5] months for subjects 

whose mother had FH and 0 [0-9.25] months for subjects whose father had FH (p=0.956). 

 
Table 1: General characteristics of the different cohorts 

FH  Non-FH   Cohort 1 
(0-18 y) FH mother 

n=775 
FH father 

n=889 
 
P 

FH mother 
n=124 

FH father 
n=200 

 
P 

Age 10.2 ± 3.7 10.1 ± 3.7 0.66 9.5 ± 3.9 9.9 ± 4.0 0.39 
Male gender 51.5% 49.8% 0.47 44.4 % 51.5% 0.21 
BMI 18.0 ± 3.4 17.9 ± 3.3 0.26 17.3 ± 3.5 17.7 ± 3.6 0.35 
 z-score 0.3 ± 0.9 0.3 ± 0.9 0.36 0.1 ± 0.9 0.2 ± 0.9 0.40 
Smoking status 2.7% 2.7% 0.61 4.8% 0% 0.005 
Statin use 3.1% 2.9% 0.81 - - - 
Blood Pressure       
 Systolic 108.3 ± 10.2 107.7 ± 11.3 0.45 105.1 ± 7.5 105.0 ± 10.6 0.97 
 Diastolic 64.3 ± 8.6 64.4 ± 9.0 0.91 68.5 ± 5.0 60.2 ± 7.9 <0.001 

FH  Non-FH  Cohort 2a 
(8-18 y) FH mother 

n=85 
FH father 

n=126 
 
P 

FH mother 
n=33 

FH father 
n=56 

 
P 

Age 12.3 ± 2.7 13.4 ± 3.0 0.006 12.2 ± 2.6 13.2 ± 3.0 0.10 
Male gender 44.7% 49.2% 0.52 48.5% 50.9% 0.83 
BMI 19.3 ± 3.8 19.7 ± 3.4 0.47 18.7 ± 3.9 19.0 ± 3.5 0.71 
 z-score 0.4 ± 0.9 0.3 ± 0.9 0.46 0.3 ± 0.9 0.2 ± 0.8 0.61 
Smoking status 5.9% 14.9% 0.37 13.0% 5.6% 0.65 
Statin use - -  - -  
Blood Pressure       
 Systolic 108.3 ± 12.0 111.5 ± 12.5 0.06 110.8 ± 11.8 109.8 ± 12.7 0.71 
 Diastolic 61.2 ± 8.0 61.6 ± 9.0 0.73 61.9 ± 7.0 62.7 ± 9.4 0.65 

FH  Non-FH  Cohort 2b 
(18-30 y) FH mother 

n=75 
FH father 

n=117 
 
P 

FH mother 
n=26 

FH father 
n=52 

 
P 

Age 23.2 ± 2.8 24.5 ± 3.3 0.006 23.2 ± 2.9 24.0 ± 3.1 0.26 
Male gender 44.7% 49.2% 0.52 48.5% 50.9% 0.83 
BMI 24.2 ± 4.9 24.7 ± 4.7 0.47 23.8 ± 4.0 23.7 ± 3.9 0.95 
Smoking status 28.2% 23.0% 0.39 24.2% 28.1% 0.69 
Statin use 77.1% 92.1% 0.004 - - - 
Blood Pressure       
 Systolic 125.1 ± 10.7 126.7 ± 12.9 0.35 127.0 ± 14.8 123.8 ± 13.4 0.35 
 Diastolic 73.8 ± 7.7 75.6 ± 8.6 0.15 76.5 ± 11.0 76.1 ± 8.0 0.87 

FH  Non-FH  Cohort 3 
(18-60 y) FH mother 

n=154 
FH father 

n=122 
 
P 

FH mother 
n=53 

FH father 
n=49 

 
P 

Age 35.4 ± 8.6 36.8 ± 9.0 0.17 39.6 ± 8.0 42.0 ± 9.3 0.16 
Male gender 43.5% 42.1% 0.81 50% 48% 0.84 
BMI 25.0 ± 4.5 25.3 ± 5.0 0.60 25.5 ± 3.8 25.5 ± 4.4 0.97 
Smoking status 18.6% 15.1% 0.43 18.5% 22% 0.66 
Statin use 39.8% 41.3% 0.80 5.6% 2% 0.35 
Blood Pressure       
 Systolic 124.1 ± 12.9 123.2 ± 12.9 0.56 127.8 ± 13.0 127.4 ± 14.8 0.90 
 Diastolic 76.1 ± 9.2 75.8 ± 8.8 0.84 79.9 ± 8.4 78.7 ± 9.3 0.49 
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Lipids and lipoproteins 

In cohort 1, no differences in lipid or lipoprotein levels between children whose father had FH 

compared to children whose mother had FH became evident, nor in the FH group neither in the 

sibling group (Table 2).  

In cohort 2a, we found a significantly higher TG level in unaffected siblings whose mother had FH 

compared to siblings whose father had FH (median (interquartile range [IQR]): 0.79 [0.56-1.28] 

mmol/L vs. 0.56 [0.42-0.79] mmol/L, respectively; P = 0.006; P < 0.001 when adjusted for age, 

gender, BMI z-score and family relations). In the FH group, the difference in TG levels did not 

reach statistical significance (0.78 [0.57-1.17] mmol/L vs. 0.73 [0.51-1.05] mmol/L; P = 0.22; P = 0.14 

when adjusted for age, gender, BMI z-score and family relations) (Table 2).  

In the FH group of cohort 2b, elevated LDL-C levels were observed in subjects who inherited FH 

maternally, but the difference lost statistical significance when adjusted for age, gender, BMI, 

statin use and family relations (4.90 ± 1.63 mmol/L vs 4.27 ± 1.72 mmol/L, P = 0.015; adjusted P = 

0.077). The same applies for the elevation in TG levels in the subjects who inherited FH maternally 

(0.99 [0.76-1.24] mmol/L vs 0.83 [0.66-1.07] mmol/L, P = 0.028; adjusted P =0.058). In the sibling 

group, none of the differences in lipid levels reached statistical significance (Table 2).  

In the third cohort, a statistical significant elevation in TG levels in subjects who inherited FH 

maternally could be observed (0.80 [0.57-1.18] mmol/L vs. 0.70 [0.48-1.00] mmol/L, P = 0.013; 

adjusted P = 0.002), but there was no difference in the sibling group (Table 2).  

In the pooled analysis of both the FH and sibling groups of cohort 1, 2b and 3 (n=2962, Table 3), no 

difference could be observed in LDL-C or TG levels (mean difference LDL-C of 0.02 [-0.06, 0.11] 

mmol/L, P = 0.60, mean difference TG of 0.07 [-0.00, 0.14] mmol/L, P = 0.08). A sub-analysis with 

defective LDLR mutations, deficient LDLR mutations and ApoB mutations, showed no significant 

differences between subjects who inherited FH paternally or maternally in any of the mutation 

groups, except for subjects of cohort 1 with a ApoB mutation (4.48 ± 0.59 with FH mother vs  4.12 

± 0.59 with FH father, P = 0.005) (supplementary Table 4A-C).  

 

Carotid IMT 

In none of the cohorts, a difference in c-IMT between subjects whose mother had FH and subjects 

whose father had FH could be observed, nor a trend towards a thicker c-IMT in subjects whose 

mother had FH (Table 2). In the pooled analysis (n=661), the mean difference was -0.00 [-0.01, 

0.01] mm, P = 0.86 (Table 3).  

 

Table 2: Lipids, lipoprotein levels and c-IMT of the different cohorts 
FH   Non-FH   Cohort 1 

(0-18 y) FH mother 
n=775 

FH father 
n=889 

 
P 

 
Adj P* 

FH mother 
n=124 

FH father 
n=200 

 
P 

 
Adj P* 

TC 6.94 ± 1.44 6.90 ± 1.51 0.58 0.54 4.13 ± 0.64 4.15 ± 0.67 0.77 0.60 
HDL-C 1.35 ± 0.31 1.37 ± 0.32 0.28 0.43 1.40 ± 0.32 1.37 ± 0.29 0.50 0.43 
LDL-C 5.25 ± 1.39 5.19 ± 1.50 0.45 0.40 2.42 ± 0.60 2.46 ± 0.61 0.65 0.41 
TG 0.65 [0.45-0.92] 0.64 [0.45-0.91] 0.59 0.90 0.56 [0.39-0.84] 0.65 [0.44-0.93] 0.06 0.22 
ApoA 1.26 ± 0.21 1.28 ± 0.20 0.11 0.08 1.32 ± 0.17 1.33 ± 0.20 0.75 0.53 
ApoB 1.35 ± 0.36 1.34 ± 0.34 0.45 0.46 0.77 ± 0.20 0.77 ± 0.19 0.87 0.92 

FH   Non-FH   Cohort 2a 
(8-18 y) FH mother 

n=85 
FH father 

n=126 
 

P 
 

Adj P* 
FH mother 

n=33 
FH father 

n=56 
 

P 
 

Adj P* 

TC 7.80 ± 1.26 7.82 ± 1.37 0.89 0.68 4.33 ± 0.64 4.29 ± 0.66 0.81 0.65 
HDL-C 1.25 ± 0.28 1.23 ± 0.28 0.66 0.89 1.36 ± 0.32 1.48 ± 0.37 0.78 0.19 
LDL-C 6.13 ± 1.25 6.21 ± 1.31 0.65 0.56 2.55 ± 0.57 2.51 ± 0.57 0.16 0.81 
TG 0.78 [0.57-1.17] 0.73 [0.51-1.05] 0.22 0.14 0.79 [0.56-1.28] 0.56 [0.42-0.79] 0.006 <0.001 
ApoA 104 ± 0.13 1.04 ± 0.15 0.80 0.83 1.44 ± 0.26 1.35 ± 0.23 0.14 0.12 
ApoB 142 ± 0.29 1.41 ± 0.32 0.94 0.96 0.84 ± 0.17 0.81 ± 0.20 0.44 0.14 
C-IMT 0.492 ± 0.048 0.496 ± 0.053 0.62 0.72 0.486 ± 0.047 0.470 ± 0.051 0.16 0.13 

FH   Non-FH   Cohort 2b 
(18-30 y) FH mother 

n=75 
FH father 

n=117 
 

P 
 

Adj P* 
FH mother 

n=26 
FH father 

n=52 
 

P 
 

Adj P* 

TC 6.69 ± 1.69 6.00 ± 1.80 0.01 0.08 5.13 ± 0.84 5.03 ± 0.95 0.64 0.29 
HDL-C 1.31 ± 0.31 1.29 ± 0.34 0.66 0.48 1.37 ± 0.36 1.40 ± 0.37 0.74 0.67 
LDL-C 4.90 ± 1.63 4.27 ± 1.72 0.02 0.08 3.24 ± 0.73 3.17 ± 0.90 0.74 0.32 
TG 0.99 [0.76-1.24] 0.83 [0.66-1.07] 0.03 0.06 0.98 [0.77-1.45] 0.83 [0.62-1.31] 0.26 0.16 
ApoA 1.38 ± 0.22 1.36 ± 0.28 0.61 0.54 1.43 ± 0.22 1.42 ± 0.26 0.88 0.90 
ApoB 1.20 ± 0.29 1.12 ± 0.34 0.09 0.12 0.90 ± 0.16 0.87 ± 0.22 0.55 0.21 
C-IMT 0.593 ± 0.061 0.604 ± 0.068 0.24 0.72 0.570 ± 0.045 0.578 ± 0.065 0.55 0.83 

FH   Non-FH   Cohort 3 
(18-60 y) FH mother 

n=154 
FH father 

n=122 
 

P 
 

Adj P* 
FH mother 

n=53 
FH father 

n=49 
 

P 
 

Adj P* 

TC 5.68 ± 1.40 5.61 ± 1.30 0.67 0.70 5.31 ± 1.05 5.47 ± 1.24 0.46 0.67 
HDL-C 1.44 ± 0.40 1.48 ± 0.38 0.37 0.29 1.48 ± 0.41 1.49 ± 0.45 0.89 0.96 
LDL-C 3.80 ± 1.33 3.78 ± 1.26 0.88 0.95 3.33 ± 0.97 3.48 ± 1.04 0.46 0.64 
TG 0.80 [0.57-1.18] 0.70 [0.48-1.00] 0.01 0.002 0.88 [0.62-1.38] 0.95 [0.66-1.41] 0.68 0.64 
ApoA 1.43 ± 0.29 1.42 ± 0.29 0.87 0.82 1.42 ± 0.29 1.45 ± 0.27 0.63 0.71 
ApoB 1.03 ± 0.29 1.00 ± 0.26 0.37 0.36 0.90 ± 0.25 0.97 ± 0.24 0.17 0.25 
C-IMT 0.620 ± 1.113 0.632 ± 0.119 0.40 0.76 0.650 ± 1.23 0.663 ± 0.128 0.58 0.93 

FH: familial hypercholesterolemia; TC: total cholesterol; HDL-C: high-density lipoprotein cholesterol; LDL-C: low-
density lipoprotein cholesterol; TG: triglycerides; ApoA: apolipoprotein A1; ApoB: apolipoprotein B;  c-IMT: 
carotid intima-media thickness 
*P adjusted for age, gender, BMI z-score (children) / BMI (adults), statin use, family relations, blood pressure 
(only c-IMT) 
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Lipids and lipoproteins 

In cohort 1, no differences in lipid or lipoprotein levels between children whose father had FH 

compared to children whose mother had FH became evident, nor in the FH group neither in the 

sibling group (Table 2).  

In cohort 2a, we found a significantly higher TG level in unaffected siblings whose mother had FH 

compared to siblings whose father had FH (median (interquartile range [IQR]): 0.79 [0.56-1.28] 

mmol/L vs. 0.56 [0.42-0.79] mmol/L, respectively; P = 0.006; P < 0.001 when adjusted for age, 

gender, BMI z-score and family relations). In the FH group, the difference in TG levels did not 

reach statistical significance (0.78 [0.57-1.17] mmol/L vs. 0.73 [0.51-1.05] mmol/L; P = 0.22; P = 0.14 

when adjusted for age, gender, BMI z-score and family relations) (Table 2).  

In the FH group of cohort 2b, elevated LDL-C levels were observed in subjects who inherited FH 

maternally, but the difference lost statistical significance when adjusted for age, gender, BMI, 

statin use and family relations (4.90 ± 1.63 mmol/L vs 4.27 ± 1.72 mmol/L, P = 0.015; adjusted P = 

0.077). The same applies for the elevation in TG levels in the subjects who inherited FH maternally 

(0.99 [0.76-1.24] mmol/L vs 0.83 [0.66-1.07] mmol/L, P = 0.028; adjusted P =0.058). In the sibling 

group, none of the differences in lipid levels reached statistical significance (Table 2).  

In the third cohort, a statistical significant elevation in TG levels in subjects who inherited FH 

maternally could be observed (0.80 [0.57-1.18] mmol/L vs. 0.70 [0.48-1.00] mmol/L, P = 0.013; 

adjusted P = 0.002), but there was no difference in the sibling group (Table 2).  

In the pooled analysis of both the FH and sibling groups of cohort 1, 2b and 3 (n=2962, Table 3), no 

difference could be observed in LDL-C or TG levels (mean difference LDL-C of 0.02 [-0.06, 0.11] 

mmol/L, P = 0.60, mean difference TG of 0.07 [-0.00, 0.14] mmol/L, P = 0.08). A sub-analysis with 

defective LDLR mutations, deficient LDLR mutations and ApoB mutations, showed no significant 

differences between subjects who inherited FH paternally or maternally in any of the mutation 

groups, except for subjects of cohort 1 with a ApoB mutation (4.48 ± 0.59 with FH mother vs  4.12 

± 0.59 with FH father, P = 0.005) (supplementary Table 4A-C).  

 

Carotid IMT 

In none of the cohorts, a difference in c-IMT between subjects whose mother had FH and subjects 

whose father had FH could be observed, nor a trend towards a thicker c-IMT in subjects whose 

mother had FH (Table 2). In the pooled analysis (n=661), the mean difference was -0.00 [-0.01, 

0.01] mm, P = 0.86 (Table 3).  

 

Table 2: Lipids, lipoprotein levels and c-IMT of the different cohorts 
FH   Non-FH   Cohort 1 

(0-18 y) FH mother 
n=775 

FH father 
n=889 

 
P 

 
Adj P* 

FH mother 
n=124 

FH father 
n=200 

 
P 

 
Adj P* 

TC 6.94 ± 1.44 6.90 ± 1.51 0.58 0.54 4.13 ± 0.64 4.15 ± 0.67 0.77 0.60 
HDL-C 1.35 ± 0.31 1.37 ± 0.32 0.28 0.43 1.40 ± 0.32 1.37 ± 0.29 0.50 0.43 
LDL-C 5.25 ± 1.39 5.19 ± 1.50 0.45 0.40 2.42 ± 0.60 2.46 ± 0.61 0.65 0.41 
TG 0.65 [0.45-0.92] 0.64 [0.45-0.91] 0.59 0.90 0.56 [0.39-0.84] 0.65 [0.44-0.93] 0.06 0.22 
ApoA 1.26 ± 0.21 1.28 ± 0.20 0.11 0.08 1.32 ± 0.17 1.33 ± 0.20 0.75 0.53 
ApoB 1.35 ± 0.36 1.34 ± 0.34 0.45 0.46 0.77 ± 0.20 0.77 ± 0.19 0.87 0.92 

FH   Non-FH   Cohort 2a 
(8-18 y) FH mother 

n=85 
FH father 

n=126 
 

P 
 

Adj P* 
FH mother 

n=33 
FH father 

n=56 
 

P 
 

Adj P* 

TC 7.80 ± 1.26 7.82 ± 1.37 0.89 0.68 4.33 ± 0.64 4.29 ± 0.66 0.81 0.65 
HDL-C 1.25 ± 0.28 1.23 ± 0.28 0.66 0.89 1.36 ± 0.32 1.48 ± 0.37 0.78 0.19 
LDL-C 6.13 ± 1.25 6.21 ± 1.31 0.65 0.56 2.55 ± 0.57 2.51 ± 0.57 0.16 0.81 
TG 0.78 [0.57-1.17] 0.73 [0.51-1.05] 0.22 0.14 0.79 [0.56-1.28] 0.56 [0.42-0.79] 0.006 <0.001 
ApoA 104 ± 0.13 1.04 ± 0.15 0.80 0.83 1.44 ± 0.26 1.35 ± 0.23 0.14 0.12 
ApoB 142 ± 0.29 1.41 ± 0.32 0.94 0.96 0.84 ± 0.17 0.81 ± 0.20 0.44 0.14 
C-IMT 0.492 ± 0.048 0.496 ± 0.053 0.62 0.72 0.486 ± 0.047 0.470 ± 0.051 0.16 0.13 

FH   Non-FH   Cohort 2b 
(18-30 y) FH mother 

n=75 
FH father 

n=117 
 

P 
 

Adj P* 
FH mother 

n=26 
FH father 

n=52 
 

P 
 

Adj P* 

TC 6.69 ± 1.69 6.00 ± 1.80 0.01 0.08 5.13 ± 0.84 5.03 ± 0.95 0.64 0.29 
HDL-C 1.31 ± 0.31 1.29 ± 0.34 0.66 0.48 1.37 ± 0.36 1.40 ± 0.37 0.74 0.67 
LDL-C 4.90 ± 1.63 4.27 ± 1.72 0.02 0.08 3.24 ± 0.73 3.17 ± 0.90 0.74 0.32 
TG 0.99 [0.76-1.24] 0.83 [0.66-1.07] 0.03 0.06 0.98 [0.77-1.45] 0.83 [0.62-1.31] 0.26 0.16 
ApoA 1.38 ± 0.22 1.36 ± 0.28 0.61 0.54 1.43 ± 0.22 1.42 ± 0.26 0.88 0.90 
ApoB 1.20 ± 0.29 1.12 ± 0.34 0.09 0.12 0.90 ± 0.16 0.87 ± 0.22 0.55 0.21 
C-IMT 0.593 ± 0.061 0.604 ± 0.068 0.24 0.72 0.570 ± 0.045 0.578 ± 0.065 0.55 0.83 

FH   Non-FH   Cohort 3 
(18-60 y) FH mother 

n=154 
FH father 

n=122 
 

P 
 

Adj P* 
FH mother 

n=53 
FH father 

n=49 
 

P 
 

Adj P* 

TC 5.68 ± 1.40 5.61 ± 1.30 0.67 0.70 5.31 ± 1.05 5.47 ± 1.24 0.46 0.67 
HDL-C 1.44 ± 0.40 1.48 ± 0.38 0.37 0.29 1.48 ± 0.41 1.49 ± 0.45 0.89 0.96 
LDL-C 3.80 ± 1.33 3.78 ± 1.26 0.88 0.95 3.33 ± 0.97 3.48 ± 1.04 0.46 0.64 
TG 0.80 [0.57-1.18] 0.70 [0.48-1.00] 0.01 0.002 0.88 [0.62-1.38] 0.95 [0.66-1.41] 0.68 0.64 
ApoA 1.43 ± 0.29 1.42 ± 0.29 0.87 0.82 1.42 ± 0.29 1.45 ± 0.27 0.63 0.71 
ApoB 1.03 ± 0.29 1.00 ± 0.26 0.37 0.36 0.90 ± 0.25 0.97 ± 0.24 0.17 0.25 
C-IMT 0.620 ± 1.113 0.632 ± 0.119 0.40 0.76 0.650 ± 1.23 0.663 ± 0.128 0.58 0.93 

FH: familial hypercholesterolemia; TC: total cholesterol; HDL-C: high-density lipoprotein cholesterol; LDL-C: low-
density lipoprotein cholesterol; TG: triglycerides; ApoA: apolipoprotein A1; ApoB: apolipoprotein B;  c-IMT: 
carotid intima-media thickness 
*P adjusted for age, gender, BMI z-score (children) / BMI (adults), statin use, family relations, blood pressure 
(only c-IMT) 
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Figure 1: Forest plots of differences in levels of low-density lipoprotein cholesterol, triglycerides 
and carotid intima-media thickness between subjects whose mother had FH and subjects whose 
father had FH 
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DISCUSSION 

 

In this study, no difference in lipid and lipoprotein levels of offspring from FH fathers as compared 

to FH mothers could be demonstrated. Although in some of the sub-analyses, TG levels were 

higher in subjects whose mother had FH, this was not consequent in all cohorts and in the pooled 

analysis, the difference in TG levels between those who inherited FH maternally and those who 

inherited the disease paternally, did not reach statistical significance. So, this finding was probably 

due to chance. Also, no clear trend was shown towards a more atherogenic lipid profile in 

subjects whose mother had FH, and c-IMT was in fact similar in both groups.  

These results are in line with two other human studies 8, 15. Napoli et al showed that lipid levels in 

children from (nonFH) hypercholesterolemic mothers did not differ from those of children from 

normocholesterolemic mothers. However, these authors did show that atherogenesis was more 

pronounced in children of hypercholesterolemic mothers 8. Tonstad et al found no statistically 

significant differences in lipid levels and c-IMT between the children who inherited FH maternally 

or paternally 15. However, it must be taken into account that both these studies were only small 

and might have lacked the power to detect small differences.  

Our results are in contrast with an animal study, in which it was shown that ApoE knockout mice 

exhibited higher cholesterol levels in offspring from hypercholesterolemic mothers as compared 

to genomically similar animals born from wild-type mothers 21. Moreover, in a human study of our 

research group which was performed previously, we found that adult FH patients who inherited 

FH through their mother, had slightly but significant increased levels of TC, LDL-C and ApoB 

compared with adult FH patients who inherited FH through their father 12.  

Although the mode of analysis of our previous and current study were comparable, there were 

also some differences. In our previous study, only adult patients were involved, and non-affected 

siblings were not included. Possibly, differences in lipid profiles as a result of inheritance pattern 

are more pronounced in adult patients. Because the majority of our current study are children, 

this could explain the conflicting results. Indeed, a trend towards higher TC, LDL-C, TG and ApoB 

levels in those who inherited FH through their mother, is more pronounced within the adult 

subjects of our current study (cohort 2b and 3) than within the children (cohort 1 and 2a). The 

(trends towards) differences in lipid levels were comparable in the patients with and without FH, 

so the explanation that non-affected sibling were included in the current study as a means to 

account for the discrepancies with our previous study, is less likely. Furthermore, patients with a 

clinical diagnosis of FH were included in the previous study as well, in contrast to our current 

study in which all FH patients had a molecular diagnosis, and siblings had a proven absence of the 

family mutation. Possibly, in the previous cohorts, in some patients a more polygenic basis might 
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Figure 1: Forest plots of differences in levels of low-density lipoprotein cholesterol, triglycerides 
and carotid intima-media thickness between subjects whose mother had FH and subjects whose 
father had FH 
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DISCUSSION 

 

In this study, no difference in lipid and lipoprotein levels of offspring from FH fathers as compared 

to FH mothers could be demonstrated. Although in some of the sub-analyses, TG levels were 

higher in subjects whose mother had FH, this was not consequent in all cohorts and in the pooled 

analysis, the difference in TG levels between those who inherited FH maternally and those who 

inherited the disease paternally, did not reach statistical significance. So, this finding was probably 

due to chance. Also, no clear trend was shown towards a more atherogenic lipid profile in 

subjects whose mother had FH, and c-IMT was in fact similar in both groups.  

These results are in line with two other human studies 8, 15. Napoli et al showed that lipid levels in 

children from (nonFH) hypercholesterolemic mothers did not differ from those of children from 

normocholesterolemic mothers. However, these authors did show that atherogenesis was more 

pronounced in children of hypercholesterolemic mothers 8. Tonstad et al found no statistically 

significant differences in lipid levels and c-IMT between the children who inherited FH maternally 

or paternally 15. However, it must be taken into account that both these studies were only small 

and might have lacked the power to detect small differences.  

Our results are in contrast with an animal study, in which it was shown that ApoE knockout mice 

exhibited higher cholesterol levels in offspring from hypercholesterolemic mothers as compared 

to genomically similar animals born from wild-type mothers 21. Moreover, in a human study of our 

research group which was performed previously, we found that adult FH patients who inherited 

FH through their mother, had slightly but significant increased levels of TC, LDL-C and ApoB 

compared with adult FH patients who inherited FH through their father 12.  

Although the mode of analysis of our previous and current study were comparable, there were 

also some differences. In our previous study, only adult patients were involved, and non-affected 

siblings were not included. Possibly, differences in lipid profiles as a result of inheritance pattern 

are more pronounced in adult patients. Because the majority of our current study are children, 

this could explain the conflicting results. Indeed, a trend towards higher TC, LDL-C, TG and ApoB 

levels in those who inherited FH through their mother, is more pronounced within the adult 

subjects of our current study (cohort 2b and 3) than within the children (cohort 1 and 2a). The 

(trends towards) differences in lipid levels were comparable in the patients with and without FH, 

so the explanation that non-affected sibling were included in the current study as a means to 

account for the discrepancies with our previous study, is less likely. Furthermore, patients with a 

clinical diagnosis of FH were included in the previous study as well, in contrast to our current 

study in which all FH patients had a molecular diagnosis, and siblings had a proven absence of the 

family mutation. Possibly, in the previous cohorts, in some patients a more polygenic basis might 
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have been involved in the FH phenotype. Mitochondrial genes might have contributed to 

increased lipid levels and are always inherited maternally. Possibly, this might have contributed to 

the higher lipid levels in subjects whose mother had a FH phenotype. In our current study, in 

which in all patients the FH phenotype was explained by a mutation in the LDLR or APOB gene, a 

mitochondrial role for increased lipid levels is less likely.  

Some aspects of our study merit discussion. First, as our data are a result of post hoc analyses, the 

different cohorts were not designed to study our hypothesis. However, as in all cohorts family 

history and pedigree data were questioned comprehensively as part of cardiovascular risk 

assessment, we feel that the details on the mode of inheritance are robust. Second, in both adult 

cohorts (cohort 2b and 3), a substantial part of the FH patients was using statins. As in most 

patients detailed information about the exact treatment and dosage was absent, we could only 

adjust for the confounder ‘current statin use’. If FH patients in either the paternal or maternal 

group were using more efficacious statins because of a higher untreated cholesterol, we missed 

this difference and may conclude that there is no difference in treated cholesterol levels, while a 

difference in untreated cholesterol might indeed exist. Although this is a serious limitation of our 

study, we did a sub-analysis with the patients whose exact treatment regime was known. 

Untreated LDL-C levels were calculated by the estimated LDL-C lowering potency of the specific 

lipid-lowering drug and dose, as previously described by Huijgen et al 22, and showed no 

difference between patients with an FH mother as compared to patients with an FH father.  

In conclusion, our current data of subjects in the mainly pediatric age range do not show a more 

atherogenic lipid profile or greater c-IMT in offspring from mothers with FH than offspring from 

fathers with FH, although offspring from FH mothers is exposed to very high LDL-C levels during a 

very important period in their early life. Therefore, this study does not support the possible 

mechanism of epigenetic programming of metabolism during fetal development as a result of 

higher cholesterol exposure in utero. Regarding lipid levels, in the single human study in which a 

significant difference was found, this difference was very small 12. Taken together, the question 

arises what the clinical relevance is of the inheritance pattern for FH. This is an important 

question, because if maternal inheritance actually does make a clinical difference for the outcome 

of the unborn child, this would indicate that there is a need for better regulation of lipid levels in 

pregnant women with FH. As statins are contraindicated, other lipid-lowering options should then 

be considered. Furthermore, the progeny of these mothers should require more frequent follow 

up and if needed lipid-lowering therapy at a time their age and LDLc levels met current guidelines 

for intervention. We therefore plan to repeat our analyses in other, larger cohorts with both FH 

patients and non-affected siblings, across the complete age range. The observation that 

differences in lipid levels as a consequence of inheritance pattern may possibly only express in 

 

adulthood is interesting and should be further explored. More importantly, clinical endpoints 

should be included in these analyses, to firmly establish or exclude clinical relevance.  
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CHOLESTEROL & THE BARKER HYPOTHESIS 

 

The Barker hypothesis states that environmental conditions during fetal development will have 

long-term effects on adult health. It suggests that coronary heart disease, stroke, Type 2 diabetes 

mellitus and hypertension result at least partly from adaptations of fetal conditions. This 

phenomenon is also known as ‘fetal programming‘, illustrating the idea that during critical periods 

in early fetal development, there are persisting changes in the body structure and function that 

are caused by environmental stimuli.1 

In line with this hypothesis, it has been suggested that high cholesterol levels during pregnancy 

could induce increased cholesterol levels and confer increased cardiovascular risk for the 

offspring. Indeed, in an autopsy study in spontaneously aborted fetuses, it was shown that 

offspring from mothers with hypercholesterolemia exhibit significantly more and larger 

preatherosclerotic lesions of the aorta than offspring from mothers with cholesterol levels within 

the normal range.2 Another autopsy study showed that offspring from mothers with 

hypercholesterolemia exhibit faster progression of preatherosclerotic lesions compared with 

offspring from mothers with normal cholesterol levels.3 Several animal studies have supported 

these results.4-6 Furthermore, studies with murine models showed that differences in arterial gene 

expression between offspring of mothers with high or normal cholesterol levels persist long after 

birth. This supports the hypothesis that fetal lesion formation is associated with genetic 

programming, which may consequently affect atherogenesis in later life.7,8 Treatment of maternal 

hypercholesterolemia during pregnancy may in turn reduce atherosclerosis in offspring9, but this 

observation has not been repeated in human studies. 

 

FAMILIAL HYPERCHOLESTEROLEMIA & PREGNANCY 

 

Familial hypercholesterolemia (FH) is a monogenetic disorder of lipoprotein metabolism, with a 

prevalence of at least one in every 500 individuals. It is characterized by severely elevated levels 

of LDL cholesterol (LDL-C) from birth onwards and, if left untreated, patients are nearly 100-times 

more likely to develop coronary artery disease than unaffected individuals. Therefore, treatment 

of FH patients with cholesterol-lowering medication, preferably from a young age, is highly 

recommended to prevent premature cardiovascular disease. Statins are the first-choice drugs to 

reduce morbidity and mortality in patients with FH and are considered effective and safe for long-

term use. However, based on their potential teratogenic effects, these compounds are 

 

contraindicated during pregnancy. Therefore, it is recommended to discontinue statin therapy 

once a woman with FH wishes to become pregnant.10 

During pregnancy, maternal cholesterol levels (and subsequently LDL-C levels) increase by 

approximately 30–50% as a result of enhanced cholesterol synthesis in the liver, probably due to 

increased estrogen levels.11,12 In women with FH, the increase in cholesterol was shown to be even 

more pronounced13 and on top of the recommended discontinuation of statin therapy, these 

women can exhibit severely elevated cholesterol levels during pregnancy. Several studies suggest 

that maternal cholesterol is transported from the maternal to the fetal circulation14,15, and that 

lipid levels of the mother are closely aligned to those of the fetus in the first six months of 

pregnancy.3 As a result, fetuses of FH mothers are probably exposed to very high lipid levels in 

utero. 

 

 

THE BARKER HYPOTHESIS & FH 

 

The population of patients with FH offers a unique opportunity to further study the phenomenon 

of the Barker hypothesis. As the hypercholesterolemia is explained by the presence of a single 

gene mutation, the hypothesis can be well explored by comparing both FH and non-FH offspring 

from FH mothers (who were exposed to elevated cholesterol levels in utero) with offspring from 

FH fathers (who were not exposed to elevated cholesterol levels in utero). 

A few studies have addressed this issue within the FH population, but showed conflicting results. 

In a study in adult FH patients, it was found that total cholesterol, as well as LDL-C levels, were 

slightly higher in patients that inherited FH from their mother as compared with patients that 

inherited FH from their father.16 However, in a more recent study in both children and adults, 

these findings were not confirmed. This was the first study that also included offspring without 

FH and showed similar results for offspring with or without FH.17 Of course, a slightly higher LDL-C 

level in subjects whose mother had FH is only of clinical importance if it leads to a higher 

cardiovascular event rate compared with subjects who inherited FH paternally. A small study in 

children showed that lipid levels and carotid intima–media thickness, an established measure of 

subclinical atherosclerosis, did not differ between children with FH who inherited the disease 

maternally or paternally.18 Another recent study in children and adults also showed similar carotid 

intima–media thickness in both FH and non-FH offspring.17 However, as the difference in lipid 

profiles are probably subtle, some of these studies might be too small18 or the study cohorts too 

heterogeneous17 to detect a significant difference. Nevertheless, one recent study does suggest 

that the way FH is inherited can be of clinical relevance.19 In this study of a Dutch pedigree 
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contraindicated during pregnancy. Therefore, it is recommended to discontinue statin therapy 

once a woman with FH wishes to become pregnant.10 

During pregnancy, maternal cholesterol levels (and subsequently LDL-C levels) increase by 

approximately 30–50% as a result of enhanced cholesterol synthesis in the liver, probably due to 

increased estrogen levels.11,12 In women with FH, the increase in cholesterol was shown to be even 

more pronounced13 and on top of the recommended discontinuation of statin therapy, these 

women can exhibit severely elevated cholesterol levels during pregnancy. Several studies suggest 

that maternal cholesterol is transported from the maternal to the fetal circulation14,15, and that 

lipid levels of the mother are closely aligned to those of the fetus in the first six months of 

pregnancy.3 As a result, fetuses of FH mothers are probably exposed to very high lipid levels in 

utero. 

 

 

THE BARKER HYPOTHESIS & FH 

 

The population of patients with FH offers a unique opportunity to further study the phenomenon 

of the Barker hypothesis. As the hypercholesterolemia is explained by the presence of a single 

gene mutation, the hypothesis can be well explored by comparing both FH and non-FH offspring 

from FH mothers (who were exposed to elevated cholesterol levels in utero) with offspring from 

FH fathers (who were not exposed to elevated cholesterol levels in utero). 

A few studies have addressed this issue within the FH population, but showed conflicting results. 

In a study in adult FH patients, it was found that total cholesterol, as well as LDL-C levels, were 

slightly higher in patients that inherited FH from their mother as compared with patients that 

inherited FH from their father.16 However, in a more recent study in both children and adults, 

these findings were not confirmed. This was the first study that also included offspring without 

FH and showed similar results for offspring with or without FH.17 Of course, a slightly higher LDL-C 

level in subjects whose mother had FH is only of clinical importance if it leads to a higher 

cardiovascular event rate compared with subjects who inherited FH paternally. A small study in 

children showed that lipid levels and carotid intima–media thickness, an established measure of 

subclinical atherosclerosis, did not differ between children with FH who inherited the disease 

maternally or paternally.18 Another recent study in children and adults also showed similar carotid 
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carrying the V408M mutation, it was shown that maternally inherited FH was associated with 

significantly higher excess mortality than paternally inherited FH, with a relative risk of 2.2.19 As 

this was a small study of 161 individuals within the same pedigree, these findings need to be 

confirmed in other studies. 

 

CLINICAL RELEVANCE 

 

Considering the available data, the question remains of what the clinical relevance of knowledge 

of the mode of inheritance of FH is. From a public health and prevention perspective, this is an 

important question. If maternal inheritance actually does make a clinical difference for the 

outcome of the unborn child, this would indicate that there is a need for better regulation of lipid 

levels in pregnant women with FH. As statins are contraindicated, other lipid-lowering options 

should then be considered. Furthermore, the progeny of these mothers should require more 

frequent follow-up and lipid-lowering therapy at a time that their age and LDL-C levels meet 

current guidelines for intervention. 

In summary, more research is needed to determine whether the inheritance pattern of FH can be 

of importance to determine cardiovascular risk. Besides LDL-C levels, clinical end points should be 

included in future analyses to strongly ascertain or rule out clinical relevance. 
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ABSTRACT  

 

Background 

Maternal hypercholesterolemia is associated with mildly increased low-density lipoprotein-

cholesterol (LDL-C) levels in their newborns. The consequences of these observations for 

cardiovascular (CV) outcome, however, are unknown.  

Methods  

For this cohort study all adults (n=63,385), DNA tested for familial hypercholesterolemia (FH) as 

part of a nationwide screening program, were eligible. The incidence of CV events was compared 

between individuals with an FH mother versus those with an FH father using Cox regression 

analyses. These analyses were performed separately for patients with genetically confirmed FH 

and subjects without an FH mutation.   

Findings 

Information on parental FH was available for 20,005 individuals of whom 10,524 (53%) with 

genetically confirmed FH whereas in 9,481 (47%) individuals no FH mutation was present. Of those 

with confirmed FH, the incidence of CV events per 1000 observation-years was 3∙56 for patients 

with an FH mother (n=5,985 [57%]), and 4∙38 for patients with an FH father (P<0∙001). For the 

9,481 individuals without an FH mutation (5,250 [55%]) with FH mother), these rates were 1∙57 and 

2∙10, respectively (P<0∙001). Therefore, FH patients with maternal FH had a lower risk for CV 

events (hazard ratio [HR] 0∙76; 95% confidence interval [CI]: 0∙66-0∙87; P<0∙001). Similar results 

were found in the group of the non-affected individuals (HR 0∙77 95% CI: 0∙60-0∙99; P=0∙04).  

Interpretation 

Both offspring with FH and non-affected offspring of FH mothers seem to be protected from CV 

events compared to offspring of an FH father. Therefore, there is no reason to reconsider statin 

treatment or other cholesterol-lowering therapy in pregnant women with FH, as has been 

suggested before. 

 

 

 

 

INTRODUCTION 

 

According to the “Barker hypothesis”, environmental conditions during fetal development have 

long-term consequences for adult health. Several studies suggest that cardiovascular disease 

(CVD), diabetes mellitus type 2 and essential hypertension might result at least in part from fetal 

conditions that lead to persisting changes in physiology.1 In fact, maternal hypercholesterolemia 

during pregnancy increases circulating low-density lipoprotein cholesterol (LDL-C) levels in the 

fetus and, consequently, is hypothesized to confer increased cardiovascular (CV) risk for her 

offspring.2–4 However, the elevated LDL-C levels in these children might also be explained by other 

hereditary factors or similar lifestyle conditions and dietary habits, and hitherto convincing 

evidence for this hypothesis is lacking.  

The population of patients with familial hypercholesterolemia (FH) provides a unique opportunity 

to study this. FH is a co-dominant monogenic disorder of lipoprotein metabolism, characterized 

by severely elevated levels of LDL-C, and premature CVD. Since hypercholesterolemia in FH is the 

consequence of a single gene mutation, the “Barker hypothesis” can be explored by comparing 

offspring of FH mothers with offspring of FH fathers.  A few studies of modest size have 

addressed this issue, but showed conflicting results.5–8 If offspring of FH mothers would indeed 

have an increased CV risk as a consequence of exposure to elevated LDL-C levels in utero, this 

would prompt us to reformulate the guidance for FH women during pregnancy. We therefore 

addressed this question in a large cohort of subjects who were screened for FH as part of a 

nationwide screening program.  

 

 

METHODS 

 

Study Population 

The source population was extracted from the FH screening program registry in the Netherlands, 

a nationwide and government subsidized cascade screening program initiated in January 1994 to 

identify all patients with FH, as described previously.9,10  

Data were collected during a single visit. A certified genetic field worker interviewed participants 

at home using a standardized questionnaire and gathered demographic and clinical data as well 

as information about medication use. Additionally, a blood sample was drawn for DNA analysis 

and measurement of lipids and lipoproteins. The latter was done occasionally before 2004 and 

became standard practice as of 2004. All subjects gave written informed consent for genetic 
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screening for FH and use of the collected data.  

For this study, all index cases as well as participants of this screening program were included if 

they were ≥18 years of age, screened for FH between January 1994 and January 2014, and if at 

least one of the parents was genetically tested for FH. If one of the parents was tested negatively 

for FH (absence of family mutation), it was assumed that FH was inherited through the other 

parent. We also included subjects who had a CV event but whose parents were both not tested 

(mainly because they had already passed away), when the inheritance pattern could be derived 

from the family pedigree with certainty. Homozygous or compound heterozygous FH patients, 

subjects whose parents were both affected with FH, and families with a non-deleterious FH 

mutations were excluded. Mutations were considered non-deleterious based on evidence in the 

literature or when functionality tests by the laboratory of Experimental Vascular Medicine in the 

Academic Medical Center showed nonfunctionality.11  

 

Figure 1: Study flow chart 

 

 

Lipid profile and mutation analysis 

Lipids were measured with the LDX-analyser (Cholestech Corporation, Hayward, USA).12 LDL-C 

levels were subsequently calculated with the Friedewald formula, unless triglycerides were above 

4∙5 mmol/L.13 Separately, in patients using lipid lowering therapy at the time of screening, the 

untreated LDL-C level was also calculated according to a validated equation.14  DNA of the tested 

individuals was isolated from 10 ml of freshly collected blood containing EDTA as anticoagulant. 

The method of mutation analysis has been described previously.15  

 

Cardiovascular events 

A cardiovascular event was defined as having suffered from a documented myocardial infarction 

(MI), angina pectoris (AP), ischemic stroke, transient ischemic attack (TIA), or subjects who 

underwent coronary artery bypass grafting (CABG) or percutaneous transluminal coronary 

angioplasty (PTCA).  

 

Statistical analysis 

Differences in continuous or dichotomous variables between the subjects whose mother had FH 

and subjects whose father had FH were evaluated using linear or logistic regression analyses. For 

the association between lipid levels and parental inheritance of FH, we adjusted for age, gender, 

body-mass index (BMI) and statin use by means of multivariable regression analysis. All these 

analyses were performed using the generalized estimating equation method to adjust for 

correlations within families. The exchangeable correlation structure was used for these models. 

The association between parental inheritance of FH and time to CV event was first explored by 

means of the Kaplan Meier method and formally tested using the log-rank test. CV event-free 

survival was defined as the period from the year of birth until the year of the first CV event or 

censoring at the moment of genetic screening, whichever came first. In addition, we determined 

the risk of a CV event among subjects whose mother had FH compared with those whose father 

had FH using a mixed effects Cox-proportional hazard model with log-normal distributed frailties 

to account for family relations. Adjustments were made for potential confounders, i.e. sex, BMI, 

statin treatment (time-dependent), hypertension (time-dependent), diabetes, smoking status and 

alcohol use. This analysis was repeated in a multiple imputed dataset in which missing values for 

BMI were replaced by imputed values. For each missing value, five imputations were performed, 

based on age and gender. Multivariable mixed effects Cox-proportional hazard regression 

estimates using the five imputed datasets were combined into one effect estimate.  
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All analyses were stratified for individuals with and without FH. Variables with a skewed 

distribution were log-transformed before statistical analyses. A p-value <0∙05 was considered 

statistically significant. Statistical analyses were performed with SPSS software (version 19.0, 

Chicago, Illinois, USA) and in the R statistical package version 3.0.1 (R Foundation for Statistical 

Computing, Vienna, Austria). 
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From January 1994 until January 2014, a total of 63,385 individuals underwent DNA analysis for 

FH. After applying in- and exclusion criteria, 20,005 individuals could be enrolled of whom 10,524 

(52∙6%) were FH mutation carriers and 9,481 (47∙3%) tested negatively for the family mutation. 

Among the entire cohort, 11,235 (56∙2%) of the subjects had a mother with FH and 8,770 (43∙8%) 

had a father with FH (Figure 1). 

Demographic and clinical characteristics of the subjects are presented in Table 1. In FH patients, 

subjects with maternal FH were older (mean ± standard deviation (SD): 38∙8 ± 13∙7 vs 38∙1 ± 14∙5 

years, respectively; P = 0∙03), had a slightly higher BMI (24∙7 ± 3∙8 vs 24∙5 ± 3∙7 kg/m2, P=0∙07) and 

were more often using alcohol (52∙1% vs 49∙4%, P=0∙002), but had less hypertension (6∙3% vs 7∙7%, 

P=0∙006). In the nonFH group, subjects with maternal FH were older (37∙1 ± 12∙3 vs 36∙2 ± 13∙0 

years, P=0∙001), but otherwise no significant differences were present. In FH patients, (treated) 

total cholesterol and LDL-C levels were different between subjects whose mother had FH 

compared to subjects whose father had FH (LDL-C: 4∙38 ± 1∙50 vs 4∙24 ± 1∙48 mmol/l, P<0∙001), but 

calculated untreated LDL-C levels were not different (5∙45 ± 2∙01 vs 5∙38 ± 2∙03, P=0∙12) (Table 2). 

In the unaffected relatives, no statistically significant differences in lipid levels were found in 

those whose mother had FH versus those with an FH father (Table 2).  
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 Table 2: Cardiovascular D
isease Events 
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 - no./observation-years 
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<0.001 
 

251/160,299 
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CVD
 per 1000 observation-years 
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 event, no (%)* 
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- 
 

CA
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TIA
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50 (19) 

- 

FH: fam
ilial hypercholesterolem

ia; CVD: cardiovascular disease; No.: num
ber; AP: angina pectoris; M

I: m
yocardial infarction; PTCA: percutaneous translum

inal coronary 
angioplasty; CABG: coronary artery bypass grafting; TIA: transient ischem

ic attack 
*Because som

e events occurred in the sam
e year, num

bers do not add up.  
 

 

Cardiovascular Events 

Among the 20,005 individuals, 1,835 experienced a CV event during 622,109 observation-years; 

1,326 per 339,238 observation-years (3∙91 per 1000 observation-years) in the FH patients and 509 

per 282,871 observation-years (1∙80 per 1000 observation-years) in the non-affected individuals 

(P<0∙001). In Table 2, the incidence rates and event categories are shown for maternal as well as 

paternal FH, both for FH patients and unaffected relatives separately.  

Figure 2 provides Kaplan–Meier curves for CV event-free survival for individuals with (2A) and 

without FH (2B). The individuals with paternal FH had on average a shorter event-free survival 

than those with maternal FH; in fact, both for subjects with and without FH (P<0∙001 and P=0∙04, 

respectively). In multiple regression models adjusted for the gender, BMI, statin treatment (time-

dependent), hypertension (time-dependent), diabetes, smoking status and alcohol use, 

individuals with an FH mother exhibited lower CVD risk. This was the case for both FH patients 

(hazard ratio [HR] 0∙76 95% confidence interval [CI]: 0∙66-0∙87; P<0∙001) as well as for those 

without FH (HR 0∙77 95% CI: 0∙60-0∙99; P=0∙04).  
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 Figure 2: Kaplan–M
eier curves for CVD

 event-free survival for subjects w
ith (panel A

) and w
ithout (panel B) Fam

ilial H
ypercholesterolem

ia 

 

DISCUSSION 

 

In this cohort of more than 20,000 individuals from genetically confirmed FH families, we found 

that adult offspring of FH mothers were at a statistically significant and clinically relevant lower 

risk for CVD compared to adult offspring of FH fathers. This was true for both FH offspring and 

non-FH offspring with relative risk reductions of 24% and 23%, respectively. We observed slightly 

higher (treated) LDL-C levels in those with an FH mother compared to those with an FH father. 

However, this concerns a very small difference (0∙16 mmol/L), and is unlikely to be clinically 

relevant. There were no differences in calculated untreated LDL-C levels. Taken together, our data 

do not confirm the hypothesis that maternal hypercholesterolemia leads to increased LDL-C levels 

in their newborns.  

No study has ever examined the association between maternal hypercholesterolemia and CV 

events before. One study of a Dutch pedigree carrying the V408M mutation reported that 

maternally inherited FH was associated with a higher excess mortality than paternally inherited 

FH.7 However, this study included a very small number of individuals with a specific mutation. 

Furthermore, the cause of death was not specified and the analyses could only be adjusted for 

sex and age.  

Our finding that maternal hypercholesterolemia is associated with a lower CV risk, contradicts 

what was previously postulated by Napoli and colleagues, based on both human and several 

animal studies16–18. In humans, Napoli reported that hypercholesterolemia during pregnancy leads 

to an increased CV risk in offspring, as defined by more and larger fatty streaks3 and faster 

progression of pre-atherosclerotic lesions2 in autopsy studies. However, these studies were not 

done in offspring of mothers with FH, but in offspring of mothers with polygenic 

hypercholesterolemia. Therefore, other (polygenic) factors such as obesity, diabetes, 

inflammation and hypertension that may have been associated with the elevated cholesterol 

levels in these mothers could also have influenced these risk factors and the formation of 

atherosclerotic lesions in their offspring.  This might have been the source of significant sampling 

bias in these studies. In FH, hypercholesterolemia is the consequence of a single gene mutation, 

and therefore our current study population offers the unique opportunity to avoid this type of 

bias.  

Although unexpected, our finding that increased cholesterol levels during pregnancy might be 

favourable for offspring seems intuitive in some way. In fact, in normal physiology of pregnancy, 

maternal cholesterol levels increase with approximately 30-50%.19,20 Cholesterol is of vital 

importance for fetal development as the main constituent of cell membranes, precursor of 

steroid hormones and metabolic regulators, and constitutes a modulator of hedgehog signalling. 
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Most cholesterol required for fetal growth is synthesised de novo by the fetus itself, however 

several lines of evidence have shown that there is also a substantial maternal-to-fetal cholesterol 

transfer.21–23 In fact, several studies have shown reduced maternal LDL-C levels in pregnancies 

with intrauterine growth restriction (IUGR).24 Conversely, it was shown that new-borns from 

mothers with low cholesterol levels have a lower birth weight.25 IUGR is associated with 

metabolic disorders such as insulin resistance, diabetes, hypertension, and dyslipidemia, and 

subsequently, enhanced risk for CV events in later life. Furthermore, it was shown that human 

endothelial cells of the placental barrier deliver maternal cholesterol as mature HDL-C into the 

fetal circulation via the efflux proteins ABCA1 and ABCG1.26 HDL-C plays an important role in 

mechanisms against atherosclerosis. In addition to its function in reversed cholesterol efflux, 

HDL-C displays anti-inflammatory properties and protects LDL-C against oxidation.  

As a result, these lines of evidence suggest that exposure to elevated LDL-C in utero may have a 

favorable effect on fetal growth and development, and might be protective against 

atherosclerosis. This potentially has an interaction with the healthier lifestyle that FH women 

adopt after diagnosis, which may likely contribute to an improved overall CV risk profile. Our 

results provide some evidence for this, by demonstrating an occurrence of less hypertension and 

a trend towards a lower prevalence of diabetes in FH patients who inherited FH maternally. 

Comparing gestational age, birth weight and other pregnancy outcomes of offspring of FH 

mothers and FH fathers could be the next step towards the future analysis of our FH database. 

Strengths of our study include the collaboration with the nationwide screening program for FH, 

providing us with a very large, population-based database, molecularly confirmed or excluded 

diagnosis of FH, confirmed inheritance pattern of FH, and availability of information on the 

pedigree and, most importantly, the occurrence of CV events. Furthermore, individuals are 

referred to the program for clinical suspicion of FH or for their relationship to a mutation carrier. 

The latter is by far the most common reason for inclusion (n=18,998 [95%]) and therefore referral 

bias will be minimal. We therefore assume that our study population is representative for both 

the FH as well as the general population.   

The limitations of the study also merit discussion. Firstly, the study population comprised subjects 

that were tested for FH in the screening program and as a consequence, family members that 

have deceased could not be included in our cohort. This underestimation of the occurrence of 

events is not a likely source of bias, since fatal and non-fatal CV events have a very similar 

association with risk factors. Secondly, the screening program was not linked to official medical 

records, and the information on risk factors and CV events was obtained by the genetic field 

worker. This may lead to information bias. The probability of misclassification however, will be 

similar for all study subjects (non-differential misclassification) and therefore would result in an 

 

underestimation of the association between parental hypercholesterolemia and CV risk. Thirdly, 

one of the inclusion criteria of our study was that at least one of the parents should be screened 

for FH. Nonetheless, we were able to derive the inheritance pattern from the family pedigree for 

part of the remaining subjects. We have explored the possible bias caused by this by repeating 

the analysis without these additional subjects and this resulted in similar hazard ratios (data not 

shown). Lastly, a substantial part of the FH patients was using statins, which obviously influences 

both lipid levels and CV risk. Yet statin use was similar across both groups and the small 

differences in LDL-C levels remained significant after correction for statin use as a time-dependent 

covariate.  

The widely held theory, mainly based on animal studies, that maternal hypercholesterolemia 

during pregnancy is pathogenic and results in increased risk of CVD in offspring, could not be 

confirmed in the present analysis. In fact, offspring of a mother with FH seems to be protected 

from CV events compared to offspring of an FH father. Therefore, there is no reason to reconsider 

statin treatment or other cholesterol-lowering therapy in pregnant women with FH, as has been 

suggested before.7,27  Our data force us to rethink the consequence of maternal 

hypercholesterolemia for the fetus, and serve as a reminder to temper the extrapolation of 

results in animals to the human condition.   
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worker. This may lead to information bias. The probability of misclassification however, will be 

similar for all study subjects (non-differential misclassification) and therefore would result in an 

 

underestimation of the association between parental hypercholesterolemia and CV risk. Thirdly, 

one of the inclusion criteria of our study was that at least one of the parents should be screened 

for FH. Nonetheless, we were able to derive the inheritance pattern from the family pedigree for 

part of the remaining subjects. We have explored the possible bias caused by this by repeating 

the analysis without these additional subjects and this resulted in similar hazard ratios (data not 

shown). Lastly, a substantial part of the FH patients was using statins, which obviously influences 

both lipid levels and CV risk. Yet statin use was similar across both groups and the small 

differences in LDL-C levels remained significant after correction for statin use as a time-dependent 

covariate.  

The widely held theory, mainly based on animal studies, that maternal hypercholesterolemia 

during pregnancy is pathogenic and results in increased risk of CVD in offspring, could not be 

confirmed in the present analysis. In fact, offspring of a mother with FH seems to be protected 

from CV events compared to offspring of an FH father. Therefore, there is no reason to reconsider 

statin treatment or other cholesterol-lowering therapy in pregnant women with FH, as has been 

suggested before.7,27  Our data force us to rethink the consequence of maternal 

hypercholesterolemia for the fetus, and serve as a reminder to temper the extrapolation of 

results in animals to the human condition.   
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ABSTRACT 

 

Different screening strategies are currently recommended to identify children with (familial) 

hypercholesterolaemia in order to initiate early lipid management. However, these strategies are 

characterised to date by low adherence by the medical community and limited compliance by 

parents and children.  

In a literature review, the authors assess which children should undergo screening and which 

children are in effect identified through the currently recommended strategies. Furthermore,the 

authors discuss different screening tools and strategies currently used in Europe and what is 

known about negative aspects of screening.  

The authors conclude that currently recommended selective screening strategies, which are 

mainly based on family history, lack precision and that a large percentage of affected children 

who are at increased risk for future coronary artery disease are not being identified. The authors 

propose universal screening of children between 1 and 9 years of age, a strategy likely to be most 

effective in terms of sensitivity and specificity for the identification of children with familial 

hypercholesterolaemia. However, this concept has yet to be proven in clinical practice. 

 

INTRODUCTION 

 

Hypercholesterolaemia is one of the major modifiable risk factors for the development of 

atherosclerosis and cardiovascular disease (CVD).1 Since the process of atherosclerosis starts in 

early childhood,2 hypercholesterolaemia requires timely diagnosis and management. This is 

especially the case when marked elevated cholesterol levels are inherited and present from birth 

onwards. Individuals in early adulthood with untreated Familial Hypercholesterolaemia (FH) or 

Familial Defective ApoB (FDB) are nearly 100 times more likely to develop coronary artery disease 

than unaffected individuals.3 As children with hypercholesterolaemia generally do not present 

with any complaints or symptoms, paediatric organisations have developed different screening 

strategies to identify such children.4-7 However, the strategies that do exist are characterised by 

low adherence by the medical community and limited compliance from parents and children.  

Screening for hypercholesterolaemia in children is worthwhile if the following three assumptions 

are true: children with hypercholesterolaemia are at increased risk of developing accelerated 

atherosclerosis and subsequent CVD; screening can accurately identify those at increased risk; 

and existing therapy can effectively and safely reverse the atherosclerotic process and reduce the 

CVD risk in these children. We can safely assume that, based on the current evidence, the first and 

third requirements are met, and the remaining question therefore is: which screening strategy 

can best identify those at increased risk? In this review we will provide an outline of the currently 

recommended screening strategies and will discuss which children are identified with these 

strategies, and which children are not and might be still at risk. Subsequently, we will present 

some suggestions for improvement of these strategies across Europe. As early diagnosis and 

management is especially important in children with FH, the emphasis will be on these children. 
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are true: children with hypercholesterolaemia are at increased risk of developing accelerated 

atherosclerosis and subsequent CVD; screening can accurately identify those at increased risk; 

and existing therapy can effectively and safely reverse the atherosclerotic process and reduce the 

CVD risk in these children. We can safely assume that, based on the current evidence, the first and 

third requirements are met, and the remaining question therefore is: which screening strategy 

can best identify those at increased risk? In this review we will provide an outline of the currently 

recommended screening strategies and will discuss which children are identified with these 

strategies, and which children are not and might be still at risk. Subsequently, we will present 

some suggestions for improvement of these strategies across Europe. As early diagnosis and 

management is especially important in children with FH, the emphasis will be on these children. 
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EVIDENCE FOR EARLY ATHEROSCLEROSIS 

 

It was shown that risk factors measured during the teenage years and in early adulthood predict 

the presence of subclinical atherosclerosis that developed 15 years later much more accurately 

than the same risk factors measured at the time of lesion assessment.8, 9 This indicates that the 

prevention of risk factors in childhood or adolescence is likely to be most effective and, in fact, 

this “the younger the better” strategy is rapidly gaining acceptance vis à vis “the lower the 

better” concept. Evidence for this new approach comes from statin trials in children with severe 

hypercholesterolaemia showing that atherosclerotic lesions are reversible if drug treatment is 

initiated really early.10 

The first indications of atherosclerosis are already present in children with FH, despite the 

absence of complaints or symptoms. Increased inflammatory activity is reflected by elevated 

levels of high-sensitivity C- reactive protein (hsCRP) in children with FH as compared to their 

unaffected siblings.11 Additionally, functional and morphological changes of the arterial wall are 

observed in children with FH, which indicates that the atherosclerotic process has already begun. 

This is illustrated by impaired flow-mediated dilatation (FMD) of the brachial artery 12 and 

increased intima media thickness (IMT) of the carotid artery,13 respectively. These findings have 

led to the hypothesis that treatment should be initiated early in life to reduce the incidence of 

CVD in later years. 

Increased inflammatory activity and impaired endothelial function indicating enhanced 

atherogenesis is also present in obese children.14, 15 Furthermore, children with type 1 diabetes 

exhibit impaired FMD and increased carotid IMT.16 

 

 

HOW TO SCREEN 

 

Screening strategies   

Professional paediatric organisations recommend selective instead of universal screening 

strategies. The strategies proposed by the American Academy of Pediatrics (AAP) and the 

American Heart Association (AHA) 4, 5, 7 are summarised in box 1. These strategies are quite similar 

in that screening is recommended when a family history of dyslipidaemia or premature CVD (≤55 

years of age for men and ≤65 years of age in women) is present. However, several studies showed 

that self-reported parental history is not particularly useful when identifying children and 

adolescents with raised low-density lipoprotein cholesterol (LDL-C) levels (sensitivity 25-93%, 

specificity 21-80%).17  

 

Box 1: Screening strategies of paediatric organisations 
AAP 20085 (update from the 1992 NCEP report 6)  

•  Screen all children with 
a. Positive family history of dyslipidaemia OR 
b. Positive family history of premature CVD OR 
c. Family history not known OR 
d. Other CVD risk factors (overweight / obesity, hypertension, cigarette smoking, 

diabetes). 
• Screening should take place between 2 and 10 years of age 

The recommended approach to screening is a fasting lipid profile. If values are within the 
reference range (according to age and gender) the patient should be retested in 3-5 years. 
AHA 20034 

• Screen all children with 
a. Positive family history of dyslipidaemia OR 
b. Positive family history of premature CVD OR 
c. Family history not known and other risk factors are present. 

• Screening should take place above 2 years of age. 
• The recommended approach to screening is a fasting lipid profile. If the averaged result 

of 3 fasting lipid profiles is above the cut-points, advise cardiovascular risk reduction 
interventions. 

2007 Update7: In addition to family history, overweight and obesity should trigger screening with 
a fasting lipid profile 
NCEP: National Cholesterol Education Program; CVD: Cardiovascular disease; AAP: American Academy of 
Pediatrics; AHA: American Heart Association 
 

Therefore, applying this criterion is not much more effective than general population screening. 

Even for children with FH, who would be expected to have a positive family history of CVD, it was 

shown that using family history to determine who to screen for cholesterol measurement would 

have failed to detect a substantial number of children with FH.18 Furthermore, this approach is 

time-consuming, not well defined, and is not standardised.  

The use of body mass index (BMI) alone or combined with family history as a criterion, instead of 

family history alone, increases the sensitivity of the screening for hypercholesterolaemia, 

although it decreases specificity.19 However, it is unlikely that using BMI would increase the 

sensitivity of screening children with FH, the group most likely to benefit from screening.   

 

Table 1: Screening strategies in five European countries 
Country Screening strategy Target population 
Netherlands Cascade screening Children of FH families 
Norway Cascade screening Children of FH families 
Slovenia General screening  Children at the age of 5 
Italy Selective screening Children with a positive family history  

of premature CVD or dyslipidaemia 
UK Cascade screening Children of FH families 
FH: familial hypercholesterolaemia; CVD: cardiovascular disease 
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Screening in Europe 

Several different screening strategies are currently used across Europe. In this paragraph, we will 

describe the active screening strategy in five countries, summarised in table 1. In the Netherlands, 

there is an ongoing cascade screening programme to identify patients with FH, in which all first 

degree family members of an index patient are identified and offered a DNA test. Cascade 

screening then is offered to more distant relatives using the inheritance pattern across the 

pedigree. To date, > 20.000 individuals with FH carrying more than 550 different mutations have 

been identified, which is estimated to be 50% of the total number of FH patients in the 

Netherlands. A literature review reported that screening of the relatives of index cases with FH is 

the most cost-effective screening strategy.20  

In Norway, as in the Netherlands, all genetic FH tests are performed by a single centre, which has 

been working closely with the Lipid Clinic in Oslo. The total number of FH patients has been 

estimated at 16,000 and approximately 5,000 individuals with > 140 different mutations have 

been identified so far. A cascade screening program has been established21, but as the national 

health system in Norway has not provided funding for other areas of the country, laboratory 

investigations will remain dependent on the Lipid Clinic and the Medical Genetic Laboratory of the 

University of Oslo. 

The Slovenian Pediatric Society decided to initiate general cholesterol screening in preschool 

children at the age of 5 already in 1995. Since then, more than 15.000 children have undergone 

screening annually. A blood sample is taken at a routine examination and total cholesterol (TC) 

values are measured.  If TC values are elevated, a fasting lipid profile is performed. According to 

national guidelines, the child is referred to University Children’s Hospital in Ljubljana if TC levels 

are > 6 mmol/l  or > 5 mmol/l and there is a positive family history of premature CVD. The data of 

these children are used for research and from 2011 onwards selective genetic screening for FH will 

also be carried out. 

In Italy selective screening is delegated to general practitioners or paediatricians who follow 

Italian guidelines.22 Children considered at risk and suspected of having an inherited lipoprotein 

disorder (showing a positive family history of premature CVD or exhibiting dyslipidaemia with TC > 

6.2 mmol/L, HDL-C < 0.9 mmol/L or triglyceride (TG) > 3.4 mmol/L) are invited to attend lipid units 

where they undergo biochemical and genetic analysis. However, only a limited number of children 

complete this program, accounting for less than 10% of the total number of children with possible 

FH. To bridge the gap between the number of children detected and the number theoretically 

affected, an extensive program of recruitment, diagnosis and registration is currently in progress. 

This program is aimed at promoting awareness of the benefits of screening, extending this 

practice throughout Italy, defining the genetic mutations involved in FH (LDLR, ApoB, PCSK9) and 

 

providing an Italian register of genetically detectable lipoprotein disorders. 

In the UK the National Institute of Healthcare and Clinical Excellence (NICE) has recommended a 

family cascade testing approach for FH, starting with adults who have a clear, (preferably genetic) 

diagnosis. The NICE guidance is regarded as the main organisation that promotes evidence based 

clinical practice in the UK. Testing of children in families known to have a clear diagnosis of FH is 

recommended from the age of 10 years. Recently, this approach has been fully implemented 

(2010) in Wales, which is one of the devolved countries within the UK.23 

Wald and colleagues recently proposed the strategy of screening children in the UK when they 

visit their general practice for routine vaccination at about 15 months of age. In children aged 1-9 

years, the use of TC levels as a cut off yields a false positive rate of 0,1% (1,53 multiples of the 

mean) and would identify 88% of cases with FH. Measurement of cholesterol levels in the parents 

of an affected child would determine which parent is affected. Applying the rule that the parent 

with the highest cholesterol levels has FH gives a detection rate of above 96%.24  

 

Screening tools 

Once children are selected for screening, lipid levels are measured. A raised LDL-C is the trigger 

for initiating treatment and determining therapy goals in children 5, 7 and is generally calculated 

according to the Friedewald formula. However, because this is dependent on TG levels, a fasting 

sample is required. The advantage of a TC measurement is that it is not necessary to obtain a 

fasting sample. In the Bogalusa Heart Study, increased TC levels detected elevated LDL-C levels 

with 44-50% sensitivity and 90% specificity.25 

It was shown that the apoB/apoA-1 ratio measured in adolescence (12-18 yrs) was superior to 

LDL/HDL ratio for predicting increased IMT in adulthood.26 A high apoB/apoA-1 ratio indicates the 

ratio between pro- and anti-atherogenic lipoprotein particles. Therefore, measuring these 

apolipoproteins might have additional value in risk assessment and screening in children. 

An important issue is the accuracy of paediatric lipid levels to identify children at increased risk. 

Approximately 40-55% of children with elevated lipid levels will continue to have elevated lipid 

levels in adulthood.27 On the other hand, subjects with a multifactorial / polygenic cause of 

hypercholesterolaemia often exhibit normal lipid levels during childhood. Therefore, those with a 

strong family history for premature CVD in particular should be retested after puberty. At least 

two measurements are necessary to ensure that the mean measurement reflects the true value 

to within 10%. Children with very high LDL-C levels (>4.1 mmol/L (>160 mg/dL)) are likely to have 

substantially lower levels (mean decrease 0.5 to 0.75 mmol/L) at re-examination, which is 

attributable to regression to the mean.28 Furthermore, childhood is a time of rapid growth and 

development, especially during puberty, and cholesterol is involved in structure of cellular 
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membranes and hormones, lipids vary with age among children.29 This must also be taken into 

account when interpreting cholesterol levels.  

The criteria for a clinical diagnosis of FH are LDL-C levels above the 95th percentile for age and 

gender, a family history positive for CVD, and physical symptoms of cholesterol deposits in the 

skin, eyes or tendons known as xanthelasmas, arcus corneae and tendon xanthomas, 

respectively, which are typical for FH though rare in children.30 Once there is a clinical diagnosis, a 

definite diagnosis may be made using DNA-based mutation screening methods. Once the 

causative mutation in the index patient has been identified, reasonably cheap molecular testing in 

relatives is possible. Molecular testing is simple in countries with only a few different mutations 

causing FH. On the other hand, in the majority of countries with full-blown genetic heterogeneity, 

DNA sequencing could fail to identify a mutation, with detection rates ranging from only 20-90%.31-

35 However, as mentioned previously, extreme hypercholesterolaemia in children is less likely than 

in adults to be polygenic, which allows a higher mutation detection rate. In fact, in a recently 

published study it was found that in 95% of children with a phenotype of FH, a functional gene 

mutation could be found in the LDL receptor or ApoB genes.36 Identification of the FH-causing 

mutation in a family permits a definite diagnosis, and the diagnostic problem caused by the 

overlap in cholesterol between the general population and the FH patient is thereby eliminated. A 

single test, performed once only, will ascertain FH status, and early diagnosis in these children, at 

least, becomes a reality.  

Neonatal screening has been examined in some studies, but none followed abnormal results with 

mutation analysis, which makes it difficult to determine the value of such screening.27The 

usefulness of IMT measurement as screening tool in children must be further explored.  

 

 

 

 

WHO TO SCREEN? 

 

Lipid screening could identify three groups of children: those with monogenic 

hypercholesterolaemia (mainly heterozygous FH and FDB), secondary causes of 

hypercholesterolaemia, and multifactorial (polygenic) hypercholesterolaemia. The last group is 

less common in children. Once children with hypercholesterolaemia are identified, lipid 

management can be started. The recently updated treatment recommendations of the AAP 5 are 

summarised in Box 2.  

 
Box 2: AAP recommendations for the treatment of hypercholesterolaemia in children, 20085 

1. Diet / lifestyle 
a. All children > 2 years of age: healthy diet according to Dietary Guidelines for 

Americans.  
b. Children between 12 months and 2 years of age with family history of obesity, 

dyslipidaemia or CVD, or for whom overweight is a concern: use low-fat milk. 
c. Children and adolescents at high risk for CVD: diet with <7% saturated fat, 

cholesterol <200mg/day and <1% transfats  
d. For overweight or obese children with high triglyceride or low HDL-C levels: 

weight management, including dietary counseling and increased physical activity. 
2. Pharmacology 

a. For patients ≥ 8 years of age, pharmacological intervention should be considered 
if: 

• LDL ≥ 4.9 mmol/L (190 mg/dL) OR 
• LDL ≥ 4.1 mmol/L (160 mg/dL) AND family history of premature heart 

disease OR ≥ 2 additional risk factors (obesity, hypertension, cigarette 
smoking) OR 

• LDL ≥ 3.4 mmol/L (130 mg/dL) AND diabetes mellitus 
b. When there is a strong family history of CVD, especially with other risk factors, 

target levels for LDL-C as low as 3.4 mmol/L (130 mg/dL) or even 2.8 mmol/L (110 
mg/dL) should be considered.  

AAP: American Academy of Pediatrics; HDL-C: High-density lipoprotein cholesterol; LDL-C: Low-density 
lipoprotein cholesterol; CVD: Cardiovascular disease 
 

Because FH is characterised by markedly elevated levels of LDL-C from birth onwards, leading to 

premature atherosclerosis and CVD, the importance of early diagnosis and management is well 

established. Underdiagnosis of (heterozygous) FH is a worldwide problem 37 and therefore, 

screening for FH is strongly advocated. The problem in that both TC and LDL-C levels show 

considerable overlap between FH and normal individuals plays a lesser role in children as 

compared to adults. It was recently shown in a meta-analysis that cholesterol levels discriminate 

best between people with and without FH at the ages of 1-9 years.24 Therefore, a diagnosis of FH 

should always be considered in children with elevated lipid levels. 

Children with diseases known to possibly cause secondary dyslipidaemia, such as nephrotic 
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Because FH is characterised by markedly elevated levels of LDL-C from birth onwards, leading to 

premature atherosclerosis and CVD, the importance of early diagnosis and management is well 

established. Underdiagnosis of (heterozygous) FH is a worldwide problem 37 and therefore, 

screening for FH is strongly advocated. The problem in that both TC and LDL-C levels show 

considerable overlap between FH and normal individuals plays a lesser role in children as 

compared to adults. It was recently shown in a meta-analysis that cholesterol levels discriminate 

best between people with and without FH at the ages of 1-9 years.24 Therefore, a diagnosis of FH 

should always be considered in children with elevated lipid levels. 

Children with diseases known to possibly cause secondary dyslipidaemia, such as nephrotic 
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syndrome, HIV treated with protease inhibitors, systemic lupus erythematosus or conditions after 

solid organ transplantation, should also be screened.  

Screening for hypercholesterolaemia (and/or hypertriglyceridaemia) is of special importance in 

children with disorders that are characterised by the presence of other cardiovascular risk factors, 

such as diabetes and obesity. According to the 2006 AHA statement, children with type 1 diabetes 

are classified in tier 1, the highest cardiovascular risk category.38 Screening guidelines within the 

European Union  for children and adolescents with type 1 or type 2 diabetes have been recently 

published in the SWEET report.39 

 

 

POTENTIAL HARMFUL ASPECTS OF SCREENING 

 

Children with FH or other causes of severe hypercholesterolaemia do not have clinical disease, 

but the knowledge of future risks and the awareness of having the disorder and taking 

medication every day, raises the question of whether this influences their quality of life. There is 

limited evidence on this subject, but it was shown that children diagnosed with FH did not have 

elevated anxiety levels, that taking medication made the children feel safer and they did not 

“mind” taking this medication for the rest of their lives.40 Another study showed that children 

generally coped well with their carrier status and its implications.41 Studies in adults suggested 

that relatives usually believe that genetic information is beneficial42 and reports on the impact of 

receiving a diagnosis of FH showed that the proportion of individuals experiencing anxiety is no 

higher than in the general population.43 A study involving participants of the Dutch cascade 

screening program reported that 87% of parents from FH families wanted their children to 

undergo a genetic test.44  

As with all medical conditions, a diagnosis of FH may lead to difficulties in obtaining life insurance 

because of the increased risk of CVD. In the Netherlands, special guidelines for insurance 

companies have been developed on how to deal with risk assessment and genetic screening for 

FH. This guideline states that (treated) individuals with FH who apply for a life or disability 

insurance should be accepted at standard rates if their LDL-C level is below 4 mmol/L and no 

additional cardiovascular risk factors are present.45   

 

 

 

 

 

THE IMPORTANCE OF ADEQUATE FOLLOW-UP 

 

Screening is only valuable if adequate follow-up is guaranteed.  The full implementation of 

cascade screening requires an infrastructure that allows for both family tracing and the increasing 

clinical workload as new cases are identified. For example, in the Netherlands, cascade testing is 

coordinated through national centers supported by the government, and patient care is delivered 

by existing lipid clinics. However, such arrangements are still limited for children. In the ideal 

situation, all identified children should be linked to a recognised specialist network, which is 

managed by a paediatrician. This should ensure that all children are referred to a specialised 

paediatric lipid clinic and are adequately informed and treated. More specialised paediatric lipid 

clinics should be established to provide sufficient capacity to admit identified paediatric patients 

with FH and other dyslipidaemia. 

 

 

CONCLUSIONS AND RECOMMENDATIONS 

 

Screening for dyslipidaemia in children is only rational if screening tests and strategies can 

accurately identify those at increased risk. In 2007, the US Preventive Service Task Force 

concluded that the evidence is insufficient to recommend for or against routine screening for lipid 

disorders in infants, children, adolescents or young adults.46 Based on the mainly observational 

studies we discussed above, we conclude that there is good evidence that currently 

recommended selective screening strategies mainly based on family history are not accurate and 

that an important part of children at risk are not being identified. Furthermore, the need for 

fasting samples and repeated measurements is likely to affect feasibility and compliance with 

cholesterol screening, even in a targeted approach. There is also evidence that enhanced 

atherogenesis is present in some children, and that this process is reversible when early 

treatment is initiated. We will make some recommendations based on the currently available 

evidence  although clinical trials are needed to determine the best screening approach. 

Paediatricians should screen children with disorders known to possibly cause secondary 

dyslipidaemia, such as obesity and diabetes. The most difficult but important challenge, however, 

is to identify children with FH, as they experience no complaints or symptoms while the 

importance of early disease management is well established. The imprecision of clinical screening 

strategies for FH emphasizes the importance of genetic testing for a definite diagnosis of FH. 

Although cascade screening has been very successful in the Netherlands, this strategy may not  

be cost-effective in larger countries where families are small and geographically dispersed, and 
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clinics should be established to provide sufficient capacity to admit identified paediatric patients 
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disorders in infants, children, adolescents or young adults.46 Based on the mainly observational 
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recommended selective screening strategies mainly based on family history are not accurate and 

that an important part of children at risk are not being identified. Furthermore, the need for 

fasting samples and repeated measurements is likely to affect feasibility and compliance with 

cholesterol screening, even in a targeted approach. There is also evidence that enhanced 

atherogenesis is present in some children, and that this process is reversible when early 

treatment is initiated. We will make some recommendations based on the currently available 

evidence  although clinical trials are needed to determine the best screening approach. 

Paediatricians should screen children with disorders known to possibly cause secondary 

dyslipidaemia, such as obesity and diabetes. The most difficult but important challenge, however, 

is to identify children with FH, as they experience no complaints or symptoms while the 

importance of early disease management is well established. The imprecision of clinical screening 

strategies for FH emphasizes the importance of genetic testing for a definite diagnosis of FH. 

Although cascade screening has been very successful in the Netherlands, this strategy may not  

be cost-effective in larger countries where families are small and geographically dispersed, and 



112 

genetic heterogeneity is prevalent. 

The proposed strategy of universal screening of screening children when they visit their general 

practitioner for routine vaccination at about 15 months of age, or at 5 in Slovenia,24 is promising. 

However, this strategy is based on theoretical considerations, and has not been proven in 

practice. Furthermore, as drug treatment is currently not initiated before the age of 8, the correct 

age for screening needs to be discussed. If this approach is as effective as claimed, it should be 

followed by mutation analysis to establish the diagnosis of FH. Once a child has been identified as 

having FH, cascade screening of more distant relatives should be performed using the inheritance 

pattern across the pedigree.  

Once children with FH or other causes of hypercholesterolaemia are identified, lipid management 

can be started. Clinicians should strongly consider statin therapy in children with FH and elevated 

LDL-C, when LDL-C cannot be adequately reduced by lifestyle modification alone. However, there 

are no data on safety of life-long lipid-lowering therapy and the exact age at which therapy should 

be initiated is also uncertain. Future research should address these questions. Nevertheless, an 

adequate screening program with sufficient follow-up is very likely to improve the management 

of children with hypercholesterolaemia, leading to better control of cardiovascular risk.  
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genetic heterogeneity is prevalent. 

The proposed strategy of universal screening of screening children when they visit their general 

practitioner for routine vaccination at about 15 months of age, or at 5 in Slovenia,24 is promising. 

However, this strategy is based on theoretical considerations, and has not been proven in 

practice. Furthermore, as drug treatment is currently not initiated before the age of 8, the correct 

age for screening needs to be discussed. If this approach is as effective as claimed, it should be 

followed by mutation analysis to establish the diagnosis of FH. Once a child has been identified as 

having FH, cascade screening of more distant relatives should be performed using the inheritance 

pattern across the pedigree.  

Once children with FH or other causes of hypercholesterolaemia are identified, lipid management 

can be started. Clinicians should strongly consider statin therapy in children with FH and elevated 

LDL-C, when LDL-C cannot be adequately reduced by lifestyle modification alone. However, there 

are no data on safety of life-long lipid-lowering therapy and the exact age at which therapy should 

be initiated is also uncertain. Future research should address these questions. Nevertheless, an 

adequate screening program with sufficient follow-up is very likely to improve the management 

of children with hypercholesterolaemia, leading to better control of cardiovascular risk.  
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ABSTRACT  

 

Background 

In the Netherlands, a screening programme was set up in 1994 in order to identify all patients 

with familial hypercholesterolaemia (FH). After 15 years of screening, we evaluated the 

geographical distribution, possible founder effects and clinical phenotype of the 12 most 

prevalent FH gene mutations.  

Methods  

Patients who carried one of the 12 most prevalent mutations, index cases and those identified 

between 1994 and 2009 through the screening programme and whose postal code was known, 

were included in the study. Low-density lipoprotein cholesterol (LDL-C) levels at the time of 

screening were retrieved. The prevalence of identified FH patients in each postal code area was 

calculated and visualised in different maps.  

Results  

A total of 10,889 patients were included in the study. Mean untreated LDL-C levels ranged from 

4.4 mmol/l to 6.4 mmol/l. For almost all mutations, a region of high prevalence could be observed. 

In total, 51 homozygous patients were identified in the Netherlands, of which 13 true homozygous 

for one of the 12 most prevalent mutations. The majority of them were living in high prevalence 

areas for that specific mutation.  

Conclusions 

Phenotypes with regard to LDL-C levels varied between the 12 most prevalent FH mutations. For 

most of these mutations a founder effect was observed. Our observations can have implications 

with regard to the efficiency of molecular screening and physician’s perception of FH, and 

understanding the prevalence and distribution of homozygous patients in the Netherlands.  

 

 

 

INTRODUCTION 

 

Familial hypercholesterolaemia (FH) is an autosomal co-dominant monogenic disorder of 

lipoprotein metabolism. It is characterised by severely elevated levels of low-density lipoprotein 

cholesterol (LDL-C) from birth onwards, clinically leading to premature atherosclerosis and 

cardiovascular disease (CVD). The estimated prevalence of heterozygous FH is 1 per 400 in the 

Dutch population.1,2 Homozygosity is rare with an average frequency of 1:640,000. 

FH is mainly caused by mutations in the LDL-receptor (LDLR) gene, encoding for a receptor that 

removes LDL-C particles from the circulation and facilitates uptake by the liver cell.3 In 

approximately 7% of cases, the clinical phenotype of FH is the result of mutations in the region of 

the gene encoding for the LDLR-binding domain of apolipoprotein B (APOB).4 Also, gain-of-

function mutations in the gene encoding for proprotein convertase subtilisin-kexin type 9 

(PCSK9), a protein that regulates LDL-receptor degradation, are a rare cause (<1%) of the FH 

phenotype.  

More than 1000 different mutations, assumed to cause an FH phenotype, have been identified 

worldwide.5 In the Netherlands 552 different LDLR mutations have been identified so far. The 

specific mutations can vary with respect to clinical severity, as observed by LDL-C levels,6 

atherosclerosis as assessed by carotid intima-media thickness7 as well as by prevalence of CVD.8 In 

some populations, the majority of cases of FH can be explained by only a few mutations, and a 

founder effect usually underlies a higher than expected frequency of certain mutations. 

The importance of early diagnosis and management of FH is well established and therefore, 

screening for FH is advocated.9 In the Netherlands, approximately 20,000 subjects have been 

identified with a pathogenic FH mutation so far, mostly through a nationwide genetic cascade 

screening programme. Because FH has been studied this extensively in our country, this enables 

us to study some interesting aspects with regard to geographical distribution and prevalence of 

homozygous patients not directly related to consanguinity. In this study we explored the 

geographical distribution, possible founder effects and clinical phenotype with regard to LDL-C 

levels of the 12 most prevalent FH mutations in the Netherlands.  
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function mutations in the gene encoding for proprotein convertase subtilisin-kexin type 9 

(PCSK9), a protein that regulates LDL-receptor degradation, are a rare cause (<1%) of the FH 

phenotype.  

More than 1000 different mutations, assumed to cause an FH phenotype, have been identified 

worldwide.5 In the Netherlands 552 different LDLR mutations have been identified so far. The 

specific mutations can vary with respect to clinical severity, as observed by LDL-C levels,6 

atherosclerosis as assessed by carotid intima-media thickness7 as well as by prevalence of CVD.8 In 

some populations, the majority of cases of FH can be explained by only a few mutations, and a 

founder effect usually underlies a higher than expected frequency of certain mutations. 

The importance of early diagnosis and management of FH is well established and therefore, 

screening for FH is advocated.9 In the Netherlands, approximately 20,000 subjects have been 

identified with a pathogenic FH mutation so far, mostly through a nationwide genetic cascade 

screening programme. Because FH has been studied this extensively in our country, this enables 

us to study some interesting aspects with regard to geographical distribution and prevalence of 

homozygous patients not directly related to consanguinity. In this study we explored the 

geographical distribution, possible founder effects and clinical phenotype with regard to LDL-C 

levels of the 12 most prevalent FH mutations in the Netherlands.  
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PATIENTS AND METHODS 

 

Selection of study population 

In the Netherlands, genetic cascade screening is carried out by the Foundation for Identification 

of Persons with Inherited Hypercholesterolaemia (in Dutch: StOEH). Physicians clinically diagnose 

patients suspected of having FH using uniform diagnostic criteria after which extensive DNA 

analysis is performed.10 Once a mutation is identified, the patient is designated as an index case. 

Cascade screening is then performed to test all first-degree family members and if positive for the 

familial mutation, more distant relatives are tested to expand the pedigree.11 Since 2003, lipid 

levels are measured at the time of genetic testing with a Cholestech LDX analyser.12 

Patients with one of the 12 most prevalent FH mutations, index cases and those identified 

between 1994 and 2009 through cascade screening and whose postal code was known were 

included in the study. In order to prevent referral bias as a result of physicians being more or less 

active in referring cases for DNA analysis13,14, index cases and family members identified through 

the screening programme were studied separately. Mean LDL-C levels and mean percentile LDL-C 

for age and gender at the time of screening were only retrieved for patients identified though the 

screening programme, as these data were not routinely provided for index cases. When patients 

were on lipid-lowering medication, LDL-C levels were imputed by the estimated LDL-C lowering 

potency of a specific lipid-lowering drug and dose, as described by Huijgen et al.15  

Index cases and carriers who were homozygous for a certain mutation were identified in the 

database of the DNA diagnostic laboratory of the Academic Medical Center (AMC) at the 

University of Amsterdam.  

 

Distribution across postal code areas 

In the Netherlands geographic areas are defined by so-called PC2 codes, in which the first two of 

four digits of the postal code determine a geographic region. The mean number of inhabitants of 

a postal code area is 180,000 (range 35,170 to 652,685). The number of identified FH patients in 

each PC2 area was reproduced as prevalence per million, adjusted for inhabitant number of that 

area. The prevalence of the 12 mutations in each PC2 area has been visualised with the software 

of Mapinfo Professional (Mapinfo, Toronto, Canada). The locations where homozygous patients 

were identified were marked on the map for that specific mutation. 
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PATIENTS AND METHODS 

 

Selection of study population 
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RESULTS 

 

Study population 

A total of 4,861 index cases with 552 different pathogenic mutations were identified in the DNA 

database of the AMC. Of these, 528 were in LDLR (88%) and 25 in APOB (12%) mutations. Hitherto, 

mutations in PCSK9 that result in a FH phenotype have not been identified in the Netherlands. 

Between 1994 and 2009, 14,805 patients with FH were identified through the genetic cascade 

screening programme. The 12 most common mutations were responsible for 64% of all FH 

patients, including 2,699 index cases and 9,393 patients identified through the screening 

programme. The patients with a known postal code (2,527 index cases and 8,362 patients from 

the screening programme) were included in the study.  

Characteristics of the 12 most common mutations in patients identified through the screening 

programme are summarised in Table 1. Mean untreated LDL-C levels ranged from 3.9 mmol/l to 

5.6 mmol/l between mutations. Together with the estimated pre-treatment LDL-C levels in the 

patients on lipid-lowering medication, these levels were higher and the differences more 

pronounced, ranging from 4.4 mmol/l to 6.4 mmol/l. 
 

Geographical distribution of FH mutations in the Netherlands 

The prevalence per PC2 area is illustrated for each mutation in Fig. 1 for the index cases, and in Fig. 

2 for patients identified through the screening programme. The most common mutation, the 

N543H/2393del9bp, was by far most frequent in West Friesland (a contemporary region in the 

North West of the Netherlands), with a prevalence of 2,860 per million, which is similar to 1:349. 

The R3500Q mutation in APOB was the second most common mutation and was distributed about 

equally over the Netherlands; it was the only mutation present in each of the 90 PC2 areas. 

Mutations with a high prevalence (index cases included) in only one or two PC2 code areas 

included 1359-1 in the province of Brabant in the South (1,548 per million ≈ 1:646 for the most 

dense area), 191-1 in the province of Zeeland in the south-western part (1,151 per million ≈ 1:869 for 

the area known as Noord and Zuid Beveland), the E207K mutation concentrated in the western 

part of the Netherlands (498-707 per million in the two most dense areas), and the 2,5 kb deletion 

of exon 7-8 also in the province of Brabant (207-257 per million in the two most dense areas).  

For the total prevalence of the 12 most frequent mutations together (Fig. 3, 4), the PC2 areas with 

the highest prevalence were West Friesland (1:280), predominantly resulting from 

N543H/2393del9bp (82%), R3500Q (8%) and V408M (4%) mutation, and the islands Noord and Zuid 

Beveland in the province of Zeeland (1: 329), mainly resulting from 191-2 (37%), 313+1/2 (18%), 1359-1 

and G322S (both 5%) mutation. The lowest prevalence was found in the north of the province of  

 

Figure 1: Geographical distribution of the 12 most common FH mutations in the Netherlands, index 
cases only  

 
Number of patients identified with the specific mutation, adjusted for resident number of concerning PC2 code 
area per million (between brackets: number of PC2 code areas) 



123

8

 

RESULTS 

 

Study population 

A total of 4,861 index cases with 552 different pathogenic mutations were identified in the DNA 

database of the AMC. Of these, 528 were in LDLR (88%) and 25 in APOB (12%) mutations. Hitherto, 

mutations in PCSK9 that result in a FH phenotype have not been identified in the Netherlands. 

Between 1994 and 2009, 14,805 patients with FH were identified through the genetic cascade 

screening programme. The 12 most common mutations were responsible for 64% of all FH 

patients, including 2,699 index cases and 9,393 patients identified through the screening 

programme. The patients with a known postal code (2,527 index cases and 8,362 patients from 

the screening programme) were included in the study.  

Characteristics of the 12 most common mutations in patients identified through the screening 

programme are summarised in Table 1. Mean untreated LDL-C levels ranged from 3.9 mmol/l to 

5.6 mmol/l between mutations. Together with the estimated pre-treatment LDL-C levels in the 

patients on lipid-lowering medication, these levels were higher and the differences more 

pronounced, ranging from 4.4 mmol/l to 6.4 mmol/l. 
 

Geographical distribution of FH mutations in the Netherlands 

The prevalence per PC2 area is illustrated for each mutation in Fig. 1 for the index cases, and in Fig. 

2 for patients identified through the screening programme. The most common mutation, the 

N543H/2393del9bp, was by far most frequent in West Friesland (a contemporary region in the 

North West of the Netherlands), with a prevalence of 2,860 per million, which is similar to 1:349. 

The R3500Q mutation in APOB was the second most common mutation and was distributed about 

equally over the Netherlands; it was the only mutation present in each of the 90 PC2 areas. 

Mutations with a high prevalence (index cases included) in only one or two PC2 code areas 

included 1359-1 in the province of Brabant in the South (1,548 per million ≈ 1:646 for the most 

dense area), 191-1 in the province of Zeeland in the south-western part (1,151 per million ≈ 1:869 for 

the area known as Noord and Zuid Beveland), the E207K mutation concentrated in the western 

part of the Netherlands (498-707 per million in the two most dense areas), and the 2,5 kb deletion 

of exon 7-8 also in the province of Brabant (207-257 per million in the two most dense areas).  

For the total prevalence of the 12 most frequent mutations together (Fig. 3, 4), the PC2 areas with 

the highest prevalence were West Friesland (1:280), predominantly resulting from 

N543H/2393del9bp (82%), R3500Q (8%) and V408M (4%) mutation, and the islands Noord and Zuid 

Beveland in the province of Zeeland (1: 329), mainly resulting from 191-2 (37%), 313+1/2 (18%), 1359-1 

and G322S (both 5%) mutation. The lowest prevalence was found in the north of the province of  

 

Figure 1: Geographical distribution of the 12 most common FH mutations in the Netherlands, index 
cases only  

 
Number of patients identified with the specific mutation, adjusted for resident number of concerning PC2 code 
area per million (between brackets: number of PC2 code areas) 



124 

Figure 2: Geographical distribution of the 12 most common FH mutations in the Netherlands, 
index cases excluded (arrows indicate homozygous patients) 

 
Number of patients identified with the specific mutation, adjusted for resident number of concerning PC2 code 
area per million (between brackets: number of PC2 code areas) 

 

Figure 3: Geographical distribution of the 12 most common FH mutations together, index cases only 

 
 

Number of patients identified with one of the 12 most common mutations, adjusted for resident number of 
concerning PC2 code area per million (between brackets: number of PC2 code areas) 
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Figure 4: Geographical distribution of the 12 most common FH mutations together, index cases 

excluded 

 
Number of patients identified with one of the 12 most common mutations, adjusted for resident number of 
concerning PC2 code area per million (between brackets: number of PC2 code areas) 
 

 

 

 

 

Limburg in the south-eastern part of the Netherlands (1:6,803) and in the east of the province of 

Overijssel, in the mid-eastern part of the Netherlands (1:6,061).  

 

Homozygous FH patients 

In total, 51 patients were identified as suffering from homozygous FH, of which 27 were 

compound heterozygotes and 24 were true homozygotes. Of the true homozygous patients, 13 

were homozygous for one of the 12 most frequent mutations, and in 21 of the compound 

heterozygous patients, one of these mutations was involved. As is shown in Fig. 2, almost all true 

homozygous patients were living in high prevalence areas for that specific mutation.  
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DISCUSSION 

 

In the Netherlands, a national screening programme for FH is ongoing and has yielded the largest 

genotyped FH population worldwide. For this study, we determined the geographical distribution 

of the 12 most common mutations, which represent 64% of all Dutch FH patients. We 

demonstrated that almost all common mutations showed a clearly marked region of preference, 

suggesting the existence of a founder effect. This can be explained by the occurrence of a local 

founder mutation in combination with limited migration, possibly attributable to the geographical 

isolation in the past, as in West Friesland and the islands of Noord and Zuid Beveland, the two 

regions with the highest prevalence of mutations per se. The phenomenon of geographical 

preference of FH causing mutations can have several clinical implications.  

Firstly, knowledge of the prevalence of a certain mutation can be used in strategies for molecular 

testing; when a mutation predominates in a region, molecular tests can be designed to identify 

these specific variant alleles first. Secondly, knowledge of mutation distribution may explain the 

identification of homozygous patients in non-consanguineous families. This has been confirmed 

by our finding that most of the true homozygous patients are found in regions with a high 

prevalence of that specific mutation, and the fact that the total number of identified homozygous 

patients (51) is higher than the expected number of 26 (1:640,000 in 16.5 million people in the 

Netherlands). Thirdly, our observations can influence the perception of physicians in different 

regions with regard to the prevalence of FH and the severity of the FH phenotype in their region. 

It is not unlikely that physicians in the north-western region where the relatively mild 

N543H/2393del9bp mutation is most prevalent have a different perception of CVD risk 

attributable to FH than colleagues in the South of the Netherlands where the severe 1359-1 

mutation predominates. The latter is known for its significantly higher LDL-C levels and higher 

incidence of premature CVD. The relative risk of coronary artery disease in FH patients compared 

with unaffected relatives was found to be 7.83 (95% CI: 3.11-19.67) for carriers of the 

N543H/2393del9 mutation, and 15.95 (95% CI: 5.52-46.14) for carriers of the 1359-1 mutation.16  

Dutch FH patients share mutations with FH populations in other countries, as discussed by 

Fouchier et al.3,17 This can be partly explained by the migration of individuals over Europe during 

the last centuries, demonstrated by large numbers of similar mutations in neighbouring countries 

such as Germany, the UK, Belgium and Denmark.3 However, detection rates of mutations depend 

on the intensity of screening in different countries, and the global array of mutations is therefore 

not complete. 

Towns with harbours that served as an outpost for trading with other coastal communities may 

have been the source of the spread of the prevalent mutations in those regions. A mutation of 

 

special interest in that respect is the V408M mutation, which is most commonly found in West 

Friesland, close to the former Zuiderzee (now a lake, but it used to be connected to the North 

Sea). This is one of the regions from where settlers to South Africa departed in the 17th century, 

with important port towns as Hoorn and Enkhuizen. The V408M mutation is one of the founder 

mutations in South Africa, present in 15-20% of the South African Afrikaner FH patients.18 It has 

been suggested that this was the result of Dutch migration, in times of the expeditions of the 

Dutch colonial administrator Jan Van Riebeeck, the founder of Cape Town in the 17th century. It 

was indeed established that some of the Dutch FH patients shared the same haplotype with an 

Afrikaner, who was homozygous for this mutation.19 Furthermore, it has been suggested that this 

mutation was also introduced in Canada at the beginning of the 20th century by the large 

immigration waves from (the northern part of) the Netherlands. The founder of a Canadian FH 

family with the V408M mutation was traced back to Andijk,20 which is also situated in West 

Friesland.  

By comparing mutation frequencies within and between populations, insight into the 

evolutionary history of genes and populations can be gained. It has been found that almost all FH 

patients with R3500Q (showing no founder effect in the Netherlands and present in different 

populations over the world) share the same rare haplotype. Therefore it is postulated that the 

first original R3500Q mutation occurred approximately 6,750 years ago.21,22 However, it is also 

possible that some mutations occurred on multiple occasions, referred to as recurrent mutations. 

For instance, ‘Dutch’ mutations are also found in countries as Japan, which is geographically 

isolated and Japanese people are believed to be uniracial.23 The same applies for some mutations 

found in rural China.24  

Currently, more than 550 different FH mutations have been identified in the Netherlands, from 

which 471 have been used in cascade screening. These numbers are different because not all 

patients had given consent for family screening. In populations where one or two mutations 

predominate, founder effects are much more pronounced than in the Netherlands. In Finland, 

four different mutations are responsible for 75% of FH patients, which can be explained by the 

unique geographical position of Finland between Eastern and Western cultures as well as by 

linguistic barriers.25 Other examples of populations with a clear founder effect are the French-

Canadians, with the 10-kb deletion in 60% of patients and a total FH prevalence of about 1:200,26 

and the earlier mentioned South African Afrikaners, where three founder mutations are 

responsible for 95% of all Afrikaner FH patients (including the ‘Dutch’ V408M mutation), and an 

estimated prevalence for FH of 1:72.27 As in these populations, this study showed that also in the 

Dutch population founder effects result in high prevalence in certain regions. In particular in the 

area of West Friesland, where a prevalence of 1:280 was found, which is higher than the overall 
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estimated prevalence for the Netherlands.2 It has to be taken into account that patients without a 

known postal code were excluded from our analysis (approximately 7% for index cases and 12% for 

other patients), that only the data of the 12 most frequent mutations were used, and that all 

patients might not have been traced yet, so in fact the real prevalence for this area could be 

considerably higher. For instance, the area with the highest prevalence of index cases (825 per 

million) is the islands of Noord and Zuid Beveland. From the experience of the screening 

programme, we know that through one index case, approximately eight family members with FH 

can be traced.14 This would mean that, by adding up the 7% with an unknown postal code, the 

prevalence for the 12 most common mutations in this area can be estimated to be 1:142.  

Efficacy of identification of FH patients through a cascade screening programme such as in the 

Netherlands is dependent on several factors: regional referral rate, regional coverage of the 

screening programme, family size and willingness of relatives to participate. All these factors may 

have influenced the results of our study. We attempted to reduce referral bias of physicians by 

analysing index cases and identified family members separately, but as almost similar patterns 

can be observed in the two figures, this appears to play a minor role. Our results show different 

distributions for all 12 mutations with dense areas in all parts of the country, which reflects 

nationwide coverage. Estimations of the percentage of traced FH patients differ among 

provinces,14 but these are based on a presumed even distribution. Furthermore, we assume that 

family size and willingness for screening is similar for different mutations. Although these 

assumptions may not be completely correct and therefore may have biased our results to some 

extent, we have found a clear, unique distribution for the 12 most prevalent mutations.  

 

 

CONCLUSION 

 

Although more than 550 different FH mutations are identified in the Netherlands, for most of the 

12 most prevalent Dutch mutations a founder effect can be observed, resulting in differences in 

geographical prevalence across the Netherlands. This can be explained by local founder effects 

plus limited migration, which is also reflected by the fact that neighbouring countries and 

countries were Dutch immigrants used to go, share the same mutations. The high prevalence and 

typical distribution of Dutch homozygous patients can also be understood by these founder 

effects. Molecular screening can be more efficient if it is tailored to the allele frequency 

distribution of the Dutch population. Furthermore, physician’s perception of FH could be 

influenced by the severity of the phenotype of the most prevalent mutation in a certain area, but 

further research is needed to confirm this.  
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assumptions may not be completely correct and therefore may have biased our results to some 
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ABSTRACT 

 

Background 

Autosomal dominant hypercholesterolemia (ADH) is characterized by elevated low-density 

lipoprotein cholesterol (LDL-C) levels and premature cardiovascular disease (CVD). Mutations in 

the genes encoding for the low-density lipoprotein receptor (LDLR), apolipoprotein B (APOB) and 

proprotein convertase subtilisin/kexin 9 (PCSK9) underlie ADH. Nevertheless, a proportion of 

individuals who exhibit the ADH phenotype do not carry mutations in any of these three genes. 

Estimates of the percentage of such cases among the ADH phenotype vary widely. We therefore 

investigated a large pediatric population with an unequivocal ADH phenotype to assess the 

molecular basis of hereditary hypercholesterolemia and to define the percentage of individuals 

with unexplained dyslipidemia.  

Methods and results  

We enrolled individuals with low-density lipoprotein cholesterol levels above the 95th percentile 

for age and gender and an autosomal dominant inheritance pattern of hypercholesterolemia from 

a large referred pediatric cohort of 1430 children. We excluded children with thyroid dysfunction, 

nephrotic syndrome, autoimmune disease, liver disease, primary biliary cirrhosis, obesity (body 

mass index > 75th percentile for age and gender), as well as children referred via a cascade 

screening program and those from families with a known molecular diagnosis. Of the 269 children 

who remained after the exclusion criteria were applied, 255 (95%) carried a functional mutation 

(LDLR 95%; APOB 5%).  

Conclusion  

In the vast majority of children with an ADH phenotype, a causative mutation can be identified, 

strongly suggesting that most of the large-effect genes underlying ADH are known to date.  

 

 

INTRODUCTION 

 

Autosomal dominant hypercholesterolemia (ADH), commonly referred to as familial 

hypercholesterolemia, is clinically characterized by severely elevated low-density lipoprotein 

(LDL) cholesterol (LDL-C) levels from birth on, enhanced atherosclerosis progression and 

premature cardiovascular events.1, 2 Early diagnosis and treatment of ADH are pivotal becasue 

therapy with lipid-lowering agents strongly decreases the risk for such events.3  

The elevated LDL-C levels in ADH are caused by impaired uptake of LDL particles by the LDL 

receptor (LDLR).4 Currently, mutations in 3 genes can be held responsible for such impaired LDL 

particle uptake and consequently for the ADH phenotype. In fact, more than a thousand 

mutations have been identified in the LDLR gene itself, accounting for the majority of ADH cases.5 

Mutations in the gene encoding for apolipoprotein B (APOB), the structural protein of the LDL 

particle that is the ligand for the LDLR, are found in a small minority of cases.6 Recently, even 

more rare gain-of-function mutations in the gene encoding for proprotein convertase subtilisin 

kexin type 9 (PCSK9), a protein that promotes LDLR degradation, have also been found to 

underlie the ADH phenotype.7 

Despite these observations, not all patients who exhibit this phenotype carry a functional 

mutation in any of these genes. In fact, previous publications report widely varying mutation 

detection rates in patients with a clinical diagnosis of ADH; ranging from only 20% to nearly 90% in 

some reports.8-12  Therefore, it has been suggested that a plethora of ADH-associated genes have 

hitherto not been discovered, which consequently might explain this phenotype in a considerable 

percentage of patients. Conversely, the accuracy of the clinical phenotype in the patient itself or 

in his/her family and false-negative results of the molecular techniques involved could also be 

invoked to explain these large differences in mutation detection rates. These are important issues 

because any novel gene implicated in the pathogenesis of ADH and cardiovascular disease could 

become a pharmacological target in itself; hence, it is important to establish whether a large 

proportion of ADH patients still carry unexplained molecular defects. 

To resolve this issue, we took two steps. First, we set out to assess the molecular basis of ADH in 

children and not in adults. Children are subject to less environmental influences in terns of their 

lipoprotein metabolism and an unequivocal diagnosis of ADH is easier to establish. Second, we 

used advanced techniques for mutation detection, including sequencing of codons as well as 

splice sites as well as a specific technique for detecting large gene rearrangements. Here, we 

present our results.
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ABSTRACT 

 

Background 

Autosomal dominant hypercholesterolemia (ADH) is characterized by elevated low-density 

lipoprotein cholesterol (LDL-C) levels and premature cardiovascular disease (CVD). Mutations in 

the genes encoding for the low-density lipoprotein receptor (LDLR), apolipoprotein B (APOB) and 

proprotein convertase subtilisin/kexin 9 (PCSK9) underlie ADH. Nevertheless, a proportion of 

individuals who exhibit the ADH phenotype do not carry mutations in any of these three genes. 

Estimates of the percentage of such cases among the ADH phenotype vary widely. We therefore 

investigated a large pediatric population with an unequivocal ADH phenotype to assess the 

molecular basis of hereditary hypercholesterolemia and to define the percentage of individuals 

with unexplained dyslipidemia.  

Methods and results  

We enrolled individuals with low-density lipoprotein cholesterol levels above the 95th percentile 

for age and gender and an autosomal dominant inheritance pattern of hypercholesterolemia from 

a large referred pediatric cohort of 1430 children. We excluded children with thyroid dysfunction, 

nephrotic syndrome, autoimmune disease, liver disease, primary biliary cirrhosis, obesity (body 

mass index > 75th percentile for age and gender), as well as children referred via a cascade 

screening program and those from families with a known molecular diagnosis. Of the 269 children 

who remained after the exclusion criteria were applied, 255 (95%) carried a functional mutation 

(LDLR 95%; APOB 5%).  

Conclusion  

In the vast majority of children with an ADH phenotype, a causative mutation can be identified, 

strongly suggesting that most of the large-effect genes underlying ADH are known to date.  

 

 

INTRODUCTION 

 

Autosomal dominant hypercholesterolemia (ADH), commonly referred to as familial 

hypercholesterolemia, is clinically characterized by severely elevated low-density lipoprotein 

(LDL) cholesterol (LDL-C) levels from birth on, enhanced atherosclerosis progression and 

premature cardiovascular events.1, 2 Early diagnosis and treatment of ADH are pivotal becasue 

therapy with lipid-lowering agents strongly decreases the risk for such events.3  

The elevated LDL-C levels in ADH are caused by impaired uptake of LDL particles by the LDL 

receptor (LDLR).4 Currently, mutations in 3 genes can be held responsible for such impaired LDL 

particle uptake and consequently for the ADH phenotype. In fact, more than a thousand 

mutations have been identified in the LDLR gene itself, accounting for the majority of ADH cases.5 

Mutations in the gene encoding for apolipoprotein B (APOB), the structural protein of the LDL 

particle that is the ligand for the LDLR, are found in a small minority of cases.6 Recently, even 

more rare gain-of-function mutations in the gene encoding for proprotein convertase subtilisin 

kexin type 9 (PCSK9), a protein that promotes LDLR degradation, have also been found to 

underlie the ADH phenotype.7 

Despite these observations, not all patients who exhibit this phenotype carry a functional 

mutation in any of these genes. In fact, previous publications report widely varying mutation 

detection rates in patients with a clinical diagnosis of ADH; ranging from only 20% to nearly 90% in 

some reports.8-12  Therefore, it has been suggested that a plethora of ADH-associated genes have 

hitherto not been discovered, which consequently might explain this phenotype in a considerable 

percentage of patients. Conversely, the accuracy of the clinical phenotype in the patient itself or 

in his/her family and false-negative results of the molecular techniques involved could also be 

invoked to explain these large differences in mutation detection rates. These are important issues 

because any novel gene implicated in the pathogenesis of ADH and cardiovascular disease could 

become a pharmacological target in itself; hence, it is important to establish whether a large 

proportion of ADH patients still carry unexplained molecular defects. 

To resolve this issue, we took two steps. First, we set out to assess the molecular basis of ADH in 

children and not in adults. Children are subject to less environmental influences in terns of their 

lipoprotein metabolism and an unequivocal diagnosis of ADH is easier to establish. Second, we 

used advanced techniques for mutation detection, including sequencing of codons as well as 

splice sites as well as a specific technique for detecting large gene rearrangements. Here, we 

present our results.
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METHODS 

 

Study Population and Procedures 

All children aged 4 to18 years, who visited the pediatric lipid clinic at the Academic Medical Center 

in Amsterdam between July 1989 and January 2008 whose relevant laboratory and DNA data 

were complete were potentially eligible. These children, from various regions in the Netherlands, 

were referred to the outpatient lipid clinic because of dyslipidemia and we were asked to 

establish the underlying cause of this disorder. We collected the medical history of the patient 

and went to great lengths to meticulously list the presence of dyslipidemia and cardiovascular 

disease in as many family members as possible. Furthermore, we performed a physical 

examination and gathered anthropomorphic data. In addition, we analyzed fasting blood samples 

for lipid profile and thyroid, liver and renal function. From this population, we selected only 

patients with a clear clinical phenotype of ADH. This was defined as an LDL-C level >95th percentile 

for age and gender13 and autosomal dominant inheritance pattern of hypercholesterolemia, ie, at 

least 1 biological parent on treatment for hypercholesterolemia and a family history of 

hypercholesterolemia and CVD. Because physical symptoms are rare in children, we did not 

consider this as an inclusion criterion. Exclusion criteria were thyroid dysfunction, nephrotic 

syndrome, autoimmune disease, liver disease, primary biliary cirrhosis, and obesity.14 For this 

study, we chose a body mass index (BMI) cutoff at the 75th percentile for age and gender,15 since 

it has recently been shown that a BMI at or above the 80th percentile, significant abnormalities in 

cholesterol levels begin to occur in children.14  

Furthermore, we also excluded children who were referred to the lipid clinic through the national 

cascade screening program, and children from families with a known molecular diagnosis. If >1 

child from the same family was eligible, we selected the first child in alphabetical order by first 

name.  

 

Lipids and Lipoproteins 

Blood samples were collected after at least a 12 hour overnight fast. Total plasma cholesterol and 

triglycerides were determined by an enzymatic colorimetric procedure (CHOD-PAP, Roche 

Diagnostics, Basel, Switzerland); high-density lipoprotein cholesterol was measured as cholesterol 

remaining after precipitation of apolipoprotein (Apo) B-containing lipoproteins by MnCl2. LDL-C 

was calculated with the Friedewald formula.16 ApoA1 and Apo B100 (ApoB) concentrations were 

determined by immunonephelometry. 

 

 

 

DNA analysis 

Genomic DNA was prepared from 5 mL whole blood on an AutopureLS apparatus according to a 

protocol provided by the manufacturer (Gentra Systems, Minneapolis, MN). Mutation 

identification in the LDLR and APOB genes was performed by direct Sanger sequencing; 

identification of large rearrangements in the LDLR gene was done by multiplex ligation-dependent 

probe technique as described previously in more detail.17 Sequence analysis was performed by 

direct sequencing using the Big Dye Terminator ABI Prism Kit, version 1.1 (Applied Biosystems, 

Foster City, CA). Products of sequence reactions were run on a Genetic Analyzer 3730 (Applied 

Biosystems) and sequence data was analyzed by the use of the Sequencer package (GeneCodes 

Co, Ann Arbor, MI).  

Mutations were described according to the nomenclature as proposed by den Dunnen and 

Antonarakis.18 Thus, for all genes, the numbering was based on the cDNA with nucleotide +1 being 

A of the ATG initiation codon and codon 1 is the ATG initiation codon. The reference sequences 

NM_000527.3 and NM_000384.2 were used for LDLR, and APOB, respectively.  

For all mutations, functionality has been established by cosegregation analysis of pedigree data.    

 

Statistical Analysis 

Differences between individuals with and without a molecular diagnosis of ADH for continuous 

and binary variables were assessed by independent sample t tests and χ2 tests, respectively. The 

association between LDL-C and the different groups was adjusted for potential confounders by 

means of linear regression analysis. Variables with a skewed distribution were log-transformed 

before analysis. A value of P<0.05 was considered significant. The analyses were performed with 

SPSS 16.0 software (SPSS Inc, Chicago, IL).  
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METHODS 

 

Study Population and Procedures 

All children aged 4 to18 years, who visited the pediatric lipid clinic at the Academic Medical Center 

in Amsterdam between July 1989 and January 2008 whose relevant laboratory and DNA data 

were complete were potentially eligible. These children, from various regions in the Netherlands, 

were referred to the outpatient lipid clinic because of dyslipidemia and we were asked to 

establish the underlying cause of this disorder. We collected the medical history of the patient 

and went to great lengths to meticulously list the presence of dyslipidemia and cardiovascular 

disease in as many family members as possible. Furthermore, we performed a physical 

examination and gathered anthropomorphic data. In addition, we analyzed fasting blood samples 

for lipid profile and thyroid, liver and renal function. From this population, we selected only 

patients with a clear clinical phenotype of ADH. This was defined as an LDL-C level >95th percentile 

for age and gender13 and autosomal dominant inheritance pattern of hypercholesterolemia, ie, at 

least 1 biological parent on treatment for hypercholesterolemia and a family history of 

hypercholesterolemia and CVD. Because physical symptoms are rare in children, we did not 

consider this as an inclusion criterion. Exclusion criteria were thyroid dysfunction, nephrotic 

syndrome, autoimmune disease, liver disease, primary biliary cirrhosis, and obesity.14 For this 

study, we chose a body mass index (BMI) cutoff at the 75th percentile for age and gender,15 since 

it has recently been shown that a BMI at or above the 80th percentile, significant abnormalities in 

cholesterol levels begin to occur in children.14  

Furthermore, we also excluded children who were referred to the lipid clinic through the national 

cascade screening program, and children from families with a known molecular diagnosis. If >1 

child from the same family was eligible, we selected the first child in alphabetical order by first 

name.  

 

Lipids and Lipoproteins 

Blood samples were collected after at least a 12 hour overnight fast. Total plasma cholesterol and 

triglycerides were determined by an enzymatic colorimetric procedure (CHOD-PAP, Roche 

Diagnostics, Basel, Switzerland); high-density lipoprotein cholesterol was measured as cholesterol 

remaining after precipitation of apolipoprotein (Apo) B-containing lipoproteins by MnCl2. LDL-C 

was calculated with the Friedewald formula.16 ApoA1 and Apo B100 (ApoB) concentrations were 

determined by immunonephelometry. 

 

 

 

DNA analysis 

Genomic DNA was prepared from 5 mL whole blood on an AutopureLS apparatus according to a 

protocol provided by the manufacturer (Gentra Systems, Minneapolis, MN). Mutation 

identification in the LDLR and APOB genes was performed by direct Sanger sequencing; 

identification of large rearrangements in the LDLR gene was done by multiplex ligation-dependent 

probe technique as described previously in more detail.17 Sequence analysis was performed by 

direct sequencing using the Big Dye Terminator ABI Prism Kit, version 1.1 (Applied Biosystems, 

Foster City, CA). Products of sequence reactions were run on a Genetic Analyzer 3730 (Applied 

Biosystems) and sequence data was analyzed by the use of the Sequencer package (GeneCodes 

Co, Ann Arbor, MI).  

Mutations were described according to the nomenclature as proposed by den Dunnen and 

Antonarakis.18 Thus, for all genes, the numbering was based on the cDNA with nucleotide +1 being 

A of the ATG initiation codon and codon 1 is the ATG initiation codon. The reference sequences 

NM_000527.3 and NM_000384.2 were used for LDLR, and APOB, respectively.  

For all mutations, functionality has been established by cosegregation analysis of pedigree data.    

 

Statistical Analysis 

Differences between individuals with and without a molecular diagnosis of ADH for continuous 

and binary variables were assessed by independent sample t tests and χ2 tests, respectively. The 

association between LDL-C and the different groups was adjusted for potential confounders by 

means of linear regression analysis. Variables with a skewed distribution were log-transformed 

before analysis. A value of P<0.05 was considered significant. The analyses were performed with 

SPSS 16.0 software (SPSS Inc, Chicago, IL).  
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RESULTS 

 

Patient Selection and Mutation Detection Rate 

Of 1430 children who visited the pediatric lipid clinic, 1161 were not included in our study cohort 

because of the predefined criteria (the Figure). In total, our study cohort comprised 269 subjects. 

In only 14 of these individuals (5%), no mutation could be identified in LDLR, APOB or PCSK9 

(Figure). In 2 of these 14 children, mutations were identified previously, but they were 

nonpathogenic. Of the remaining 255 subjects (95%), 242 carried a mutation in LDLR (95%) and 13 

(5%) carried a mutation in APOB; no mutations were discovered in PCSK9. In total, 77 different 

types of mutations were found, of which 5 mutations were never reported before in the Dutch 

population, and 2 have not been reported before at all (Table 1).17, 19-22 Two patients were 

compound heterozygotes and carried 2 different mutations of LDLR.  

 

Figure: Flow diagram of the study 

 
LDL-C: low-density lipoprotein cholesterol; BMI: body mass index; ADH: autosomal dominant 
hypercholesterolemia
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Group Characteristics 

Characteristics of the groups with and without a molecular diagnosis of ADH are shown in Table 2. 

The 14 children who exhibited the ADH phenotype, but in whom a molecular diagnosis could not 

be established were slightly older (non-significant) than those carrying an established mutation 

(mean±SD, 12.2±3.4 versus 10.9±3.5 years, respectively; P=0.425). BMI and gender were not 

significantly different between groups, nor was the proportion of subjects with a first degree 

relative who suffered a cardiovascular event. 

 

Lipids and Lipoproteins 

Although in both groups the mean total cholesterol and LDL-C levels were well above the 95th 

percentiles for age and gender, hypercholesterolemia was less pronounced in the group without 

an established gene mutation compared with those with a molecular diagnosis, with an LDL-C of 

4.40 ± 0.48 mmol/L versus 6.13 ± 1.53 mmol/L (P=0.001), respectively (Table 2). This difference 

remained significant after adjustment for age, gender and BMI (P<0.001). Also, ApoB levels were 

lower in the group without a molecular diagnosis: 1.19 ± 0.19 versus 1.68 ± 0.42 g/L (P=0.014). 

Mean high-density lipoprotein levels and ApoA1 levels were slightly, but not significantly higher in 

those without an identified mutation (P=0.275 and P=0.835, respectively). Triglycerides were 

similar and within the normal range in both groups. Overall, lipid profiles of the non-mutations 

carriers were more similar to the subjects with an APOB mutation (familial defective ApoB) as 

compared to subjects with an LDLR mutation (familial hypercholesterolemia).  

Of the children who carried an LDLR mutation, 11 (4%) exhibited physical symptoms; of those 11, 8 

subjects had tendon xanthomas, 2 showed an arcus cornealis and 1 had xanthelasmas. Physical 

symptoms were absent in the children with an APOB mutation and in the non-mutation carriers. 
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Group Characteristics 

Characteristics of the groups with and without a molecular diagnosis of ADH are shown in Table 2. 

The 14 children who exhibited the ADH phenotype, but in whom a molecular diagnosis could not 

be established were slightly older (non-significant) than those carrying an established mutation 

(mean±SD, 12.2±3.4 versus 10.9±3.5 years, respectively; P=0.425). BMI and gender were not 

significantly different between groups, nor was the proportion of subjects with a first degree 

relative who suffered a cardiovascular event. 

 

Lipids and Lipoproteins 

Although in both groups the mean total cholesterol and LDL-C levels were well above the 95th 

percentiles for age and gender, hypercholesterolemia was less pronounced in the group without 

an established gene mutation compared with those with a molecular diagnosis, with an LDL-C of 

4.40 ± 0.48 mmol/L versus 6.13 ± 1.53 mmol/L (P=0.001), respectively (Table 2). This difference 

remained significant after adjustment for age, gender and BMI (P<0.001). Also, ApoB levels were 

lower in the group without a molecular diagnosis: 1.19 ± 0.19 versus 1.68 ± 0.42 g/L (P=0.014). 

Mean high-density lipoprotein levels and ApoA1 levels were slightly, but not significantly higher in 

those without an identified mutation (P=0.275 and P=0.835, respectively). Triglycerides were 

similar and within the normal range in both groups. Overall, lipid profiles of the non-mutations 

carriers were more similar to the subjects with an APOB mutation (familial defective ApoB) as 

compared to subjects with an LDLR mutation (familial hypercholesterolemia).  

Of the children who carried an LDLR mutation, 11 (4%) exhibited physical symptoms; of those 11, 8 

subjects had tendon xanthomas, 2 showed an arcus cornealis and 1 had xanthelasmas. Physical 

symptoms were absent in the children with an APOB mutation and in the non-mutation carriers. 
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 Table 2: Characteristics of children w
ith and w

ithout a know
n m

olecular basis for autosom
al dom

inant hypercholesterolem
ia 

 
M

utation Present 
 

M
utation A

bsent 
 

 

 

LD
LR 

n=242 

APO
B  

n=13 

Total  

n=255 
 

 n=14 
 

p-value* 

A
ge (years) 

10.8 ± 3.4 
13.7 ± 3.4 

10.9 ± 3.5 
 

12.2 ± 3.4 
 

  0.425 

M
ale gender, n (%) 

112 (46) 
7 (54) 

119 (47) 
 

8 (57) 
 

  0.445 

BM
I (kg/m

2) 
16.8 ± 2.1 

18.5 ± 2.6 
16.9 ± 2.2 

 
18.0 ± 2.1 

 
  0.858 

1st degree CVD
, n (%) 

108 (45) 
4 (31) 

112 (44) 
 

5 (36) 
 

  0.546 

Lipids (m
m

ol/L) 
 

 
 

 
 

 
 

Total Cholesterol 
 

7.80 ± 1.59 
6.77 ± 1.27 

7.75 ± 1.58 
 

6.32 ± 0.49 
 

  0.001 

H
D

L-C 
1.25 ± 0.30 

1.39 ± 0.43 
1.26 ± 0.31 

 
1.51 ± 0.24 

 
  0.275 

LD
L-C 

6.19 ± 1.53 
4.98 ± 1.01 

6.13. ± 1.53 
 

4.40 ± 0.48 
 

  0.001 

TG
, m

edian (IQ
R) 

0.69 [0.50-0.96] 
0.65[0.53-0.98] 

0.69 [0.51-0.95] 
 

0.92[0.52-1.24] 
 

  0.580 

Lipoproteins (g/L) 
 

 
 

 
 

 
 

A
polipoprotein B 

1.69 ± 0.42 
1.52 ± 0.26 

1.68 ± 0.42 
 

1.19 ± 0.19 
 

  0.014 

A
polipoprotein A

1 
1.24 ± 0.19 

1.34 ± 0.37 
1.25 ± 0.20 

 
1.44 ± 0.23 

 
  0.835 

Continuous outcom
es are displayed as m

eans (± standard deviation) unless otherw
ise noted; BM

I: body m
ass index; CVD: cardiovascular disease; HDL-C: high-density 

lipoprotein cholesterol; LDL-C: low
-density lipoprotein cholesterol; TG: triglycerides; LDLR: low

-density lipoprotein cholesterol receptor gene; APO
B: ap olipoprotein B gene; 

*Total num
ber of patients w

ith a m
utation versus patients w

ithout a m
utation.

 

DISCUSSION 

 

In a large group of referred children with a strictly defined phenotype of ADH, we were able to 

identify 77 different functional gene mutations in 95% of cases. We therefore demonstrate that in 

almost all children the ADH phenotype can be explained by mutations in genes that are currently 

known to underlie this syndrome.  

Our results have a number of important implications. First, detection rates in our patients are 

much higher than reported by other colleagues. They assessed mutation detection rates to 

establish the clinical utility of diagnostic tools and found them to vary widely from 20% to 90%.8-10, 

17, 23-25 On the basis of these data, claims were made that a large proportion of ADH is still 

unexplained. We strongly disagree with this contention on the basis of the current study. The 

discrepancies between our data sets and the others could be explained by the rigorous criteria we 

used to select for ADH. In fact, earlier studies also demonstrated better detection rates when a 

more stringent definition of phenotype was applied.9, 10 Furthermore, the thorough molecular 

analyses of the LDLR, APOB and PCSK9 genes, including splice-site sequencing and detection of 

large deletions and insertions might provide additional reasons for the higher detection rate in 

our patients.  

Another consideration might be that we ruled out secondary and environmental dyslipidemia not 

only by using stringent criteria but also by the investigation of children. Hypercholesterolemia 

resulting from causes other than ADH is much less prevalent in children compared with adults. For 

example, familial combined hyperlipidemia, another common lipid disorder, often does not 

exhibit its phenotype until early adulthood.26 In a recent study, LDLR mutations were identified in 

20% of adults patients with an familial combined hyperlipidemia phenotype, which underscores 

the overlap between the ADH and FCH phenotypes in adults.27 We therefore feel that a pediatric 

population is better suited for the definition of the molecular basis of a dyslipidemic phenotype, 

given that the specific syndrome is of course expressed in childhood. This contention is in 

disagreement with findings form others; Assouline et al11 stated that it is difficult to suspect and 

confirm the diagnosis of ADH in a pediatric population, because children usually exhibit a normal 

physical examination and clinical manifestations of atherosclerosis in children are very rare. They 

found a mutation in 71% of French Canadian children with a clinical diagnosis of ADH, even though 

molecular heterogeneity in this population is very small. However, obese children were not 

excluded, the same LDL-cutoff (3.36 mmol/L) was applied for all ages, and only the 5 common 

French-Canadian molecular defects were tested.11 A similar study in an Italian pediatric population, 

reported a mutation in the LDLR gene in only 14 out 27 (52%) children with a clinical diagnosis of 

ADH. In this study, total cholesterol cutoffs (>90th percentile) instead of LDL cutoffs were applied, 
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DISCUSSION 

 

In a large group of referred children with a strictly defined phenotype of ADH, we were able to 

identify 77 different functional gene mutations in 95% of cases. We therefore demonstrate that in 

almost all children the ADH phenotype can be explained by mutations in genes that are currently 

known to underlie this syndrome.  

Our results have a number of important implications. First, detection rates in our patients are 

much higher than reported by other colleagues. They assessed mutation detection rates to 

establish the clinical utility of diagnostic tools and found them to vary widely from 20% to 90%.8-10, 

17, 23-25 On the basis of these data, claims were made that a large proportion of ADH is still 

unexplained. We strongly disagree with this contention on the basis of the current study. The 

discrepancies between our data sets and the others could be explained by the rigorous criteria we 

used to select for ADH. In fact, earlier studies also demonstrated better detection rates when a 

more stringent definition of phenotype was applied.9, 10 Furthermore, the thorough molecular 

analyses of the LDLR, APOB and PCSK9 genes, including splice-site sequencing and detection of 

large deletions and insertions might provide additional reasons for the higher detection rate in 

our patients.  

Another consideration might be that we ruled out secondary and environmental dyslipidemia not 

only by using stringent criteria but also by the investigation of children. Hypercholesterolemia 

resulting from causes other than ADH is much less prevalent in children compared with adults. For 

example, familial combined hyperlipidemia, another common lipid disorder, often does not 

exhibit its phenotype until early adulthood.26 In a recent study, LDLR mutations were identified in 

20% of adults patients with an familial combined hyperlipidemia phenotype, which underscores 

the overlap between the ADH and FCH phenotypes in adults.27 We therefore feel that a pediatric 

population is better suited for the definition of the molecular basis of a dyslipidemic phenotype, 

given that the specific syndrome is of course expressed in childhood. This contention is in 

disagreement with findings form others; Assouline et al11 stated that it is difficult to suspect and 

confirm the diagnosis of ADH in a pediatric population, because children usually exhibit a normal 

physical examination and clinical manifestations of atherosclerosis in children are very rare. They 

found a mutation in 71% of French Canadian children with a clinical diagnosis of ADH, even though 

molecular heterogeneity in this population is very small. However, obese children were not 

excluded, the same LDL-cutoff (3.36 mmol/L) was applied for all ages, and only the 5 common 

French-Canadian molecular defects were tested.11 A similar study in an Italian pediatric population, 

reported a mutation in the LDLR gene in only 14 out 27 (52%) children with a clinical diagnosis of 

ADH. In this study, total cholesterol cutoffs (>90th percentile) instead of LDL cutoffs were applied, 
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obese children were not excluded, and other loci (APOB and PCSK9) as well as intronic regions of 

LDLR were not analyzed.12 Again, the discrepancies between these and our finding can be 

explained by different use of inclusion and exclusion criteria and thorough molecular analytic 

methodology.  

However, we also established that other as-yet unknown factors must underlie ADH in children. It 

is likely that these factors are hereditary, on the basis of the autosomal dominant pattern of 

inheritance of hypercholesterolemia and cardiovascular events in relatives of many of these 

individuals. Although recent genome-wide association studies have identified several single-

nucleotide proteins and candidate genes associated with LDL-C levels and CVD, their role in ADH 

remains to be established.28 Indeed, the discovery of novel genes with a major effect on LDL-C 

would enable research to identify new targets for cholesterol-lowering drugs.  

 

 

CONCLUSION 

 

In the vast majority of children with an ADH phenotype, a causative mutation can be identified, 

strongly suggesting that most of the large-effect genes underlying ADH have been found. Efforts 

to elucidate the molecular basis of the ADH phenotype in the children with unexplained 

dyslipidemia are consequently underway, but our data show that expectations about gene 

identification in this phenotype need to be toned down considerably. Previous estimates 

concerning the percentage of unexplained ADH cases were incorrect, most likely because of 

insufficient clinical assessment of index patients and their kindreds. 
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ABSTRACT 

 

Objective  

To assess the follow-up of children diagnosed as having familial hypercholesterolemia (FH) in the 

nationwide DNA-bases cascade screening program (the Netherlands).  

Study design  

Questionnaires covering topics such as demographics, family history, physician consultation, and 

treatment, were sent to parents of patients with FH (age 0-18), 18 months after diagnosis.  

Results 

We retrieved 207 questionnaires of patients aged 10.9 ± 4.2 years (mean ± SD) at diagnosis; 48% 

were boys, and the mean low-density lipoprotein cholesterol (LDL-C) level at diagnosis was 167 ± 

51 mg/dL. Of these patients, 164 (79%) consulted a physician: a general practitioner (35%), lipid-

clinic specialist (27%), paediatrician (21%), internist (11%), or another physician (6%). LDL-C level at 

diagnosis and a positive family history for cardiovascular disease were independent predictors for 

physician consultation. Of the patients who visited a physician, 62% reported to have received 

lifestyle advice and 43 (26%) were prescribed statin treatment. Independent predictors for 

medication use were age, LDL-C level and educational level of parents.  

Conclusion  

The follow-up of children with FH after diagnosis established through cascade screening is 

inadequate. Better education of patients, parents, and physicians, with a structured follow-up 

after screening, should improve control of LDL-C levels and hence cardiovascular risk in children 

with FH. 

 

INTRODUCTION 

  

Familial hypercholesterolemia (FH) is a prevalent autosomal dominant disorder, with a frequency 

of approximately 1 in 500 individuals. It is characterised by markedly elevated low-density 

lipoprotein cholesterol (LDL-C) levels that strongly predispose a patient to premature 

cardiovascular disease (CVD).1 Imaging studies have demonstrated that accelerated 

atherosclerosis starts in young children with FH.2,3 Lipid-lowering therapy has been shown to be 

safe and effective in slowing the process of atherosclerosis in children.4,5 Current guidelines 

advocate that children in whom FH is diagnosed should be referred to a specialized lipid clinic and 

recommend that lipid-lowering medication should be considered in patients with FH from 8 years 

of age on, when LDL-C levels are >190 mg/dL or when LDL-C levels are >160 mg/dL in the presence 

of a family history for premature CVD or when other risk factors for CVD are present.6,7 

Because of the high prevalence of FH and early diagnosis followed by timely initiation of drug 

therapy significantly reduces morbidity and mortality in adults8, various screening programs for 

FH have been initiated or are being developed.9,10 Recently, the American National Lipid 

Association Expert Panel on FH recommended universal screening to identify children with FH at 

9 to11 years of age.11 In the Netherlands, a national DNA-based screening program tests first-

degree family members of index cases with a genetic diagnosis of FH. Subsequently, cascade-

screening continues to screen more distant relatives using the inheritance pattern across the 

pedigree.12 Although this program is primarily designed for adults, the possibility of screening in 

children is discussed with parents. Thus, children are frequently tested within the program. When 

an adult or child receives a diagnosis of FH, consultation with a physician is advised. 

To date, the follow-up of children in whom FH is diagnosed after genetic testing, or any other 

screening method, has never been studied. We therefore set out to explore whether diagnosing 

FH in a child resulted in consultation of a physician for advice and treatment. In addition, we 

sought to identify factors that predict physician consultation and initiation of lipid-lowering 

medication. 

 

 

METHODS 

 

Subjects in whom FH was diagnosed in the Dutch nationwide cascade screening program 

between January 2007 and May 2008 and who were between 0 and 18 years of age at diagnosis 

were eligible for this study. The total number of children tested during the study period was 

retrieved from the central database of the screening program. When multiple siblings with FH 
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were detected, only the oldest sibling was enrolled. The study was approved by the Medical 

Ethical Committee of the Academic Medical Center, Amsterdam, the Netherlands. 

Eighteen months after confirmation of FH with mutation analysis, parents or legal representatives 

of eligible patients received a letter inviting them to participate in the study. In case no response 

was received after 4 weeks, a reminder was sent. When parents provided written consent, they 

received a questionnaire. Again, when the questionnaire was not returned within 6 weeks, a 

reminder was sent. When essential data were missing from returned questionnaires, they were 

completed by contacting parents by telephone. Finally, to characterize the non-responder group, 

a random sample of 27 potentially eligible subjects who had not responded to the initial invitation 

for the study, were contacted by telephone. We inquired as to the reasons for non-response, 

whether they had consulted a physician, and whether their child was treated with lipid-lowering 

medication. Patient’s age and LDL-C values at diagnosis were extracted from the central database 

of the screening program. 

The questionnaire included 50 multiple-choice questions covering these topics: family history for 

CVD, highest level of education, motivation for having the child participate in the screening 

program, collection of information on FH after diagnosis in the child, consultation of a physician, 

and use of lipid-lowering medication. For most questions, free text could be added in order to 

enhance completeness and accuracy of information. In several multiple-choice questions, more 

than one answer could be ticked. As a consequence, the sum of percentages of given answers 

may add up to >100. We considered family history to be positive for premature CVD when a 

parent or a first degree relative of a parent had a myocardial infarction or stroke before the age of 

60 years in men and 65 years in women. 

 

Statistical analyses  

Associations between patient characteristics and physician consultation or medication use were 

first explored by univariate logistic regression analyses. Subsequently, independent predictors for 

physician consultation and medication use were identified by multiple logistic regression analyses. 

Comparison between responders and the non-responder sample was carried out by independent 

sample t tests and χ2 tests, for continuous and categorical data, respectively. Mean LDL-C levels 

before and after drug treatment were compared using paired sample t tests. A P value of <.05 

was considered statistically significant. Statistical analyses were performed with SPSS software 

version 16.0 (SPSS, Inc., Chicago IL).  

 

 

 

 

RESULTS 

 

Three hundred and twenty-two eligible subjects were approached, of which 233 (72%) gave 

consent for participation. In 64 cases, no response was received to the invitation letter, 16 

explicitly choose not to participate, and 9 invitation letters were returned as undeliverable. Of the 

233 questionnaires sent, 207 (89%) were completed and returned. Mean follow-up period (± SD) 

between FH diagnosis and completion of the questionnaire was 21 ± 3 months. Characteristics of 

patients are presented in Table I. Mean age of children was 10.9 ± 4.2 years (range, 0.8 – 17.9 

years). Boys and girls were equally represented. Forty-four percent of patients had a first- or 

second-degree relative who had a myocardial infarction or stroke. 

 

Table 1. Characteristics of participants 
  

Participants 
n=207 

Mean age at diagnosis ±SD (years) 10.9 ± 4.2 
 Age < 8 51 (25) 
Male gender 100 (48) 
Mean LDL-C ±SD (mg/dL) 167 ± 51 
 LDL-C<160 95 (50) 
 LDL-C 160-190 42 (22) 
 LDL-C>190 52 (28) 
Family history for premature CVD*  
 1st degree family member of the child 19 (9) 
 2nd degree family member of the child 73 (35)  
 3rd/4th family member of the child 62 (30) 
 None 53 (26) 
Higher vocational training or university† 91 (44) 

Data are presented as number (%) unless otherwise indicated. *Family history for premature CVD was 
considered positive when a family member has sustained CVD before the age of 60 years in men and 65 years in 
women. †Positive when completed by at least one of the parents. 
 

Fifty-six percent of responding parents indicated that the potential benefit of testing their child 

was first discussed by the visiting nurse of the screening program, 33% had been encouraged by 

family members, 13% had requested the testing themselves, and 8% indicated that the physician 

who treated another member of the household had suggested testing their child. Thirty-nine 

percent of the respondents mentioned that, at the time of genetic testing, they had not searched 

for further information about the possible FH diagnosis in their child, except for the information 

letter they received via the screening program. Twenty-six percent indicated that they received 

additional information through family members, 25% through a physician, 25% through the nurse 

of the screening program, and 5% by searching the internet. In response to the question whether 
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parents had taken further action to acquire information after their child tested positive for FH, 

16% answered ‘no’, 21% indicated that they already had sufficient information, 51% indicated that 

they acquired information by visiting a physician, 28% indicated that they acquired information 

through the internet, 12% indicated that they acquired information through a nurse of the 

screening program, 4% asked information from the doctor or nurse that led the clinical research 

they participated in, and 2% acquired information through the FH Patient Association. 

Of the 207 responders 164 (79%) had consulted a physician within the first 21 ± 3 months after 

diagnosis of FH in their child; 148 (90%) of the children were ≥ 8 years old. Forty-seven of the 164 

children (29%) who were seen by a physician consulted a second or third physician. Of those 

children that initially visited a general practitioner (n=59, 36%), 51% were referred to a specialist. A 

specialized lipid clinic was consulted by 61of the 164 children (37%) who visited a physician. 

Specialties of physicians initially visited and whether this occurred after further (self) referral are 

shown in the Figure.  

 

Figure. Physicians consulted after FH diagnosis, initially and after possible referral (n = 164) 

 
 
 
After consultation with physician(s), patients received this advice: lifestyle-advice about smoking, 

diet, and physical activity (62%); advice for consultation at later age (26%); prescription of 

cholesterol-lowering drugs (26%); referral to a specialized pediatric lipid clinic (20%); and use of 

dairy products containing plant sterols or stanols (16%). 

Of children for whom the age at which they were advised to return for consultation was specified 

(n=35), 37% were advised to come back at age 6 to 12, 37% at age 12 to 18, and 26% at age >18 years. 

Children who were advised to return in adulthood, had non-significantly lower LDL-C levels at 

diagnosis than children who were advised to return in childhood (mean LDL-C of 171 ± 23 mg/dL 

 

versus 187 ± 47 mg/dL, respectively; P = .21). At the time of the questionnaire, 109 of the 164 

participants (66%) who had consulted a physician indicated that they were still in his or her care. 

The 43 respondents (21%) who did not consult a physician provided these reasons: parents 

presumed to have acquired sufficient knowledge through family members with FH (36%); parents 

presumed to be sufficiently knowledgeable themselves (22%); parents were afraid of labelling 

(13%); the child refused to consult a physician (4%); and lack of time (4%). Associations between 

characteristics of the participants and physician consultation are shown in Table II. Multiple 

logistic regression analysis identified the prevalence of CVD in a first- or second-degree relative 

and LDL-C level at diagnosis as predictors for consultation of a physician.  

 

Table 2. Characteristics of participants associated with consultation of a physician (n=164) 
      
 Univariate 

OR (95% CI) 
 
P value 

 Multivariable  
OR (95% CI) 

 
P value 

      
Age of child (years) 1.05 (0.97-1.14) .20  - - 
      
Male gender of child 0.97 (0.50-1.91) .94  - - 
      
Positive family history* 2.46 (1.18-5.12) .02  2.48 (1.11-5.54) .03 
      
LDL-C at diagnosis (mg/dL) 1.01 (1.00-1.02) .02  1.01 (1.00-1.02) .04 
      
Initiative for screening† 3.51 (0.80-15.50) .10  - - 
      
Educational level‡ 0.96 (0.49-1.90) .92  - - 
      
*Positive when a first- or second-degree relative had sustained CVD before the age of 60 years in men and 65 
years in women. †Positive when parents indicated that they had requested screening in the child themselves.  
‡Positive when at least one of the parents had completed higher vocational training or university. 
 

In response to questions on lifestyle, 2% of the 207 parents answered that their child discontinued 

smoking after the FH diagnosis, whereas 93% had never smoked and 5% continued smoking. Forty-

three percent of parents indicated that their child changed to a healthier diet after a positive 

diagnosis of FH. The other 57% did not change their diet. Forty-five percent of patients started 

special dairy products containing plant stanols or sterols aimed at decreasing LDL-C levels. 

Twenty-seven percent increased their physical activity, but according to their parents, 56% of 

children who had not increased their physical activity already had a very active lifestyle before 

screening. 

Of the 164 children who were seen by a physician after the diagnosis of FH, 43 (26%) used lipid-

lowering medication. In all cases, this was a statin, in one patient in combination with ezetimibe. 
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(13%); the child refused to consult a physician (4%); and lack of time (4%). Associations between 

characteristics of the participants and physician consultation are shown in Table II. Multiple 

logistic regression analysis identified the prevalence of CVD in a first- or second-degree relative 

and LDL-C level at diagnosis as predictors for consultation of a physician.  

 

Table 2. Characteristics of participants associated with consultation of a physician (n=164) 
      
 Univariate 

OR (95% CI) 
 
P value 

 Multivariable  
OR (95% CI) 

 
P value 

      
Age of child (years) 1.05 (0.97-1.14) .20  - - 
      
Male gender of child 0.97 (0.50-1.91) .94  - - 
      
Positive family history* 2.46 (1.18-5.12) .02  2.48 (1.11-5.54) .03 
      
LDL-C at diagnosis (mg/dL) 1.01 (1.00-1.02) .02  1.01 (1.00-1.02) .04 
      
Initiative for screening† 3.51 (0.80-15.50) .10  - - 
      
Educational level‡ 0.96 (0.49-1.90) .92  - - 
      
*Positive when a first- or second-degree relative had sustained CVD before the age of 60 years in men and 65 
years in women. †Positive when parents indicated that they had requested screening in the child themselves.  
‡Positive when at least one of the parents had completed higher vocational training or university. 
 

In response to questions on lifestyle, 2% of the 207 parents answered that their child discontinued 

smoking after the FH diagnosis, whereas 93% had never smoked and 5% continued smoking. Forty-

three percent of parents indicated that their child changed to a healthier diet after a positive 

diagnosis of FH. The other 57% did not change their diet. Forty-five percent of patients started 

special dairy products containing plant stanols or sterols aimed at decreasing LDL-C levels. 

Twenty-seven percent increased their physical activity, but according to their parents, 56% of 

children who had not increased their physical activity already had a very active lifestyle before 

screening. 

Of the 164 children who were seen by a physician after the diagnosis of FH, 43 (26%) used lipid-

lowering medication. In all cases, this was a statin, in one patient in combination with ezetimibe. 
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The mean LDL-C levels of those children who received medication was significantly higher at 

diagnosis compared to those who did not receive medication (193 ± 52 mg/dL versus 162 ± 46 

mg/dL; P < .01). Children who were receiving statin therapy had a higher prevalence of CVD in a 

first- or second-degree relative (61% versus 45%), but this was not significant (P = .07). 

By means of a stepwise backward multiple logistic regression analysis, age at diagnosis, LDL-C 

level, and educational level of parents were revealed to be independent predictors for medication 

use (Table III). 

 

Table 3. Characteristics of participants associated with medication use in those who consulted a 
physician (n=43) 

 Univariate model 
OR (95% CI) 

 
P value 

 Multivariable model 
OR (95% CI) 

 
P value 

      
Age of child (years) 1.17 (1.06-1.29) <.01  1.30 (1.14-1.49) <0.01 
      
Male gender of child 0.91 (0.46-1.84) .80  - - 
      
Positive family history* 1.90 (0.93-3.86) .08  - - 
      
LDL-C at diagnosis (mg/dL) 1.01 (1.01-1.02) <.01  1.02 (1.01-1.03) <.01 
      
Initiative screening† 1.19 (0.46-3.10) .72  - - 
      
Educational level‡ 0.30 (0.14-0.66) <.01  0.33 (0.13-0.80) .01 
*Positive if a 1st or 2nd degree relative suffered a cardiovascular event before the age of 60 in males and 65 in 
females. †Positive when parents indicated that they had requested screening in the child themselves.  
‡Positive when at least one of the parents had completed higher vocational training or university.  
 

Of 27 randomly selected non-responders, 8 (30%) could not be contacted because the telephone 

number given at time of diagnosis was not in use anymore, 8 (30%) reported that they had 

forgotten to respond, 5 (19%) had not received the invitation letter, 4 (14%) did not respond 

because they declined participation for reasons that remained unclear, and 2 (7%) feared 

participation may harm their privacy. Children in the non-responder sample were significantly 

older than responders (13.7 ± 4.0 versus 10.9 ± 4.2 years, P < .01), but had similar LDL-C levels (167 

± 51 versus 167 ± 40 mg/dL, P = 1.00) and sex (52% versus 48% male, P = .73). Of the non-responders 

contacted by telephone (n=19), positive family history for premature CVD was 32% versus 44% in 

responders (p=0.28). Forty-seven percent of non-responders had visited a physician, which is a 

significantly lower proportion than the 79% of responders (P = .03). Of the 9 children of non-

responders that consulted a physician, 3 (33%) were taking lipid-lowering medication, as 

compared with 43 of 164 in children of responders (26%; P = .64). 

 

 

DISCUSSION 

 

Our study shows that in a substantial proportion of children screened for FH, a diagnosis did not 

result in consultation of a physician capable of providing adequate follow-up. This is remarkable 

because written, unequivocal advice to seek medical consultation was sent with the results of the 

screening program. Patients who visited a physician had higher cholesterol levels at the time of 

testing and a more severe family history of CVD compared to patients who did not, which may 

well reflect fear of the parent for subsequent CVD in their child.13 An even poorer parental 

compliance was shown in studies investigating total cholesterol screening (regardless of the 

underlying condition) in a general pediatric population, with follow-up rates as low as 20 to 

51%.14,15  

Although our study was not designed to investigate guideline adherence, our findings 

undoubtedly conflict with two essential pillars of the current (inter)national guidelines for FH. 

First, these guidelines advocate that all children in whom FH is diagnosed should be referred to a 

pediatrician or a specialized lipid clinic.6,7,11,16,17 Of the children who were seen by a general 

practitioner, only 51% were referred to a specialist and only 29% of all participants eventually 

visited a specialized lipid clinic for children. In the Netherlands, all families have easy access to a 

general practitioner and (if deemed necessary by the general practitioner) to specialists, and all 

costs are covered through the Dutch Health Insurance system. Thus, it is unlikely that healthcare 

cost considerations play a role in these observations. Second, all guidelines stress the importance 

of extensive lifestyle advice for smoking, diet and physical activity.6,7,11,16,17 However, our findings 

revealed that only 62% of those patients who were seen by a physician reported to have received 

lifestyle advice.  

A minority of the children (26%) seen by a physician were prescribed statin treatment. Because we 

did not study the clinical decision-making process of the physicians who were consulted and we 

did not collect laboratory data at the time of physician consultation, we can not evaluate this 

proportion in relation to guidelines. However, our observation that age and LDL-C levels at 

diagnosis were independent predictors for medication use is consistent with current guidelines, 

because they state that initiation of drug treatment should mainly depend on LDL-C level, age, 

and family history for CVD. Although only 16% of patients were advised to use diary products 

containing plant sterols or stanols by their physician, 45% reported that they started using these 

products after diagnosis. These products have been suggested to be a useful adjunct to statin 

therapy17, are available without prescription, and are probably favoured as the use of these food 

products is less likely to label the child. 
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Although we took several measures to strengthen the validity of our observations, selection bias 

may have affected our results. Parents who are more active in seeking care for their children after 

genetic testing are probably more likely to participate in a follow-up study. This supposition is 

supported by the lower percentage of subjects who consulted a physician in the non-responder 

sample. The latter finding indicates that the follow-up of children diagnosed with FH by cascade 

screening in the overall population is even worse than in our study population.  

Although the screening program was primarily designed for adults, genetic testing of children is 

discussed with parents with FH. Of the more than 5500 children possibly affected with FH and 

included in the screening program in the period 1994 to 2009, approximately 70% were tested at 

parents’ request. The number of individuals less than 20 years of age and identified every year 

with FH has increased towards 450 in the Netherlands; an incidence comparable with that of type 

1 diabetes mellitus.18  

A 2-year follow-up study in adults with FH revealed that the proportion of patients taking 

cholesterol-lowering medication significantly increased after diagnosis. However, only a minority 

of these patients was treated to target LDL-C levels according to adult guidelines.19 

Our study reveals that the follow-up of children with FH after diagnosis established through 

cascade screening is inadequate. This is because of both an absence of physician consultation and 

non-referral by the consulted physicians. In the Netherlands, follow-up is not organized as part of 

the screening program. Both the screening program and the follow-up have completely different 

quality control programs and are funded by different sources. Because adequate follow-up and 

referral is crucial to the success of screening programs, there is an urgent need to improve the 

follow-up of a patient after a positive screening result. Such a program, which should be designed 

and implemented in collaboration with all relevant healthcare providers, should include at least 

one contact between the screening organisation and the parents (eg, 6 months after the positive 

screen), to assess follow-up for physician consultation, lifestyle, diet and medication. 

Implementation of adequate follow-up by healthcare providers is a prerequisite for an effective 

FH screening program and improvement of cardiovascular health in children with FH. 
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ABSTRACT 

        

Aim  

Homozygous Autosomal Dominant Hypercholesterolemia (hoADH), an orphan disease caused by 

mutations in LDLR, APOB or PCSK9, is characterized by elevated plasma Low Density Lipoprotein-

Cholesterol (LDL-C) levels and high risk for premature cardiovascular disease (CVD). The exact 

prevalence of molecularly defined hoADH is unknown. Therefore, we investigated the prevalence 

and phenotypical characteristics of this disease in an open society, i.e. the Netherlands. 

Methods and Results  

The database of the nationwide ADH molecular diagnostics centre was queried to identify all 

molecularly defined hoADH patients. Carriers of non-pathogenic mutations were excluded. 

Medical records were analyzed for data regarding lipid levels and CVD events.  

Out of 104,682 individuals screened for molecular defects, 49 were classified as hoADH (0.05%); 20 

were true homozygotes and 25 were compound heterozygotes for LDLR mutations, and 4 were 

homozygous for APOB mutations. No bi-allelic PCSK9 mutation carriers were identified. 

Consequently, the prevalence of hoADH was estimated to be ~1:300,000. Mean LDL-C levels prior 

to lipid lowering treatment were 12.9±5.1 mmol/L (range 4.4-21.5 mmol/L). Surprisingly, only 50% of 

the patients met the clinical criteria for hoADH (LDL-C >13.0 mmol/L); 29% of patients suffered 

from a CVD event.  

Conclusion  

The prevalence of molecularly defined hoADH is much higher and the clinical phenotype is more 

variable than previously assumed. In light of the fact that novel therapies are, or will be registered 

for treatment of hoADH patients, an uniform definition of hoADH either as a phenotypic or 

molecular entity is warranted in order to identify patients who are considered to be eligible for 

these novel agents.  

 

INTRODUCTION 

 

Autosomal dominant hypercholesterolemia (ADH) is caused by mutations in the genes encoding 

the low density lipoprotein receptor (LDLR; OMIM #606945), apolipoprotein B (APOB; OMIM 

#107730) or proprotein convertase subtilisin-kexin type 9 (PCSK9; OMIM #607786). Homozygous 

ADH (hoADH) is either caused by homozygosity or compound heterozygosity for mutations in 

these genes and is characterized by increased levels of low density lipoprotein cholesterol (LDL-C) 

and physical signs of cholesterol deposits in the skin, eyes and/or tendons that are known as 

xanthelasmas, arcus lipoides corneae or tendon xanthomas, respectively. As a consequence of 

the lifelong exposure to elevated LDL-C levels, hoADH patients typically suffer from 

cardiovascular disease (CVD) at very young age.1, 2 Fortunately, the clinical outcome has changed 

dramatically for hoADH patients since the introduction of 3-hydroxy-methylglutaryl-coenzyme A 

(HMG-CoA) reductase inhibitors (“statins”) in the 1990’s.3, 4 Statins lower LDL-C by decreasing the 

intracellular production of cholesterol synthesis and by hepatic upregulation of the LDLR, and the 

latter effect is reduced in hoADH patients. Therefore, additional therapy e.g. LDL-apheresis is 

often warranted in these patients to further lower LDL-C levels.5  

To date, limited data is available about the exact prevalence of hoADH. The historical and most 

widely cited study reported a prevalence of one in a million, but the disorder is much more 

frequent in populations with a founder effect such as South Africa and French Canada.6-8 It is also 

important to realize that previous estimates were mostly based on clinical, and not on molecular 

criteria.9  

Since the 1990’s, a cascade-screening program is exploited in the Netherlands with the aim to 

identify all ADH patients. Similar programs have been started in a number of countries including 

Scotland and Wales.10, 11 The unprecedented number of participants in this nationwide program 

and the fact that virtually all general practitioners, paediatric lipidologists, cardiologists and 

internists are aware of, and actively collaborating within this program, enabled us to investigate 

the prevalence and clinical phenotype of molecular defined hoADH in our country.  
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Aim  
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METHODS 

 

Patients and data collection  

The molecular diagnostics laboratory of the Academic Medical Centre (AMC) in Amsterdam, the 

Netherlands, serves as a nationwide DNA diagnostics centre for ADH. Patients are referred for 

molecular diagnostics by their physician. Once a pathogenic mutation is identified, the patient is 

designated as an index case. In order to identify all affected family members of the index case, 

cascade screening is performed by the Foundation for Identification of Persons with Inherited 

Hypercholesterolemia, subsidised by the Dutch government. The database of the diagnostic 

centre, comprising all molecular diagnostic results, was queried to identify all subjects with 

hoADH. HoADH was defined as homozygosity or compound heterozygosity for mutations in LDLR, 

APOB or PCSK9. Since the Hardy-Weinberg Equilibrium was used to calculate the prevalence of bi-

allelic mutation carriers and since this equilibrium assumes a monogenic disorder, double 

heterozygous ADH patients (carrying a mutation in two different genes, e.g. carriers of a LDLR 

and an APOB mutation), were excluded. Carriers of non-pathogenic mutations were also excluded 

as well as patients who were deceased or who were living abroad.  

Medical records were reviewed and data on physical characteristics, lipid profiles, lipid-lowering 

therapy (LLT) and cardiovascular events were collected after receiving informed consent. This 

study was approved by the Medical Ethics Committee of the Academic Medical Centre, 

Amsterdam, the Netherlands. 

Results are described for all hoADH patients combined, unless stated otherwise. 

 

Molecular diagnostic procedures 

DNA analysis was performed as previously described.12 Pathogenicity of mutations was defined 

according to the criteria for functionality as published by Huijgen and co-workers.13 In case not all 

criteria for functionality were met and less than 50 mutation carriers were available to perform 

co-segregation analysis, the mutation was defined as ‘possibly non-pathogenic’ and therefore 

also excluded from this study. Mutations were described according to the nomenclature as 

proposed by den Dunnen and Antonarakis.14 For LDLR and APOB mutations, the numbering was 

based on the cDNA with nucleotide +1 being A of the ATG initiation codon.  

 

Prevalence of hoADH and statistical analysis 

All continuous variables are expressed as means ± standard deviation (SD). To assess differences 

in lipoprotein levels, continuous variables were analysed using t-tests and Mann Whitney U tests, 

where appropriate. A p-value below 0.05 was considered to be statistically significant. Patients 

 

were classified in 3 groups according to the type of LDLR mutation: group 1: two class 1 mutations 

(null-alleles or large rearrangements); group 2: one class 1 mutation and one defective mutation, 

and group 3: two defective mutations.1 Since all identified APOB mutations in this study interfere 

with binding of the LDL particle to the LDLR, they were classified as defective mutations (group 

3).  

Prevalence was estimated under the assumption that the Hardy-Weinberg equilibrium applies to 

the Dutch population. In this equilibrium homozygosity = p2, heterozygosity = 2pq, unaffected = q2 

and p + q =1. Theoretically, the presence of a few large families with consanguinity would inflate 

the prevalence. Therefore, we repeated the analyses after excluding patients from 

consanguineous marriages. Confidence Interval Analysis version 1.0 (London, UK) was used to 

calculate confidence intervals for the point estimates. All other statistical analyses were 

performed in IBM SPSS statistics Inc version 19.0 (Chicago, Illinois, USA).  

 

Figure 1: Flow diagram of patient selection 
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RESULTS 

  

The database of the diagnostic laboratory comprised data from 104,682 individuals that were 

screened for ADH mutations, out of which 178 were found to be carriers of two bi-allelic 

mutations in either LDLR or APOB. Of those, 63 patients were identified through the cascade 

screening program and 115 were referred (index cases). We excluded 128 patients; 94 carriers of 

non-pathogenic mutations, 24 patients with double heterozygous ADH (mutation in both APOB 

and LDLR), ten patients who resided outside the Netherlands and one patient who was deceased 

(figure 1). In total, 49 patients (36 referred and 13 identified through the genetic cascade 

screening program) from 39 families were included in the current analysis. This cohort comprised 

of 20 homozygotes and 25 compound heterzygotes for LDLR mutations (hoFH and compHeFH, 

respectively), and four homozygotes for APOB mutations (hoFDB) (table 1). Four hoFH patients 

from two different families were offspring of consanguineous parents. No compound 

heterozygous APOB or bi-allelic PCSK9 mutation carriers were identified. At the moment of data 

collection, the mean age was 37.1 ± 19.2 years (range 3-77 years), at molecular diagnosis mean age 

was 28.2 ± 19.8 years (range 0-68 years). Lipid lowering therapy was used by all patients in whom 

data on medication was present (n = 45). Three homozygous and one compound heterozygous 

patient (all LDLR mutants) underwent regular LDL-apheresis.  

 

Prevalence 

Based on 16,722,387 inhabitants15, the prevalence of hoFH and compHeFH in the Dutch population 

ranged from 1 in 371,608 (95% CI 1:287,356 to 1:526,316) to 1 in 407,863 (95% CI; 1:312,500 to 

1:588,235) persons, after excluding patients from consanguineous parents. Assuming the Hardy 

Weinberg equilibrium in the Dutch population, in which p2 = 1/407,863; p = 1/639 and q = 1 – p, the 

prevalence of heterozygous FH (heFH) (2 pq) is 1 in 319 persons. The prevalence of hoFDB is 1 in 

4,180,597 (95% CI 1:2,109,705 to 1:209,205,021), which translates to a prevalence of heterozygous 

FDB of 1 in 1023 persons.  

Based on the calculated prevalences, the number of heterozygous ADH patients in the 

Netherlands is 68,636 (16,722,387 inhabitants*heFH prevalence + 16,722,387*heFDB prevalence); 

translating into a heADH prevalence of 1 in 244 individuals (1/319 + 1/1023).  

 

 

 

 

 

 

Table 1. Patient characteristics 

Homozygotes  
LDLR APOB 

Compound 
Heterozygotes LDLR 

Number of patients  20 4 25 
Age (range) 35.9 (3.3–76.0) 56.5 (33.1–77.5) 35.0 (3.1–65.2) 
Female sex  60% 75% 44% 
Cardiovascular disease* 
(percentage) 
- CHD 
- Stroke/TIA 
- PVD 

6 (30) 
 

5 (25) 
1 (5) 
1 (5) 

1 (25) 
 

0 (0) 
0 (0) 
1 (25) 

7 (28) 
 

7 (28) 
0 (0) 
0 (0) 

Lipid levels not on LLT† (SD) 
- TC 
- LDL-C  

 
13.6 (±5.2) 
12.6 (±5.8) 

 
10.9 (±1.8) 

7.8 

 
15.3 (±4.5) 
13.4 (±4.7) 

Lipid levels on LLT† (SD)  
- TC  
- LDL-C 

 
7.3 (±2.8) 
5.7 (±2.8) 

 
7.2 (±2.8) 
5.0 (±2.0) 

 
8.2 (±3.5) 
6.6 (±3.5) 

LLT 
- Drug therapy‡ 
- Statins only 
- Statin + cholesterol 

absorption inhibitor  
- Other combination of 

oral lipid lowering 
therapy 

- LDL-apheresis 

 
19 (95) 
8 (40) 
10 (50) 

 
1 (5) 

 
 

3 (15) 

 
3 (75) 
1 (25) 
2 (50) 

 
- 
 
 

0 (0) 

 
23 (92) 
4 (16) 
13 (52) 

 
6 (24) 

 
 

1 (4) 
Data shown are numbers (percentage) or means (± standard deviation or range). Abbreviations: CHD: Coronary 
Heart Disease; PVD: Peripheral Vascular Disease; LLT:  Lipid lowering therapy; TIA:Transient Ischemic Attack. 
Lipid levels shown are in mmol/L 
* Data about cardiovascular events was available for 20 homozygotes for LDLR mutations, for 3 homozygotes 
for apoB mutations and for 24 compound heterozygotes for LDLR mutations. † TC levels not on LLT were 
available from 20 homozygous LDLR mutation carriers, 22 compound heterozygous LDLR mutation carriers and 
3 homozygous APOB mutation carriers. LDL-C levels not on LLT were available from 14 homozygous LDLR 
mutation carriers, 17 compound heterozygous LDLR mutation carriers and 1 homozygous APOB mutation 
carriers. TC levels on LLT were available from 18 homozygous LDLR mutation carriers, 23 compound 
heterozygous LDLR mutation carriers and 2 homozygous APOB mutation carriers. LDL-C levels on LLT were 
available from 18 homozygous LDLR mutation carriers, 22 compound heterozygous LDLR mutation carriers and 
3 homozygous APOB mutation carriers. ‡ Data about drug therapy used was available from 20 homozygotes for 
LDLR mutations, 3 homozygotes for APOB mutations and 23 compound heterozygotes for mutations in the 
LDLR. 
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Figure 2: LDL-C levels in HoADH patients prior and after lipid lowering therapy.  

 
+ Indicates patients with two null alleles ◊ Indicates patients with one null allele and one defective allele ■ 
Indicates patients with two defective alleles. Horizontal lines indicate mean LDL-C levels. Statin naïve LDL-C 
levels were available for 32 hoADH patients. Treated LDL-C levels were available for 43 hoADH patients. LLT = 
lipid lowering therapy. 
 

Phenotypes 

Individual LDL-C levels prior and after lipid lowering therapy are shown in figure 2. Mean LDL-C 

levels prior to LLT were 12.9 ± 5.1 mmol/L (range: 4.4- 21.5 mmol/L); LDL-C levels did not differ 

between hoFH (12.6 ± 5.8 mmol/l, range: 4.4-20.8 mmol/L, n = 14) and compHeFH (13.4 ± 4.7 

mmol/l, range: 6.9-21.5, n = 17) patients.  

In hoFDB patients, LDL-C levels prior to LLT were calculated to be 9.0 mmol/L.  

Lipid levels prior and after LLT were similar between index cases and patients identified through 

the screening program.  

The type of mutation had a significant impact on statin naïve LDL-C levels; significantly higher LDL-

C levels were observed in patients with one or two null alleles compared to patients without null 

alleles (17.7 ± 2.6 mmol/L vs. 9.1 ± 2.9 mmol/L; p<0.001).  

 

Almost half (49%) of our patients were found to have LDL-C levels below 13.0 mmol/L, and as such 

they did not meet the clinical criteria for hoADH9. 76% of the patients did not meet another 

frequently used criterion of an LDL-C level above 7.8 mmol/L while receiving LLT9.   

Thirty percent of the hoADH patients suffered from a cardiovascular event. The average age of 

onset was 34.2 ± 17.1 years (range: 13-69 years). All premature CVD events occurred in bi-allelic 

LDLR mutation carriers; 86% of events occurred prematurely (before age 55 in men; before age 60 

in women). Three patients suffered from coronary artery disease (CAD) in their second decade of 

life (ages: 13, 14 and 20 years) and three other patients experienced CAD events in their third 

decade. One hoFDB patient suffered from peripheral vascular disease, but only at the age of 69 

years.  

All of the 45 patients in whom data about LLT was present, were using LLT (table 1). Out of these 

patients, 30 patients (67%) were additionally treated with ezetimibe, four (9%) patients with bile 

acid sequestrants and four (9%) with nicotinic acid. Fibrates were not used by any of the hoADH 

patients. Thirteen patients (29%) were treated with statin monotherapy of whom 1 patient was 

treated by LDL-apheresis. Twenty-six patients (58%) were treated with two different medications 

of whom three (7%) were also treated with LDL-apheresis. Six patients (13%) were treated with 

triple therapy. Only 19 (42%) were treated with maximum statin dose combined with ezetimibe. 

The target LDL-C level (< 2.5 mmol/L) as being recommended by the current ESC/EAS guideline 

was not reached in any of the patients. 5 The NICE guideline for ADH patients does advise an LDL-

C reduction of 50% or more 16 and this criterion was met in only 43% of the patients.  

For a detailed description of individual hoADH patients see Supplementary Table 1 and 2.  
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ilial defective apolipoprotein B 

Com
m

on 
nom

enclature 
O

fficial 
nom

enclature 
cD

N
A

/protein 

G
ene 

A
ge  

 
Sex 

Current  
treatm

ent 
 

First event  
(age) 

TC untreated 
 

LD
L-C untreated  TC treated  

LD
L-C treated  

1658delACT  
 

c.1658_1660 
delACT/ 
p.Tyr553del 

LD
LR 

24 
M

 
Atorvastatin 80  
 

N
one 

 
17.8 

16.9 
11.1 

9.0 

313+1/2  
c.313+1G

>A/ 
LD

LR 
6 

F 
Rosuvastatin 20, 
ezetim

ibe 10 
N

one  
21.9 

20.8 
15.0 

13.8 

D
333G

  
c.1061A>G

/  
p.Asp354G

ly  
LD

LR 
40 

F  
Atorvastatin 160, 
ezetim

ibe 10, 
LD

L-A  

CAD
(14) 

20.2 
N

A  
6.7-2.1* 

4.9-1.0* 

D
333G

  
c.1061A>G

/  
p.Asp354G

ly 
LD

LR 
32 

F  
Atorvastatin 80, 
ezetim

ibe 10,  
LD

L-A 

CAD
(13) 

22.4 
20.3 

10.3-2.6* 
8.4-1.3* 

G
186G

  
c.621C>G

/ 
p.G

ly186G
ly 

splice defect 

LD
LR 

31 
M

 
Atorvastatin 80, 
ezetim

ibe 10  
 

N
one 

12.0 
10.4 

6.9 
5.5 

G
186G

  
c.621C>G

/ 
p.G

ly186G
ly  

splice defect 

LD
LR 

29 
F 

Rosuvastatin 40, 
ezetim

ibe 10  
 

ACS(20) 
16.5 

14.8 
6.6 

5.0 

G
-20R GG

G
>AGG

  
signal peptide 

c.4G
>A/ 

p.G
ly2Arg 

LD
LR 

67 
M

 
Sim

vastatin 40  
N

one 
8.6 

5.9 
5.7 

3.2 

G
571E  

 
c.1775G

>A/ 
p.G

ly592G
lu 

LD
LR 

63 
F 

Sim
vastatin 20  

 
N

A 
8.0 

N
A 

5.0 
3.6 

insertion exon 11-
12 

c.1586+?_ 
1845+?_dup 

LD
LR 

3 
M

 
Rosuvastatin 10  
 

N
one 

15.6 
14.2 

12.1 
10.7 

insertion exon 11-
12 

c.1586+?_ 
1845+?_dup 

LD
LR 

11 
F 

Rosuvastatin 10, 
LD

L-A  
N

one 
21.6 

20.1 
 

7.4-2.9* 
 

6.2-2.0*  
 

L590F  
 

c.1833G
>C/ 

p.Leu611Phe 
LD

LR 
50 

F 
N

A 
N

A 
6.7 
 

4.4 
 

N
A 

N
A 

L590F  
 

c.1833G
>C/ 

p.Leu611Phe 
LD

LR 
72 

M
 

Atorvastatin 20  
 

M
I(32) 

9.0 
N

A 
6.2 

4.8 

L590F  
c.1833G

>C/ 
LD

LR 
75 

M
 

Rosuvastatin 40, 
CAD

(63), PVD
 

13.0 
N

A 
5.1 

3.6 

 

 
p.Leu611Phe 

ezetim
ibe 10 

(74)  
 

N
543H

/2393del9  
 

c.1690A>C; 
2393_2401del/ 
p.N

564H
;L799_F8

01del 

LD
LR 

38 
F 

Atorvastatin 80  
N

one 
>12.0 

N
A 

5.4 
3.5 

N
543H

/2393del9  
 

c.1690A>C; 
2393_2401del/ 
p.N

564H
;L799_F8

01del 

LD
LR 

24 
F 

Rosuvastatin 10  
N

one 
6.9 

5.6 
5.8 

4.2 

N
543H

/2393del9  c.1690A>C; 
2393_2401del/ 
p.N

564H
;L799_F8

01del 

LD
LR 

48 
M

 
Atorvastatin 80, 
Colesevelam

 3750  
 

TIA(36) 
12.0 

N
A 

N
A 

N
A 

N
543H

/2393del9  c.1690A>C; 
2393_2401del/ 
p.N

564H
;L799_F8

01del 

LD
LR 

25 
F 

Atorvastatin 60, 
ezetim

ibe 10  
 

N
one 

9.3 
7.6 

5.3 
3.6 

S285L  
 

c.917C>T/ 
p.Ser306Leu 

LD
LR 

28 
M

 
Atovastatin 60, 
ezetim

ibe 10  
N

one 
11.8 

10.6 
8.5 

7.1 

V502M
  

c.1567G
>A/  

p.Val523M
et 

LD
LR 

26 
F 

Atorvastatin 40,   
ezetim

ibe 10  
N

one 
18.2 

15.9 
7.0 

5.5 

V502M
  

c.1567G
>A/  

p.Val523M
et 

LD
LR 

14 
F 

Atorvastatin 10,  
ezetim

ibe 10  
N

one  
9.7 

8.4 
7.2 

6.0 

R3500Q
  

c.10580G
>A/  

p.Arg3527G
ln 

APO
B 

62 
F 

N
A 

N
one 

13.0 
N

A 
N

A 
N

A 
 

R3500Q
 

c.10580G
>A/ 

p.Arg3527G
ln 

APO
B 

52 
F 

Atorvastatin 80, 
ezetim

ibe 10  
N

one 
9.6 

7.8 
5.2 

3.6 

R3500Q
 

c.10580G
>A/  

p.Arg3527G
ln 

APO
B 

77 
M

 
Rosuvastatin 20, 
ezetim

ibe 10  
 

Abdom
inal 

aneurysm
(69) 

10.1 
N

A 
N

A 
4.2 

R3500W
  

c.10579C>T/ 
p.Arg3500Trp 

APO
B 

32 
F 

N
A 

N
A 

N
A 

N
A 

9.2 
7.3 
 

Abbreviations: CAD: Coronary Artery Disease; F: fem
ale; M

 :m
ale; M

I: M
yocardial Infarction; NA : not available; PVD: Peripheral Vascular Disease; TIA: Transient Ischem

ic Attack; ASC: 
Acute Coronary Syndrom

e. Lipid levels show
n are in m

m
ol/L. Drug doses are in m

g/day unless otherw
ise stated. * Presented cholesterol ranges are pre and post LDL-apheresis levels. 

Lipid levels are show
n in m

m
ol/L.  
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Supplem
entary Table 1: Characteristics of patients w

ith hom
ozygous fam

ilial hypercholesterolem
ia and hom

ozygous fam
ilial defective apolipoprotein B 

Com
m

on 
nom

enclature 
O

fficial 
nom

enclature 
cD

N
A

/protein 

G
ene 

A
ge  

 
Sex 

Current  
treatm

ent 
 

First event  
(age) 

TC untreated  
 

LD
L-C untreated  TC treated  

LD
L-C treated  

1658delACT  
 

c.1658_1660 
delACT/ 
p.Tyr553del 

LD
LR 

24 
M

 
Atorvastatin 80  
 

N
one 

 
17.8 

16.9 
11.1 

9.0 

313+1/2  
c.313+1G

>A/ 
LD

LR 
6 

F 
Rosuvastatin 20, 
ezetim

ibe 10 
N

one  
21.9 

20.8 
15.0 

13.8 

D
333G

  
c.1061A>G

/  
p.Asp354G

ly  
LD

LR 
40 

F  
Atorvastatin 160, 
ezetim

ibe 10, 
LD

L-A  

CAD
(14) 

20.2 
N

A  
6.7-2.1* 

4.9-1.0* 

D
333G

  
c.1061A>G

/  
p.Asp354G

ly 
LD

LR 
32 

F  
Atorvastatin 80, 
ezetim

ibe 10,  
LD

L-A 

CAD
(13) 

22.4 
20.3 

10.3-2.6* 
8.4-1.3* 

G
186G

  
c.621C>G

/ 
p.G

ly186G
ly 

splice defect 

LD
LR 

31 
M

 
Atorvastatin 80, 
ezetim

ibe 10  
 

N
one 

12.0 
10.4 

6.9 
5.5 

G
186G

  
c.621C>G

/ 
p.G

ly186G
ly  

splice defect 

LD
LR 

29 
F 

Rosuvastatin 40, 
ezetim

ibe 10  
 

ACS(20) 
16.5 

14.8 
6.6 

5.0 

G
-20R GG

G
>AGG

  
signal peptide 

c.4G
>A/ 

p.G
ly2Arg 

LD
LR 

67 
M

 
Sim

vastatin 40  
N

one 
8.6 

5.9 
5.7 

3.2 

G
571E  

 
c.1775G

>A/ 
p.G

ly592G
lu 

LD
LR 

63 
F 

Sim
vastatin 20  

 
N

A 
8.0 

N
A 

5.0 
3.6 

insertion exon 11-
12 

c.1586+?_ 
1845+?_dup 

LD
LR 

3 
M

 
Rosuvastatin 10  
 

N
one 

15.6 
14.2 

12.1 
10.7 

insertion exon 11-
12 

c.1586+?_ 
1845+?_dup 

LD
LR 

11 
F 

Rosuvastatin 10, 
LD

L-A  
N

one 
21.6 

20.1 
 

7.4-2.9* 
 

6.2-2.0*  
 

L590F  
 

c.1833G
>C/ 

p.Leu611Phe 
LD

LR 
50 

F 
N

A 
N

A 
6.7 
 

4.4 
 

N
A 

N
A 

L590F  
 

c.1833G
>C/ 

p.Leu611Phe 
LD

LR 
72 

M
 

Atorvastatin 20  
 

M
I(32) 

9.0 
N

A 
6.2 

4.8 

L590F  
c.1833G

>C/ 
LD

LR 
75 

M
 

Rosuvastatin 40, 
CAD

(63), PVD
 

13.0 
N

A 
5.1 

3.6 

 

 
p.Leu611Phe 

ezetim
ibe 10 

(74)  
 

N
543H

/2393del9  
 

c.1690A>C; 
2393_2401del/ 
p.N

564H
;L799_F8

01del 

LD
LR 

38 
F 

Atorvastatin 80  
N

one 
>12.0 

N
A 

5.4 
3.5 

N
543H

/2393del9  
 

c.1690A>C; 
2393_2401del/ 
p.N

564H
;L799_F8

01del 

LD
LR 

24 
F 

Rosuvastatin 10  
N

one 
6.9 

5.6 
5.8 

4.2 

N
543H

/2393del9  c.1690A>C; 
2393_2401del/ 
p.N

564H
;L799_F8

01del 

LD
LR 

48 
M

 
Atorvastatin 80, 
Colesevelam

 3750  
 

TIA(36) 
12.0 

N
A 

N
A 

N
A 

N
543H

/2393del9  c.1690A>C; 
2393_2401del/ 
p.N

564H
;L799_F8

01del 

LD
LR 

25 
F 

Atorvastatin 60, 
ezetim

ibe 10  
 

N
one 

9.3 
7.6 

5.3 
3.6 

S285L  
 

c.917C>T/ 
p.Ser306Leu 

LD
LR 

28 
M

 
Atovastatin 60, 
ezetim

ibe 10  
N

one 
11.8 

10.6 
8.5 

7.1 

V502M
  

c.1567G
>A/  

p.Val523M
et 

LD
LR 

26 
F 

Atorvastatin 40,   
ezetim

ibe 10  
N

one 
18.2 

15.9 
7.0 

5.5 

V502M
  

c.1567G
>A/  

p.Val523M
et 

LD
LR 

14 
F 

Atorvastatin 10,  
ezetim

ibe 10  
N

one  
9.7 

8.4 
7.2 

6.0 

R3500Q
  

c.10580G
>A/  

p.Arg3527G
ln 

APO
B 

62 
F 

N
A 

N
one 

13.0 
N

A 
N

A 
N

A 
 

R3500Q
 

c.10580G
>A/ 

p.Arg3527G
ln 

APO
B 

52 
F 

Atorvastatin 80, 
ezetim

ibe 10  
N

one 
9.6 

7.8 
5.2 

3.6 

R3500Q
 

c.10580G
>A/  

p.Arg3527G
ln 

APO
B 

77 
M

 
Rosuvastatin 20, 
ezetim

ibe 10  
 

Abdom
inal 

aneurysm
(69) 

10.1 
N

A 
N

A 
4.2 

R3500W
  

c.10579C>T/ 
p.Arg3500Trp 

APO
B 

32 
F 

N
A 

N
A 

N
A 

N
A 

9.2 
7.3 
 

Abbreviations: CAD: Coronary Artery Disease; F: fem
ale; M

 :m
ale; M

I: M
yocardial Infarction; NA : not available; PVD: Peripheral Vascular Disease; TIA: Transient Ischem

ic Attack; ASC: 
Acute Coronary Syndrom

e. Lipid levels show
n are in m

m
ol/L. Drug doses are in m

g/day unless otherw
ise stated. * Presented cholesterol ranges are pre and post LDL-apheresis levels. 

Lipid levels are show
n in m

m
ol/L.  
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Supplem
entary Table 2: Characteristics of patients w

ith com
pound heterozygous fam

ilial hypercholesterolem
ia 

Com
m

on nom
enclature 

 
O

fficial nom
enclature 

cD
N

A
/protein 

m
utation 1 

m
utation 2 

m
utation 1 

m
utation 2 

A
ge 

Sex 
Treatm

ent 
First event 
(age) 

TC  
untreated 
 

LD
L-C 

untreated  
TC treated  

LD
L-C  

treated  

2.5kb deletion 
exon 7-8 

4.4 kb duplication  
exon 9- 12 in intron 
12  

c.940+?_-
?_1186+?_del 

c.1186+?_1845+?d
up 

21 
M

 
Atorvastatin 80, 
ezetim

ibe 10, 
nicotinic 
acid/laropiprant 
2000/40  

N
one 

20.1 
18.9 

13.2 
11.0 

2.5kb deletion 
exon 7-8 

4.4 kb duplication  
exon 9- 12 in intron 
12  

c.940+?_1186+?_d
el 

c.1186+?_1845+?d
up 

18 
F 

Atorvastatin 80, 
colesevelam

 
625, nicotinic 
acid/larop iprant 
1000/20  

N
one 

18.9 
17.7 

14.5 
12.0 

2.5kb deletion 
exon 7-8 

G
322S  

c.940+?_1186+?del c.1027G
>A/ 

p.G
ly343Ser 

36 
F 

Atorvastatin 80, 
Ezetim

ibe 10, 
N

icotinic acid 
2000  

N
one 

15.3 
13.5 

8.0 
4.1 

13kb deletion 
prom

oter and 
exon 1 

S285L 
c.1-?_67+?del 

c.917C>T/ 
p.Ser306Leu 

36 
F 

Atorvastatin 80, 
ezetim

ibe 10, 
LD

L-A   

N
one 

19.8 
N

A 
10/14-4.0* 
 

4.0-3.0* 

13kb deletion 
prom

oter and 
exon 1 

S285L 
c.1-?_67+?del 

c.917C>T/ 
p.Ser306Leu 

34 
M

 
Rosuvastatin 
10

†,  
ezetim

ibe 10  

N
one  

17.8 
N

A 
13.9 

12.7 

16kb deletion 
exon 12-18 

R574Q
 

c.1705+?_2580+?d
el 

c.1784G
>A/ 

p.Arg595G
ln 

24 
M

 
Rosuvastatin 
40,  
ezetim

ibe 10, 
colesevelam

 
3750 

N
one 

18.3 
16.0 

7.8 
6.8 

190+4A>T  
1480del121bp  

c.190+4A>T 
 

c.1480_1586+14de
l p.Val494LeufsX6  55 

M
 

Atorvastatin 80, 
ezetim

ibe 10  
 

CAD
(34) 

 
18.0 

N
A 

8.5 
6.6 

 

314-1 
S285L 

c.314-1G
>A 

 
c.917C>T 
p.Ser306Leu 

2 
F 

Rosuvastatin 5 
N

o 
16.6 

14.2 
13.8 

12.6 

2204ins13bp 
N

543H
/2393del9 

c.2191_2203dup/ 
p.Ala735G

lyfsX51 
c.[1690A>C;2393_
2401del]/ 
p.[N

564H
;L799_F

801del] 

33 
M

 
Rosuvastatin 
40, ezetim

ibe 10 
 

CAD
(26) 

23.0 
21.5 

10.8 
8.4 

2417insG
 

D
283N

  
 

c.2416dup/ 
p.Val806G

lyfsX11 
c.910G

>A/ 
p.Aps304Asn 

9 
M

 
Rosuvastatin 
20, ezetim

ibe 10 N
one 

20.1 
18.5 

10.3 
9.3 

2417insG
  

G
352D

  
 

c.2416dup/ 
p.Val806G

lyfsX11 
c.1118G

>A/ 
p.G

ly373Asp 
27 

F 
Atorvastatin 80, 
ezetim

ibe 10, 
nicotinic 
aci d/laropiprant 
1000/20  

CAD
(25) 

19.9 
18.8 

12.6 
10.8 

2417insG
  

G
352D

 
c.2416dup/ 
p.Val806G

lyfsX11 
c.1118G

>A/ 
p.G

ly373Asp 
16 

M
 

Atorvastatin 80, 
ezetim

ibe 10 
N

one 
18.9 

17.2 
9.9 

8.4 

C201X 
E336G

 
c.666C>A/ 
p.Cys222* 

c.1070A>G/ 
p.G

lu357G
ly 

49 
M

 
N

A 
AP(33) 

N
A 

N
A 

N
A 

N
A 

D
245E 

N
543H

/ 
2393 del 9  

c.796G
>A/ 

p.Asp266G
lu 

c.[1690A>C;2393_
2401del]/ 
p.[N

564H
;L799_F

801del] 

31 
F 

Rosuvastatin 
20, ezetim

ibe 10  N
one 

11.3 
10.1 

6.5 
4.5 

D
245E 

  

N
543H

/ 
2393del9  
 

c.796G
>A/ 

p.Asp266G
lu 

c.[1690A>C;2393_
2401del]/ 
p.[N

564H
;L799_F

801del] 

29  
F 

Rosuvastatin 40 N
one 

11.3 
10.0 

7.3 
5.2 

D
321N

 
G

352D
 

c.1024G
>A/ 

p.Asp342Asn 
c.1118G

>A/ 
p.G

ly373Asp 
58 

M
 

Atorvastatin 40  M
I(54) 

 
8.7  

6.9 
 

4.5 
2.8 

D
461N

 
N

407K 
c.1444G

>A/ 
p.Asp482Asn 
 

c.1284C>G/ 
p.Asn428Lys 

57 
M

 
Atorvastatin 40 
m

g/day, 
ezetim

ibe 10  

N
one 

9.0 
N

A 
4.7 

3.1 

D
461N

 
N

407K 
c.1444G

>A/ 
p.Asp482Asn 

c.1284C>G/ 
p.Asn428Lys 

61 
M

 
Atorvastatin 80, 
ezetim

ibe 10  
M

I(37) 
9.5 

7.5 
4.3 

2.9 

G
186G

 
S285L 

c.621C>G
/ 

p.=? 
c.917C>T/ 
p.Ser306Leu 

36 
F 

Rosuvastatin 
40, ezetim

ibe 10 N
one 

12.0 
9.7 

5.5 
3.9 
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Supplem
entary Table 2: Characteristics of patients w

ith com
pound heterozygous fam

ilial hypercholesterolem
ia 

Com
m

on nom
enclature 

 
O

fficial nom
enclature 

cD
N

A
/protein 

m
utation 1 

m
utation 2 

m
utation 1 

m
utation 2 

A
ge 

Sex 
Treatm

ent 
First event 
(age) 

TC  
untreated 
 

LD
L-C 

untreated  
TC treated  

LD
L-C  

treated  

2.5kb deletion 
exon 7-8 

4.4 kb duplication  
exon 9- 12 in intron 
12  

c.940+?_-
?_1186+?_del 

c.1186+?_1845+?d
up 

21 
M

 
Atorvastatin 80, 
ezetim

ibe 10, 
nicotinic 
acid/laropiprant 
2000/40  

N
one 

20.1 
18.9 

13.2 
11.0 

2.5kb deletion 
exon 7-8 

4.4 kb duplication  
exon 9- 12 in intron 
12  

c.940+?_1186+?_d
el 

c.1186+?_1845+?d
up 

18 
F 

Atorvastatin 80, 
colesevelam

 
625, nicotinic 
acid/larop iprant 
1000/20  

N
one 

18.9 
17.7 

14.5 
12.0 

2.5kb deletion 
exon 7-8 

G
322S  

c.940+?_1186+?del c.1027G
>A/ 

p.G
ly343Ser 

36 
F 

Atorvastatin 80, 
Ezetim

ibe 10, 
N

icotinic acid 
2000  

N
one 

15.3 
13.5 

8.0 
4.1 

13kb deletion 
prom

oter and 
exon 1 

S285L 
c.1-?_67+?del 

c.917C>T/ 
p.Ser306Leu 

36 
F 

Atorvastatin 80, 
ezetim

ibe 10, 
LD

L-A   

N
one 

19.8 
N

A 
10/14-4.0* 
 

4.0-3.0* 

13kb deletion 
prom

oter and 
exon 1 

S285L 
c.1-?_67+?del 

c.917C>T/ 
p.Ser306Leu 

34 
M

 
Rosuvastatin 
10

†,  
ezetim

ibe 10  

N
one  

17.8 
N

A 
13.9 

12.7 

16kb deletion 
exon 12-18 

R574Q
 

c.1705+?_2580+?d
el 

c.1784G
>A/ 

p.Arg595G
ln 

24 
M

 
Rosuvastatin 
40,  
ezetim

ibe 10, 
colesevelam

 
3750 

N
one 

18.3 
16.0 

7.8 
6.8 

190+4A>T  
1480del121bp  

c.190+4A>T 
 

c.1480_1586+14de
l p.Val494LeufsX6  55 

M
 

Atorvastatin 80, 
ezetim

ibe 10  
 

CAD
(34) 

 
18.0 

N
A 

8.5 
6.6 

 

314-1 
S285L 

c.314-1G
>A 
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DISCUSSION 

 

In the current analysis, we established the prevalence of molecularly defined hoADH as 

approximately 1:300,000 (1/407,863 hoFH/compHeFH + 1/4,180,597 hoFDB) inhabitants in the 

Netherlands, which is at least three times more frequent as previously described.6 The prevalence 

of hoFDB was found to be 1 in 4 million Dutch inhabitants which, to the best of our knowledge, 

was not previously addressed in a cohort size like ours.17 We also observed a significant 

phenotypical variability in patients diagnosed with molecularly defined hoADH and, in particular, 

the majority of patients did not fulfill the phenotypic criteria for hoADH.9   

In 1973, Goldstein and colleagues estimated the prevalence of heterozygous ADH at 1:500, which 

translates into a hoADH prevalence of 1 in a million. This estimate, which was based on the 

frequency of ADH among relatives of survivors of myocardial infarction6 has been widely cited, 

but limited numbers of studies have specifically addressed the prevalence of heterozygous ADH 

or homozygous ADH. Higher prevalences, ranging from 1:30,000 to 1:275,000, have been 

described in other populations, e.g. French Canadians, South Africans and Japanese, probably 

resulting from founder effects or consanguinity.7, 8, 18, 19 The latter is exemplified by a study in 

Lebanon, where consanguinity rates were over 60 percent.18 Also, patients with two mutations in 

two different genes (so called “double heterozygotes”) and patients with autosomal recessive 

hypercholesterolemia were included in some studies addressing the prevalence of hoADH.18, 19 So, 

very few accurate data were available to date to be able to determine the hoADH prevalence.  

Since 1991, a systematic and nationwide screening program for causative mutations underlying 

ADH has been performed in the Netherlands and since 1994 a large genetic cascade screening 

program is implemented to identify affected ADH family members of index cases. Based on the 

prevalence described by Goldstein and co-workers, approximately 25,400 ADH patients 

(corresponding to 76%) of the anticipated number of ~33,400 patients were identified in our 

country by December 2011.6, 20 Our finding of a hoADH prevalence of ~1 in 300,000 and a 

calculated prevalence of heterozygous ADH of ~1 in 200 Dutch inhabitants is in line with a 

previous estimate of the prevalence of heterozygous ADH in the Netherlands 21 and suggests that 

we in fact have only identified around one third of the heterozygous ADH cases. The true 

prevalence of heterozygous ADH might even be higher, which would be in line with data from a 

recent Danish study that reported a prevalence of 1:137.22 It should be noted, however, that for 

this Danish study, clinical ADH criteria were used, which is a combination of lipid levels, clinical 

symptoms and family history. The Dutch population is an open society and we used a strict model 

to estimate the prevalence of hoADH. As a consequence these data could probably be 

extrapolated to other societies in Europe and the United States.   
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Phenotypic diagnostic criteria have been used to diagnose hoADH and LDL-C levels above 13.0 

mmol/l are generally accepted as a major criterion for the presence of hoADH.1, 9 It is of note, 

however, that a minority of patients in our study met this criterion and the range of LDL-C levels 

(4.4-21.5 mmol/L) in our study overlaps to a significant extent with LDL-C levels observed in 

heterozygous ADH patients.23 Interestingly, we identified a total of 69 heterozygous ADH patients 

(out of 13,080 patients (0.53%), of whom 6 index cases) with untreated LDL-C levels above 13 

mmol/L in the database of the Foundation for the Identification of Persons with Inherited 

Hypercholesterolemia. Based on the clinical criteria, these patients should be considered to suffer 

from homozygous ADH. This clearly further shows the overlap between heterozygous and 

homozygous ADH. The potential misperception that a patient with LDL-C levels much lower than 

expected for hoADH cannot be a carrier of two pathogenic mutations, has likely resulted in an 

underestimation of the prevalence of hoADH. It is therefore no surprise that lipid levels in our 

study were on average lower than generally assumed in hoADH patients.9  

Moreover, LDL-C levels observed in our study were also significantly lower than observed in a 

large retrospective cohort study in hoADH patients performed by Raal en co-workers. In their 

study, comprising 149 hoFH patients, LDL-C levels were 16.4 ± 3.9 mmol/L and the mean age of 

hoADH patients in this South African cohort was 26.8 ± 14.6 years, compared to a mean age in our 

study of 37.4 ± 19.1 years.4 The majority of patients in the South African study were molecularly 

diagnosed with hoADH. The large difference with our study is the fact that in their study, 

sequencing of LDLR and APOB was only performed upon a clinical suspicion of hoADH. The latter 

will result in an inflation of the clinical phenotype associated with the molecular defect. The 

question, however, remains whether the underestimation of the prevalence of molecularly 

defined hoADH has any clinical relevance, since it has been shown that cardiovascular risk in ADH 

patients is driven by LDL-C levels and not by the presence or absence of a mutation per se.24  

Early identification and treatment has been shown to prevent CVD events to occur in patients 

with ADH.3 In line, genetic testing and consequent monitoring of lipid levels for the identification 

and treatment of ADH patients is recommended.25 In addition, genetic testing of relatives of 

patients with ADH has shown to be more cost effective than currently used clinical screening 

strategies.26  

It is of note, however, that some guidelines for apheresis recommend consideration of this 

therapy in homozygous FH patients, independent of the level of plasma LDL-C.27 Moreover, the 

approval of US Food and Drug Administration and the European Medicines Agency has been 

obtained for lomitapide (Juxtapid®) treatment of hoADH. Mipomersen (Kynamro®) has only 

been approved for this indication in the US. The question remains whether only those with a 

molecular diagnosis should be considered for these novel medications, since this would exclude 

 

patients with a clear clinical hoADH phenotype in whom a molecular defect cannot be identified, 

while we would consider these patients in dire need for a novel therapy.28  

The origin of the phenotypic variation of hoADH in this study is not completely understood. We 

used a virtually unbiased approach, focussing on the molecular diagnostics and the finding of 

near-normal lipid levels in some of these patients might suggest non-penetrance of molecular 

defects or counteracting (molecular) mechanisms that lower LDL-C. Worldwide more than 1,700 

mutations in the LDLR have been described to cause ADH.29 The severity of the disease partly 

depends on the residual activity of the LDLR and therefore on the severity of the underlying 

mutation. The impact of ADH causing mutations on LDL-C levels  observed in our study is in line 

with a recently published manuscript about the clinical consequences of mutations in an Italian 

ADH population.30 In addition, the phenotypic variability could also be explained by concomitant 

mutations with effects on LDL-C levels, i.e. in APOB, ANGPTL3 or PCSK9 or to life style factors.31-33  

Some limitations should be taken into account while interpreting the results of our analysis. First, 

clinical data were obtained from medical records and we were not able to retrieve all clinical data. 

Secondly, our data is derived from a relatively small number of patients compared to the entire 

population of our country. Therefore, it is likely that a number of hoADH patients have not been 

identified, despite the high awareness of ADH amongst referring physicians. This, in addition to 

the fact that we had exclude double heterozygous ADH mutation carriers and the fact that 

premature death might be in play, would imply that the prevalence is even higher than we report 

this study.  

To the best of our knowledge, this is the first study investigating the phenotypic variation of 

molecularly defined hoADH. From a clinical and screening perspective, diagnosing molecularly 

defined hoADH (instead of using phenotypic criteria) is of importance, since both parents and all 

children of the hoADH patient will be heterozygous carriers.  

Therefore, our observations are relevant for the diagnostic strategy in family members of patients 

with molecularly defined hoADH. More importantly, it is pivotal to define hoADH either as a 

clinical or a molecular entity, since this will have a huge impact on the identification of the 

patients who are deemed eligible for reimbursement for novel agents that lower LDL-C beyond 

statins (e.g. PCSK9 inhibitors, lomitapide and antisense APOB therapy).  
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SUMMARY 

 

Importance of the field 

Atherosclerosis, the condition underlying cardiovascular disease (CVD), often begins in childhood. 

A disturbance in lipoprotein metabolism is one of the major modifiable risk factors for the 

development of atherosclerosis and ensuing CVD. Therefore, strategies to prevent CVD should be 

implemented at an early age, especially in populations at high risk. 

Areas covered in this review 

We discuss the current treatment options for a number of primary and secondary dyslipidemias. A 

literature search was done using Pubmed, and references from 1973 to 2009 are cited.  

What the reader will gain 

The reader will gain a comprehensive review on pharmacological and non-pharmacological 

treatment options for primary and secondary dyslipidemia in childhood.  

Take home message 

Dyslipidemia may require early diagnosis and management, especially when it is familial with 

elevated cholesterol levels from birth onwards. If target goals for low-density lipoprotein 

reduction can not be reached with life style modification, drug therapy can be considered.  

 

 

 

 

INTRODUCTION 

 

Compared with adults, dyslipidemia is a less common condition in children, although its 

prevalence is on the rise with the current epidemic of childhood obesity. Dyslipidemia can be 

primary or secondary; the primary forms are caused by a genetic defect in lipid metabolism 

pathways while secondary forms are the result of other disorders, are the consequence of 

lifestyle and environmental factors or certain drugs. Dyslipidemia is one of the major modifiable 

risk factors for the development of atherosclerosis and cardiovascular disease (CVD). In adults, 

treatment of low-density lipoprotein cholesterol (LDL-C) dyslipidemia significantly reduces the 

incidence of CVD. Since the process of atherosclerosis commences in childhood, initiation of 

treatment of dyslipidemia in the pediatric age range is hypothesised to further diminish the 

incidence of CVD. However, in most cases the prevention of risk factors through behavioural 

means remains the mainstay of pediatric management of elevated CVD risk.  

In 2008, the American Academy of Pediatrics (AAP) released an updated policy statement on 

cholesterol in childhood 1. The most important changes in the recommendations compared with 

the previous statement from 1998 were the possibility of pharmacologic intervention (mainly 

statins instead of bile acid binding resins) beginning at the age of 8 instead of 10, more frequent 

and earlier screening, and treatment targets for LDL-C as low as 2.8 mmol/l (110 mg/dL) for 

children with a strong family history of CVD (table 1). The release of these guidelines caused a stir 

in the media, mainly on account to the fact that statins have been studied mostly in children with 

familial hypercholesterolemia (FH) and long-term follow up is lacking.  

In this review, we first provide an overview of the available (non-)pharmacological treatments for 

children with dyslipidemia as well as their mechanisms of action. Then we focus on the primary 

and secondary dyslipidemias in children for which these treatment modalities can be considered. 
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Table 1: Recommendations of the American Academy of Pediatrics on hypercholesterolemia in 
Children 
1. Diet / lifestyle 

o All children > 2 years of age: healthful diet according to Dietary Guidelines for 
Americans.  

o Children between 12 months - 2 years of age with family history of obesity, 
dyslipidemia, CVD, or for whom overweight is a concern: use reduced-fat milk. 

o Children and adolescents at high risk for CVD: diet with saturated fat <7%, cholesterol 
<200mg/day en trans fat <1% 

o For overweight or obese children with high triglyceride or low HDL-C levels: weight 
management, including dietary counselling and increased physical activity 

2. Screening 
o Screen all children with 

 Positive family history of dyslipidemia OR 
 Positive family history of premature CVD OR 
 Positive family history of other CVD risk factors (overweight / obesity, 

hypertension, cigarette smoking, diabetes) OR 
 Family history not known. 

o Screening should take place between 2-10 years of age 
o The recommended approach to screening is a fasting lipid profile. If values are within 

the reference range (according to age and gender) the patient should be retested in 3-
5 years.   

3. Pharmacology 
o For patients ≥ 8 years pharmacological intervention should be considered if: 

 LDL ≥ 4.9 mmol/L (190 mg/dL) OR 
 LDL ≥ 4.1 mmol/L (160 mg/dL) AND family history of premature heart disease OR 
 LDL ≥ 4.1 mmol/L (160 mg/dL) AND ≥ 2 additional risk factors (obesity, 

hypertension, cigarette smoking) OR 
 LDL ≥ 3.35 mmol/L (130 mg/dL) AND diabetes mellitus 

o When there is a strong family history of CVD, especially with other risk factors, target 
levels for LDL-C as low as 3.35 mmol/L (130 mg/dL) or even 2.85 mmol/L (110 mg/dL) 
should be considered.  

HDL-C: high-density lipoprotein cholesterol; LDL-C: low-density lipoprotein cholesterol; CVD: cardiovascular disease 

 

NON-PHARMACOLOGICAL AND PHARMACOLOGICAL TREATMENT OPTIONS FOR DYSLIPIDEMIA 

 

The treatment of dyslipidemia in childhood starts with lifestyle modification that focuses on 

cholesterol lowering and reduction of other CVD risk factors. If lifestyle modification per se does 

not sufficiently reduce cholesterol levels, drug therapy can be considered. The available non- 

pharmacological and pharmacological treatment options (table 2) are discussed here. The choice 

and efficacy of the various drug therapies in specific disorders will be discussed in the section on 

primary and secondary dyslipidemias (table 3).  

 

Lifestyle modification 

 

Diet 

All children with dyslipidemia should be advised to adhere to a low-saturated fat and low-

cholesterol diet. The intake of complex carbohydrates should be increased, whereas that of 

refined sugars should be decreased. In 1992, the National Cholesterol Education Programme 

(NCEP) recommended diet treatment after 2 years of age with a Step-One (lowering saturated fat 

to <10% of daily energy and limiting cholesterol intake to <300 mg per day) or Step-Two diet 

(lowering saturated fat to <7% of daily energy and limiting cholesterol intake to <200 mg per day) 
2. According to the updated policy statement from the AAP, the Step-Two diet is recommended 

for all high-risk children, such as children with high cholesterol levels, a positive family history of 

CVD, or other significant CVD risk factors 1. In addition, the American Heart Association (AHA) 

recommends limiting the intake of trans fatty acids to <1% of daily energy 3. This is safe and 

efficacious for the reduction of total cholesterol (TC) and LDL-C in children and adolescents, even 

when initiated soon after weaning 4-7. Some studies have reported decreased intake of vitamin E 8, 

9, zinc 8, calcium 8, 10, phosphorus 10, or vitamin B1, B2, B3, B6, and B12 9, but no adverse effects 

have been shown on growth 4, 7, 10-12, total serum protein, hemoglobine 7, serum ferritin 4, sexual 

maturation 4, 11 or neurological development 5, 7. Nevertheless, caution needs to be exercised to 

ensure adequate intake of essential nutritional elements.  

Very few data are available on the efficacy of diets to lower LDL-C in children, but in adults, diets 

containing <7% saturated fat and <200 mg cholesterol (Step-Two diet) reduce LDL-C by 9 to 12% 

compared with a Western-type diet 13. Some additions to dietary therapy have been 

recommended as well, such as food products high in either plant sterol esters or plant stanol 

esters 14-16, water-soluble fibers 17, 18, soy protein 19, 20 or ω-3 fatty acids 21. However, most studies in 

children are small, and more studies are warranted to assess further the efficacy of these 

supplements.  
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Physical exercise and weight control 

Besides dietary therapy, physical activity should be promoted in children, especially those with 

dyslipidemia. Although the correlation between physical activity and TC, high-density lipoprotein 

cholesterol (HDL-C), LDL-C, and triglyceride levels is weak 22-25, it reduces other risk factors for 

CVD, such as hypertension, diabetes and obesity. In adults, there is a strong relationship between 

physical activity and mortality risk 24, 26. The Center for Disease Control and Prevention 

recommends at least 60 minutes of daily exercise for all children and adolescents.  

 

Smoking 

Smoking should be strongly discouraged, as it is strongly associated with CVD in patients with 

hypercholesterolemia 27, 28. Several mechanisms underlie the process by which smoking may 

increase the risk of CVD;  it is associated with an adverse effect on serum lipids and with insulin 

resistance, increased inflammation and vascular dysfunction, development of thrombi, increased 

oxidative stress and mitochondrial damage to heart muscle 29.  

 

 Lipid-lowering drugs in children 

 

Statins 

The 3-hydroxy-3-methylglutaryl-coenzyme A (HMG-CoA) reductase inhibitors or “statins”, act in 

the hepatocyte by inhibiting HMG-CoA reductase, which catalyzes the conversion of HMG-CoA to 

mevalonate; this reaction is the rate-limiting step in cholesterol synthesis. The consequently 

decreased intracellular cholesterol levels trigger a feedback mechanism that increases LDL-C-

receptor activity, subsequently leading to increased clearance of LDL-C and decreased plasma 

LDL-C concentrations 30.  

In adults, statins have convincingly been shown to be safe and well tolerated agents that reduce 

CVD morbidity and mortality in a wide range of patients 31. Besides the reduction in LDL-C, statins 

have been shown to improve endothelial function, stabilize atherosclerotic plaques, decrease 

oxidative stress and inflammation, and inhibit the thrombogenic response 32. Several pediatric 

studies have shown statins to be equally effective as in adults, well tolerated and safe in respect 

of adverse events, growth or sexual development 33, 34. Therefore they are at present the 

preferred LDL-C lowering medication in dyslipidemic children. Pravastatin is registered for 

children > 8 years (20 mg is advised when <14 years of age and 40 mg when ≥ 14) by the American 

Food and Drug Administration (FDA) and the European Medicines Agency (EMEA). Simvastatin 10-

40 mg, lovastatin 10-40 mg and atorvastatin 10-20 mg are registered by the FDA for children > 10 

years of age. However, further studies are required to assess lifelong safety of statins. Owing to 

 

possible side effects and the risks of rhabdomyolysis, patients should be instructed to report 

symptoms of muscle aches or cramping, and liver transaminase and creatine kinase 

concentrations should be measured regularly 1.    

 

Ezetimibe  

Ezetimibe selectively inhibits the intestinal absorption of both dietary and biliary cholesterol by 

blocking the Niemann-Pick C1-like 1 (NPC1L1) protein transporter, which reduces the delivery of 

intestinal cholesterol to the liver. As a result, LDL-receptor expression is upregulated and 

clearance of LDL-C from plasma increased. Ezetimibe has also been shown to be effective in 

reducing sitosterol and campesterol levels in patients with sitosterolemia 35. In patients with FH, 

ezetimibe can be well coadministrated with statins 36 and with simvastatin, it is available as a 

fixed-dose combination product. Recently, ezetimibe was the cause of some controversy, since in 

a large trial in adults, despite a significant lipid-lowering effect, no improvement on intima-media 

thickness (IMT) was observed 37. Whether this was caused by the lack of ezetimibe to inhibit 

atherosclerosis, or a consequence of the fact that patients had already been treated with statins 

before inclusion in the trial, remains to be clarified. 

Ezetimibe is registered for pediatric use from the age of 10 years by both the FDA and the EMEA. 

Because the adverse effects are limited to gastrointestinal discomfort, ezetimibe represents a 

potentially important agent for children, maybe even for children younger than 10 years of age. 

However, long-term safety and effectiveness, both on lipid-lowering and (surrogate) clinical 

endpoints remain to be evaluated.  

 

Bile acid binding resins  

Bile acid binding resins have long been considered the only suitable lipid-lowering drug in children 

and are recommended in the 1992 NCEP guidelines 2. They act by binding to bile acids in the 

intestinal lumen. This interrupts the enterohepatic circulation of bile acids, leading to increased 

conversion of cholesterol into bile in the liver. The resulting decreased cholesterol levels in 

hepatocytes induce the liver to upregulate LDL-receptor activity, causing an increased clearance 

of LDL-C from the circulation 38. Because bile acid binding sequestrants act in the intestinal lumen 

and are not systemically absorbed, they are considered safe for children. However, they are 

usually prescribed as a powder with a gritty taste and therefore difficult to adhere to. 

Gastrointestinal side effects are frequently reported and interference with the uptake of fat 

soluble vitamins has been suggested. Colestyramine is registered by the EMEA, but has never 

been approved by the FDA for use in children. The second-generation sequestrant colesevelam 
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can be used in a lower dose and is associated with less unpleasant side effects 39. Pediatric studies 

with this compound are underway.  

 

Fibric acid derivates 

Fibric acid derivates or fibrates have not been well studied in children and are not registered in 

the pediatric age range. Their mechanism of action is complex and largely unknown. Treatment 

with fibrates results in decreased production of very low-density lipoprotein cholesterol (VLDL-C) 

and an increased clearance of triglycerides. They also lower TC and LDL-C and elevate HDL-C. 

Adverse reactions are similar to those of statins and in combination with statin therapy fibrates 

cause an increased risk of myopathy or rhabdomyolysis. In children, fibrates are used rather for 

patients with severe elevations in triglycerides with an associated risk for pancreatitis than for the 

prevention of CVD 40.  

 

Nicotinic acid 

The mechanism of action of nicotinic acid or niacin is complex and not fully understood. Niacin 

favorably affects VLDL, LDL-C and increases HDL-C. The adverse effects of niacin, mainly flushing, 

make it difficult for use in children 1. Niacin is not registered and not recommended for pediatric 

use.  
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PRIMARY DYSLIPIDEMIAS 

  

Familial Hypercholesterolemia 

Familial hypercholesterolemia (FH) is a common autosomal dominant monogenic disorder. 

Heterozygous FH has an average prevalence of 1 per 500 individuals. The underlying defect is 

mostly a mutation in the gene encoding for a liver cell-surface receptor that removes LDL-C 

particles from the circulation, leading to severely elevated LDL-C levels from birth onwards. 

Clinically, the disease is characterised by premature atherosclerosis and CVD. The criteria for a 

clinical diagnosis of FH are LDL-C levels above the 95th percentile for age and gender, a family 

history positive for CVD, and physical symptoms of cholesterol deposits in the skin, eyes or 

tendons known as xanthelasmas, arcus corneae and tendon xanthomas, respectively, which are 

typical for FH though rare in children 41. If possible, a clinical diagnosis of FH should preferably be 

confirmed by molecular genetic testing.  

Despite the absence of complaints or symptoms, the first steps on the road to atherosclerosis are 

already present in children with FH. Increased inflammatory activity is reflected by elevated levels 

of high-sensitivity C- reactive protein (hsCRP) in children with FH as compared to their unaffected 

siblings 42. Additionally, functional and morphological changes of the arterial wall are observed in 

children with FH, which indicates that the atherosclerotic process has already been initiated. This 

is illustrated by an impaired flow-mediated dilatation (FMD) of the brachial artery 43 and an 

increased IMT of the carotid artery 44, respectively. These findings have led to the hypothesis that 

treatment should be initiated early in life to reduce the incidence of CVD in later years. 

Statins are the mainstay of lipid-lowering treatment in both adults and children with FH. 

According to the recent AAP guidelines 1, statin treatment should be considered for children aged 

8 - 18 years with FH and LDL-C levels above 4.1 mmol/L (160 mg/dL). Target LDL-C levels as low as 

3.35 mmol/L (130 mg/dL) or even 2.85 mmol/L (110 mg/dL) may be warranted, especially when 

there is a strong family history for premature CVD (table 1). A meta-analysis of randomized, 

placebo-controlled trials in children with FH showed that statin therapy significantly reduces total 

cholesterol (23%), LDL-C (30%) and ApoB (25%), and increases HDL-C (4%) 34. Furthermore, statin 

therapy reversed impaired FMD in children with FH 43 and a randomized, placebo-controlled trial 

demonstrated that two years of pravastatin therapy induced regression of carotid IMT in 8 – 18-

year-old children with FH, whereas a trend towards progression of IMT was observed in the 

placebo group 45. The longest follow-up study of statin therapy in childhood so far (4.5 years), 

showed that age at statin initiation was positively associated with carotid IMT after follow-up, 

indicating that early statin initiation retards IMT progression, with no adverse effects on growth, 

sexual maturation, liver or muscle tissue 46. In the aforementioned meta-analysis, which included 

 

studies with a duration of 3-24 months, safety outcomes were favourable as well 34. However, 

additional studies are required to assess lifelong safety. A trial in children with FH treated with 

ezetimibe added to simvastatin showed 15% additional LDL-C lowering without adverse safety 

outcomes 36. Results of a recent, small, retrospective study in children with FH or FCH treated 

with ezetimibe monotherapy, showed an average LDL-C reduction of 28% (30% in the FH group 

and 23% in the FCH group) 47. An uncontrolled prospective study evaluating ezetimibe 

monotherapy in children consecutively enrolled from clinical practice showed a 31% LDL-C 

reduction in 11 children with FH and a 43% LDL-C reduction in 6 children with polygenic 

hypercholesterolemia 48. Lipid-lowering efficacy from colestyramine is moderate, as it ranges 

from 13 to 20% for LDL-C 40. Colesevelam is now being tested in children with FH as monotherapy 

or combination therapy.  

Homozygous FH patients are uncommon (1/1.000.000) and exhibit a far more severe phenotype 

with extremely elevated LDL-C levels of at least >10 mmol/L (385 mg/dL). If left untreated, most of 

these patients will develop symptomatic coronary atherosclerosis before the age of 30 49. 

Considering the extreme phenotype in these children, a more aggressive treatment regimen is 

needed. It is now common practice to start lipid-lowering medication already during the first year 

of life, or immediately after the patient is diagnosed. Efficacy of statin therapy is often poor in 

these patients because statins act through LDL-C receptor upregulation. LDL apheresis is the only 

effective treatment available at present, but this procedure is costly and invasive. However, for 

children this has proven to be safe and those children who have been treated for many years have 

shown normal growth and development 50. The only complication has been iron-deficiency 

anaemia, which responds well to iron therapy. Almost all children undergoing LDL apheresis 

reported in the literature are treated with dextran sulphate-cellulose adsorption (DSA). Dextran 

sulphate covalently bound to cellulose beads selectively binds VLDL and LDL but not HDL, 

resulting in a LDL-C reduction of 49-75%. The procedure is usually initiated at the age of 6-7 years, 

or even earlier 51.  

 

 Familial Combined Hyperlipidemia 

Familial combined hyperlipidemia (FCH) occurs in about 1-3% of the adult population. As opposed 

to FH, the pathophysiology of this polygenic complex disease is yet to be clarified. It is defined as 

a metabolic disorder characterized by increased TC and/or triglycerides in at least two members 

of the same family, intra-individual and interfamilial variability of the lipid phenotype, and 

increased risk of premature CVD. Most of the affected individuals also have low HDL-C levels 52. It 

has been considered that the clinical expression of FCH is delayed until early adulthood, but some 

studies showed that this may not be true 53, 54.  
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There is a strong association between obesity and the FCH-phenotype in children 55, but whether 

the tendency towards obesity is part of the genetic background needed for early presentation of 

FCH is unknown. Not surprisingly, many studies have shown an association with insulin resistance 

and the metabolic syndrome 56-58, which renders the definition of FCH even more complicated. 

FCH is associated with premature CVD: approximately 20% of patients with a premature 

myocardial infarction have FCH 59.  

Treatment of patients with FCH starts with dietary and lifestyle modifications. In case of severe 

hypercholesterolemia, lipid-lowering drugs can be considered. However, paediatric studies in this 

specific population are scarce and most FCH children treated in a research setting participated in 

studies that included both subjects suffering from FCH and FH. Recommended levels for 

hypertriglyceridemia or low HDL-C for the initiation of drug therapy have not been established for 

children. Fibrates and nicotinic acid are not recommended in children, except in extreme cases of 

severe hypertriglyceridemia when other therapies fail to control plasma lipoproteins.  

 

3.3. Autosomal Recessive Hypercholesterolemia 

Autosomal recessive hypercholesterolemia (ARH) is a rare monogenic lipid disorder mostly found 

in people of Italian, especially Sardinian, origin. Mutations in ARH prevent normal internalization 

of the LDL-receptor, and therefore LDL-receptor protein accumulates at the cell surface. The 

clinical phenotype and cardiovascular risk is somehow similar to that of homozygous FH patients, 

but is more variable and less severe 60. Patients with ARH generally respond better to lipid-

lowering medication than patients with homozygous FH. The reason for this is not exactly known, 

but the presence of intact LDL-receptors might play an important role. Although some patients 

have shown nearly complete resistance to statin treatment, the majority of patients with ARH 

respond with 30-60% LDL-C reduction on statin therapy 61. Colestyramine led to a 20-35% decrease 

in TC in some ARH patients 62. Co-administration of ezetimibe together with statin therapy 

seemed to represent a valuable addition to lower LDL-C 50, 63 and is preferable to colestyramine in 

children. For those patients who do not reach target cholesterol concentration on lipid-lowering 

medication, LDL apheresis is an effective and safe therapy, in adults as well as in children 50, 62.  

 

Familial Hyperchylomicronemia 

Hyperchylomicronemia is a rare disorder mostly caused by a deficiency in lipoprotein lipase (LPL) 

or one of its co-factors, mostly apolipoprotein C-II (Apo C-II), and very rarely by a recently 

identified mutation in glycosylphosphatidylinositol-anchored high-density lipoprotein-binding 

protein 1 (GPIHBP1), which blocks the ability of GPIHBP1 to bind LPL and chylomicrons 64. LPL 

deficiency entails an autosomal recessive disorder of triglyceride metabolism that affects an 

 

estimated 1 in every 1.000.000 individuals; Apo C-II deficiency is even less common. These 

dyslipidemias are characterized by impaired peripheral lipolysis of triglycerides by LPL, leading to 

extremely elevated plasma triglyceride levels, often above 10 mmol/L (885 mg/dL). Clinically, it 

presents in early childhood with indistinctive symptoms including repetitive colicky abdominal 

pain and failure to thrive. Acute pancreatitis, of which the underlying pathology is unknown, is the 

most severe complication of the disease. Hepatosplenomegaly and eruptive xanthomas may 

occur as a result of triglyceride uptake by macrophages in the liver, spleen and skin 65. Blood 

plasma is typically lactescent, which is often a first clue of the disease. Although the common, 

milder forms of hypertriglyceridemia are associated with an increased risk of developing 

atherosclerotic CVD, this does not seem to be the case in LPL-deficient patients, despite high 

triglyceride concentrations 66.  

In the management of LPL- and Apo C-II deficiency, dietary modification plays a key role since 

triglyceride lowering agents such as fibrates and nicotinic acid all act through LPL upregulation 

and are therefore ineffective in this condition. Dietary fat should be restricted (under guidance of 

a dietician) as much as possible, and agents that are known to increase plasma triglyceride such 

as alcohol, estrogens and steroids should be avoided. A small study showed a decrease in 

triglycerides to <10 mmol/L in 12 of the 13 children within 9 days after initiating diet therapy. No 

adverse effects on growth or pubertal development were reported 65. However, life-long 

adherence to this severely limited diet proves to be difficult. A recent study showed promising 

results for gene therapy by intramuscular administration of adeno-associated virus subtype 1 

(AAV1)-lipoprotein lipase 67.  

 

 Sitosterolemia 

Sitosterolemia, also known as phytosterolemia, is a very rare disorder. It is characterized by 

increased plasma concentrations of plant sterols, such as sitosterol and campesterol, of which the 

chemical structure is almost similar to that of cholesterol. As plant sterols are derived from plants 

only, as suggested by the name, diet is the only source. Normally, they are taken up by the 

enterocyte and largely excreted to the intestinal lumen by ATP-binding cassette, sub-family G 

member 5 (ABCG5) and ABCG8 proteins. As a consequence, their net absorption and plasma 

concentrations are usually low. Mutations in either ABCG5 or ABCG8 genes lead to the inability of 

the G5G8- transporter to pump these plant sterols from the enterocytes back into the intestinal 

lumen and from the liver into bile, which results in the accumulation of plant sterols in blood, 

plasma, erythrocytes, and different tissues, most commonly in xanthomas and the arterial wall. 

Clinical characteristics include premature atherosclerosis, tendon xanthomas, chronic haemolytic 

anemia and thrombocytopenia, and abnormal liver function tests 68. 
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Familial Hyperchylomicronemia 
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estimated 1 in every 1.000.000 individuals; Apo C-II deficiency is even less common. These 

dyslipidemias are characterized by impaired peripheral lipolysis of triglycerides by LPL, leading to 

extremely elevated plasma triglyceride levels, often above 10 mmol/L (885 mg/dL). Clinically, it 

presents in early childhood with indistinctive symptoms including repetitive colicky abdominal 
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plasma is typically lactescent, which is often a first clue of the disease. Although the common, 
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 Sitosterolemia 

Sitosterolemia, also known as phytosterolemia, is a very rare disorder. It is characterized by 

increased plasma concentrations of plant sterols, such as sitosterol and campesterol, of which the 

chemical structure is almost similar to that of cholesterol. As plant sterols are derived from plants 

only, as suggested by the name, diet is the only source. Normally, they are taken up by the 

enterocyte and largely excreted to the intestinal lumen by ATP-binding cassette, sub-family G 

member 5 (ABCG5) and ABCG8 proteins. As a consequence, their net absorption and plasma 

concentrations are usually low. Mutations in either ABCG5 or ABCG8 genes lead to the inability of 

the G5G8- transporter to pump these plant sterols from the enterocytes back into the intestinal 

lumen and from the liver into bile, which results in the accumulation of plant sterols in blood, 

plasma, erythrocytes, and different tissues, most commonly in xanthomas and the arterial wall. 

Clinical characteristics include premature atherosclerosis, tendon xanthomas, chronic haemolytic 

anemia and thrombocytopenia, and abnormal liver function tests 68. 
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Available treatment for patients with sitosterolemia include a diet low in plant and shellfish 

sterols, drug therapy with colestyramine or ezetimibe and ileal bypass surgery 68. In adults, the 

average reduction in plant sterol levels with colestyramine is approximately 50% 69. In a recent 

study with ezetimibe, sitosterol and campesterol levels were reduced with respectively 21 and 24% 

after 8 weeks of treatment 68, and with 44 and 51% after 2 years of treatment 35. Although 

colestyramine effectively reduces plant sterol levels in children 70, ezetimibe seems to be more 

appropriate in the pediatric age range given its good tolerability 35 68.  

 

 Hypoalphalipoproteinemia 

A number of rare genetic lipid disorders can lead to reduced plasma HDL-C levels. The one with 

the most pronounced phenotype, Tangier disease, is characterized by a near absence of HDL-C in 

plasma and by the accumulation of cholesteryl esters in tissues like tonsils, liver, spleen, lymph 

nodes, thymus, intestinal mucosa, peripheral nerves and the cornea. It is caused by mutations in 

the gene that codes for the ATP-binding cassette transporter A1 (ABCA1). Even though children 

with Tangier disease have low LDL-C levels, they appear to have an increased risk of CVD during 

adulthood 71. Lecithin cholesteryl acyltransferase (LCAT) deficiency and apolipoprotein A1 (apo A-

I) deficiency are other causes of extremely low plasma HDL levels. LCAT deficiency can lead to the 

development of two distinct syndromes: familial LCAT deficiency (FLD) and fish eye disease (FED).  

The clinical presentation of hypoalphalipoproteinemia varies and signs seen in Tangiers disease 

such as corneal clouding commonly appear during adulthood. For long time it has been unclear 

whether these patients have an increased cardiovascular risk, but a more recent study showed 

that patients with LCAT deficiency have an increased IMT compared to family controls 72, indeed 

indicating an increased risk.    

There is no consensus regarding treatment since there is no experience with HDL modifying 

agents in children. Lipid-lowering medication in order to decrease the LDL-C / HDL-C ratio is 

usually initiated later in life 71. For FED, treatment is mostly not needed. Patients with FLD should 

keep a fat-restricted diet and further treatment is symptomatic [29].  

 

Table 3. Primary and secondary dyslipidemias: main biochemical features and treatment 

Dislipidemia Main biochemical features Treatment 

Primary dyslipidemias 

Familial 
Hypercholesterolemia  

HeFH: LDL-C ↑ 
HoFH: LDL-C ↑↑ 

HeFH: Lifestyle modification, lipid-
lowering medication, usually statins 
HoFH: Lipid-lowering medication, 
usually statins, LDL apheresis 

Familial Combined 
Hyperlipidemia  

TC ↑ / TG ↑ /  
TC ↑ + TG ↑ 

Lifestyle modification 
Consider lipid-lowering medication 

Autosomal Recessive 
Hypercholesterolemia  

LDL ↑↑ Lipid-lowering medication, usually 
statins 

Familial 
Hyperchylomicronemia 

TG ↑↑ Diet 

Sitosterolemia Plasma sitosterol ↑↑  

Plasma campesterol ↑↑ 

Diet 
Colestyramine, Ezetimibe 

Tangier Disease HDL ↓↓ No consensus  
LCAT deficiency HDL ↓↓ FLD: Diet 

FED: No treatment 

Apo A-I deficiency HDL ↓↓ No consensus 

Secondary dyslipidemias 

Metabolic Syndrome LDL ↑ / TG ↑ /  
LDL ↑ + TG ↑ / HDL↓ 

Weight reduction 
Lifestyle modification 
Metformin? 

Obesity LDL ↑ / TG ↑ /  
LDL ↑ + TG ↑ /  

Weight reduction 
Lifestyle modification 

Type 1 Diabetes Mellitus TC ↑, LDL ↑ Optimal glycemic control 
Lifestyle modification 
Statins?  

Nephrotic Syndrome TC ↑, LDL ↑ / TG ↑ Treat underlying cause 
Lifestyle modification 
Statins? 

PCOS TG ↑ / HDL↓ Lifestyle modification 

Organ transplantation TC ↑, LDL ↑, TG ↑ After heart transplantation: statins 

HIV LDL ↑, TG ↑  No consensus 

SLE TG ↑ Immunosuppressives, diet 
Lipid-lowering medication, usually 
statins 

HeFH: heterozygous familial hypercholesterolemia; HoFH: homozygous familial hypercholesterolemia;  HDL: high-
density lipoprotein;  LDL: low-density lipoprotein; TC: total cholesterol; TG: triglycerides; LCAT: lecithin 
cholesteryl acyltransferase; FLD: familial LCAT deficiency; FED: fish eye disease; PCOS: polycystic ovary syndrome; 
SLE: systemic lupus erythematosus 
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SECONDARY DYSLIPIDEMIAS 

 

Metabolic syndrome and obesity 

Of the secondary lipid disorders, metabolic syndrome is of particular concern, given the recent 

obesity epidemic in children and the central role of obesity in its development. The metabolic 

syndrome (MetS), also known as the insulin resistance syndrome, is a constellation of risk factors 

for CVD and diabetes. According to the International Diabetes Federation (IDF) definition, for 

children > 10 years MetS can be diagnosed with abdominal obesity (waist circumference ≥ 90th for 

age and gender), and the presence of two or more other features, that is elevated triglycerides (≥ 

1.7 mmol/L / ≥ 150 mg/dL), low HDL-C (< 1.03 mmol/L / < 40 mg/dL), high blood pressure (systolic 

≥130 / diastolic ≥85 mm Hg) or increased fasting plasma glucose (≥ 5.6 mmol/L / 100 mg/dL). MetS 

should not be diagnosed for children < 10 years, and adult criteria for metabolic syndrome can be 

used for children > 16 years of age 73. When fasting plasma glucose exceeds 7.0 mmol/L (126 

mg/dL), type 2 diabetes mellitus is defined. This condition is still rare in childhood, but its 

prevalence is rapidly increasing, especially in obese children aged 10-19 years with a family history 

of type 2 diabetes 74.  

Lipid abnormalities, particularly high triglycerides and low HDL-C, are strongly associated with 

obesity and insulin resistance 75. It is unknown whether insulin resistance induces dyslipidemia or 

whether both are associated by an underlying cause. Studies in rats showed that insulin is one of 

the driving forces leading to increased lipid synthesis in the liver and white adipose tissue, by 

acting on lipogenic enzymes, glucokinase and GLUT-4 expression 76.  

Several abnormalities that indicate enhanced atherosclerosis are already present in obese 

children. For instance, inflammatory activity was increased 77-79 and endothelial function was 

impaired 79, 80 in obese children compared to normal-weight children. However, data on increased 

IMT in obese children are controversial; some studies have documented an increased IMT in 

obese children, compared with non-obese controls 79, 79, 81, whereas others showed no difference 
80, 82. An autopsy study of 204 persons aged 2-39 years showed that the extent of fatty streaks and 

fibrous plaques was strongly associated with BMI, systolic and diastolic blood pressure, and 

serum cholesterol levels, which are all clustered under the metabolic syndrome 83. Hence,  

childhood obesity is a strong predictor of CVD risk factors 84-87 and CVD events 85 in adulthood.  

Treatment of both MetS and obesity-related dyslipidemia starts with lifestyle modifications. 

Children should follow a low fat diet, do regular physical activity and reduce their body weight. 

Weight control is the most important objective, as it has been shown that reduction in lipid levels 

is associated with BMI reduction 88-91. The prevalence of metabolic syndrome in obese children 

who underwent lifestyle intervention, decreased significantly from 19% to 9% 92. 

 

In adults, fibrates and niacin lower triglyceride and increase HDL-C concentrations, but in children 

these compounds are not ordinarily used. According to the new AAP guidelines, statins can be 

considered when LDL-C targets can not be achieved, despite lifestyle modification (table 1). 

Although probably only a very small percentage of obese children will fall under the AAP criteria 
93, there is controversy concerning pharmacological treatment of obese children. To treat obesity-

related dyslipidemia with adult drugs, probably to be followed by metformin (an 

antihyperglycemic agent) and blood-pressure-lowering drugs, is a step too far for many 

pediatricians. There have not yet been any studies on statin therapy that only include children 

suffering from obesity-related dyslipidemia. 

 

Type 1 Diabetes Mellitus 

Type 1 diabetes is characterized by destruction of the pancreatic beta cells, leading to absolute 

insulin deficiency. It is one of the most common chronic disorders in children, with a prevalence in 

the United States of 2/1000, with a strong variation worldwide 94. Hyperglycemia plays a key role 

in the development of atherosclerosis in type 1 diabetes, and in these patients 75% of the mortality 

is the result of CVD 95. Autopsy studies have shown that atherosclerotic plaques in diabetic 

patients were denser in fibrous tissue and consisted of less lipid than the more calcific plaques of 

non-diabetic subjects 96. In adults, it is clear that lipid-lowering treatment is effective in reducing 

(the risk for) CVD 95.  

In children with type 1 diabetes, cholesterol levels are more frequently increased than in non-

diabetic children 97-99. Youth with optimal levels of HbA1C had similar or even more favourable 

lipid concentrations compared to non-diabetic youth, but concentrations of apoB and small dense 

LDL particles were elevated compared with non-diabetic control subjects, indicating that even 

well controlled diabetes is associated with atherogenic compositional changes, whereas standard 

lipid concentrations are normal 99. 

In adults 100 as well as in children with diabetes 98, it has been suggested that lipid abnormalities 

are related to the development of microalbuminuria and diabetic nephropathy. Furthermore, 

children with type 1 diabetes had impaired FMD 101 and increased IMT 101, 102.  

Optimal glycemic control, together with a low-fat diet, is the first step to prevent early 

development of atherosclerosis. According to the 2006 American Heart Association statement, 

children with type 1 diabetes are classified in tier 1, the highest cardiovascular risk category. This 

means that aggressive management of other risk factors should be obtained, with a target LDL-C 

level as low as 2.6 mmol/L (100 mg/dL) 103. The recommendations of the American Diabetes 

Association for children and adolescents follow the AAP guidelines, with a target LDL-C level of 

3.35 mmol/L (130 mg/dL) 104. A recent study in 51 children with type 1 diabetes reported that 12 
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weeks of atorvastatin reduced LDL-C levels and secondary analysis demonstrated potential 

reduction of arterial stiffness 105. However, except for this study, data on safety and efficacy on 

the treatment of dyslipidemia in children and adolescents with type 1 diabetes with statins are 

lacking. Therefore, it remains uncertain how aggressively dyslipidemia and other CVD risk factors 

should be treated in these children.  

 

Nephrotic syndrome 

Nephrotic syndrome includes a large number of disorders with the features of (massive) 

proteinuria, hypoalbuminemia, edema and hyperlipidemia 106. Proteinuria can reduce serum 

colloid osmotic pressure, which leads to an increase in the synthesis of serum proteins in the liver, 

including lipoproteins. Various aspects of hyperlipidemia may exhibit in nephrotic syndrome, 

dependent on the severity of proteinuria and degree of residual renal function. Elevated TC and 

LDL-C levels are regularly present in nephrotic syndrome patients, whereas patients with severe 

proteinuria or hypoalbuminemia have increased triglycerides and VLDL-C 106, 107. In steroid-

responsive types of nephrotic syndrome, dyslipidemia normally resolves as proteinuria decreases. 

Therefore, especially children with steroid-resistant nephrotic syndrome experience continuous 

elevation of lipid levels 108.  

Other factors commonly associated with nephrotic syndrome, such as hypercoagulability, platelet 

hyperfunction and drug treatment, may play a role in the development of atherosclerosis in 

nephrotic syndrome, together with dyslipidemia 109. However, large clinical studies show 

controversial results in the increased risk of CVD in nephrotic adults 108.   

Guidelines on the treatment of nephrotic syndrome in children do not include recommendation 

for treating dyslipidemia. First of all, the underlying cause should be treated, as lipids normalize 

following remission. Dietary management is recommended and showed to be effective in 

improving dyslipidemia in children with NS 110. In adults, statins have not only been effective in 

treating nephrotic syndrome dylipidemia, they may also have beneficial effects in nephrotic 

syndrome that go beyond their lipid-lowering action, such as improving glomerular filtration rate 

and reducing proteinuria 108. Three small studies in children with statins have been conducted, 

which showed that TC, LDL-C en triglyceride levels were >40% reduced, with no clinical side effects 
111-113. One of these studies suggested that statin therapy reduced proteinuria and increased serum 

albumin levels 113. However, larger trials are needed to assess the safety and efficacy of statin 

therapy in this condition.  

 

 

 

 

Other secondary dyslipidemias 

Polycystic ovary syndrome (PCOS) is strongly associated with obesity, insulin resistance and 

various types of dyslipidemia, and in some cases certain characteristics are evident in childhood, 

even before menarche. Decreased HDL-C levels, and increased triglyceride and LDL-C levels have 

been reported. The pathogenesis is unknown; however, it is a complex multigenetic disorder in 

which abnormal steroidogenesis, hypothalamic-pituitary dysfunction, and insulin resistance all 

play a role 114. Adult women with PCOS are at risk of developing premature CVD, and because of 

the presence of morphological changes of the arterial wall already in young adulthood 115, 116, early 

diagnosis and prevention may reduce the risk for a CVD event. Treatment options to reduce 

dyslipidemia in adults with PCOS include lifestyle modification and anti-obesity drugs, statin 

therapy, insulin sensitizers, anti-androgens and oral contraceptives 117. In adolescents, the dietetic 

and medical advice should focus on weight loss and healthy lifestyle 114.  

Dyslipidemia, i.e. increased TC and LDL-C levels, is a common complication after all types of solid 

organ transplantation, contributing to an increased cardiovascular risk and chronic rejection 118, 119. 

The use of calcineurin inhibitors and corticosteroids is the most likely explanation for lipoprotein 

abnormalities 120. Especially in pediatric heart transplantation, with coronary artery disease as the 

most important cause of post-transplantation mortality, it is recommended to initiate statin 

therapy immediately after transplantation 103.  

Pediatric HIV patients treated with protease inhibitors exhibit dyslipidemia. In a cross-sectional 

study with 37 children who received nucleoside reverse transcriptase inhibitor treatment together 

with or without protease inhibitors,  47% of children who received PI had elevated LDL-C (>97th 

percentile), 65% had elevated triglycerides and 12% decreased HDL-C (<3th  percentile), whereas 

the children who did not receive protease inhibitors had a normal lipid profile. So far, there is no 

consensus on the treatment of this type of dyslipidemia in childhood 121.  

In patients with systemic lupus erythematosus (SLE), dyslipidemia is a common finding. Active, 

pre-treatment SLE is characterized by normal or elevated TC, elevated triglycerides and VLDL-C, 

and decreased HDL-C. During and following treatment, TC and LDL-C tend to rise whereas HDL-C 

and triglycerides normalize. The mechanism for SLE-related dyslipidemia is unclear; it has been 

suggested to be immune mediated or multifactorial, related to a patient’s age, kidney disease, 

antihypertensive medication and corticosteroid therapy. Dyslipidemia in SLE can be well 

controlled with immunosuppressive therapy 122. When dyslipidemia persists, diet therapy and 

pharmacological therapy (mainly statins) have shown to be effective in children with SLE 123.  

Many other conditions, due to lifestyle, medication, or by a metabolic, endocrine, renal or hepatic 

cause, can result in moderate dyslipidemia, but require no other treatment than for the disorder 

itself.  
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Other secondary dyslipidemias 
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pharmacological therapy (mainly statins) have shown to be effective in children with SLE 123.  
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CONCLUSION 

 

The prevalence of dyslipidemia is on the rise in children. Because the process of atherosclerosis 

starts in childhood, dyslipidemia may require early diagnosis and management, especially when it 

is familial with elevated cholesterol levels from birth onwards. Among the known primary 

dyslipidemias presenting in childhood, heterozygous FH is the most prevalent and best studied 

disorder. Other familial dyslipidemias are less common or even rare and require follow-up by 

specialized pediatricians or lipidologists. In addition, physicians nowadays see increasing numbers 

of pediatric patients with nonfamilial lipoprotein abnormalities associated with poor diet and 

lifestyle. Future research should further assess CVD risk and the necessity of childhood initiated 

drug treatment in these conditions, as well as in other secondary dyslipidemias like type 1 

diabetes and nephrotic syndrome.  

In all dyslipidemias the ultimate question is whether childhood initiated therapy results in a lower 

CVD incidence in adulthood and for most situations remains to be answered. Life-long safety of 

lipid-lowering therapy and the effects on the human body are not known yet, nor the exact age at 

which therapy should be initiated. Studies answering these questions should be set out in the 

future. 

 

 

EXPERT OPINION 

 

 Familial hypercholesterolemia: screening and treatment 

Of the pharmacological interventions in pediatric dyslipidemia, the condition of FH is the best 

studied. Because it is characterized by severely elevated levels of LDL-C from birth onwards, 

clinically leading to premature atherosclerosis and CVD, the importance of early diagnosis and 

management is well established. Therefore, screening for FH is advocated. In the Netherlands, a 

screening programme is ongoing, in which all first degree family members of an index patient are 

identified and genetically tested for FH. Cascade screening then is done to screen more distant 

relatives using the inheritance pattern across the pedigree. We recommend screening of all first 

degree relatives of a confirmed FH patient from as early as the age of 6 years. We feel that 

(parents of) children with FH should be thoroughly aware of their condition, preferably some time 

before pharmacological therapy is started.  Children could be well made aware of what is 'good' 

and 'bad' with respect to lifestyle, and earlier implementation of a healthy lifestyle may lead to 

better adherence to this lifestyle in later life. Besides that, most children of that age are, albeit in 

 

simple terms, generally able to understand the background and consequences of their (probable) 

condition as well as why screening is necessary. 

Clinicians should strongly consider statin therapy in children with FH and increased LDL-C, when 

sufficient LDL-C reduction can not be achieved by lifestyle modification alone. Statins significantly 

reduce LDL-C and few adverse effects are reported so far. According to the guidelines of the 

Pediatric Lipid Clinic of the Academic Medical Centre (AMC) in Amsterdam, the Netherlands, 

pravastatin is the first drug of choice from the age of 8 onwards (table 4), but treatment with 

more powerful statins can be considered from the age of 10 onwards, especially in children with 

severely elevated LDL-C levels.  

 

Table 4: Treatment guidelines of the AMC Pediatric Lipid Clinic for patients diagnosed by genetic 
molecular testing or subjects who are clinically highly suspicious for FH  

Age Treatment Goal Treatment 

< 8 years 

 

Healthy lifestyle 

 

Lifestyle modification: no smoking, healthy diet, sufficient 
physical exercise 

  Some perception of 
disease 

Explanation to parents and, if possible, to the child 

8 - 13 years Some LDL-C 
reduction 

Pravastatin OD 20 mg when LDL-C > 4.0 mmol/L despite 
lifestyle modification 

  Healthy lifestyle Lifestyle modification: no smoking, healthy diet, sufficient 
physical exercise 

  Perception of 
disease  

Explanation to parents and child 

14 - 18 years LDL-C < 3.5 mmol/l Pravastatin OD 20 mg when LDL-C ≥ 3.5 mmol/l despite 
lifestyle modification, 
      in case of insufficient reduction: 
increase dose to pravastatin OD 40 mg, 
      in case of insufficient reduction: 
increase to pravastatin OD 40 mg + ezetimibe OD 10 mg, 
      in case of insufficient reduction: 
consult a specialized medical centre 

  Healthy lifestyle Lifestyle modification: no smoking, healthy diet, sufficient 
physical exercise 

  Adequate 
perception of 
disease  

Explanation to parents and child 

AMC: academic medical centre; FH: familial hypercholesterolemia; LDL-C: low-density lipoprotein cholesterol; 
OD: once daily 
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 Secondary dyslipidemia 

Overall, studies in children with secondary dyslipidemia treated with lipid-lowering therapy are 

limited. With respect to obesity and metabolic-syndrome-related dyslipidemia, diet therapy and 

weight reduction are the only treatment options for the present. On the other hand, it may not be 

unreasonable to consider statin therapy in an obese child with elevated LDL-C levels, 

accompanied by an increased blood pressure and/or impaired fasting glucose level. However, 

more research is needed to evaluate the efficacy and safety of statins in this specific group of 

children. Given the current obesity epidemic, this will become an important field of research over 

the next several years. Other secondary dyslipidemias, in particular dyslipidemia associated with 

type 1 diabetes, which itself leads to increased risk for CVD, require more research as well to 

determine whether lipid-lowering medication should be initiated in childhood, and at which point 

regarding age and lipid levels.  

 

Lipid-lowering medication: the future 

At present, statins are the mainstay of lipid-lowering therapy. Studies in children treated with 

statins are all quite recent, and therefore lifelong safety of statin therapy and the effects on the 

central nervous system, immune function, hormones, energy metabolism and other systems, and 

the exact range, are not known yet. The longest follow-up study in a pediatric cohort had an 

average treatment duration of 4.5 years. A follow-up study of this same cohort across ten years of 

treatment is now being done.  

Ezetimibe is a potentially important agent for young children because of its mild adverse effects, 

but still needs to prove its efficacy on clinical endpoints. Although colestyramine is optional for 

children, statins are preferred because they are generally better tolerated and have a stronger 

LDL-C reduction. Colesevelam seems to be more attractive than colestyramine for both adults and 

children, and studies to confirm this are underway. In adults, several alternative treatment 

modalities are currently being investigated and may be available for children in the future. These 

compounds include: Acyl coenzyme A:cholesterol acyltransferase (ACAT) inhibitors, which inhibit 

VLDL particle synthesis; microsomal triglyceride transfer protein (MTP) inhibitors, leading to 

absence of all lipoproteins containing ApoB in the plasma; ApoB antisense, which interferes with 

the synthesis of ApoB-100 mRNA; and cholesteryl ester transfer protein (CETP)-inhibitors, which 

increases HDL-C. However, most of these compounds are still in an early stage of development.  
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ABSTRACT 

 

Background 

Statin therapy is recommended for children with familial hypercholesterolemia (FH), but most 

children do not reach treatment targets.  

Objective 

Here we present the design and results at baseline of the ongoing CHARON study, to evaluate the 

safety and efficacy of rosuvastatin.  

Methods 

This study comprises an international 2-year open label, titration-to-goal study in 198 children with 

heterozygous FH aged 6-18 years, with rosuvastatin in a maximum dose of 10 mg (< 10 years of 

age) or 20 mg (older children). Also, 64 unaffected siblings were enrolled as controls. The primary 

efficacy outcome is the change from baseline in LDL-C and the secondary outcome is the change 

in carotid intima-media thickness (c-IMT) in FH patients as compared to their siblings. The primary 

safety outcomes are growth and sexual maturation, secondary outcomes are the change in other 

lipoprotein levels and the incidence of adverse events, discontinuation rates and abnormal 

laboratory values.  

Results 

At baseline, mean age of FH patients was 12.1 ± 3.3 years, 44% were males and mean LDL-C levels 

were 6.1 ± 1.3 mmol/L (235.9 ± 48.7 mg/dL). Mean c-IMT was 0.399 mm (95% CI: 0.392-0.406) in 

children with FH versus 0.377 (95% CI: 0.366-0.388) in unaffected siblings (P = 0.001). 

Conclusions 

At baseline, as expected based on previous observations, children with FH proved to have a 

greater c-IMT as compared to their healthy siblings. These differences had already occurred at a 

very young age which emphasizes the importance of considering early statin initiation in this high-

risk population.  

 

 

 

 

 

INTRODUCTION 

 

Familial hypercholesterolemia (FH) is an autosomal dominant genetic disorder of lipoprotein 

metabolism, characterized by severely elevated levels of low-density lipoprotein cholesterol (LDL-

C) leading to premature atherosclerosis and cardiovascular disease (CVD).1 In a meta-analysis of 14 

randomised trials in 90,056 patients, statins have been shown to be safe and well-tolerated 

agents that reduce CVD morbidity and mortality in a wide range of patients2 and all guidelines 

recommend statins as the first line therapy for cardiovascular risk reduction in patients with FH.3, 4 

Because children with FH already exhibit functional and morphological arterial wall changes from 

a young age5-7, current pediatric guidelines recommend initiation of statin therapy to achieve a 

LDL-C reduction of 50% or with LDL-C treatment goals of <3.4 mmol/L (130 mg/dL), or even the 

optimal LDL-C goal of <2.85 mmol/L (110 mg/dL) in children with FH.8 Although, formally, there is 

no strong evidence base for guideline targets in FH children, one might hypothesize that the 

contention that “lower is better” can be translated from adults to the pediatric population. The 

highest doses of statins tested in several pediatric trials resulted in LDL-C reductions of 24% for 

pravastatin6, 27% for lovastatin9, 40% for atorvastatin10, and 41% for high dose simvastatin11, 

however use of these statins generally does not result in attainment of these LDL-C targets. For 

example, in atorvastatin-treated children the highest dose tested (20 mg) resulted in only 44% of 

patients attaining an LDL-C target of 3.4 mmol/L (130 mg/dL), and very few (<10%) achieving the 

optimal LDL-C goal of < 2.85 mmol/L (110 mg/dL)10. However, a recent 1-year study with 

rosuvastatin in children with FH aged 10-17 years, showed a 50% LDL-C reduction with the highest 

dose of 20 mg, and 40% of subjects reached the more stringent LDL-C goal of <2.85 mmol/L (110 

mg/dL).12  

Because of the greater LDL-C reduction with rosuvastatin compared to other statins13, a trial with 

rosuvastatin in pediatric patients with FH in a wide age range to assess the long-term efficacy, 

safety and tolerability is warranted. The CHARON (hyperCholesterolaemia in cHildren and 

Adolescents taking Rosuvastatin OpeN label) study will assess the two-year efficacy, safety, 

tolerability and adherence of rosuvastatin in children aged 6 to less than 18 years with FH. The 

study design allows for measurement of LDL-C reduction and LDL-C goal attainment, as well as 

assessments of arterial-wall changes by carotid intima-media thickness (c-IMT). The design 

provides also for including a control group of unaffected siblings, allowing for comparison of the 

mean c-IMT between pediatric patients with FH before and after two years of treatment and 

unaffected, untreated pediatric controls. This will give insight into the extent of IMT progression 

of FH patients at baseline and into possible regression from baseline due to treatment.  

Furthermore, in a small cohort of the youngest patients (aged 6 years to less than Tanner Stage 

II), serial pharmacokinetic (PK) samples will be obtained to characterise the PK of rosuvastatin in 
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these younger children and to compare PK profiles in children and adolescents or adults from 

previous studies. This PK data is crucial to determine the maximum rosuvastatin titration dose for 

long-term treatment of this particular age group in the current study.  

Here we present the design of this study, and the results at baseline.  

 

 

METHODS 

 

Study design 

The study flow chart is shown in figure 1. Patients were enrolled at 14 centres in 5 countries 

(Belgium, Canada, the Netherlands, Norway and the United States). During the screening visit 

(week -4 or week -1), medical history, physical examination, ECG and laboratory testing  (lipid 

profile, full blood count and cell indices, albumin, total protein, aspartate aminotransferase (AST), 

alanine aminotransferase (ALT), bilirubin, creatine kinase (CK), blood urea nitrogen, serum 

creatinine, calcium, phosphate, uric acid, chloride, carbon dioxide, lactic dehydrogenase, high 

sensitivity C-reactive protein, fasting glucose, phosphorus, potassium sodium, thyroid-stimulating 

hormone (TSH), glycosylated haemoglobin, and urinalyses including creatinine and protein) were 

performed. For patients previously treated with statins (ages 10 to less than 18 years), a drug 

washout period was instituted and a second screening visit (week -1) was scheduled in order to 

allow LDL-C results to meet the inclusion criterion.  

 

Figure 1: Study flow chart 

 

 

All patients were started on 5 mg of rosuvastatin once daily and underwent up-titration to 

achieve an LDL-C target of <2.85 mmol/L (110 mg/dL) in 3-month intervals from visit 3.  Up-titration 

will be from 5 to 10 mg for patients aged from 6 to less than 10 years of age and from 5 to 10 mg 

or from 10 mg to a maximum of 20 mg for patients aged 10 to less than 18 years.  

Sexual maturation was assessed by using the Tanner Staging for pubertal development and c-IMT 

was measured by B-mode ultrasound at baseline (visit 0), and these measurements will be 

repeated at 12 months and at 24 months. In addition, assessment of c-IMT in healthy siblings in 

whom FH is excluded was performed at baseline, and will be done at 12 months and at 24 months. 

Siblings will not take part in any other assessments.  

The protocol was reviewed and approved by each participating site’s institutional review board, 

and written informed consent was obtained from participants and / or their parents, dependent 

on the age of the participant and local regulations. The trial was registered with NCT as 

NCT01078675. 

 

 

Inclusion and exclusion criteria 

Children, aged 6-18 years were eligible if they had heterozygous FH and fasting LDL-C>4.92 

mmol/L (190 mg/dL) at baseline or LDL-C > 4.10 mmol/L (160 mg/dL) at baseline if there was a 

family history in a first or second degree relative of premature CVD. FH was defined by a 

documented genetic defect or documented evidence of FH in a first-degree relative (LDL-C>4.9 

mmol/L (190 mg/dL) in an adult; LDL-C >4.1 mmol/L(160 mg/dL) in a child <18 years of age). 

Patients aged 6 to less than10 years must be statin-naïve.  

Major exclusion criteria included: fasting triglycerides ≥ 2.87 mmol/L (250 mg/dL); fasting serum 

glucose > 9.99 mmol/L or glycosylated haemoglobin > 9%; uncontrolled hypothyroidism defined as 

TSH > 1.5 times upper limit of normal (ULN); current active liver disease or hepatic dysfunction 

defined as ALT, AST or bilirubin > 1.5 times ULN; serum CK ≥ 3 times ULN; estimated glomerular 

filtration rate < 50 mL/min.; ≥ 2+ proteinuria on urine dipstick; stage 2 hypertension; history of 

solid organ transplantation; and weight < 20 kg. Siblings were eligible if they were healthy (not 

under the care of a specialist) with a documented absence of the genetic defect or a documented 

LDL-C of <3.00 mmol/L (116 mg/dL), without lipid-lowering medication. To obtain an age-matched 

sibling group, patients were grouped by age (6-9 years, 10-13 years, 14-17 years) and children with 

and without FH were included in the same ratio in the different age groups. When one of the age 

groups was complete, children of that specific age range could no longer be included.  
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groups was complete, children of that specific age range could no longer be included.  
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Outcome measures 

The primary efficacy outcome measure is the change from baseline in LDL-C following 3 months, 

12 months and 24 months of treatment with rosuvastatin 5 mg, 10 mg or 20 mg. LDL-C will be 

estimated by the Friedewald equation.14 The primary safety outcome measures are growth 

assessed by height velocity and sexual maturation by assessment using Tanner staging at 

baseline, 12 months and 24 months.  

The secondary efficacy outcome is the change from baseline in c-IMT at 12 months and 24 months 

in enrolled patients as compared to their healthy siblings. All ultrasound measurements are made 

using the Acuson Sequoia 512 instrument (Siemens AG, Malvern, Pa, and Erlangen, Germany) 

equipped with a 85 Mhz linear array transducer. Images are being transmitted using an internet-

based transfer procedure and processed by the imaging core laboratory. All sonographers are 

trained and certified before their participation in the study. B-mode scans of the right and left 

common carotid artery, carotid bulbs and internal carotid artery are obtained according to strict 

protocol specifications. The image readings are randomly assigned to image analysts for 

qualitative and quantitative evaluation according to the study specific analysis protocol. Image 

analysts are blinded to subject and visit identifiers. 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. 

Other secondary efficacy outcomes are the change from baseline in high-density lipoprotein 

cholesterol (HDL-C), total cholesterol, triglycerides, non-HDL-C, LDL-C/HDL-C, total 

cholesterol/HDL-C, non-HDL-C/HDL-C, Apolipoprotein B100 (ApoB), Apolipoprotein A1 (ApoA) and 

ApoB/ApoA and at 3 months, 12 months and 24 months, and the secondary safety assessments 

include incidence and severity of adverse events (AEs), rate of discontinuation due to adverse 

events and abnormal laboratory values. Adherence will be assessed by pill count at every study 

visit.  

 

Pharmacokinetics 

In 12 subjects from 6 years to less than Tanner Stage II, a PK profile of rosuvastatin will be 

performed. This will be performed in three of the study centres and the first 12 subjects that give 

consent for the PK study will be enrolled. Subjects will receive a single dose of 10 mg rosuvastatin. 

Blood samples will be taken 0.5 hour pre-dose, and 0.5, 1, 2, 3, 4, 5, 6, 9, 12 and 24 hours post-dose. 

Plasma samples for measurement of rosuvastatin, N-desmethyl rosuvastatin and rosuvastatin 

lactone concentrations will be analyzed by liquid chromatography/mass spectrometry. The PK 

primary endpoints are: rosuvastatin Cmax, AUC(0-24), and rosuvastatin Tmax. The secondary PK 

endpoints are: N-desmethyl rosuvastatin and rosuvastatin lactone Cmax, AUC(0-24), and Tmax. 

 

Statistical analysis 

Sample size calculation was not based on power, alpha or statistical significance, but was derived 

from the estimated number of FH children that required exposure to rosuvastatin for the 

accumulation of longer term safety data. The intention-to-treat will be the primary analysis set for 

efficacy analyses, including patients who took at least 1 dose of study medication and have a 

baseline and at least one LDL-C measured in the subsequent visit. Missing values will be imputed 

by last-observation-carried-forward. Baseline values will not be carried forward.  

Descriptive statistics will be mainly used to summarize single dose PK, efficacy and safety 

variables. For the efficacy analyses, patients will be grouped by age (6-9 years, 10-13 years, 14-17 

years). Change from baseline will be analysed using t-tests to estimate rosuvastatin efficacy in 

reducing LDL-C at 3, 12 and 24 months. Similar analyses will be done for the secondary efficacy 

variables. An analysis of variance will be used to compare LDL-C reduction among age groups.  

Baseline c-IMT and changes from baseline in maximum c-IMT and mean c-IMT will be analysed 

using mixed effects models between FH patients and their healthy siblings. Both within-group and 

between-group comparisons will be conducted.  

All tests will be 2-sided, and a p-value of 0.05 or less will be considered statistically significant.  

For safety analyses, all AE’s, treatment discontinuation due to any AE, Serious AE’s (SAE) 

occurring during the treatment period will be listed and summarized. Descriptive statistics will be 

used to summarize all reported laboratory values, vital signs, and ECG’s for the changes from 

baseline to each subsequent visit.  

Descriptive statistics of growth will also present z-scoring in addition to present means and 

standard deviation (SD). The z-score used in this study represents normalized data relative to the 

mean for children of the same age and sex according National Health and Nutrition Examination 

Survey growth data collected by the Centers for Disease Control and Prevention or BP data 

collected by the National Institutes of Health.  

The shifts in Tanner stage for individual patients from baseline to 12 and 24 months will be 

summarized to assess the normal progression of sexual maturation over 2 years of treatment.   
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RESULTS 

 

In total, 250 FH patients were screened, and 198 were eligible for the study. Of the subjects who 

were ineligible, 45 subjects did not meet the eligibility criteria, four subjects decided to 

prematurely discontinue, one subject had an adverse event prior to randomization, one subject 

could not participate because the age group was already full, and in one subject the reason for 

screen failure was not specified. Of the 45 subjects who did not meet the eligibility criteria, the 

LDL-C was below the prespecified entry level in 29 subjects, four subjects had proteinuria, three 

subjects were not willing to adhere to the complete study protocol, two had other risk factors, 

two subjects had elevated triglycerides, two subjects had elevated ALT, one subjects had elevated 

AST and CK, one subject had elevated TSH, and one subject was ineligible at the discretion of the 

investigator. Of the healthy siblings who were willing to participate, one subject was ineligible 

because he was > 18 years of age, and 64 siblings were enrolled as controls.  

Baseline characteristics are presented in Table 1, divided in the pre-defined age groups. In the 6-9 

years age group, 21 siblings (52% males) were enrolled for c-IMT measurement, with a mean age (± 

SD) of 7.8 ± 1.1 years. In the 10-13 years and 14-17 years age groups, respectively 22 (54% males) and 

21 (48% males) siblings were enrolled, with a mean age of 12.1 ± 1.2 and 15.9 ± 1.0 years. For the 

whole group of FH patients (n=198), the mean age was 12.1 ± 3.3 years, 44% were males, mean 

LDL-C level was 6.10 ± 1.26 mmol/L (235.9 ± 48.7 mg/dL) and 77.3% had a first or second degree 

relative with premature CVD.  

Across all age groups, mean c-IMT was 0.399 mm (95% CI: 0.392-0.406) in children with FH versus 

0.377 (95% CI: 0.366-0.388) in unaffected siblings (P = 0.001), adjusted for age, sex and family 

relations (Figure 2).  

 

Figure 2: Mean carotid intima-media thickness (c-IMT) for FH patients and nonFH siblings at baseline 

 

Table 1: Baseline characteristics of FH patients  

 6-9 years 

n=62 

10-13 years 

n=74 

14-17 years 

n=62 

Age (years) 8.2 ± 1.0 12.0 ± 1.2 16.1 ± 1.2 

Male gender, n (%) 28 (45.2) 31 (41.9) 29 (46.8) 

Caucasian, n (%) 56 (90.3) 67 (90.5) 55 (88.7) 

Tanner Stage, n (%)    

 I 58 (93.5) 23 (31.1) 1 (1.6) 

 II 2 (3.2) 26 (35.1) 3 (4.8) 

 III 2 (3.2) 15 (20.3) 2 (3.2) 

 IV - 8 (10.8) 36 (28.1) 

 V - 2 (2.7) 20 (32.3) 

Height (cm) 132.2 ± 9.0 152.0 ± 9.7 169.0 ± 9.3 

Weight (kg) 29.1 ± 7.3 45.3 ± 15.2 63.3 ± 13.4 

BMI (kg/m2) 16.4 ± 2.2 19.3 ± 4.7 22.1 ± 3.7 

Blood pressure (mmHg)    

 Systolic 103.3 ± 8.9 106.2 ± 9.0 113.5 ± 12.4 

 Diastolic 61.4 ± 7.7 62.4 ± 7.4 68.7 ± 7.6 

Family history of 
premature CVD, n (%) 

42 (67.7) 64 (86.5) 47 (75.8) 

Lipids     

 TC mmol/L 
mg/dL 

7.84 ± 1.46 
303.2 ± 49.5 

7.82 ± 1.28 
302.4 ± 49.5 

7.96 ± 1.29 
307.8 ± 49.9 

 LDL-C mmol/L 
mg/dL 

6.09 ± 1.34 
235.5 ± 51.8 

6.02 ± 1.27 
232.8 ± 49.1 

6.21 ± 1.19 
240.1 ± 46.0 

 HDL-C mmol/L 
mg/dL 

1.35 ± 0.33 
52.2 ± 12.8 

1.34 ± 0.33 
51.8 ± 12.8 

1.19 ± 0.31 
46.0 ± 12.0 

 TG* mmol/L 
mg/dL 

0.69 (0.60 – 0.99) 
61.1 (53.1 – 87.7) 

0.88 (0.67 – 1.21) 
77.9 (59.3 – 107.2) 

1.08 (0.80 – 1.46) 
95.7 (70.9 – 129.3) 

Prior statin use, n (%) n.a. 8 (10.8) 15 (24.2) 

Carotid IMT (mm) 0.389 ± 0.394 0.386 ± 0.444 0.422 ± 0.519 

Data are expressed as mean ± standard deviation, unless otherwise noted.  
*Median (interquartile range) 
BMI: body-mass index; CVD: cardiovascular disease; TC: total cholesterol; LDL-C: low-density lipoprotein 
cholesterol; HDL-C: high-density lipoprotein cholesterol; TG: triglycerides; IMT: intima-media thickness. 
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SUMMARY 

 

Here we have presented the design and baseline data of the CHARON study. This study was 

designed to assess the changes from baseline in efficacy-, safety-, tolerability measures in children 

aged 6-17 years with FH who were treated with rosuvastatin for two years. This is the first study 

to assess the safety and efficacy of rosuvastatin in children with FH less than 10 years of age. Use 

of statins at recommended doses in the pediatric population have not resulted in acceptable 

attainment of recommended LDL-C targets.6, 9-11 Thus, there is the potential for a more potent 

statin such as rosuvastatin to fulfil an unmet need to better achieve lipid goals in children and 

adolescents with FH.12  

This is also the first study that includes a control group of unaffected siblings, which will provide 

insight into the stage of c-IMT progression and into possible regression due to treatment. As 

extended periods of follow-up are needed to detect changes in c-IMT, the use of placebo in a trial 

with children with FH would be methodologically preferable, but probably unethical, as the 

efficacy of statins has been established in children already from the age of 8 years6, 15. However, 

age-matched siblings can be a useful alternative control group, as by including siblings, genetic 

and environmental variation between FH children and controls is kept to a minimum; the main 

difference will be the presence or absence of FH.  

At baseline, we observed that children with FH have a greater c-IMT as compared to their healthy 

siblings. This underlines the importance of considering early statin initiation in this high-risk 

population. Although not the primary endpoint of the CHARON study, it is of great interest how 

these differences at baseline evolve during the 2-year study in which children with FH are treated 

with rosuvastatin to a target of <2.85 mmol/L (110 mg/dL).  

In conclusion, this study addresses the question whether long-term treatment with rosuvastatin, 

currently the most potent statin at lowering LDL-C, is safe and effective in pediatric FH patients in 

a wide age range. Non-invasive measurement of arterial wall changes by ultrasound data will 

significantly contribute to the relevance of this study. Enrollment commenced in January 2010, 

and the study is scheduled for completion in 2013.  
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ABSTRACT 

 

Rationale 

Familial hypercholesterolemia (FH) predisposes patients to premature cardiovascular disease, 

with the process of atherosclerosis initiated in early childhood. 

Objective 

In part of an ongoing trial to assess the efficacy and safety of rosuvastatin in FH children aged 6 to 

17, we report the differences in carotid intima-media thickness (cIMT) at baseline between FH 

children and their unaffected siblings. 

Methods and Results  

B-mode ultrasound measurements of the carotid artery were made in 196 children with FH and 64 

of their siblings. Mean (±standard error) cIMT in children with FH was significantly greater than 

that of unaffected siblings (0.398 ± 0.052 mm vs 0.377 ± 0.045 mm, P<0.001). A significantly 

greater cIMT value was observed before the age of 8 years. Multivariable analyses showed that 

age, male sex and presence of FH were independent predictors of cIMT.  

Conclusions 

The difference in mean cIMT between children with FH and their unaffected siblings may be 

significant as early as age 8 years. This study confirms the need for early cholesterol-lowering in 

this high risk population. These patients participating in a carefully monitored study will help 

assess the long-term efficacy on cIMT and safety of statin therapy in young children.  

 

 

 

 

INTRODUCTION 

 

In children with familial hypercholesterolemia (FH), functional and morphological changes of the 

arterial wall become apparent at early age, indicating that the atherosclerotic process begins 

shortly after birth.1;2 These findings have led to the hypothesis that effective low- density 

lipoprotein cholesterol (LDL-C) lowering therapy, usually statin treatment, should be initiated in 

childhood, generally from the age of 103 or even 84 years, to reduce the incidence of 

cardiovascular disease (CVD) in later years. Carotid intima-media thickness (cIMT), as assessed by 

B-mode ultrasound, is considered to be a valid surrogate marker of cardiovascular disease.5 

Previously it was shown that age, sex and LDL-C were strong and independent predictors of cIMT 

in children. Furthermore, children with FH exhibit a much more rapid increase in cIMT with age 

than their healthy siblings, with a statistically significant deviation in cIMT from the age of 12.2 We 

hypothesize, however, that with improvements in ultrasound technology, these earlier findings 

could be much improved perhaps to detect even earlier changes in cIMT in FH children. Therefore, 

as part of an ongoing clinical trial (NCT01078675) to evaluate the efficay and safety of 

rosuvastatin in FH children, we report the baseline cIMT of these FH children compared with that 

of their unaffected siblings.  

 

 

METHODS 

 

Between January 2010 and January 2011, children aged 6 to less than 18 years were recruited from 

14 Lipid Clinics in the Netherlands, Belgium, Norway, Canada and the United States. Children were 

eligible if they had heterozygous FH and fasting LDL-C >4.92 mmol/L or LDL-C >4.10 mmol/L if 

there was a family history in a first or second degree relative of premature CVD. FH was defined 

by a documented genetic defect or documented evidence of FH in a first-degree relative (LDL-

C>4.9 mmol/L in an adult; LDL-C >4.1 mmol/L in a child <18 years of age). Siblings were eligible if 

they had a documented absence of the genetic defect or a documented LDL-C of <3.00 mmol/L, 

without lipid-lowering medication. The protocol was reviewed and approved by each participating 

site’s Institutional Review Board, and written informed consent was obtained from participants 

from the age of 12 years and all parents. The trial was registered with NCT as NCT01078675. 

In all FH subjects, a full physical examination was done and venous blood samples were taken. 

Plasma lipid concentrations were measured with CDC standardized assays. Ultrasound 

measurements on all participants were made using the Acuson Sequoia 512 instrument (Siemens 

AG, Malvern, Pa, and Erlangen, Germany) equipped with an 85 Mhz linear array transducer. All 
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sonographers were trained and certified before their participation in the study. B-mode scans of 

the right and left common carotid artery, carotid bulbs and internal carotid artery were obtained 

according to strict protocol specifications. The image readings were randomly assigned to image 

analysts for qualitative and quantitative evaluation. Image analysts were blinded to subject. 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 the subjects of whom the scan of one of the 

segments had failed, mean IMT was calculated as the mean of the other two segments. 

We assessed differences in demographic and cIMT between FH subjects and siblings by logistic or 

linear regression analysis with generalised estimating equations in the SAS procedure GENMOD to 

account for correlations within families. The same procedure was used to univariately explore the 

association between mean c-IMT (response variable), and demographic and clinical characteristics 

(explanatory variables). Multivariable analysis was used to identify independent predictors after 

stepwise backward selection. An equation for difference in cIMT (ΔIMT) was derived by 

subtracting the equation for children with FH (if GROUP=1): ‘IMTFH = β1AGE + β2GROUP + 

β3AGE×GROUP = β1AGE + β2 + β3AGE’ from the equation for their siblings (if GROUP=0): ‘IMTSIB= 

β1AGE’, as described previously2. This calculation resulted in: ΔIMT= β2 + β3AGE. Beta’s and 

standard errors (SE) were derived from the output of a linear regression analysis for the whole 

group (n=260). Variables with a skewed distribution were log-transformed. For statistical 

analyses, we used SAS release 9.2 (SAS Institute, Cary, NC, USA) and SPSS 18.0 software (SPSS Inc, 

Chicago, IL). 

 

 

 

RESULTS 

 

In total, 196 children with FH were enrolled. From 53 families of these children, 64 unaffected 

siblings were included as controls. Children with FH and their siblings were comparable with 

respect to age (mean age (SD): 12.1 ± 3.3 years vs. 11.9 ± 3.5, respectively; P=0.32) and gender 

(males: 44% vs. 52%, respectively; P=0.39) (Table 1).  

 

Table 1: Demographic and laboratory data of children with familial hypercholesterolemia and age, 
gender and race of unaffected siblings 

 FH 

N=196 

nonFH 

n=64 

Age (years) 12.1 ± 3.3 11.9 ± 3.5 

Male gender, n (%) 88 (44) 33 (52) 

Caucasian, n (%) 176 (90) 53 (85) 

BMI (kg/m2) 19.3 ± 4.4 - 

Blood pressure (mmHg)   

 Systolic 107.5 ± 10.9 - 

 Diastolic 64.0 ± 8.1 - 

Lipids (mmol/L)   

 TC 7.87 ± 1.34 - 

 LDL-C 6.10 ± 1.26 - 

 HDL-C 1.30 ± 0.33 - 

 TG* 0.90 (0.67 – 1.25) - 

Values are given as mean and standard deviation or otherwise indicated 
*Given as median (interquartile range) 
 BMI: body-mass index; TC: total cholesterol; LDL-C: low-density lipoprotein cholesterol; HDL-C: high-density 
lipoprotein cholesterol; TG: triglycerides 
 

Mean cIMT (± standard error) was 0.398 ± 0.052 mm in children with FH and 0.377 ± 0.045 mm in 

healthy siblings, which remained significant after adjustment for age, sex and family relations 

(P<0.001).  

Associations between baseline variables of FH patients and cIMT are shown in Table 2. After 

stepwise backward elimination, multivariable regression analysis identified age and sex as 

independent predictors for cIMT. When siblings were also included in the multivariable model, 

age (regression coefficient [SE] of 0.004 [0.001], P<0.001), sex (regression coefficient [SE] of 

0.022 [0.006] for males, P<0.001) and FH status (regression coefficient [SE] of 0.022 [0.007] for 

FH, P=0.002) revealed to be independent predictors for cIMT.  
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Table 2: Determinants of carotid intima-media thickness in children with familial 
hypercholesterolemia at baseline 

 Univariate analysis Multivariable analysis 
 Regression coefficient 

(SE) 
P Regression coefficient 

(SE) 
P 

Age (years) 0.004 (0.001) <0.001 0.004 (0.001) <0.001 

Male gender 0.21 (0.006) 0.001 0.021 (0.006) 0.001 

BMI (kg/m2) 0.002 (0.001) 0.021 - - 

MAP (mmHg)* 0.001 (<0.001) 0.064 - - 

LDL-C (mg/dL) <0.001(<0.001) 0.787 - - 

HDL-C (mg/dL) <0.001 (<0.001) 0.197 - - 

TG (mg/dL)† 0.002 (0.008) 0.841 - - 

Previous statin use 0.19 (0.011) 0.100 - - 
*Mean arterial blood pressure = [systolic blood pressure + (2 x diastolic blood pressure)]/3; †Log-transformed 
SE: standard error; BMI: body-mass index; MAP: mean arterial bloodpressure; LDL-C: low-density lipoprotein 
cholesterol; HDL-C: high-density lipoprotein cholesterol; TG: triglycerides 
 

In Figure 1, the difference in cIMT between children with FH and their siblings was plotted against 

age. A significant difference in cIMT between FH and controls was observed before the age of 8 

years. In fact, FH patients showed an increase of 0.0041 mm/year compared to an increase of 

0.0032 mm/year in siblings.  
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DISCUSSION 

  

In the current study, we show that children with FH have greater mean cIMT values as compared 

to their unaffected siblings before the age of 8 years and we also report that age, gender and the 

presence of FH were independent predictors of carotid arterial wall atherosclerosis. These results 

reaffirm the findings of our previous study,2 but extend them to the age of 8 years, as compared 

to 12 years in our previous study. 

In our previous study we found that the difference in cIMT increased with age between the FH 

patients and siblings. We therefore expected a similar increase in the current study. However, our 

current data were not definitive. Interestingly, although the progression with age is almost similar 

between the FH children of the previous and the current study (0.005 mm/years vs. 0.0041 

mm/year, respectively), the mean progression with age in the siblings is currently greater: <0.001 

mm/year in the previous study versus 0.0032 mm/year in the current study (all adjusted for age 

and family relations). As all non-FH controls were siblings of the FH patients, genetic and 

environmental variation between the two groups was kept to a minimum. Generally speaking, 

apart from FH, no major differences in risk factors for CVD would be expected between the two 

groups. However, as the first study was performed more than 10 years before the current one, 

one possible explanation could be the rise in childhood obesity during the last decade. This might 

be more manifest in siblings, as children with FH receive lifestyle advice on a frequent basis. If the 

children in the current cohort are indeed more obese, with all its metabolic sequelae, this might 

explain the faster progression in these sibs. However, to further delineate these data in siblings, 

more imaging studies that include such healthy siblings as controls are needed.  

Furthermore, despite the appearance of significant differences in the mean IMT results between 

FH patients and unaffected siblings, individual children cannot be distinguished on the basis of 

their cIMT results due to the extensive overlap in the data.  

In our current study, in children from aged 6 to 18 years, the difference in cIMT between FH 

subjects and unaffected siblings may be significant as early as age 8. This finding again 

underscores the importance of early LDL-C lowering therapy6;7, usually statins, possibly from a 

younger age than is currently recommended, as treatment should preferably be started before 

the process of atherosclerosis is detectable. Clinical trials such as the current rosuvastatin long-

term cIMT trial, should focus on treatment of these younger children, to explore the efficacy and 

safety of statin treatment in these FH patients. At the same time, extensive follow-up studies are 

needed to establish the long-term efficacy, safety and tolerability of statin therapy initiated in 

childhood and to further address the question of the appropriate age to start statin therapy.  
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ABSTRACT  

Aims  

Heterozygous familial hypercholesterolaemia (HeFH) is an autosomal dominant disorder leading 

to premature atherosclerosis. Guidelines recommend initiating statins early to reduce low-density 

lipoprotein cholesterol (LDL-C). Studies have evaluated rosuvastatin in children ≥10 years old, but 

its efficacy and safety in younger children is unknown.   

Methods and results  

Children with HeFH and fasting LDL-C >4.92 mmol/L (190 mg/dL) or >4.10 mmol/L (>158 mg/dL) 

with other cardiovascular risk factors received rosuvastatin 5 mg daily. Based on LDL-C targets 

(<2.85 mmol/L [<110 mg/dL]) rosuvastatin could be up-titrated to 10 mg (6–9 years of age) or 20 

mg (10–17 years of age). Treatment lasted 2 years. Changes in lipid values, growth, sexual 

maturation and adverse events (AEs) were assessed. The intention-to-treat analysis included 197 

patients. At 24 months, LDL-C was reduced by 43, 45 and 35% vs. baseline in patients aged 6–9, 10–

13 and 14–17 years, respectively (P < 0.001 for all groups). The majority of AEs were mild. 

Intermittent myalgia was reported in 11 (6%) patients and did not lead to discontinuation of 

rosuvastatin treatment. Serious AEs were reported by nine (5%) patients, all considered unrelated 

to treatment by the investigators. No clinically important changes in hepatic biochemistry were 

reported. Rosuvastatin treatment did not appear to adversely affect height, weight, or sexual 

maturation.  

Conclusions  

In HeFH patients aged 6–17 years, rosuvastatin 5–20 mg over 2 years significantly reduced LDL-C 

compared with baseline. Treatment was well tolerated, with no adverse effects on growth or 

sexual maturation.  

 

INTRODUCTION 

 

Familial hypercholesterolaemia (FH) is an inherited disorder of lipoprotein metabolism with the 

heterozygous (HeFH) form of the disease affecting an estimated 1 in 200 to 1 in 300 people 

worldwide.1-3 It is characterized by severely elevated levels of circulating low-density lipoprotein 

cholesterol (LDL-C), and without early diagnosis and adequate treatment it can lead to premature 

atherosclerosis, morbidity, and mortality.2,4,5 Studies have shown that early signs of 

atherosclerosis are already present in childhood and current guidelines state that treatment of 

children with FH should be considered at an early age (8–10 years) to reduce LDL-C.2,6-8 

The 3-hydroxy-3-methylglutaryl coenzyme A (HMG-CoA) reductase inhibitors (or statins) are 

effective and well-tolerated agents that significantly decrease the incidence of atherosclerotic 

cardiovascular disease (CVD), ischaemic stroke, and peripheral vascular disease in adults.9 

Although a number of studies have demonstrated the LDL-C-lowering efficacy and safety of statin 

therapy in paediatric patients with FH, a large proportion of children still do not achieve the 

recommended LDL-C target of ≤3.4 mmol/L (≤130 mg/dL).8,10,11 There is therefore a need for more 

intensive lipid-lowering therapy. 

In a previous study in children and adolescents aged 10–18 years with HeFH, rosuvastatin 20 mg 

for 52 weeks significantly reduced LDL-C levels by an average of 50% compared with baseline.12 

The use of rosuvastatin in children younger than 10 years, however, has not been examined. The 

primary objective of this study was to investigate the efficacy, pharmacokinetics (PK), tolerability, 

and safety of rosuvastatin over 2 years in children and adolescents aged 6–17 years with HeFH.  
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METHODS 

 

Study design 

The hyperCholesterolaemia in cHildren and Adolescents taking Rosuvastatin OpeN label 

(CHARON; clinicaltrials.gov identifier: NCT01078675) study was a 2-year, open-label, multicentre 

study assessing the efficacy and safety of rosuvastatin in children and adolescents with HeFH. The 

full study design has been previously published and is described briefly here.7 

The study was approved by each participating site’s institutional review board and conducted in 

accordance with the Declaration of Helsinki, the International Conference on Harmonization Good 

Clinical Practice Guidelines, and current local regulatory requirements. Written informed consent 

was obtained from participants and/or their parents prior to participation. 

 

Patients 

Patients were enrolled at 14 centres in The Netherlands (n = 6), Canada (n = 5), Belgium (n = 1), 

Norway (n = 1), and the United States (n = 1).  Patients aged 6–17 years with HeFH and fasting LDL-

C at baseline >4.92 mmol/L (>190 mg/dL) or >4.10 mmol/L (>158 mg/dL) in combination with 

another risk factor for coronary heart disease, e.g. family history of premature CVD in first or 

second degree relatives, were included. HeFH was defined as a documented genetic defect in the 

LDL receptor or apolipoprotein (Apo) B or documented evidence of HeFH in a first-degree relative 

(LDL-C >4.9 mmol/L (>189 mg/dL) in an adult or >4.1 mmol/L (>158 mg/dL) in a child <18 years old). 

Children aged 6–9 years were all statin naïve and were advised to follow regional guidelines for a 

low cholesterol diet.  

The main exclusion criteria were history of statin-induced myopathy; fasting triglycerides ≥2.87 

mmol/L (≥254 mg/dL); fasting serum glucose >9.99 mmol/L (>180 mg/dL) or glycosylated 

haemoglobin >9%; uncontrolled hypothyroidism (defined as thyroid-stimulating hormone >1.5 x 

upper limit of normal [ULN]); current active liver disease or hepatic dysfunction (defined as 

alanine aminotransferase [ALT], aspartate aminotransferase [AST], or bilirubin >1.5 x ULN); serum 

creatine kinase (CK) ≥3 x ULN; estimated glomerular filtration rate <50 mL/min; ≥2+ proteinuria on 

urine dipstick; stage 2 hypertension (systolic and/or diastolic blood pressure >5 mmHg above the 

99th percentile for age, gender, and height); history of solid organ transplant; clinically significant 

abnormalities in clinical chemistry and haematology or urinalysis; and weight <20 kg (44 lbs).  

 

 

 

 

 

Outcome measures 

The 5 mg starting dose of rosuvastatin was titrated at 3-monthly intervals to a maximum tolerated 

dose of 10 mg (6–9 year olds) or 20 mg (10–17 year olds) to achieve an LDL-C goal of <2.85 mmol/L 

(<110 mg/dL). LDL-C was estimated by the Friedewald equation.13 

The primary efficacy outcome variable was the percentage change from baseline in fasting LDL-C 

following 3, 12, and 24 months of treatment with rosuvastatin 5, 10, or 20 mg. 

Secondary efficacy outcomes were percentage change from baseline in high-density lipoprotein 

cholesterol (HDL-C), total cholesterol, triglycerides, non-HDL-C, ApoA-1 and ApoB, and ratios of 

atherogenic/protective lipids at 3, 12, and 24 months. Change from baseline in high-sensitivity C-

reactive protein (hs-CRP) was also assessed. 

The primary safety outcomes were growth (assessed by height velocity) and sexual maturation 

(assessed by Tanner staging) at baseline, 12, and 24 months. The incidence and severity of adverse 

events (AEs) and serious AEs, rate of discontinuations due to AEs and abnormal serum laboratory 

values were also assessed. Laboratory assessments included AST, ALT, urine protein:creatinine 

ratio, and CK. Adherence to treatment was assessed by pill count at every study visit.  

Blood samples were also collected for assessment of the PK endpoints following a single dose of 

rosuvastatin. The following PK parameters were assessed: maximum plasma concentration (Cmax), 

area under the plasma concentration vs. time curve from time 0 to 24 hours following 

rosuvastatin administration (AUC(0-24)) and time to Cmax (tmax) of rosuvastatin, N-desmethyl 

rosuvastatin and rosuvastatin lactone. The PK population included 12 patients aged from 6 years 

to below Tanner stage II who were treated and had at least one serial PK assessment. 

 

Sample size calculation and statistical analyses 

No formal sample size calculation was performed for this study as it was an exploratory study and 

all objectives in the study were exploratory in nature. The study plan was to enroll a minimum of 

180 patients, equally distributed between the three age groups. The intention-to-treat (ITT) 

population was the primary analysis set for efficacy analyses. It included patients who received at 

least one dose of study medication and had a baseline and at least one LDL-C measure from a 

subsequent visit.  

Efficacy variables, including percentage change from baseline in lipid parameters, were 

summarized mainly using descriptive statistics and presented by age group and overall. Least-

squares (LS) mean percentage changes from baseline in LDL-C at 3, 12, and 24 months were 

compared between age groups using an analysis of covariance model with centre and baseline 

values as covariates. In the ITT analysis set, missing data were input using last observation carried 
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forward data. An analysis of covariance was also used to compare LDL-C reduction among age 

groups, using centre and the baseline value as covariates. 

The percentage of patients achieving an LDL-C target of <2.85 mmol/L (<110 mg/dL) during 

titration to goal was also summarized at baseline, 3, 12, and 24 months, as was the percentage of 

patients achieving an LDL-C target of <3.36 mmol/L (<130 mg/dL). 

The safety analysis population included all patients who received at least one dose of rosuvastatin 

and had follow-up data. Descriptive statistics were used to summarise the safety parameters. For 

growth, data were presented by z-scoring, in addition to means and standard deviations (SD) for 

observed data. The z-score used represented normalised data relative to the mean for children of 

the same age and sex according to National Health and Nutrition Examination Survey growth data 

collected by the Centers for Disease Control and Prevention. The shift in Tanner stage from 

baseline at 12 and 24 months for individual patients was summarised to assess the normal 

progression of sexual maturation over the 2 years of treatment.  

 

Figure 1. Study flow chart  

 

AE: adverse event; PK: pharmacokinetic 
 

RESULTS 

 

Of the 250 patients with HeFH screened, 198 met the eligibility criteria and were included in the 2-

year open-label efficacy and safety phase of the study. One patient received a single dose of study 

drug but was not included in the ITT and safety analyses populations due to a lack of follow-up 

data. The allocation and disposition of study subjects are summarized in Figure 1.  
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Baseline characteristics of the patients in each age group and overall are presented in Table 1. The 

mean age of the participants at baseline was 11.6 (SD 3.3) years, 44% were boys, mean LDL-C level 

was 6.1 (SD 1.3) mmol/L (236 [SD 49.0] mg/dL) and 77% had a family history of premature CVD in 

first or second degree relatives. 

 

Table 1: Baseline characteristics (safety population)  
 Age group 
 6–9 years 

(n = 64) 
10–13 years 

(n = 72) 
14–17 years 

(n = 61) 
Total 

(n = 197) 
Age (years) - - - 11.6 ± 3.3 

Boys, n (%) 29 (45) 30 (42) 28 (46) 87 (44) 

Caucasian, n (%) 58 (91) 65 (90) 54 (89) 177 (90)a 

Height (cm) 133 ± 9 152 ± 10 169 ± 9 151 ± 17 

Weight (kg) 30 ± 7 46 ± 15 63 ± 13 46 ± 18 

BMI (kg/m2) 17 ± 2 20 ± 5 22 ± 4 19 ± 4 

Blood pressure (mmHg)     

 Systolic 103 ± 9 107 ± 9 112 ± 12 107 ± 11 

 Diastolic 61 ± 8 63 ± 8 68 ± 7 64 ± 8 

Family history of premature CVD, n (%) 44 (69) 62 (86) 46 (75) 152 (77) 

First degree relative with HeFH, n (%)b 54 (84) 69 (96) 59 (97) 182 (92) 

Lipids and lipoproteins      
TC, mmol/L 
(mg/dL) 

7.8 ± 1.5 
(301 ± 57) 

7.9 ± 1.3 
(304 ± 49) 

8.0 ± 1.3 
(308 ± 50) 

7.9 ± 1.3 
(305 ± 52) 

LDL-C, mmol/L  
(mg/dL) 

6.1 ± 1.4 
(234 ± 52) 

6.1 ± 1.3 
(234 ± 49) 

6.2 ± 1.2 
(240 ± 46) 

6.1 ± 1.3 
(236 ± 49) 

HDL-C, mmol/L  
(mg/dL) 

1.4 ± 0.3 
(52 ± 13) 

1.3 ± 0.3 
(52 ± 13)   

1.2 ± 0.3 
(46 ± 12) 

1.3 ± 0.3 
(50 ± 13) 

TG, mmol/L  
(mg/dL) 

0.7; [0.3–2.1] 
61; [27–188] 

0.9; [0.3–2.8] 
79; [28–243] 

1.1; [0.4–4.0] 
96; [39–350] 

0.9; [0.3–4.0]  
80; [27–350] 

Non-HDL-C, mmol/L  
(mg/dL) 

6.4 ± 1.4 
(249 ± 54) 

6.5 ± 1.3 
(252 ± 50) 

6.8 ± 1.3 
(262 ± 48) 

6.6 ± 1.3 
(254 ± 51) 

 ApoA-1 (g/L) 1.4 ± 0.2 1.4 ± 0.2 1.3 ± 0.2 1.4 ± 0.2 
ApoB (g/L) 1.5 ± 0.3 1.5 ± 0.3 1.6 ± 0.3 1.5 ± 0.3 

Data are expressed as mean ± standard deviation. For triglycerides data are expressed as median [IQR]. 
Apo: apolipoprotein; BMI: body mass index; CVD: cardiovascular disease; HeFH: heterozygous familial 
hypercholesterolaemia; HDL-C: high-density lipoprotein cholesterol; LDL-C: low-density lipoprotein cholesterol; 
N/A: not applicable; TC: total cholesterol; TG: triglycerides. 
aThe remainder were: African, n = 2; Chinese/East Asian, n = 4; Indian (subcontinent), n = 4; Other Asian, n = 6; 
Hispanic, n = 1; Other race, n = 3. bDefined as LDL-C >4.91 mmol/L (>190 mg/dL). 
 

 

 

Figure 2. Percent change from baseline in low-density lipoprotein cholesterol (LDL-C) at 3, 12, and 
24 months 

 
P < 0.001 for all values vs. baseline 
 

Efficacy outcomes  

In the ITT population at 3 months, the LS mean percentage reductions in LDL-C were 41, 41 and 

35%, in patients aged 6–9, 10–13, and 14–17 years, respectively (Figure 2; P < 0.001 for all three age 

groups vs. baseline). This effect was sustained over the 2 years of treatment; the LS mean 

percentage reductions in LDL-C at 24 months were 43, 45 and 35%, respectively.  

At 24 months, there was also a significant reduction in total cholesterol (P < 0.001), non-HDL-C 

(P < 0.001), and ApoB (P < 0.001), and a significant increase in HDL-C level (P ≤ 0.001) compared 

with baseline across all age groups and overall (Table 2). The median percentage reduction in 

triglycerides from baseline was significant for the 6–9 year age group and in the overall 

population at 3 months (P = 0.006 and P = 0.001, respectively) and 12 months (P = 0.029 and 

P = 0.004, respectively), but the changes were no longer significant at 24 months. There was a 

significant increase vs. baseline in ApoA-1 in the 10–13 (P = 0.007) and 14–17 (P = 0.033) year age 

groups and in the overall population (P < 0.001) at 3 months vs. baseline, but this difference was  
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Figure 2. Percent change from baseline in low-density lipoprotein cholesterol (LDL-C) at 3, 12, and 
24 months 

 
P < 0.001 for all values vs. baseline 
 

Efficacy outcomes  

In the ITT population at 3 months, the LS mean percentage reductions in LDL-C were 41, 41 and 

35%, in patients aged 6–9, 10–13, and 14–17 years, respectively (Figure 2; P < 0.001 for all three age 

groups vs. baseline). This effect was sustained over the 2 years of treatment; the LS mean 

percentage reductions in LDL-C at 24 months were 43, 45 and 35%, respectively.  

At 24 months, there was also a significant reduction in total cholesterol (P < 0.001), non-HDL-C 

(P < 0.001), and ApoB (P < 0.001), and a significant increase in HDL-C level (P ≤ 0.001) compared 

with baseline across all age groups and overall (Table 2). The median percentage reduction in 

triglycerides from baseline was significant for the 6–9 year age group and in the overall 

population at 3 months (P = 0.006 and P = 0.001, respectively) and 12 months (P = 0.029 and 

P = 0.004, respectively), but the changes were no longer significant at 24 months. There was a 

significant increase vs. baseline in ApoA-1 in the 10–13 (P = 0.007) and 14–17 (P = 0.033) year age 

groups and in the overall population (P < 0.001) at 3 months vs. baseline, but this difference was  
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Table 2: Percent change from baseline in lipid parameters at 2-year follow-up  
 6–9 years 

(n = 64) 
10–13 years 

(n = 72) 
14–17 years 

(n = 61) 
Total 

(n = 197) 
LDL-C  

Month 3 
Month 12 
Month 24 
P-value 

 
-41 (-37, -45) 
-44 (-39, -48) 
-43 (-38, -48) 

<0.001 

 
-41 (-37, -44) 
-47 (-44, -51) 
-45 (-40, -49) 

<0.001 

 
-35 (-31, -39) 
-41 (-37, -45) 
-35 (-30, -40) 

<0.001 

 
-38 (-36, -40) 
-44 (-42, -46) 
-43 (-40, -45) 

<0.001 
TC  

Month 3 
Month 12 
Month 24 
P-value 

 
–32 (-35, -29) 
–34 (-37, -30) 
–32 (-36, -28) 

< 0.001 

 
-32 (34, 29) 

–37 (-40, -34) 
–34 (-37, -30) 

< 0.001 

 
–28 (-31, -24) 
–32 (-35, -29) 
–26 (-30, -22) 

< 0.001 

 
–30 (-31, -28) 
–34 (-36, -32) 
–32 (-34, -30) 

< 0.001 
HDL-C  

Month 3 
Month 12 
Month 24 
P-value 

 
4 (-1, 9) 
6 (2, 11) 

13 (8, 18) 
< 0.001 

 
5 (0, 9) 
2 (-2, 6) 
8 (3, 13) 

0.001 

 
7 (2, 12) 
8 (3, 12) 
9 (4, 15) 

0.001 

 
6 (3, 8) 
6 (4, 9) 

12 (9, 15) 
< 0.001 

TGa 
Month 3 
Month 12 
Month 24 
P-value 

 
–10 
–16 
–8 

0.179 

 
–17 
–11 
–3 

0.231 

 
–12 
–20 
–7 

0.178 

 
–13 
–14 
–5 

0.963 
Non-HDL-C  

Month 3 
Month 12 
Month 24 
P-value 

 
–39 (-43, -36) 
–42 (-46, -38) 
–41 (-46, -36) 

< 0.001 

 
–39 (-42, -35) 
–45 (-49, -42) 
–42 (-46, -37) 

< 0.001 

 
–34 (-37, -30) 
–39 (-43, -35) 
–33 (-37, -28) 

< 0.001 

 
–36 (-38, -34) 
–42 (-44, -40) 
–40 (-43, -38) 

< 0.001 
ApoB 

Month 3 
Month 12 
Month 24 
P-value 

 
–32 (-35, -29) 
–36 (-39, -32) 
–36 (-40, -32) 

< 0.001 

 
–31 (-34, -28) 
–38 (-41, -35) 
–36 (-40, -32) 

< 0.001 

 
–26 (-29, -23) 
–33 (-36, -29) 
–28 (-32, -24) 

< 0.001 

 
–29 (-31, -28) 
–36 (-37, -34) 
–36 (-38, -34) 

< 0.001 
ApoA-1 

Month 3 
Month 12 
Month 24 
P-value 

 
3 (-1, 7) 
2 (-2, 5) 
2 (-2, 6) 
0.268 

 
5 (1, 8) 

–1 (-4, 2) 
2 (-2, 5) 

0.317 

 
4 (0, 8) 
2 (-1, 6) 
3 (0, 7) 
0.082 

 
5 (3, 7) 
1 (-1, 3) 
2 (0, 4) 
0.030 

Changes are least square mean (lower, upper 95% confidence interval) percentage change from baseline.  
Apo: apolipoprotein; HDL-C: high-density lipoprotein cholesterol; LDL-C: low-density lipoprotein cholesterol; TC: 
total cholesterol; TG: triglycerides. 
aFor TG, changes are median percentage change from baseline. P-values are for the least squares mean 
percentage change from baseline to Month 24. 
 

not significant at 12 or 24 months, except in the overall population at 24 months (P = 0.030) (Table 

2). No consistent changes were observed in hs-CRP. 

After 24 months of treatment, the percentage of patients achieving an LDL-C of <2.85 mmol/L 

(<110 mg/dL) was 38% in the 6–9 year age group, 46% in the 10–13 year age group and 28% in the 

14–17 year age group (Table 3). In addition, 64, 68 and 39%, respectively, achieved an LDL-C of 

<3.36 mmol/L (<130 mg/dL). 

 

 

Table 3: Patients reaching low-density lipoprotein cholesterol target of <2.85 mmol/L (<110 mg/dL) 
and <3.36 mmol/L (<130 mg/dL) (intention-to-treat population)  
 6–9 years 

(n = 64) 
10–13 years 

(n = 72) 
14–17 years 

(n = 61) 
Total 

(n = 197) 
Achievement of <2.85 mmol/L (<110 mg/dL), n (%) 
Month 3 16 (25) 14 (20) 4 (7) 34 (17) 
Month 12 19 (30) 31 (44) 16 (26) 66 (34) 
Month 24 24 (38) 33 (46) 17 (28) 74 (38) 
Achievement of <3.36 mmol/L (<130 mg/dL), n (%) 
Month 3 36 (56) 27 (38) 17 (28) 80 (41) 
Month 12 41 (64) 50 (70) 28 (46) 119 (61) 
Month 24 41 ( 64) 49 ( 68) 24 ( 39) 114 ( 58) 
Data are expressed as n (%). 
 

Assessment by dose showed that at final rosuvastatin doses of 5, 10 and 20 mg, 48, 46 and 32% of 

patients achieved the LDL-C goal of <2.85 mmol/L (<110 mg/dL) and 62, 67 and 53% achieved an 

LDL-C goal of <3.36 mmol/L (<130 mg/dL), respectively, at 24 months. The mean (SD) dose of 

rosuvastatin in each of the age groups was 9.7 (2.8) mg, 13.9 (4.2) mg, and 14.0 (3.9) mg, in the 6–

9, 10–13 and 14–17 year age groups, respectively.  

Treatment adherence for the total population was high at 90% during the 2-year study period. The 

adherence rate was highest in the youngest group: 93, 89 and 87% in the 6–9, 10–13, and 14–17 

year age groups, respectively.  

 

Safety outcomes 

The incidence of treatment-emergent AEs was 88, 86 and 89% in the 6–9, 10–13 and 14–17 year age 

groups, respectively (Table 4). The most commonly reported AEs were nasopharyngitis, 

headache, influenza and vomiting (all ≥10% of total patients) (Table 4). Myalgia was reported in 0, 

7 and 10% of patients aged 6–9, 10–13, and 14–17 years, respectively, but did not lead to 

discontinuation of treatment. 

Overall, 29 patients (15%) had AEs considered at least possibly related to study medication, 

including gastrointestinal disorders (8%), myalgia (2%), increased blood CK (1%), and skin disorders 

(1%). All other drug-related AEs were isolated reports. Three patients experienced treatment-

related AEs (nausea, migraine and paraesthesia) that lead to discontinuation of treatment. The 

majority of AEs were considered mild by investigators. Nine (5%) patients had serious AEs. All 

were considered unrelated to treatment by the investigators. There were no cases of myopathy 

or rhabdomyolysis and no deaths during the study.  
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percentage change from baseline to Month 24. 
 

not significant at 12 or 24 months, except in the overall population at 24 months (P = 0.030) (Table 

2). No consistent changes were observed in hs-CRP. 

After 24 months of treatment, the percentage of patients achieving an LDL-C of <2.85 mmol/L 

(<110 mg/dL) was 38% in the 6–9 year age group, 46% in the 10–13 year age group and 28% in the 

14–17 year age group (Table 3). In addition, 64, 68 and 39%, respectively, achieved an LDL-C of 

<3.36 mmol/L (<130 mg/dL). 
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Achievement of <2.85 mmol/L (<110 mg/dL), n (%) 
Month 3 16 (25) 14 (20) 4 (7) 34 (17) 
Month 12 19 (30) 31 (44) 16 (26) 66 (34) 
Month 24 24 (38) 33 (46) 17 (28) 74 (38) 
Achievement of <3.36 mmol/L (<130 mg/dL), n (%) 
Month 3 36 (56) 27 (38) 17 (28) 80 (41) 
Month 12 41 (64) 50 (70) 28 (46) 119 (61) 
Month 24 41 ( 64) 49 ( 68) 24 ( 39) 114 ( 58) 
Data are expressed as n (%). 
 

Assessment by dose showed that at final rosuvastatin doses of 5, 10 and 20 mg, 48, 46 and 32% of 

patients achieved the LDL-C goal of <2.85 mmol/L (<110 mg/dL) and 62, 67 and 53% achieved an 

LDL-C goal of <3.36 mmol/L (<130 mg/dL), respectively, at 24 months. The mean (SD) dose of 

rosuvastatin in each of the age groups was 9.7 (2.8) mg, 13.9 (4.2) mg, and 14.0 (3.9) mg, in the 6–

9, 10–13 and 14–17 year age groups, respectively.  

Treatment adherence for the total population was high at 90% during the 2-year study period. The 

adherence rate was highest in the youngest group: 93, 89 and 87% in the 6–9, 10–13, and 14–17 

year age groups, respectively.  

 

Safety outcomes 

The incidence of treatment-emergent AEs was 88, 86 and 89% in the 6–9, 10–13 and 14–17 year age 

groups, respectively (Table 4). The most commonly reported AEs were nasopharyngitis, 

headache, influenza and vomiting (all ≥10% of total patients) (Table 4). Myalgia was reported in 0, 

7 and 10% of patients aged 6–9, 10–13, and 14–17 years, respectively, but did not lead to 

discontinuation of treatment. 

Overall, 29 patients (15%) had AEs considered at least possibly related to study medication, 

including gastrointestinal disorders (8%), myalgia (2%), increased blood CK (1%), and skin disorders 

(1%). All other drug-related AEs were isolated reports. Three patients experienced treatment-

related AEs (nausea, migraine and paraesthesia) that lead to discontinuation of treatment. The 

majority of AEs were considered mild by investigators. Nine (5%) patients had serious AEs. All 

were considered unrelated to treatment by the investigators. There were no cases of myopathy 

or rhabdomyolysis and no deaths during the study.  
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Table 4: Treatment-emergent adverse events (AEs)  
 6–9 years 

(n = 64) 
10–13 years 

(n = 72) 
14–17 years 

(n = 61) 
total 

(n = 197) 

Any AE 56 (88) 62 (86) 54 (89) 172 (87) 
Nasopharyngitis 30 (47) 34 (47) 23 (38) 87 (44) 
Headache 14 (22) 24 (33) 8 (13) 46 (23) 
Influenza 7 (11) 10 (14) 3 (5) 20 (10) 
Vomiting 8 (13) 8 (11) 3 (5) 19 (10) 
Gastroenteritis, viral 12 (19) 4 (6) 2 (3) 18 (9) 
Nausea 7 (11) 3 (4) 8 (13) 18 (9) 
Abdominal pain, upper 4 (6) 8 (11) 3 (5) 15 (8) 
Influenza-like illness 9 (14) 4 (6) 2 (3) 15 (8) 
Abdominal pain 4 (6) 8 (11) 1 (2) 13 (7) 
Oropharyngeal pain 2 (3) 8 (11) 3 (5) 13 (7) 
Arthralgia 2 (3) 7 (10) 3 (5) 12 (6) 
Gastroenteritis 8 (13) 3 (4) 1 (2) 12 (6) 
Cough 5 (8) 3 (4) 3 (5) 11 (6) 
Myalgia 0 5 (7) 6 (10) 11 (6) 
Pyrexia 6 (9) 4 (6) 0 (0) 10 (5) 
AE leading to death 0 0 0 0 
AE leading to 
discontinuation 

0 1 (1) 2 (3) 3 (2) 

Serious AE 2 (3) 4 (6) 3 (5) 9 (5) 
Treatment-related AEs 5 (8) 12 (17) 12 (20) 29 (15) 
Treatment-related AE 
leading to death 

0 0 0 0 

Treatment-related AE 
leading to 
discontinuation 

0 1 (1) 2 (3) 3 (2) 

Treatment-related 
serious AE 

0 0 0 0 

Data are expressed as n (%), unless otherwise noted. 

 

There were no clinically important changes in haematology, clinical chemistry or hepatic, skeletal 

muscle and renal biochemistries. Three patients had CK levels >5 x ULN, one of which had a CK 

level >10 x ULN; none of these patients had any associated muscle symptoms. One patient had an 

increase in creatinine ≥50% of baseline; this patient had a normal estimated glomerular filtration 

rate (eGFR) and no patients had abnormalities in eGFR.  

Seven patients had ≥50% increases from baseline in urine protein:creatinine ratio during 

treatment. In four of these patients, the urine protein:creatinine ratio levels had returned to 

normal by the last study visit and may have been related to exercise. In three patients, however, 

urine protein:creatinine ratio levels remained abnormal at the last study visit. One of these 

patients had an earlier episode of cystitis, which may have affected urine protein levels. The 

second patient was diagnosed with postural proteinuria, and in the last patient, the urine 

protein:creatinine ratio levels returned to normal after the study completed. All patients had a 
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Seven patients had ≥50% increases from baseline in urine protein:creatinine ratio during 

treatment. In four of these patients, the urine protein:creatinine ratio levels had returned to 

normal by the last study visit and may have been related to exercise. In three patients, however, 
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patients had an earlier episode of cystitis, which may have affected urine protein levels. The 

second patient was diagnosed with postural proteinuria, and in the last patient, the urine 

protein:creatinine ratio levels returned to normal after the study completed. All patients had a 

 

normal eGFR. No clinically significant abnormal findings were identified in the electrocardiogram 

or vital signs evaluations. 

Rosuvastatin treatment did not appear to impact height, weight, or sexual maturation. During the 

2-year study period, the mean z-score height and weight of the total population increased by 17 

and 18%, respectively. The mean (SD) z-score body mass index was 0.14 (1.02) at baseline and 0.13 

(1.02) at 24 months. All measurements were within normal reference ranges throughout the 

study. In general, the patients who were not already assessed as fully mature at baseline 

progressed in their sexual maturation during the study. Approximately, 82% of patients in Tanner 

stages II to IV progressed by at least one Tanner stage over the 2 years (Table 5).  

 

Table 5: Change in Tanner stage from baseline to 12 and 24 months 
   

Tanner stage at baseline (n=197) 
 

  

  
 

n 

 
I 

(n = 81) 

 
II 

(n = 32) 

 
III 

(n = 18) 

 
IV 

(n = 44) 

 
V 

(n = 21) 

 
Not recorded 

(n = 1) 
12 Months,n(%)        
 I  61 61 (31%) 0 0 0 0 0 
 II 31 17 (9%) 14 (7%) 0 0 0 0 

III 21 1 (1%) 15 (8%) 5 (3%) 0 0 0 
IV 32 1 (1%) 1 (1%) 10 (5%) 20 (10%) 0 0 
V 42 0 0 1 (1%) 20 (10%) 21 (11%) 0 
Not recorded 10 1 (1%) 2 (1%) 2 (1%) 4 (2%) 0 1 (1%) 

24 months, n(%)        
I 43 43 (22%) 0 0 0 0 0 
II 33 27 (14%) 6 (3%) 0 0 0 0 
III 23 8 (4%) 14 (7%) 1 (1%) 0 0 0 
IV 32 2 (1%) 9 (5%) 12 (6%) 9 (5%) 0 0 
V 64 1 (1%) 3 (2%) 5 (3%) 34 (17%) 21 (11%) 0 
Not recorded 2 0 0 0 1 (1%) 0 1 (1%) 

Note: Percentage was based on the total number of treated patients. 
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Table 6: Single-dose pharmacokinetics  
  

Cmax (GCV%) 

ng/mL 

 

Tmax (range) 

h 

 

AUC(0–24) (GCV%) 

ng·h/mL 

Rosuvastatin 5.7  (71.3) 2.0 (0.5‒6.5) 42.7  (74.5) 

N-desmethyl 0.8 (98.4) 3.5 (1.0–5.5) 4.5 (106.7) 

Lactone 1.3 (107.7) 4.0 (0.5–23.8) 16.2 (86.6) 

n = 12 patients n, aged 6 to less than Tanner stage II.  
AUC: area under the curve; Cmax:maximum concentration; GCV:geometric coefficient of variation; tmax:time to 
maximum concentration. 
 
 

Pharmacokinetics 

Single-dose PK (10 mg) was assessed in 12 patients (5 boys and 7 girls; all Caucasian) aged 6 to less 

than Tanner stage II. The Cmax, Tmax and AUC(0–24)  for rosuvastatin, lactone and N-desmethyl are 

summarized in Table 6.  

 

 

DISCUSSION 

 

In FH, atherosclerotic changes begin early in childhood; therefore, both US and European 

guidelines advocate early treatment of hypercholesterolaemia to prevent the development of 

premature cardiovascular events.2,8,9 Data on the efficacy and safety of statins in children aged <10 

years with FH are currently limited and the rationale for this study therefore was to evaluate the 

efficacy, safety and tolerability of rosuvastatin in young children and adolescents aged 6–17 years 

with HeFH over 2 years.6  

During the study, rosuvastatin significantly lowered LDL-C levels compared with baseline in this 

paediatric HeFH population; moreover, these reductions were sustained over the 2-year 

treatment period. Other lipids and lipoproteins, including total cholesterol, non-HDL-C, and ApoB 

were also significantly reduced and HDL-C was significantly increased after 24 months of 

rosuvastatin therapy compared with baseline. Current guidelines recommend an LDL-C target of 

<3.5 mmol/L (<135 mg/dL) in children.2 In this study, a large proportion (58%) of children overall 

achieved the slightly more restrictive LDL-C goal of <3.36 mmol/L (<130 mg/dL). In addition, 38% of 

this difficult-to-treat population reached an LDL-C goal <2.85 mmol/L (<110 mg/dL). 

Despite having almost identical baseline LDL-C levels and the protocol permitting up-titration of 

the rosuvastatin dose according to age, there tended to be a greater reduction in LDL-C levels 

from baseline in the 6–9 and 10–13 year age groups, compared with the 14–17 year age group. A 

possible explanation may be because of differences in the distribution and expression of 

transporters involved in the uptake of rosuvastatin between younger, smaller children and older, 

larger children. Rosuvastatin is a substrate for certain transporter proteins, including organic 

anion-transporting polypeptide (OATP) 1B1 and breast cancer resistance protein (BCRP). 

Interactions or differences in the expression of these transporters may explain the variability 

between the groups.14 In addition, some of the older children may have required higher doses but 

were not titrated up as dosing was capped at 20 mg for those aged 10–17 years. The mean (SD) 

dose was 9.7 (2.8) mg in the youngest group, 13.9 (4.2) mg in the 10–13 year age group and 14.0 

(3.9) mg in the eldest group. It is also worth noting that compliance in the younger age groups 

was higher (93% in 6–9 year age group and 89% in 10–13 year age group) compared with the older 

age group (87%) possibly as a result of older patients being less dependent on parents/caregivers, 

which may also have contributed to the slight difference in LDL-C reduction observed between 

the age groups. The difference in compliance may also be due to the slightly higher rate of 

treatment-related AEs seen in the eldest age group compared with the younger age groups (8%, 

17% and 20% for the 6–9, 10–13 and 14–17 year age groups, respectively). A further possible 

explanation for the difference in efficacy may be due to differences in diet in the oldest age 
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Table 6: Single-dose pharmacokinetics  
  

Cmax (GCV%) 

ng/mL 

 

Tmax (range) 

h 

 

AUC(0–24) (GCV%) 

ng·h/mL 

Rosuvastatin 5.7  (71.3) 2.0 (0.5‒6.5) 42.7  (74.5) 
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Lactone 1.3 (107.7) 4.0 (0.5–23.8) 16.2 (86.6) 

n = 12 patients n, aged 6 to less than Tanner stage II.  
AUC: area under the curve; Cmax:maximum concentration; GCV:geometric coefficient of variation; tmax:time to 
maximum concentration. 
 
 

Pharmacokinetics 
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the age groups. The difference in compliance may also be due to the slightly higher rate of 

treatment-related AEs seen in the eldest age group compared with the younger age groups (8%, 
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explanation for the difference in efficacy may be due to differences in diet in the oldest age 
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group. Although diet was not assessed as part of the study, all patients were advised to continue 

following regional guidelines for a low cholesterol diet. It may be possible that some of the older 

children, who were less compliant with treatment, were also less compliant in following diet 

recommendations. Finally, it should be noted that changes in serum lipids and lipoproteins are 

known to occur during adolescence and sexual maturity and this may also have impacted on the 

results of this study.15,16   

A key objective of this study was to assess the safety of rosuvastatin in young children and 

adolescents aged 6–17 years old over 2 years. The study found that rosuvastatin treatment had no 

impact on growth or sexual maturation (Tanner scoring). Evaluation of z-scores (for height, 

weight, and body mass index) and Tanner staging indicated that growth and sexual maturation 

remained within normal ranges for age and sex over the course of the 2-year study. 

Based on the evaluations of treatment-emergent AEs, laboratory variables, vital signs, and 

physical findings, rosuvastatin 5, 10, and 20 mg was generally well tolerated in this paediatric 

population, with no significant differences in the youngest (6–9 year old) patients compared with 

the older (10–17 year old) patients. Myalgia occurred at a higher incidence in the older age groups 

(7% in the 10–13 year olds and 10% in the 14–17 year olds) compared with the youngest age group 

(6–9 year olds; 0%). While it is unclear why myalgia was reported more frequently in older children 

than in younger children, one possible explanation may be that the older children were more 

athletic and were participating in more physical activities. Another possible explanation is that 

younger children and their parents may not recognise the symptoms of myalgia and therefore do 

not report it, unlike older children who may be more aware of the condition perhaps via the 

media through researching their condition. A final explanation may be that myalgia is an age-

related AE, however, only further studies in children and adolescents will determine if this is the 

case.  

Single-dose PK analysis, performed in 12 patients from the youngest age group, found that 

exposure to metabolites, N-desmethyl and lactone, was lower than that to parent rosuvastatin, 

which is consistent with rosuvastatin being the main circulating moiety responsible for activity. PK 

data collected from all patients in this study have been used in a population PK analysis in 

combination with paediatric data from other rosuvastatin studies and will be reported elsewhere.  

To our knowledge, this is the longest study to date to evaluate the efficacy and safety of 

rosuvastatin in children and adolescents aged 6‒17 years with HeFH. Concern may still remain, 

however, about the safety of statins in children, particularly young children. This study has now 

finished and rosuvastatin is now approved in the EU for this HeFH age group and 

pharmacovigilance will continue. Future studies, should consider monitoring the safety of statins 

 

over an even longer period of time to fully establish the safety of statins in this population. The 

LDL-C reduction observed was consistent with reductions seen in adults and a previous study in 

children aged 10–17 years with HeFH receiving rosuvastatin 20 mg.12,17 It was also similar to LDL-C 

reductions reported in randomized controlled studies of simvastatin and atorvastatin in HeFH but 

greater than those reported with pravastatin.6,16,17 Other studies have also shown that statins are 

well tolerated in children with HeFH with safety profiles similar to those observed in adults. In 

agreement with the current 2-year study, there is no evidence that LDL-C lowering affects sexual 

development or growth.12,18–20  

In conclusion, in patients with HeFH aged 6–17 years, rosuvastatin 5–20 mg significantly reduced 

LDL-C compared with baseline, which was sustained over 2 years. The treatment was generally 

well tolerated, with growth and sexual maturation remaining within normal ranges and no new 

safety signals in this paediatric population.  

 

 

 

 

 

 



255

15

 

group. Although diet was not assessed as part of the study, all patients were advised to continue 

following regional guidelines for a low cholesterol diet. It may be possible that some of the older 

children, who were less compliant with treatment, were also less compliant in following diet 

recommendations. Finally, it should be noted that changes in serum lipids and lipoproteins are 

known to occur during adolescence and sexual maturity and this may also have impacted on the 

results of this study.15,16   

A key objective of this study was to assess the safety of rosuvastatin in young children and 

adolescents aged 6–17 years old over 2 years. The study found that rosuvastatin treatment had no 

impact on growth or sexual maturation (Tanner scoring). Evaluation of z-scores (for height, 

weight, and body mass index) and Tanner staging indicated that growth and sexual maturation 

remained within normal ranges for age and sex over the course of the 2-year study. 

Based on the evaluations of treatment-emergent AEs, laboratory variables, vital signs, and 

physical findings, rosuvastatin 5, 10, and 20 mg was generally well tolerated in this paediatric 

population, with no significant differences in the youngest (6–9 year old) patients compared with 

the older (10–17 year old) patients. Myalgia occurred at a higher incidence in the older age groups 

(7% in the 10–13 year olds and 10% in the 14–17 year olds) compared with the youngest age group 

(6–9 year olds; 0%). While it is unclear why myalgia was reported more frequently in older children 

than in younger children, one possible explanation may be that the older children were more 

athletic and were participating in more physical activities. Another possible explanation is that 

younger children and their parents may not recognise the symptoms of myalgia and therefore do 

not report it, unlike older children who may be more aware of the condition perhaps via the 

media through researching their condition. A final explanation may be that myalgia is an age-

related AE, however, only further studies in children and adolescents will determine if this is the 

case.  

Single-dose PK analysis, performed in 12 patients from the youngest age group, found that 

exposure to metabolites, N-desmethyl and lactone, was lower than that to parent rosuvastatin, 

which is consistent with rosuvastatin being the main circulating moiety responsible for activity. PK 

data collected from all patients in this study have been used in a population PK analysis in 

combination with paediatric data from other rosuvastatin studies and will be reported elsewhere.  

To our knowledge, this is the longest study to date to evaluate the efficacy and safety of 

rosuvastatin in children and adolescents aged 6‒17 years with HeFH. Concern may still remain, 

however, about the safety of statins in children, particularly young children. This study has now 

finished and rosuvastatin is now approved in the EU for this HeFH age group and 

pharmacovigilance will continue. Future studies, should consider monitoring the safety of statins 

 

over an even longer period of time to fully establish the safety of statins in this population. The 

LDL-C reduction observed was consistent with reductions seen in adults and a previous study in 

children aged 10–17 years with HeFH receiving rosuvastatin 20 mg.12,17 It was also similar to LDL-C 

reductions reported in randomized controlled studies of simvastatin and atorvastatin in HeFH but 

greater than those reported with pravastatin.6,16,17 Other studies have also shown that statins are 

well tolerated in children with HeFH with safety profiles similar to those observed in adults. In 

agreement with the current 2-year study, there is no evidence that LDL-C lowering affects sexual 

development or growth.12,18–20  

In conclusion, in patients with HeFH aged 6–17 years, rosuvastatin 5–20 mg significantly reduced 

LDL-C compared with baseline, which was sustained over 2 years. The treatment was generally 

well tolerated, with growth and sexual maturation remaining within normal ranges and no new 

safety signals in this paediatric population.  

 

 

 

 

 

 



256 

REFERENCES 

 

1. Goldstein J, Brown M. Familial hypercholesterolaemia: Identification of a defect in the regulation of 
3-hydroxy-3-methylglutaryl coenzyme A reductase activity associated with overproduction of 
cholesterol. Proc Natl Acad Sci USA. 1973;70:2804–2808. 

2. Nordestgaard BG, Chapman MJ, Humphries SE, Ginsberg HN, Masana L, Descamps OS, Wiklund O, 
Hegele RA, Raal FJ, Defesche JC, Wiegman A, Santos RD, Watts GF, Parhofer KG, Hovingh GK, 
Kovanen PT, Boileau C, Averna M, Borén J, Bruckert E, Catapano AL, Kuivenhoven JA, Pajukanta P, 
Ray K, Stalenhoef AF, Stroes E, Taskinen MR, Tybjærg-Hansen A; European Atherosclerosis Society 
Consensus Panel. Familial hypercholesterolaemia is underdiagnosed and undertreated in the 
general population: guidance for clinicians to prevent coronary heart disease. Consensus statement 
of the European Atherosclerosis Society. Eur Heart J. 2013;34:3478–3490. 

3. Sjouke B, Kusters DM, Kindt I, Besseling J, Defesche JC, Sijbrands EJ, Roeters van Lennep JE, 
Stalenhoef AF, Wiegman A, de Graaf J, Fouchier SW, Kastelein JJ, Hovingh GK. Homozygous 
autosomal dominant hypercholesterolaemia in the Netherlands: prevalence, genotype-phenotype 
relationship, and clinical outcome. Eur Heart J. 2014: Feb 28. [Epub ahead of print]. 

4. Marks D, Thorogood M, Neil H, Humphries S. A review on the diagnosis, natural history, and 
treatment of familial hypercholesterolaemia. Atherosclerosis. 2003;168:1–14.  

5. Neil A, Cooper J, Betteridge J, Capps N, McDowell I, Durrington P, Seed M, Humphries SE. 
Reductions in all-cause, cancer, and coronary mortality in statin-treated patients with heterozygous 
familial hypercholesterolaemia: a prospective registry study. Eur Heart J. 2008;29:2625–2633. 

6. Wiegman A, Hutten BA, de Groot E, Rodenburg J, Bakker HD, Büller HR, Sijbrands EJ, Kastelein JJ. 
Efficacy and safety of statin therapy in children with familial hypercholesterolemia: a randomized 
controlled trial. JAMA. 2004;292:331–337. 

7. Kusters M, Hutten B, McCrindle B, Cassiman D, Francis GA, Gagné C, Gaudet D, Morrison KM, 
Langslet G, Kastelein JJ, Wiegman A. Design and baseline data of a paediatric study with 
rosuvastatin in familial hypercholesterolaemia. J Clin Lipidol. 2013;7:408–413.  

8. National Heart, Lung and Blood Institute. Expert Panel on Integrated Guidelines for Cardiovascular 
Health and Risk Reduction in Children and Adolescents: summary report. Pediatrics. 2011;128:S213–
S256. 

9. Cholesterol Treatment Trialists’ (CTT) Collaboration. Efficacy and safety of more intensive lowering 
of LDL cholesterol: a meta-analysis of data from 170,000 participants in 26 randomised trials. 
Lancet. 2010;376:1670–1681. 

10. Avis H, Vissers M, Stein E, Wijburg FA, Trip MD, Kastelein JJ, Hutten BA. A systematic r eview 
and meta-analysis of statin therapy in children with familial hypercholesterolemia. Arterioscler 
Thromb Vasc Biol. 2007;27:1803–1810. 

11. Vuorio A, Kuoppala J, Kovanen PT, Humphries SE, Tonstad S, Wiegman A, Drogari E. Statins for 
children with familial hypercholesterolemia. Cochrane Database Syst Rev. 2014;7:CD006401. 

12. Avis H, Hutten B, Gagné C, Langslet G, McCrindle BW, Wiegman A, Hsia J, Kastelein JJ, Stein EA. 
Efficacy and safety of rosuvastatin therapy for children with familial hypercholesterolemia. J Am 
Coll Cardiol. 2010;55:1121–1126. 

13. Friedewald W, Levy R, Frederickson D. Estimation of concentration of low-density lipoprotein 
cholesterol in plasma, without the use of the preparative ultracentrifuge. Clin Chem. 1972;18:499–
502. 

14. Couture P, Brun LD, Szots F, Lelièvre M, Gaudet D, Després JP, Simard J, Lupien PJ, Gagné C. 
Association of specific LDL receptor gene mutations with differential plasma lipoprotein response 
to simvastatin in young French Canadians with heterozygous familial hypercholesterolemia. 
Arterioscler Thromb Vasc Biol. 1998;18:1007–1012. 

15. Bertrais S, Balkau B, Charles MA, Vol S, Calvet C, Tichet J, Eschwege E. Puberty-associated 
differences in total cholesterol and triglyceride levels according to sex in French children aged 10-13 
years. Ann Epidemiol. 2000;10:316–323. 

16. Berenson GS, Srinivasan SR, Cresanta JL, Foster TA, Webber LS. Dynamic changes of serum 
lipoproteins in children during adolescence and sexual maturation. Am J Epidemiol. 1981;113:157–
170. 

 

17. Stein E, Strutt K, Southworth H, Diggle PJ, Miller E; for the HeFH Study Group. Comparison of 
rosuvastatin versus atorvastatin in patients with heterozygous familial hypercholesterolemia. Am J 
Cardiol. 2003;92:1287–1293. 

18. McCrindle B, Ose L, Marais D. Efficacy and safety of atorvastatin in children and adolescents with 
familial hypercholesterolemia or severe hyperlipidemia: a multicentre, randomized, placebo-
controlled trial. J Pediatr. 2003;142:74–80.  

19. de Jongh S, Ose L, Szamosi T, Gagné C, Lambert M, Scott R, Perron P, Dobbelaere D, Saborio M, 
Tuohy MB, Stepanavage M, Sapre A, Gumbiner B, Mercuri M, van Trotsenburg AS, Bakker HD, 
Kastelein JJ; Simvastatin in Children Study Group. Efficacy and safety of statin therapy in children 
with familial hypercholesterolemia: a randomized, double-blind, placebo-controlled trial with 
simvastatin. Circulation. 2002;106:2231–2237. 

20. Rodenburg J, Vissers MN, Wiegman A, van Trotsenburg AS, van der Graaf A, de Groot E, Wijburg FA, 
Kastelein JJ, Hutten BA. Statin treatment in children with familial hypercholesterolemia: the 
younger, the better. Circulation. 2007;116:664–668. 

 

 

 

 



257

15

 

REFERENCES 

 

1. Goldstein J, Brown M. Familial hypercholesterolaemia: Identification of a defect in the regulation of 
3-hydroxy-3-methylglutaryl coenzyme A reductase activity associated with overproduction of 
cholesterol. Proc Natl Acad Sci USA. 1973;70:2804–2808. 

2. Nordestgaard BG, Chapman MJ, Humphries SE, Ginsberg HN, Masana L, Descamps OS, Wiklund O, 
Hegele RA, Raal FJ, Defesche JC, Wiegman A, Santos RD, Watts GF, Parhofer KG, Hovingh GK, 
Kovanen PT, Boileau C, Averna M, Borén J, Bruckert E, Catapano AL, Kuivenhoven JA, Pajukanta P, 
Ray K, Stalenhoef AF, Stroes E, Taskinen MR, Tybjærg-Hansen A; European Atherosclerosis Society 
Consensus Panel. Familial hypercholesterolaemia is underdiagnosed and undertreated in the 
general population: guidance for clinicians to prevent coronary heart disease. Consensus statement 
of the European Atherosclerosis Society. Eur Heart J. 2013;34:3478–3490. 

3. Sjouke B, Kusters DM, Kindt I, Besseling J, Defesche JC, Sijbrands EJ, Roeters van Lennep JE, 
Stalenhoef AF, Wiegman A, de Graaf J, Fouchier SW, Kastelein JJ, Hovingh GK. Homozygous 
autosomal dominant hypercholesterolaemia in the Netherlands: prevalence, genotype-phenotype 
relationship, and clinical outcome. Eur Heart J. 2014: Feb 28. [Epub ahead of print]. 

4. Marks D, Thorogood M, Neil H, Humphries S. A review on the diagnosis, natural history, and 
treatment of familial hypercholesterolaemia. Atherosclerosis. 2003;168:1–14.  

5. Neil A, Cooper J, Betteridge J, Capps N, McDowell I, Durrington P, Seed M, Humphries SE. 
Reductions in all-cause, cancer, and coronary mortality in statin-treated patients with heterozygous 
familial hypercholesterolaemia: a prospective registry study. Eur Heart J. 2008;29:2625–2633. 

6. Wiegman A, Hutten BA, de Groot E, Rodenburg J, Bakker HD, Büller HR, Sijbrands EJ, Kastelein JJ. 
Efficacy and safety of statin therapy in children with familial hypercholesterolemia: a randomized 
controlled trial. JAMA. 2004;292:331–337. 

7. Kusters M, Hutten B, McCrindle B, Cassiman D, Francis GA, Gagné C, Gaudet D, Morrison KM, 
Langslet G, Kastelein JJ, Wiegman A. Design and baseline data of a paediatric study with 
rosuvastatin in familial hypercholesterolaemia. J Clin Lipidol. 2013;7:408–413.  

8. National Heart, Lung and Blood Institute. Expert Panel on Integrated Guidelines for Cardiovascular 
Health and Risk Reduction in Children and Adolescents: summary report. Pediatrics. 2011;128:S213–
S256. 

9. Cholesterol Treatment Trialists’ (CTT) Collaboration. Efficacy and safety of more intensive lowering 
of LDL cholesterol: a meta-analysis of data from 170,000 participants in 26 randomised trials. 
Lancet. 2010;376:1670–1681. 

10. Avis H, Vissers M, Stein E, Wijburg FA, Trip MD, Kastelein JJ, Hutten BA. A systematic r eview 
and meta-analysis of statin therapy in children with familial hypercholesterolemia. Arterioscler 
Thromb Vasc Biol. 2007;27:1803–1810. 

11. Vuorio A, Kuoppala J, Kovanen PT, Humphries SE, Tonstad S, Wiegman A, Drogari E. Statins for 
children with familial hypercholesterolemia. Cochrane Database Syst Rev. 2014;7:CD006401. 

12. Avis H, Hutten B, Gagné C, Langslet G, McCrindle BW, Wiegman A, Hsia J, Kastelein JJ, Stein EA. 
Efficacy and safety of rosuvastatin therapy for children with familial hypercholesterolemia. J Am 
Coll Cardiol. 2010;55:1121–1126. 

13. Friedewald W, Levy R, Frederickson D. Estimation of concentration of low-density lipoprotein 
cholesterol in plasma, without the use of the preparative ultracentrifuge. Clin Chem. 1972;18:499–
502. 

14. Couture P, Brun LD, Szots F, Lelièvre M, Gaudet D, Després JP, Simard J, Lupien PJ, Gagné C. 
Association of specific LDL receptor gene mutations with differential plasma lipoprotein response 
to simvastatin in young French Canadians with heterozygous familial hypercholesterolemia. 
Arterioscler Thromb Vasc Biol. 1998;18:1007–1012. 

15. Bertrais S, Balkau B, Charles MA, Vol S, Calvet C, Tichet J, Eschwege E. Puberty-associated 
differences in total cholesterol and triglyceride levels according to sex in French children aged 10-13 
years. Ann Epidemiol. 2000;10:316–323. 

16. Berenson GS, Srinivasan SR, Cresanta JL, Foster TA, Webber LS. Dynamic changes of serum 
lipoproteins in children during adolescence and sexual maturation. Am J Epidemiol. 1981;113:157–
170. 

 

17. Stein E, Strutt K, Southworth H, Diggle PJ, Miller E; for the HeFH Study Group. Comparison of 
rosuvastatin versus atorvastatin in patients with heterozygous familial hypercholesterolemia. Am J 
Cardiol. 2003;92:1287–1293. 

18. McCrindle B, Ose L, Marais D. Efficacy and safety of atorvastatin in children and adolescents with 
familial hypercholesterolemia or severe hyperlipidemia: a multicentre, randomized, placebo-
controlled trial. J Pediatr. 2003;142:74–80.  

19. de Jongh S, Ose L, Szamosi T, Gagné C, Lambert M, Scott R, Perron P, Dobbelaere D, Saborio M, 
Tuohy MB, Stepanavage M, Sapre A, Gumbiner B, Mercuri M, van Trotsenburg AS, Bakker HD, 
Kastelein JJ; Simvastatin in Children Study Group. Efficacy and safety of statin therapy in children 
with familial hypercholesterolemia: a randomized, double-blind, placebo-controlled trial with 
simvastatin. Circulation. 2002;106:2231–2237. 

20. Rodenburg J, Vissers MN, Wiegman A, van Trotsenburg AS, van der Graaf A, de Groot E, Wijburg FA, 
Kastelein JJ, Hutten BA. Statin treatment in children with familial hypercholesterolemia: the 
younger, the better. Circulation. 2007;116:664–668. 

 

 

 

 



CHAPTER



EFFECT OF ROSUVASTATIN THERAPY ON 
CAROTID INTIMA MEDIA THICKNESS IN CHILDREN WITH 
HETEROZYGOUS FAMILIAL HYPERCHOLESTEROLEMIA: 

FINDINGS FROM THE CHARON STUDY

Marjet J. Braamskamp, Gisle Langslet, Brian W. McCrindle, David Cassiman, 
Gordon A. Francis, Claude Gagne, Daniel Gaudet, Katherine M. Morrison, 

Albert Wiegman, Traci Turner, Elinor Miller, Meeike (D.M.) Kusters, 
Joel Raichlen, Paula Martin, Paul D. Martin,

John JP Kastelein and Barbara A Hutten

Manuscript in preparation

16CHAPTER



260 

ABSTRACT  

 

Aims  

Heterozygous familial hypercholesterolemia (HeFH) is an autosomal dominant disorder leading to 

premature atherosclerosis. Children with HeFH already exhibit early signs of atherosclerosis, such 

as increased carotid intima-media thickness (IMT). In this study we assessed the effect of two-

year treatment with rosuvastatin on carotid IMT in HeFH children.  

Methods  

Children with HeFH children (aged 6 to <18 years) and low-density lipoprotein cholesterol  >190 

mg/dL or >158 mg/dL in combination with other risk factors received rosuvastatin 5 mg once daily, 

with up-titration to 10 mg (aged 6 to <10 years) or 20 mg (aged 10 to <18 years) during two years. 

Carotid IMT was assessed by ultrasonography at baseline, 12 and 24 months in all patients and in 

65 age-matched unaffected siblings. Carotid IMT was measured at three locations (common 

carotid artery, carotid bulb and internal carotid artery) in both the left and right carotid arteries. A 

linear mixed-effects model was used to evaluate differences in carotid IMT between HeFH 

children and their unaffected siblings.  

Results  

At baseline, mean (± standard deviation) carotid IMT was significantly greater for HeFH children 

compared with their unaffected siblings (0.397 ± 0.049 mm and 0.377 ± 0.045 mm, respectively; p 

adjusted = 0.001). After two years of follow-up, the change in cIMT in HeFH children was 0.0056 

mm/y [95% CI:  0.0030 to 0.0082] and in siblings 0.0142 mm/y [95% CI: 0.0096 to 0.0188]; p 

adjusted = 0.001. After follow-up, the difference in mean carotid IMT was no longer significant 

(0.408 ± 0.043 mm in HeFH children and 0.402 ± 0.042 mm in siblings, respectively; p adjusted = 

0.177). 

Conclusion  

In HeFH children, two-year rosuvastatin treatment significantly slowed progression of 

atherosclerosis, as compared to their unaffected siblings. These findings support the value of 

early initiation of statin treatment in children with HeFH.    

 

 

 

INTRODUCTION 

 

Familial hypercholesterolemia (FH) is an autosomal dominantly inherited disorder of lipoprotein 

metabolism with the heterozygous (HeFH) form of the disease affecting an estimated 1 in 250 

people worldwide.1 The underlying defect is a mutation in genes that affect the functionality of 

the low-density lipoprotein receptor and results in increased low-density lipoprotein cholesterol 

(LDL-C) plasma concentrations.2 As a consequence, an abundance of LDL-C accumulates in the 

arterial vessel wall and strongly predisposes FH patients to premature atherosclerosis and 

subsequent cardiovascular morbidity and mortality.  

Children with HeFH already exhibit early signs of atherosclerosis, such as endothelial dysfunction 

and increased carotid intima-media thickness (IMT), a validated surrogate marker for 

atherosclerotic vascular disease.3–5 The presence of early atherosclerosis in young HeFH subjects 

has led to general consensus that LDL-C reduction with lipid-lowering therapy should be initiated 

already in childhood in order to prevent future cardiovascular events. Current paediatric 

guidelines therefore recommend initiation of statin therapy from 8 years onwards with the aim to 

achieve an LDL-C ≤ 3.4 mmol/L (130 mg/ dL).6,7 A number of placebo-controlled trials have 

established the safety and LDL-C lowering efficacy of statins in the paediatric population.8 

However, statin treatment in the currently approved paediatric doses has not resulted in 

acceptable attainment of recommended LDL-C targets and therefore stronger lipid-lowering with 

high potency statins is a prerequisite.  

The lipid-lowering efficacy of rosuvastatin, currently the most potent statin, was recently 

evaluated in HeFH adolescents and children as young as 6 years up to 17 years.9,10 In one of these 

studies, carotid IMT measurements were performed in HeFH children and their unaffected 

siblings as control subjects10. Baseline data of this study indicated that mean carotid IMT was 

significantly greater in HeFH subjects from 8 years onwards compared to their unaffected 

siblings.5 The aim of this present study was to assess the effect of two-year treatment of 

rosuvastatin on carotid IMT in HeFH children compared with their unaffected and thus untreated 

siblings. 
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METHODS 

 

Study population 

The study population was derived from the hyperCholesterolemia in cHildren and Adolescents 

taking Rosuvastatin OpeN label (CHARON) trial. This was a 2-year, open label, multicentre study 

assessing the efficacy and safety of rosuvastatin in children and adolescents with HeFH. The full 

study design has been previously published.11 Briefly, patients aged 6–17 years with HeFH and 

fasting LDL-C >4.92 mmol/L (190 mg/dL) or LDL-C >4.10 mmol/L (158 mg/dL) in combination with a 

family history in a first or second degree relative of premature cardiovascular disease were 

recruited from 14 lipid clinics in the Netherlands (n=6), Canada (n=5), Belgium (n=1), Norway (n=1) 

and the United States (n=1). HeFH was defined as a documented genetic defect in the LDL 

receptor or apolipoprotein B or documented evidence of HeFH in a first-degree relative (LDL-C 

>4.9 mmol/L [>189 mg/dL] in an adult or >4.1 mmol/L [>158 mg/dL] in a child <18 years old). 

Children aged 6–9 years were all statin naïve.  

The main exclusion criteria were history of statin-induced myopathy; fasting triglycerides ≥2.87 

mmol/L (≥254 mg/dL); fasting serum glucose >9.99 mmol/L (>180 mg/dL) or glycosylated 

haemoglobin >9%; uncontrolled hypothyroidism (defined as thyroid-stimulating hormone >1.5 x 

upper limit of normal [ULN]); current active liver disease or hepatic dysfunction (defined as 

alanine aminotransferase [ALT], aspartate aminotransferase [AST], or bilirubin >1.5 x ULN); serum 

creatine kinase (CK) ≥3 x ULN; estimated glomerular filtration rate <50 mL/min; ≥2+ proteinuria on 

urine dipstick; stage 2 hypertension (systolic and/or diastolic blood pressure >5 mmHg above the 

99th percentile for age, gender, and height); history of solid organ transplant; clinically significant 

abnormalities in clinical chemistry and haematology or urinalysis; and weight <20 kg (44 lbs). 

Siblings were eligible if they were healthy (not under the care of a specialist) with a documented 

absence of the genetic defect or a documented LDL-C of <3.00 mmol/L (116 mg/dL), without lipid-

lowering medication. To obtain an age-matched sibling group, patients were grouped by age (6-–

9 years, 10–13 years, 14–17 years) and children with and without FH were included in the same 

ratio in the different age groups. When one of the age groups was complete, children of that 

specific age range could no longer be included. 

 

Design 

All HeFH patients were started on 5 mg of rosuvastatin once daily and underwent up-titration to 

achieve an LDL C target of <2.85 mmol/L (<110 mg/dL) in 3-month intervals during the 2-year 

treatment period to a maximum daily dose of 10 mg (aged 6–9 years) or 20 mg (aged 10–17 years). 

 

If higher doses were not well tolerated, the patients were down-titrated to the previous dose at 

the investigator’s discretion.  

In all HeFH subjects, a full physical examination was done and venous blood samples were taken. 

Plasma lipid concentrations were measured with CDC standardized assays.  

Carotid ultrasonography was performed in HeFH patients and their unaffected siblings at 

baseline, 12 and 24 months, and carotid IMT measurements were made at three locations (the 

common carotid artery, the carotid bulb, and the internal carotid artery) in both the left and right 

carotid arteries. All ultrasound measurements were made using the Acuson Sequoia 512 

instrument (Siemens AG, Malvern, Pa, and Erlangen, Germany) equipped with an 85 Mhz linear 

array transducer. Images were being transmitted using an internet-based transfer procedure and 

processed by the imaging core laboratory. All sonographers were trained and certified before 

their participation in the study. B-mode scans of the right and left common carotid artery, carotid 

bulbs and internal carotid artery were obtained according to strict protocol specifications. The 

image readings were randomly assigned to image analysts for qualitative and quantitative 

evaluation according to the study specific analysis protocol. Image analysts were blinded to 

subject and visit identifiers. Subjects were excluded if no carotid ultrasound examination could be 

performed. 

The protocol was reviewed and approved by each participating site’s Institutional Review Board, 

and written informed consent was obtained from participants from the age of 12 years and all 

parents. The trial was registered with NCT as NCT01078675. 

 

Carotid intima-media thickness 

Mean carotid IMT was defined as the average of the mean IMT of the common carotid, carotid 

bulb, and internal carotid far-wall segments. Mean of the maximum carotid IMT was defined as 

the average of the maximum common carotid, maximum carotid bulb, and maximum internal 

carotid far-wall segments. For a given segment, IMT was calculated as the average of the right 

and left IMT measurements. If a segment was missing on either side, 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 consequently the mean (or mean of maximum) carotid 

IMT could not be calculated. 

 

Statistical analysis 

A multilevel, repeated measures, linear mixed-effects model was used for to evaluate the 

difference in the annual rate of change in carotid IMT between FH children and their unaffected 

siblings. The levels used for the data were defined by 1) the individual participant and 2) the 
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carotid artery site within the participant. The repeated measure was time. The model was 

specified in terms of fixed effects for carotid artery site, age, gender, FH mutation carriership, 

time and the interaction between time and FH mutation carriership.12 Random effects within the 

model were intercept and slope for individual participants and sites within participants. In 

addition, we included a random intercept for families. The same model (without the interaction 

term and time) was used to compare carotid IMT between FH children and their unaffected 

siblings at baseline and after two years of follow-up.  Baseline characteristics were compared 

between cases and controls with a mixed-effect model for continuous variables or conditional 

logistic regression for categorical variables. 

All statistical tests were two-sided and p-values less than 0.05 were considered significant. For 

statistical analyses, we used the SAS package release 9.3 (SAS Institute, Cary, NC, USA) and SPSS 

20.0 software (SPSS Inc, Chicago, IL).  

 

 

 

RESULTS 

 

Study population 

In total, 197 children with HeFH participated in the CHARON study. One enrolled patient had to be 

excluded for the current study because no carotid IMT readings were performed. From 53 families 

of the 196 children, 65 unaffected siblings could be included as controls. Children with HeFH were 

comparable with their unaffected siblings with respect to age (mean age (SD): 12.1 ± 3.3 years vs. 

12.0 ± 3.5, respectively; p=0.320), gender (males: 87 [44%] vs. 33 [51%], respectively; p=0.392) and 

race (Caucasian: 176 [90%] vs. 53 [82%]; p=0.232 (Table 1).  

 

Table 1: Demographic and clinical characteristics of children with HeFH and their unaffected 
siblings at baseline 
 HeFH 

N=196 

Unaffected siblings 

n=65 

 

p-value 

Age (years) 12.1 ± 3.3 12.0 ± 3.5 0.320 

Male gender, n (%) 87 (44) 33 (51) 0.392 

Caucasian, n (%) 176 (90) 53 (82) 0.232 

Lipids (mmol/L)    

Total cholesterol 7.9 ± 1.3 NA - 

LDL-C  6.1 ± 1.3 NA - 

HDL-C 1.3 ± 0.3 NA - 

TG, median (range) 0.9 (0.3–4.0) NA - 

Mean carotid IMT (mm)   

All 6 carotid artery sites 0.397 ± 0.049 0.377 ± 0.045 0.001 

Internal carotid artery sites 0.352 ± 0.064 0.322 ± 0.052 0.002 

Carotid bulb sites 0.417 ± 0.071 0.399 ± 0.062 0.025 

Common carotid artery sites 0.420 ± 0.059 0.404 ± 0.056 0.053 

Maximum carotid IMT (mm)    

All 6 carotid artery sites 0.477 ± 0.070 0.445 ± 0.056  <0.001 

Internal carotid artery sites 0.433 ± 0.085 0.391 ± 0.067 <0.001 

Carotid bulb sites 0.512 ± 0.102 0.478 ± 0.080 0.007 

Common carotid artery sites 0.484 ± 0.078 0.458 ± 0.065 0.018 

Values are given as mean ± standard deviation, median (interquartile range) or otherwise indicated 
IMT: intima media thickness; FH: familial hypercholesterolemia 
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Figure 1: Carotid intima-media thickness for children with HeFH and their unaffected siblings 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Mean carotid intima-media thickness  

In Figure 1, mean carotid IMT measurements over time are depicted for children with HeFH and 

their unaffected siblings. At baseline, mean (± standard deviation) carotid IMT was significantly 

greater for HeFH children compared with their unaffected siblings (0.397 ± 0.049 mm and 0.377 ± 

0.045 mm, respectively; p adjusted =0.001) (Table 1). Of the individual carotid segments, the IMT 

of the carotid bulb and the internal carotid artery were significantly greater in HeFH patients, 

while for the common carotid only a trend was be observed (Table 1).  

During two years of follow-up, a significantly slowed progression of the mean carotid IMT was 

seen in HeFH patients as compared to unaffected siblings (HeFH children: change in IMT, 0.0056 

mm/y [95% CI:  0.0030 to 0.0082]; siblings: change in IMT, 0.0142 mm/y [95% CI: 0.0096 to 0.0188]; 

p adjusted =0.001) (Table 2). The segment specific rates of change for internal carotid artery and 

carotid bulb showed similar results, although the difference in change in IMT between HeFH 

children and siblings was not significant for the common carotid artery (Table 2).  
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Mean carotid intima-media thickness  

In Figure 1, mean carotid IMT measurements over time are depicted for children with HeFH and 

their unaffected siblings. At baseline, mean (± standard deviation) carotid IMT was significantly 

greater for HeFH children compared with their unaffected siblings (0.397 ± 0.049 mm and 0.377 ± 
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After two years, the differences in carotid IMT between HeFH children and siblings were no longer 

significant for mean carotid IMT (0.408 ± 0.043 mm and 0.402 ± 0.042 mm, respectively; p adjusted 

=0.177), and for the segments of the internal carotid artery and the carotid bulb (0.360 ± 0.049 mm 

and 0.355 ± 0.045 mm; p adjusted=0.184; 0.429 ± 0.059 mm and 0.430 ± 0.056 mm; p adjusted 

=0.993, respectively). The difference for the common carotid artery segment remained significant 

(0.437 ± 0.055 mm and 0.421 ± 0.054 mm; p adjusted=0.027) (Figure 1).  

 

Maximum carotid intima-media thickness  

Maximum carotid IMT measurements over time for children with HeFH and their unaffected siblings 

are depicted in Figure 1. At baseline, mean of the maximum carotid IMT was significantly greater for 

children with HeFH compared with their unaffected siblings (0.477 ± 0.070 mm and 0.445 ± 0.056 

mm, respectively; p adjusted <0.001) (Table 1). In addition, all individual carotid segments were 

significantly greater in HeFH patients (Table 1).  

During two years of follow-up, the maximum carotid IMT in HeFH patients tended to regress while a 

significant progression was seen for the unaffected siblings (-0.0012 mm/y [95% CI: -0.0046 to 0.0022] 

and 0.0104 mm/y [95% CI: 0.0044 to 0.016], respectively; p adjusted =0.001) (Table 2). The segment 

specific rate of change in IMT was significantly lower in HeFH patients for the internal carotid artery, 

while significance was not reached for the carotid bulb and common carotid segments (Table 2).   

After two years, differences in maximum carotid IMT were narrowed between HeFH patients and 

their siblings, although children with HeFH had still an increased mean of maximum carotid IMT 

(0.437 ± 0.055 mm and 0.421 ± 0.054 mm; p adjusted=0.037) (Figure 1). This was also found for the 

common carotid artery segment (0.487 ± 0.064 mm and 0.468 ± 0.062 mm; p adjusted=0.021), while 

the difference in IMT of the internal carotid and carotid bulb segments were no longer significant 

(0.422 ± 0.062 mm and 0.414 ± 0.053 mm, p=0.274; and 0.515 ± 0.056 mm and 0.501 ± 0.067 mm, p 

adjusted =0.121, respectively).   

 

DISCUSSION 

 

In this substudy of the CHARON trial, we evaluated the efficacy of rosuvastatin 5–20 mg on carotid 

IMT in HeFH children aged 6–17 years. Our results show a significantly slowed progression of 

atherosclerosis, as assessed by carotid IMT, in HeFH children treated with rosuvastatin as compared 

to their unaffected siblings. As a consequence, the significant differences in carotid IMT found at 

baseline between the HeFH children and their siblings were substantially diminished after two years. 

Our findings compare well with the results of several intervention studies in adults on the efficacy of 

statin therapy on carotid IMT. These studies showed a reduction of carotid IMT progression with 

several different statins (lovastatin, fluvastatin and pravastatin) compared to placebo.13 Recently, in 

the METEOR trial, the effect of rosuvastatin on carotid atherosclerosis over two years was 

evaluated.12 In this double-blind, placebo-controlled study, 948 middle-aged subjects were enrolled 

and randomly assigned to rosuvastatin 40 mg or placebo for two years. All participants had a low 

Framingham risk score but exhibited subclinical atherosclerosis as assessed by carotid IMT 

measurement. The investigators reported a statistically significant reduction in the rate of 

progression of carotid IMT over two years in subjects treated with rosuvastatin versus placebo, 

which is in line with the results of our study.   

Thus far, one study in HeFH children has demonstrated the efficacy of statins in terms of carotid IMT 

change.14 In that study, 214 HeFH children aged 8–18 years were enrolled and randomly assigned to 

either pravastatin 20 to 40 mg or placebo. After two years of treatment, carotid IMT showed 

significant regression in the pravastatin group compared to placebo. At the end of the trial, all 

children continued on statin therapy and were followed by the investigators. After at least 10 years 

of treatment, carotid IMT measurements were repeated in the now young adult HeFH group and 

compared to a control group of unaffected siblings. Based on their findings the authors concluded 

that long-term statin therapy initiated in HeFH childhood was associated with normalisation of 

carotid IMT progression over time, while mean carotid IMT remained significantly thicker than 

unaffected siblings.15  

Several limitations of our study need to be addressed. The present results are derived from an 

observational study and our findings could be obscured by confounding. Ideally, we would have 

conducted a double-blind randomised trial with HeFH children assigned to either rosuvastatin or 

placebo treatment. However, given the established efficacy of statins, it is generally considered 

unethical to withhold statin therapy in HeFH subjects. We therefore included non-affected siblings; 
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they share the same genetic and environmental background and are probably the best possible 

control group. Furthermore, in the analyses we adjusted for potential confounding factors. Second, 

HeFH children participating in our study were enrolled in 14 different lipid clinics. As a consequence, 

carotid IMT images were acquired by several sonographers and this might have a led to variability in 

the carotid IMT measurements. However, all sonographers were trained and certified before their 

participation in the trial and derived carotid IMT images were randomly assigned to image analysts, 

who were blinded for subjects and visit identifiers. This might have kept the interobserver variability 

to a minimum. 

Carotid IMT has consistently been associated with future atherosclerotic disease in population 

studies.13 The results of our study could therefore implicate that rosuvastatin reduces the risk of 

future cardiovascular events in HeFH children. However, there is still no hard evidence that lipid-

lowering treatment of children really prevents cardiovascular events later in life and the question 

remains as to how early statins should be initiated in children with FH. Long-term follow up studies 

are needed to determine the clinical implications of early initiation of treatment for these children.   

In conclusion, children with HeFH treated with rosuvastatin showed slowed progression of carotid 

atherosclerosis as measured by carotid IMT and might therefore be at decreased risk for future 

cardiovascular events. These findings support the value of early initiation of statin treatment in 

children with HeFH.  
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INTRODUCTION 

 

Familial hypercholesterolemia (FH) is a prevalent (1:500 individuals) inherited disorder that strongly 

predisposes to premature atherosclerosis and subsequent cardiovascular disease.1 In children with 

FH, atherosclerosis progression is observed before puberty.2 Consequently, guidelines for FH 

treatment advocate initiation of statins as young as 8 years.3 However, long-term efficacy and safety 

data for statin therapy initiated during childhood do not exist. We followed up a cohort of children 

with FH receiving statin therapy until adulthood.  

 

 

METHODS 

 

We conducted a cohort study of 214 heterozygous children heterozygous for FH aged 8 to 18 years, 

who were randomized between 1997 and 1999 into a single-center, 2-year, double-blind, placebo-

controlled trial of pravastatin.4  Results showed a significant regression of carotid intima-media 

thickness (IMT) after statin treatment compared with placebo. After the trial, all children received 

pravastatin (20-40 mg/d) and were followed up until March 2011 along with 95 unaffected siblings. 

Patients were instructed to adhere to the Step 2 diet. During follow-up, several patients switched to 

other statins. After 10 years, all participants underwent a physical examination, fasted blood sample, 

assessment of family and medical history, including the occurrence of adverse events, and 

measurement of carotid IMT, a validated marker of atherosclerosis5. 

The study protocol was approved by the University of Amsterdam Academic Medical Center 

institutional review board and all participants gave written informed consent. 

Efficacy outcome measures were carotid IMT and lipid profiles at follow-up. Safety assessment 

included growth, maturation, level of education, adverse events, and laboratory test results 

(aspartate and alanine aminotransferases, creatinine kinase, estimated glomerular filtration rate, and 

C-reactive protein).  

Linear regression models were used to evaluate (1) differences in carotid IMT between patients with 

FH and unaffected siblings (adjusted for sex, age, blood pressure, and body mass index [BMI]) and 

(2) the association between carotid IMT and age at statin initiation (adjusted for sex, BMI, baseline 

carotid IMT, and duration of follow-up). Family relations were taken into account with generalized 

estimating equations. 

 

P values are 2-sided, and significance was set at P < .05. Analyses were performed with SPSS version 

11.5 (SPSS Inc).  

 

 

RESULTS 

 

Ten-year follow-up was achieved in 194 (91%) patients with FH and 83 (87%) siblings, all aged 18 to 30 

years. The main reasons for nonattendance were “not motivated/too busy” and “living abroad.” 

Participant characteristics at baseline and after follow-up did not differ significantly between 

patients with FH and siblings, except for lipid profiles (Table 1). 

After 10 years, mean carotid IMT was still significantly greater in patients with FH compared with 

siblings (0.480 mm [95%CI, 0.472-0.489 mm] vs 0.469 mm [95%CI, 0.459-0.480 mm], respectively; P = 

.02). In contrast, progression of carotid IMT from baseline was similar in both groups (patients with 

FH, 0.039 mm [95%CI, 0.032-0.046 mm] vs siblings, 0.037 mm [95% CI, 0.032-0.042 mm]; P = .52). In 

patients with FH, age at statin initiation was significantly associated with carotid IMT at follow-up 

(regression coefficient, 0.003 mm [SE, 0.001 mm]; P = .009). 

Of the patients with FH, 163 (84%) were still using lipid-lowering medication. Of the patients who 

were prescribed lipid-lowering therapy, 142 (79%) took 80% or more of their medication in the 

preceding month. Three patients discontinued statin therapy due to adverse events. Rhabdomyolysis 

or other serious major adverse events were not reported. Laboratory safety parameters did not 

differ between patients with FH and siblings (Table 2). Also, no differences in growth, maturation, or 

educational level were noted (Tables 1 and 2). 
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Table 1: Patient Characteristics at Baseline and after 10 years of Follow-up 

                 At Baseline                         After 10 Years 

  FH 
n=194 

Siblings 
n=83 

 
P  

FH 
n=194 

Siblings 
n=83 

 
P 

 

 Age (yr) 12.9 (12.5-13.4) 13.0 (12.3-13.6) .99 24.0 (23.6-24.5) 23.8 (23.2-24.5) .63  

 Male sex ─ no. (%) 90 (46.4) 46 (55.4) .17 90 (46.4) 46 (55.4) .17  

 Height (m) 1.56 (1.54-1.58) 1.57 (1.54-1.61) .67 1.74 (1.73-1.76) 1.76 (1.74-1.77) .25  

 Weight (kg) 48.8 (46.6-50.9) 48.0 (44.4-51.5) .71 74.2 (72.2-76.3) 73.8 (71.0-76.6) .81  

 Body mass index (kg/m2) 19.4 (18.9-19.9) 18.9 (18.1-19.6) .26 24.4 (23.8-25.2) 23.9 (23.1-24.8) .32  

 Blood pressure (mmHg)        

  Systolic 110 (108-112) 110 (107-113) .99 122 (120-123) 122 (120-124) .95  

  Diastolic 62 (60-63) 62 (60-64) .48 72 (71-73) 73 (71-74) .27  

 Risk factors ─ no. (%)        

  Diabetes 0 (0) 0 (0) - 1 (0.5) 1 (1.2) .55  

  Hypertension 0 (0) 0 (0) - 7 (3.6) 5 (6.2) .36  

  Current smoking 22 (11) 6 (7) .30 53 (27.3) 27 (32.5) .38  

 Statin use ─ no. (%)† 0 (0) 0 (0) - 162 (84)† 0 (0) <.001  

 Cholesterol (mg/dl)‡        

  Total 301 (293-308) 169 (164-174) <.001 241 (231-251) 196 (189-204) <.001  

  LDL 237 (230-244) 100 (95-105) <.001 173 (164-183) 124 (117-131) <.001  

  HDL 48 (47-50) 56 (52-59) <.001 50 (48-52) 53 (50-56) .13  

 Triglycerides (mg/dl)‡        

  Median 65 56 .12 80 89 .21  

  Interquartile range 49-95 42-93 - 60-105 61-125 -  

 Apolipoprotein (mg/dL)‡        

  B 141 (137-145) 85 (81-88) <.001 115 (110-119) 89 (84-93) <.001  

  A-1 126 (123-128)  135 (131-140) <.001 137 (133-141) 141 (136-147) .17  

 c-IMT 0.442   
(0.436-0.449) 

0.433    
 (0.424-0.441) 

0.025* 0.480           
(0.472-0.489) 

0.469         
(0.459-0.480) 

0.017*  

Data are expressed as mean (95% CI) unless otherwise noted. Continuous (skewed data logtransformed) or dichotomous 
variables were compared between groups using linear or logistic regression analyses (generalized estimating equations), 
respectively. To convert values for cholesterol to millimoles per liter, multiply by 0·02586. To convert values for 
triglycerides to millimoles per liter, multiply by 0·01129. BMI denotes body mass index, LDL low-density lipoprotein, HDL 
high-density lipoprotein, c-IMT carotid intima-media thickness. ‡Lipoprotein values after 10 years follow-up were missing 
for 9 FH patients. †31% pravastatin, 15% simvastatin, 31, 27% rosuvastatin and 27% atorvastatin at various dosages 
according to the recommendations of their local specialists.*p-value adjusted for gender, age, blood pressure and BMI . 

 

Table 2: Safety Parameters at Baseline and after 10 years of Follow-up 

                 At Baseline                        After 10 Years  
  FH 

n=194 
Siblings 

n=83 
 

P  
FH 

n=194 
Siblings 

n=83 
 

P 
 

 Aspartate aminotransferase (IU/l)        

  Median 21 24 0.06 25 26 .38  

  Interquartile range 16-26 19-29  22-30 22-30   

  > 3x ULN ─ no. (%) 1 (0.5) 0 (0.0) 0.51 1 (0.5) 1 (1.1) .26  

 Alanine aminotransferase (IU/l)        

  Median 14 14  0.75 18 17 0.84  

  Interquartile range 11-18 12-19  13-25 13-24 -  

  > 3x ULN ─ no. (%) 0 (0.0) 0 (0.0) - 1 (0.5) 0 (0.0) 0.51  

 Creatine kinase (IU/l)        

  Median 100 95 0.96 101 101 0.13  

  Interquartile range 75-153 74-132  72-150 82-161 -  

  > 10x ULN ─ no. (%) 0 (0.0) 0 (0.0) - 0 (0.0) 2 (2.1)* 0.03  

 eGFR (ml/min per 1.73m2)†        

  Median    127 125 0.05  

  Interquartile range    121-131 119-130   

 C-reactive protein (mg/l)†        

  Median    0.9 1.2 0.27  

  Interquartile range    0.3-2.3 0.3-3.0   

 Age at menarche (years)‡ 
 

  13.1            
  (12.7-13.4) 

13.4         
(12.8-14.1) 

0.27  

 Level of education      0.96  

  Lower education    17.1% 16.0%   

  Middle level education    39.2% 40.7%   

  Higher education    43.% 43.2%   

Data are expressed as mean (95% CI) unless otherwise noted. Continuous (skewed data logtransformed) or dichotomous 
variables were compared between groups using linear or logistic regression analyses (generalized estimating equations), 
respectively. *Both particpants reported to have no complaints at all during the entire period of follow-up. From one of these 
participants, we know he is an atlete and possibly, the CK levels were elevated subsequent to exercise. For the other person 
we currently have no explanation for the CK elevation.†No baseline data available. ‡Only girls 
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high-density lipoprotein, c-IMT carotid intima-media thickness. ‡Lipoprotein values after 10 years follow-up were missing 
for 9 FH patients. †31% pravastatin, 15% simvastatin, 31, 27% rosuvastatin and 27% atorvastatin at various dosages 
according to the recommendations of their local specialists.*p-value adjusted for gender, age, blood pressure and BMI . 
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DISCUSSION 

 

To our knowledge, this study reports the longest follow-up in statin-treated children with FH and 

includes a control group of unaffected siblings, which minimizes genetic and environmental variation 

between groups. Long-term statin treatment initiated during childhood in patients with FH was 

associated with normalization of carotid IMT progression. Moreover, earlier statin initiation was 

associated with thinner carotid IMT at follow-up. No serious adverse events were reported during 

follow-up. 

The safety of statin therapy is supported by extensive evidence in adults.6 In children, only short-

term safety was established. However, our long-term follow-up study lacks statistical power to 

detect rare events.  

The low-density lipoprotein levels of patients with FH at follow-up did not meet current treatment 

standards and carotid IMT was thicker than in unaffected siblings. More robust 

lipid-lowering therapy or earlier initiation of statins may be required to completely restore arterial 

wall morphology and avert cardiovascular events later in life in this high-risk population. 
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RESEARCH LETTER 

 

Familial hypercholesterolemia (FH) is a hereditary disorder of lipoprotein metabolism, that results in 

lifelong increased cholesterol levels and predisposes to premature cardiovascular disease (CVD).1 To 

prevent premature CVD in adult life, guidelines advocate initiation of statins in childhood.2 Since the 

introduction of statins in 1988, this treatment has proven highly effective in lowering LDL-C levels for 

the prevention of CVD.3 Until now, no randomized or controlled data exist with regards to the primary 

prevention of CVD in FH patients, since it was considered unethical to withhold therapy. However, the 

natural history of the disease in the untreated parents can be compared to the history of their long-

term treated FH children, at least until the age that the children reached at the end of follow-up. In this 

present study, we evaluated the consequences for cardiovascular outcomes of at least 10-years of 

statin treatment in young adult FH patients and compared these outcomes in their affected parents 

for whom statins were available much later in life. 

In a long-term follow-up study we determined the incidence of cardiovascular events and mortality in 

FH patients who initiated statin therapy during childhood. Subjects were children with FH, randomized 

between 1997 and 1999 into a 2-year, double-blind and placebo-controlled trial, evaluating 

pravastatin.4 After the trial, all children received pravastatin and were eligible for the current study 

after at least ten years of follow-up. From the original cohort of 214 FH children, one boy died after a 

traffic accident at the age of 15 years. Mean age (± standard deviation) of the remaining 213 now 

young adults was 24.0±3.2 years (range: 18-30 years), and 100 (46.9%) were male. Statin therapy was 

initiated at a mean age of 14.0±3.1 years. We contacted all 213 young adults to gain information on CVD 

events. Detailed information on medical history and other cardiovascular risk factors was available 

from 194 young adult FH subjects. Lipid-lowering therapy was still used by 163 (84.0 %) subjects and 

mean treatment duration was 10.1±1.2 years (5). With respect to risk factors, one patient had 

developed diabetes and one was treated for hypertension. Furthermore, 54 (27.8%) stated that they 

were current smokers. 

To determine the consequences of statins for the natural history of FH, we subsequently evaluated 

data of their affected parents in the first 30 years of their live. The children originated from 156 

different families, with 92 (59.0%) affected FH fathers and 64 (41.0%) affected FH mothers. Of these, 14 

parents were already deceased. The mean age of the 142 remaining parents was 53.9 (± 6.4) years. 

Based on the assumption that statins were introduced in 1988, statin therapy was available for 43 

 

(30.3%) of all FH parents before they were aged 30 years. For the remaining 99 (69.7%) parents, statins 

could have been initiated at the earliest after the age of 30 years.  

In the group of affected parents, 64 (41.6%) had suffered a cardiovascular event during follow up, 

mostly a myocardial infarction (n=43; 67.2%). At the age of 30 years, the cumulative CVD survival in the 

parental FH group was near 90% (Figure). None of the mothers had died before the age of 30, while 

the cumulative incidence of death due to CVD of the fathers was almost 5%. The youngest parent with 

a myocardial infarction was 20 years old and deceased from the consequences at the age of 23 years. 

Our findings that FH parents experienced cardiovascular events at a younger age than their from 

childhood onwards treated FH children are in line with the results of Kusters et al. They found in the 

same study population that long-term statin treatment initiated during childhood was associated with 

normalization of carotid intima-media thickness (IMT) progression in FH subjects.5 Furthermore, earlier 

initiation of statin therapy was associated with thinner carotid IMT at follow-up. Since carotid IMT is an 

established marker of early atherosclerosis, these results support the pivotal role of statins in the 

inhibition of the development of early atherosclerotic lesions in FH children. 

Altogether, our results suggest that initiation of statin therapy in childhood might be effective in the 

prevention of very premature CVD and cardiovascular mortality. These findings underline the 

importance of early diagnosis and treatment of FH patients that should include initiation of statin 

treatment as well as modulation of other major CVD risk factors, particularly smoking. 

Figure 1. Kaplan-Meier curve of CVD-free survival. 
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parents were already deceased. The mean age of the 142 remaining parents was 53.9 (± 6.4) years. 

Based on the assumption that statins were introduced in 1988, statin therapy was available for 43 

 

(30.3%) of all FH parents before they were aged 30 years. For the remaining 99 (69.7%) parents, statins 

could have been initiated at the earliest after the age of 30 years.  

In the group of affected parents, 64 (41.6%) had suffered a cardiovascular event during follow up, 

mostly a myocardial infarction (n=43; 67.2%). At the age of 30 years, the cumulative CVD survival in the 

parental FH group was near 90% (Figure). None of the mothers had died before the age of 30, while 

the cumulative incidence of death due to CVD of the fathers was almost 5%. The youngest parent with 

a myocardial infarction was 20 years old and deceased from the consequences at the age of 23 years. 

Our findings that FH parents experienced cardiovascular events at a younger age than their from 

childhood onwards treated FH children are in line with the results of Kusters et al. They found in the 

same study population that long-term statin treatment initiated during childhood was associated with 

normalization of carotid intima-media thickness (IMT) progression in FH subjects.5 Furthermore, earlier 

initiation of statin therapy was associated with thinner carotid IMT at follow-up. Since carotid IMT is an 

established marker of early atherosclerosis, these results support the pivotal role of statins in the 

inhibition of the development of early atherosclerotic lesions in FH children. 

Altogether, our results suggest that initiation of statin therapy in childhood might be effective in the 

prevention of very premature CVD and cardiovascular mortality. These findings underline the 

importance of early diagnosis and treatment of FH patients that should include initiation of statin 

treatment as well as modulation of other major CVD risk factors, particularly smoking. 

Figure 1. Kaplan-Meier curve of CVD-free survival. 
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ABSTRACT 

 

Objective 

Statins are currently the preferred pharmacological therapy in children with familial 

hypercholesterolemia (FH) with the aim to prevent premature cardiovascular disease (CVD). 

However, concerns have been raised that lowering cholesterol levels with statins could interfere 

with hormone production. In this study hormone concentrations were assessed in young adult FH 

subjects before and 10 years after the initiation of statins, and compared with their unaffected 

siblings. 

Methods  

All 214 FH children (8-18 years) who were previously randomized into a placebo-controlled trial 

evaluating the 2-year efficacy and safety of pravastatin, and their 95 unaffected siblings, were 

eligible. Women using oral contraceptives were excluded. Fasted blood samples were taken to 

measure lipids and testosterone (males), estradiol (females), luteinizing hormone (LH), follicle-

stimulating hormone (FSH) and dehydroepiandosterone (DHEAS).  

Results  

After ten years, gonadal steroid and gonadotropin concentrations were within the reference interval 

and did not differ between FH subjects (n=88) and unaffected siblings (n=62). Mean DHEAS 

concentrations (± standard deviation) in the FH subjects and female siblings were normally 

distributed within the reference interval, whereas male siblings had a higher mean DHEAS 

concentration than their FH brothers (12.9 [± 4.9] vs. 8.4 [± 3.0] µmol/L, respectively, p<0.0001). 

Conclusion 

After ten years of statin treatment, testosterone, estradiol, LH and FSH concentrations in young 

adult FH patients are within the reference interval and comparable to their unaffected siblings. These 

results strengthen current guidelines that statins in FH subjects could be safely used from childhood 

onwards to prevent premature CVD. 

 

 

INTRODUCTION 

  

The gonadal steroids estradiol and testosterone are crucial for human reproduction, and for 

developing and maintaining an anabolic state of many tissues (testosterone). Although the 

physiological role of the adrenal androgen dehydroepiandrosterone sulfate (DHEAS) was less clear, 

more recent studies suggest DHEAS to have immunomodulatory characteristics and to influence 

brain function.1–3 All steroid hormones are synthesized from cholesterol in response to tissue specific 

tropic hormones such as luteinizing hormone (LH), follicle-stimulating hormone (FSH) and 

adrenocorticotropic hormone (ACTH). Optimal steroid production requires an adequate supply of 

cholesterol either derived from de novo synthesis within the gland or from uptake of circulating 

plasma proteins.4,5 

Familial hypercholesterolemia (FH) is a common and dominantly inherited disorder of lipoprotein 

metabolism, characterized by severely increased low-density lipoprotein cholesterol (LDL-C) levels 

from birth onwards that leads to atherosclerosis and thus premature cardiovascular disease (CVD).6 

In order to prevent premature CVD in adult life, the general consensus is to diagnose FH early and 

subsequently start treatment with statins.7,8 Statins inhibit the enzyme HMG CoA reductase that is 

needed for the endogenous production of cholesterol. The efficacy of statins in FH has recently been 

confirmed by the results of a ten year follow-up study which revealed that long-term statin 

treatment initiated in childhood, was associated with normalization of progression of the carotid 

intima-media thickness, a marker of early atherosclerosis.9  

However, concerns have been raised that statins could interfere with steroid hormone production. 

Theoretically, statins might impair gonadal and adrenal steroid hormone synthesis by either 

decreasing the available plasma LDL-C or by direct inhibition of de novo cholesterol synthesis. In vitro 

studies did show that lovastatin and simvastatin suppressed human testicular testosterone 

biosynthesis.10,11 However, subsequent clinical studies in statin treated males and females with 

hypercholesterolemia (mean age >40 years) for maximal 2 years, showed minimal and not clinically 

relevant changes in testosterone or estrogen concentrations.12–17  

Little is known about the influence of long-term statin treatment for FH on steroid hormone 
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ABSTRACT 

 

Objective 
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INTRODUCTION 
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hypercholesterolemia (mean age >40 years) for maximal 2 years, showed minimal and not clinically 

relevant changes in testosterone or estrogen concentrations.12–17  

Little is known about the influence of long-term statin treatment for FH on steroid hormone 
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therefore studied the concentrations of gonadal and adrenal steroid hormones, and gonadotropins 
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in a cohort of young adult FH subjects after 10 years of statin treatment that was initiated in 

childhood, and compared these concentrations with their unaffected and thus untreated siblings. 

 

 

METHODS 

 

Study population and design 

All 214 children who were randomized between 1997 and 1999 into a single-center, double-blind 

placebo-controlled trial, evaluating the efficacy and safety of pravastatin, were eligible for the 

current study. The original trial has been described in detail previously18. Briefly, inclusion criteria for 

the trial were: one parent with a definite clinical or molecular diagnosis of FH; age between 8 and 18 

years; at least 3 months on a fat-restricted diet; 2 fasting samples with plasma LDL-C levels ≥4.0 

mmol/l and triglyceride levels <4.0 mmol/l; adequate contraception in sexually active girls; no drug 

treatment for FH or use of plant sterols. Exclusion criteria were: homozygous FH; hypothyroidism; 

abnormal plasma levels of muscle or liver enzymes. Before the start of trial (fasted) blood samples 

were taken to measure plasma lipids and hormone concentrations. Children were randomly assigned 

to receive either pravastatin (<14 years: 20 mg, ≥14 years: 40 mg) or placebo for two years. After the 

trial all children continued on pravastatin. The children subsequently visited our pediatric outpatient 

clinic on an annual basis for follow-up until they were referred to an adult lipid clinic or general 

practitioner. Although not described in the original trial, 95 unaffected siblings were also enrolled at 

baseline as a control group and these subjects were also eligible for the current study. 

At least ten years after the trial was initiated, all eligible FH patients as well as their unaffected 

siblings were contacted, and those who agreed to participate were invited for a single hospital visit. 

One week before this visit all participants were sent a questionnaire including items about medical 

history and medication use. During the study visit all participants underwent a physical examination, 

the questionnaire was discussed and a fasted blood sample was taken. 

For the current study, we excluded women that were using oral contraceptives, since these agents 

might affect both hormone and cholesterol levels. To assess the effect of statins on hormone levels 

in FH patients, we also excluded those subjects that were not frequently taking statins and therefore 

non-adherent to their treatment. Non-adherence was defined as taking <80% of the prescribed drugs 

in the last month. 

 

The study protocol was approved by the Institutional Review Board and all participants gave 

informed consent. 

 

Lipid profile 

In the fasted blood sample, total cholesterol, high-density lipoprotein cholesterol (HDL-C) and 

triglyceride levels were determined by means of commercially available kits (Boehringer, Mannheim, 

Germany). Levels of LDL-C were calculated with the Friedewald equation.19 

 

Hormone analyses 

Testosterone was measured by LC-tandem MS. The maximal intra- and inter assay variations were 4.2 

% and 6.8%, respectively. The reference interval for testosterone is 12-35 nmol/l (males). Estradiol and 

DHEAS were measured by RIA (Siemens). The maximal intra- and interassay variations were for 

estradiol 5.3% and 7.4%% and for DHEAS 4.6% and 8.7%, respectively. The reference interval for 

estradiol is 0.2-1.4 nmol/l (females), and for DHEAS 3.0-17.0 μmol/l (males) and 2.0-10.0 μmol/l 

(females). Plasma LH and FSH were analyzed by an automated assay on the Roche Analytics E170. 

The reference intervals for LH are <15.0 IU/l (males) and <100.0 IU/l (females), and is 1.0-10.0 IU/l 

(males and females) for FSH. 

All reference intervals used in the current study are based on the in-house reference ranges 

(laboratory for endocrinology, Academic Medical Center, Amsterdam). 

 

Statistical analyses 

Differences in demographic and clinical characteristics between patients with FH and their 

unaffected siblings were evaluated using linear or logistic regression analyses. All analyses were 

performed using the generalized estimating equation method to account for correlations within 

families. The exchangeable correlation structure was used for these models. Student’s paired t-tests 

were used to compare differences between the means of variables within the FH subjects’ group. 

Statistical significance was defined as p<0.05. All data were analysed with SPSS software (version 

20.0; SPSS Inc, Chicago, Ill). 
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Figure 1: Flowchart of subjects enrolled in the study 

 

 

RESULTS 

 

Characteristics of FH patients and unaffected siblings 

From the original cohort of 214 children with FH, 20 (9.3%) patients were not available for the present 

study because they refused participation (n=14) or moved abroad (n=5), and one male patient had 

died after a traffic accident (Figure 1). Of the 95 siblings, 12 (12.6%) refused participation. 

Furthermore, we excluded 80 (28.9%) women (59 FH subjects; 21 unaffected siblings) because they 

were using oral contraceptives and 47 FH patients (34.8%) who were not adherent to their lipid-

lowering treatment. 

Of the remaining 150 subjects, 88 (58.7%) were FH patients and 62 (41.3%) were non-affected siblings. 

General characteristics, lipid profiles and hormone concentrations are shown in Table 1. The groups 

were similar in mean age and ratio of males to females. FH patients had increased mean total 

cholesterol (5.5±1.1 vs 5.1±0.9 mmol/l, respectively; p=0.002) and mean LDL-C levels (3.8 ±1.0 vs. 3.2 

±0.9 mmol/l, respectively; p<0.001), compared with unaffected siblings, after ten years of treatment. 

 

Median (IQR) triglyceride level was increased in the group of unaffected siblings (0.8 [0.6-1.0] vs. 1.1 

[0.7-1.5] mmol/l, respectively; p=0.005). 

In the FH group, statin treatment was initiated at a mean age of 12.8 (±3.1) years. After ten years of 

treatment, the most frequently used statins were pravastatin (34.1%) and atorvastatin (29.5%). In 

addition to statins, ezetimibe was taken by 31.8% of the FH subjects. None of the siblings had used 

statins during the follow-up period. 

  

Hormonal parameters 

Before the start of statin treatment testosterone, estradiol, LH, FSH and DHEAS concentrations and 

their means were within the age- and gender-specific reference intervals (Table 1 and Figure 2: right 

panels: v1). However, two FH male subjects had FSH levels that exceeded the upper limit of 7.0 U/l 

(12.4 U/L and 15.7 U/l, respectively). One boy had a DHEAS level of 14.8 μmol/l that slightly exceeded 

the upper limit of the reference interval (13.6 µmol/L). All other hormonal parameters in these three 

boys were normal. 

None of the 36 women enrolled in the study, FH patients nor siblings, reported an irregular 

menstrual cycle or were found to have clear signs of hyperandrogenism like acne or hirsutism. In 

addition there was no involuntary childlessness. One woman however, reported an early miscarriage 

(at seven weeks gestational age). Thirty of the 36 women reported the first day of their last 

menstrual period (LMP) and blood samples for this study were taken at a mean of 14,4 days (± 10,5) 

after the first day of the LMP. 

After at least ten years of statin treatment, all mean hormone concentrations had increased, as could 

be expected with ageing (Table 1). Again, testosterone, estradiol, LH and FSH concentrations were 

within the age- and gender-specific reference intervals, and mean concentrations were not 

significantly different from unaffected sibling concentrations (Table 1 and Figure 2 right panels: v10). 

Two male FH patients and five siblings (4 males; 1 female) had increased FSH levels exceeding the 

upper limit of the FSH referenced interval (<10 U/L). The highest measured FSH level was 20.9 U/L in a 

23-years-old male FH patient with otherwise normal hormonal parameters. 

Mean DHEAS concentrations were non significantly different in the two groups of females in treated 

FH patients and siblings (5.6±3.2 and 6.8±3.9 µmol/L; p=0.324). Two female FH patients and three 

unaffected siblings had DHEAS levels exceeding the upper limit of the reference interval (i.e. 10 

µmol/l). The DHEAS concentrations of the treated male FH patients were normally distributed within 

the reference interval. However, unaffected male siblings had a significantly higher mean DHEAS 
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After 10 years Baseline 

concentration compared to their statin treated FH brothers (12.9±4.9 vs. 8.4 ±3.0 µmol/L, 

respectively; p<0.001). Furthermore, considerably more unaffected siblings than treated FH patients 

had a DHEAS concentration above the upper limit of the reference interval (i.e. 17 µmol/L), i.e. 10 

siblings vs. one FH patient, with a maximum concentration of 24.8 µmol/L. 

 

Table 1: Patient characteristics and hormone concentrations in 88 patients with FH at baseline and 
after ten years of statin treatment and in their 62 unaffected siblings 

  

FH 

n = 88 

 

FH 

n = 88 

 

Siblings 

n = 62 

 

P 

Age (year) 12.8 (3.1) 23.9 (3.2) 24.1 (3.0) 0.362 
Male gender - no (%) 68 (77) 68 (77) 46 (74) 0.716 
Length (m) 157 (16) 177 (17.2) 178 (8.4) 0.689 
Weight (kg) 47.4 (15.6) 76.1 (15.2) 76.2 (13.3) 0.797 
BMI (kg/m2) 18.5 (3.1) 24.4 (8.5) 24.1 (4.2) 0.765 
Total cholesterol (mmol/L) 7.6 (1.3) 5.5 (1.1) 5.1 (0.9) 0.002 
HDL-C (mmol/L) 1.3 (0.3) 1.3 (0.3) 1.3 (0.3) 0.174 
LDL-C (mmol/L) 6.0 (1.2) 3.8 (1.0) 3.2 (0.9) <0.001 
Triglycerides (mmol/L) 0.7 [0.5 -1.0] 0.8 [0.6-1.0]  1.1 [0.7-1.5] 0.005 
Hormones     

Testosterone, ♂ (nmol/L) 8.5 (10.1) 20.3 (4.7) 20.4 (5.0) .960 
Estradiol, ♀ (nmol/L) 0.1 (0.1) 0.2 (0.2) 0.2 (0.2) .867 
LH (U/L)     
♂ 1.6 (1.6) 4.9 (2.1) 5.0 (1.7) .681 
♀ 1.7 (1.8) 5.8 (6.4) 7.4 (10.6) .596 
FSH (U/L)     
♂ 2.4 (2.6) 4.2 (3.1) 4.8 (3.8) .195 
♀ 2.7 (2.4) 4.0 (2.1) 4.0 (3.0) .903 
DHEAS (µmol/L)     
♂ 3.4 (2.9) 8.4 (3.0) 12.9 (4.9) <0.001 
♀ 3.1 (2.4) 5.6 (3.2) 6.8 (3.9) .324 

Values are given as mean levels (standard deviation) or as median [interquartile range]. 
FH: familial hypercholesterolemia; HDL-C: high-density lipoprotein cholesterol; LDL-C: low-density lipoprotein 
cholesterol; LH: luteinizing hormone; FSH: follicle-stimulating hormone; DHEAS: dehydroepiandosterone sulfate 
 

 

 

 

Figure 2: Concentrations of testosterone (A), estradiol (B), LH (C), FSH (D) and DHEAS (E) of FH 
adolescents treated with statins for ten years and their unaffected siblings versus age (left panels). 
Hormone concentrations before the start of statin treatment (v1) and after ten years of treatment 
(v10) in FH patients (green) compared to their unaffected siblings (blue) for men and women (right 
panels). 

 
DHEAS: dehydroepiandosterone sulfate; FH: familial hypercholesterolemia; FSH: follicle-stimulating hormone; LDL-
C: low-density lipoprotein cholesterol; LH: luteinizing hormone.
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DISCUSSION 

 

This is the first study that evaluated the effect of long-term statin treatment initiated in childhood on 

plasma gonadal steroid, gonadotropin and DHEAS concentrations in young adult FH patients. As 

expected, after more than ten years of statin therapy all mean hormone concentrations increased. 

Mean gonadal steroid and gonadotropin concentrations did not differ between statin treated young 

adult FH patients and their unaffected and thus untreated siblings. Mean DHEAS concentrations did 

not differ between treated female patients and untreated female siblings either. Untreated male 

siblings however, had a higher mean DHEAS concentration than treated male FH patients, whose 

DHEAS concentrations were normally distributed within the reference interval. 

There has always been some concern that statin treatment might affect normal gonadal and adrenal 

function by lowering cholesterol, the precursor and thus a prerequisite for steroid hormone 

synthesis. This particularly applies to the treatment of young FH children, for whom current 

guidelines recommend initiation of statin therapy from the age of eight years onwards.8 In a recent 

meta-analysis, Schooling et al. examined whether treatment with statins reduced total 

testosterone.20 They included 5 randomized placebo-controlled trials that had included 501 mainly 

middle aged, hypercholesterolemic men and showed that moderate doses of statins for a maximum 

duration of 24 months lowered testosterone by 0.66 nmol/l (95% confidence interval: -1.18 to -0.14). 

In our study the statin treated young adult males only had a 0.1 nmol/l lower mean testosterone 

concentration than their male siblings. In addition, the slightly lower testosterone concentration was 

not associated with compensatory higher LH or FSH concentrations, and is therefore unlikely to have 

a negative effect on reproductive or sexual function. In a previous trial, Dobs et al. randomly 

assigned 159 male patients with LDL-C levels between 145 and 240 mg/dL to simvastatin (20 or 40 

mg), pravastatin 40 mg or placebo. In addition to testosterone, hCG-stimulated testosterone and 

gonadotropin concentrations, sperm concentration and other measures of spermatogenesis were 

measured. After 24 weeks of treatment, there were no differences with regard to these parameters 

between the statin and placebo groups.14 

Studies examining the effect of statins on DHEAS or its unsulfated analog dehydroepiandrosterone 

(DHEA) in FH children have shown contradictory results. In several randomized placebo-controlled 

trials that evaluated the efficacy and safety of different statins in FH children, hormone 

concentrations were measured before and after treatment with study drugs. Two studies 

demonstrated a significant, albeit small increase in DHEAS levels in young adult FH males treated 

 

with lovastatin (10-40 mg), as compared to placebo.21,22 In contrast, another study found a significant 

reduction in DHEAS levels in a group of FH boys and girls treated for 48 weeks with simvastatin 40 

mg compared to placebo.23 Finally, two other studies did not show significant differences in DHEA 

levels.18,24 In all trials changes in DHEA(S) levels did not affect sexual development. Our findings show 

that mean DHEAS concentrations in treated FH patients were normally distributed within the 

reference interval. However, male siblings had a clearly higher mean DHEAS concentration compared 

to the statin treated male FH patients, with 16% of the siblings exceeding the upper limit of DHEAS 

gender specific reference interval. Although it might be reassuring that FH males treated with statins 

have normal DHEAS levels, we do not have an explanation for somewhat higher than normal DHEAS 

concentrations in their male siblings, nor can we rule out the possibility that statins may have a 

lowering effect on DHEAS concentrations in FH males. 

Our study has some limitations. First, for optimal treatment comparison untreated FH subjects 

should have been enrolled as a control group instead of unaffected siblings. However, given the high 

CVD risk and the established efficacy of statins in preventing coronary heart disease it was and is 

considered unethical to withhold statin therapy in FH patients. The unaffected siblings share their 

genetic and environmental background with the FH subjects, and although we unfortunately miss 

their baseline hormone values, they are probably the best possible control group. Second, FH 

patients in our study were treated with different types and doses of statins (e.g. pravastatin 20, 40 

mg], simvastatin [20, 40 mg], atorvastatin [10, 20, 40, 80 mg] and rosuvastatin [10, 20, 40mg]). As a 

result, it might be possible that more potent lipid-lowering treatment such as atorvastatin 80 mg, 

might have more interference with hormone synthesis than low potency treatment such as 

pravastatin 20 mg. However, the number of patients enrolled in our study was too small to perform 

analyses stratified for statin type and dose. 

Our results are not unexpected given the fact that despite the use of lipid-lowering treatment, mean 

LDL-C levels of our FH subjects were still within the normal range for age and gender. Sufficient 

amounts of cholesterol should therefore be available in gonadal and adrenal cells to maintain 

adequate steroid hormone synthesis. Additionally, although statins decrease intrahepatic cholesterol 

synthesis, this triggers an upregulation of LDL-receptors on the hepatic cell surface that might 

facilitate the incorporation of enough LDL-C available for hormone synthesis. Nevertheless, current 

guidelines recommend an LDL treatment target <2.5 mmol/L in FH adults, and in order to achieve this 

treatment goal a fair majority of our cohort requires more intensive lipid-lowering therapy. Several 

novel promising therapeutic strategies for LDL-C lowering, such as PCSK9 inhibition and CETP 
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inhibitors, have been developed and are currently investigated in adults 25,26. Future studies should 

also study the effect of more stringent or novel treatment options on hormone concentrations in FH 

patients. 

In conclusion, our findings show that after ten years of statin treatment testosterone, estradiol, LH 

and FSH concentrations of young adult FH patients are comparable to their unaffected siblings. 

Moreover, all steroid hormone concentrations were within the normal range for age and gender. 

These results might strengthen current guidelines that statins in FH subjects could be safely used 

from childhood onwards to prevent premature CVD. 
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ABSTRACT  

 

Background  

Statins are currently the preferred pharmacological therapy in individuals with familial 

hypercholesterolemia (FH) with the aim to prevent premature atherosclerosis. In adults, these 

agents have been proven to be safe and well-tolerated, however, non-adherence is a significant 

clinical issue.  

Objectives 

In this study, we evaluated tolerability and adherence to statin therapy of young adult FH patients 

ten years after this was initiated in their childhood.  

Methods 

A questionnaire including items on medical history, adherence and reasons for discontinuation was 

sent to 214 young adult FH patients that initiated statin therapy at least 10 years ago. Tolerability was 

defined as 100% minus the percentage of patients that discontinued statin therapy due to side 

effects. Adherence was defined as the extent to which patients took their medication as prescribed 

by their physician. We labelled patients adherent if they took 80% or more of their pills in the month 

preceding our assessment.  

Results 

Follow-up was successful in 205 (95.8%) subjects (age 18 to 30 years). A history of side effects was 

reported by 40 (19.5%) of the patients, and mainly consisted of muscle complaints and 

gastrointestinal symptoms. Three patients (1.5%) discontinued statin therapy due to side effects. 

Rhadbomyolysis or other serious adverse events (SAE’s) were not reported. In fact, 169 (82.4%) of 

205 patients remained on statin treatment and 78.7% (148 out of 188) were adherent. None of the 

patient characteristics were significantly associated with adherence. 

Conclusions  

Individuals with FH who started statin therapy in childhood demonstrated good adherence during 

ten years of treatment. Furthermore, statin therapy was well tolerated; only a small minority 

discontinued therapy because of side effects and the side effects that were reported were mild in 

nature.  

 

 

 

 

INTRODUCTION 

 

Familial hypercholesterolemia (FH), a common dominantly inherited disorder of lipoprotein 

metabolism, is characterized by severely elevated low-density lipoprotein cholesterol (LDL-C) levels 

from birth onwards that predispose to premature atherosclerosis and subsequent cardiovascular 

disease (CVD).1,2 In order to prevent FH children from premature CVD , statins are currently the 

preferred pharmacological therapy and are recommended from the age of 8 years onwards.3,4 The 

efficacy of statins in this patient group was recently underlined by the results of a ten year follow-up 

study in young adults with FH that showed that long-term statin treatment was associated with 

normalization of progression of the carotid intima media thickness (cIMT), a marker of early 

atherosclerosis.5 However, LDL-C levels of the majority of patient in this study did not meet current 

treatment standards.  

Studies among middle-aged hypercholesterolemic patients reported that a significant number does 

not achieve LDL-C goals, mainly due to poor adherence to statin therapy.6–8 It could be hypothesized 

that young FH patients might be even less adherent since several studies among individuals with 

other chronic disorders reported poor adherence during adolescence, a stage of life in which both 

development and social context change simultaneously.9–11 Furthermore, in FH individuals, young 

patients are asymptomatic and less likely to perceive themselves at risk for CVD, which could lead to 

poor adherence. Lastly, statin intolerance, or the inability to use statin because of side effects might 

cause poor adherence or even discontinuation of treatment.  

Little is known about tolerability and adherence in young FH patients and we therefore set out to 

study these characteristics in a cohort of young adult FH patients after ten years of statin therapy 

that was initiated in childhood. Furthermore, we also examined the association between patient 

characteristics and adherence. Here, we present our results. 
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METHODS 

 

Study population and design 

All 214 children who were randomized between 1997 and 1999 into a single-center, double-blind 

placebo-controlled trial, evaluating the efficacy and safety of pravastatin, were eligible for the 

current study. The trial has been described in detail elsewhere.5,12 Briefly, children were enrolled in 

that study when they met the following criteria: one parent with a definite clinical or molecular 

diagnosis of FH; age between 8 and 18 years; at least 3 months on a fat-restricted diet; 2 fasting 

samples with plasma LDL-C levels ≥4.0 mmol/l and triglyceride levels <4.0 mmol/l; adequate 

contraception in sexually active girls; and no drug treatment for FH or use of plant sterols. Reasons 

for exclusion were homozygous FH, hypothyroidism, and abnormal plasma levels of muscle or liver 

enzymes. Children were randomly assigned to receive either pravastatin or placebo for two years. In 

the active treatment group, children younger than 14 years of age received 20 mg of pravastatin, and 

those aged 14 years or older received 40 mg daily. After the end of the placebo-controlled trial, 

pravastatin was given to both treatment groups (<14 years: 20 mg, ≥14 years: 40 mg). Children were 

subsequently seen at our outpatient clinic until referral to an adult lipid-clinic or general practitioner 
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and year. We labelled patients adherent if they took 80% or more of their lipid lowering drugs in the 
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forget to take my cholesterol-lowering medication’, ‘I alter the dose of my cholesterol-lowering 

medication’, ‘I stop taking my cholesterol-lowering medication for a while’, ‘I decide to miss out a 

dose of my cholesterol-lowering medication’, ‘I take less cholesterol-lowering medication than 

instructed’. Respondents indicate their degree of agreement with each statement about medicine 

taking on a 5 point Likert scale, ranging from always (1) to never (5). Sum scores range between 5 

and 25 points, with higher scores indicating higher levels of adherence.  

 

Statistical analysis 

Continuous variables between subgroups were compared using the independent sample-t-test. 

Variables with a skewed distribution were compared by the non-parametric Mann-Whitney U test. 
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multivariable model was used to evaluate the independent contributions to the prediction of 
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Figure 1: Flow chart of patients enrolled in the study 

 
 

 

RESULTS  

 

Population characteristics 

From the original patient cohort of 214 children, 9 subjects (4.2%) were not available for follow-up 

because they refused consent (n=5) or moved abroad (n=2), and one male adolescent had died after 

a motorcycle accident (Figure 1). One male was excluded, because he had not completed the 

questionnaire. Of the remaining 205 subjects, the mean age (±standard deviation [SD]) was 24.0 

(±3.2) years and 45.9% was male. Furthermore, 76 patients (37.1%) had a family history with CVD in a 

first degree relative. Demographic characteristics and lipid profiles at start of the randomized trial 

and after follow-up are depicted in Table 1.  

 

Table 1: Patient characteristics and lipid profile in 205 patients with familial hypercholesterolemia at 
the start of the randomized clinical trial and at 10-year follow-up  

 Start RCT End of follow up 

Age (years)  13.0 (2.9) 24.0 (3.2) 

Initiation before puberty, n (%) 82 (38.3) 79 (38.5) 

Male gender, n (%) 100 (47) 94 (46) 

Height (cm) 156.3 (14.8) 173.1 (13.4) 

Weight (kg) 49.2 (15.3) 74.0 (14.6) 

Body mass index (kg/m²) 19.6 (3.6) 24.5 (4.7) 

Blood pressure (mmHg)     

Systolic 110 (12) 126 (12) 

Diastolic 62 (9) 75 (8) 

Mean arterial blood pressure 78 (8) 89 (15) 

Lipids (mmol/l)      

Total cholesterol 7.78 (1.35) 6.24 (1.79) 

LDL-cholesterol 6.13 (1.31) 4.48 (1.71) 

HDL-cholesterol      1.24 (0.28) 1.30 (0.33) 

Triglycerides     0.76 [0.55-1.09] 0.89 [0.68-1.18] 

Values are given as mean levels (standard deviation) or otherwise indicated. Triglycerides are given as median 
[interquartile range]. RCT: randomized clinical trial; LDL: low-density lipoprotein; HDL: high-density lipoprotein 
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Lipid-lowering therapy was still used by 169 (82.4%) subjects. Of these, 105 (62.1%) used statin 

monotherapy and another 63 subjects (37.3%) used statins in combination with other lipid-lowering 

drugs, either ezetimibe (n= 61) or cholestagel (n=2). One subject received cholestagel monotherapy. 

Of the patients using statins, the majority was still on pravastatin (29.6%) or had switched to 

atorvastatin (28.4%) (Table 2).  

None of the subjects had cardiovascular complaints or a cardiovascular event during follow-up. The 

mean (±SD) number of follow-up visits after the initial trial at the outpatient clinic by either a (local) 

lipidologist or general practitioner was 9.9 (± 4.6).  

 

Table 2: Statin type and dosage in 167 FH patients 

Type of statin 

Statin 

monotherapy 

(n=105) 

Statin + 

ezetimibe 

(n=61) 

Statin + 

cholestagel 

(n=2) 

Simvastatin (n=26)    

10 mg - 2 - 

20 mg 4 3 - 

40 mg 5 11 - 

80 mg - 1 - 

Pravastatin (n=50)    

20 mg 17 2 - 

40 mg 26 3 - 

80 mg 1 1 - 

Rosuvastatin (n=44)    

10 mg 7 4 - 

20 mg 13 7 - 

40 mg 7 6 - 

Atorvastatin (n=48)    

10 mg 1 - - 

20 mg 7 6 - 

40 mg 15 11 - 

80 mg 2 4 2 

 

 

Tolerability  

Three out of 205 patients had completely discontinued drug therapy due to side effects, i.e. a 

tolerability of 98.5%. All three patients reported a combination of gastro-intestinal symptoms, muscle 

and joint pain or headache. Overall, 55 side effects were reported the last ten years by 40 subjects 

(19.5%), mainly consisting of muscle complaints in 19 patients (9.3%) and gastrointestinal symptoms in 

14 patients (6.8%) (Figure 2). No major side effects, e.g. rhabdomyolysis or elevation of liver enzymes, 

were reported.  

 

Figure 2: Number of patients that ever experienced side effects in the last ten years 

 
number of patients with side effects 

*Frequent urination (2x), weight loss, hair reduction, forgetfulness 
 
 

Adherence 

Current practice is to advise pregnant women with FH to discontinue all systematically absorbed lipid-

lowering medication, we therefore decided to exclude those patients who discontinued statin therapy 

due to current pregnancy or lactation (n=13) from the analyses on adherence. Furthermore, we also 

excluded 4 patients who discontinued on the request of their physician. Reasons for those 

discontinuations were normalisation of lipid levels (n=2), interaction with other drugs (n=1) and 

persistent forgetfulness to take medication (Figure 1). Of the remaining study group of 188 subjects, 

169 patients (89.9%) used lipid-lowering medication.  

In these 169 FH patients, median [IQR] self-reported adherence by VAS over the preceding week, 

month and year was 100% [90% to 100%], 95% [87% to 100%] and 90% [80% to 100%], respectively. 

Adherence to lipid-lowering therapy, defined as taking 80% or more of the prescribed drugs in the 

last month, was reported by 148 out of 188 (78.7%) subjects. Adherent patients had significantly 

lower mean (SD) total cholesterol (5.55 ±1.12 vs 7.81 ±1.92 mmol/l, p<0.001), LDL-C (3.85 ±1.03 vs. 6.00 
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±1.91 mmol/l, p<0.001) and median (IQR) triglyceride levels (0.84 [0.64-1.04] vs. 0.95 [0.74- 1.26] 

mmol/l, p<0.001), compared to the non-adherent group. HDL-C levels did not differ  

significantly (1.29 ± 0.35 vs. 1.26 ± 0.28 mmol/l, p=0.62) between adherent and non-adherent patients 

(Table 3). In addition, adherent patients came more frequently to the follow-up visits as compared to 

the non-adherent subjects after the original trial (mean [SD]: 10.5 ± 4.5 and 7.6 (± 4.3) visits; p=0.001, 

respectively).  

 

Table 3: Lipid profile of adherent and non-adherent FH subjects 

 Adherent 

n = 148 

Non-adherent 

n = 40 

 

p-value 
Lipids (mmol/l)    

Total cholesterol 5.55 (1.12) 7.81 (1.92) <0.001 

LDL-cholesterol 3.85 (1.03) 6.00 (1.91) <0.001 

HDL-cholesterol      1.29 (0.35) 1.26 (0.28) <0.001 

Triglycerides     0.84 [0.64-1.04] 0.95 [0.74-1.26] 0.62 

Values are given as mean levels (standard deviation) or otherwise indicated. Triglycerides are given as median 
[interquartile range]. LDL: low-density lipoprotein; HDL: high-density lipoprotein  
 

Out of the 40 non-adherent subjects (defined as taking less than 80% of the prescribed drugs in the 

last month), 15 patients took between 50% and 75% of their medication. Furthermore, 19 patients 

(9.3%) had completely discontinued statin therapy. Reasons for discontinuation were: forgotten to 

take medication (n=8), unwillingness to take any medication (n=6) and side effects (n=3). Reasons 

for discontinuation of therapy for two patients were unknown. 

The results of univariate analysis of the association between adherence and patient characteristics 

are shown in Table 4. No significant associations between any of the patient characteristics and 

adherence to statin therapy were found. Also in the multivariable analyses after backward 

elimination, none of the variables appeared to be independently associated with adherence.  

More insight in non-adherent behaviour was obtained with MARS questionnaires, consisting of 5 

items on non-adherent behaviour. Responses were skewed with a median score of 24 (range 5 to 

25); 16.4% scored 25 (i.e highly adherent), 35.3% scored 24 and 40.4 % scored 23 or less. Five subjects 

stated that “they always forgot to take their medication” and that “they always stopped their 

medication for a while”. Three subjects stated that “they always take less medication than 

 

prescribed”. On the question “I change the dose prescribed”, 1 participant answered always true, 

and on the question “I decide to skip a dose”, 2 patients indicated this statement to be always true.  

 
Table 4: Association between patient characteristics and adherence to statin therapy ten years after 
initiation of statin therapy 

 Univariate  

 OR (95% CI) p-value 

Age (years) 1.11 (0.97 - 1.22) 0.17 

Male gender 1.28 (0.63 - 2.61) 0.49 

Body mass index (kg/m²) 0.96 (0.89 - 1.03) 0.25 

LDL-cholesterol (pre-statin) (mmol/l) 0.90 (0.70 - 1.19) 0.50 

CVD 1st degree family 1.20 (0.58 - 2.46) 0.62 

Use of medication other than statins  1.39 (0.49 - 3.90) 0.54 

Initiation of statin therapy before puberty 1.66 (0.77 - 3.58) 0.20 

Side effects  0.54 (0.31 - 1.87) 0.54 

OR (95% CI): odds ratio (95% confidence interval); BMI: body mass index; LDL-cholesterol: low-density lipoprotein 
cholesterol; CVD: cardiovascular disease
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DISCUSSION 
 

The current study is the first study that assessed tolerability and adherence of young adult FH 

patients after long-term statin therapy that was initiated in childhood. Our findings indicated that 

statin therapy was well tolerated; only a small minority (1.5%) discontinued therapy because of side 

effects and reported side effects were in fact mild. The vast majority of patients (82.4%) continued 

lipid-lowering therapy, with a high self-reported adherence rate of 78.7%. None of the patient 

characteristics were significantly associated with adherence. 

The use of statin treatment for the prevention of CVD in patients with FH is supported by extensive 

clinical evidence, and the data highlight the safety and tolerability of statins.18 Our present study is 

the longest follow-up study of patients treated with statins. A follow-up rate as high as 95.8% was 

achieved and patient characteristics of the non-participants (n=9) did not differ significantly from 

those of the 205 participants at the start of the randomized trial period. No major side effects like 

elevation of liver enzymes or rhabdomyolysis had occurred. Analyses by the FDA have reported a 

rate of fatal rhabdomyolysis of 0.15 per one million statin prescriptions; therefore our present sample 

size is too small to draw conclusions on the occurrence of rhabdmyolysis or other serious adverse 

events.19 

The most frequently discussed side effects of statin therapy are muscle related complaints. In our 

study, we found 9.3% of the FH patients to have reported to have ever experienced muscle 

complaints. Studies on myopathy related to long-term statin therapy in young adult FH patients have 

not been previously reported. Our results are however in line with a large observational study of 

7924 hyperlipidemic patients on high dose statins in general practice, aged 18-75 years. (PRIMO 

study). This study reported an incidence of 10.5% of mild muscular symptoms in the first months after 

statin therapy was initiated. These patients were using high doses of statins which increase the risk 

of muscular complaints.20 Two reviews of more than 35 published clinical trials, on patients taking 

different kinds of statins, reported lower incidences of myalgia of 1-5%, which was not significantly 

different from the incidence in their placebo group.19,21 Inclusion criteria in these statin studies are 

quite stringent and patients with a medical history of statin related side effects might have been 

excluded from participation resulting in a low incidence of myalgia. Mean duration of follow-up 

varied extensively between these studies and no consistent and uniformly applied definition was 

used; therefore these results on muscle related side effects are difficult to compare with our study. 

Furthermore, we used questionnaires to get insight in muscle related side effects due to statin 

 

treatment. Also the average age of our patient cohort is relatively young compared to most other 

studies and therefore the patients of our study might be more active and practising sports and 

subsequently experience more muscle complaints. 

Adherence and persistence to statin therapy are crucial in the management of patients at risk for 

CVD, since good adherence and longer duration of persistence are associated with increasing clinical 

benefits.22–24 In general, persistence rates among patients with chronic conditions such as FH are 

quite low, decreasing mainly in the first six months of therapy.25–27 In our study, ten years after the 

start of statin treatment, we found a remarkably high adherence rate of 78.7%, defined as those for 

whom 80% or more of days of the last month was covered by statin therapy. This was further 

supported by a high median score of 24 (range 5 to 25) on MARS statements, indicating that only 

very few patients showed non-adherent behaviour. Other long-term follow-up studies evaluating 

adherence to statin therapy in primary prevention indicated adherence rates as low as 39% after 

three years of treatment. These trials have been conducted in elderly non-FH patients, who initiated 

treatment at the mean age of 56 years and older.26,27 These results are therefore difficult to compare 

with our young adult population using statins as primary prevention from childhood onwards. Our 

study subjects initiated statin therapy in childhood during a clinical trial with regular visits (i.e. every 

three months) to our outpatient clinic. This early initiation of treatment and close monitoring might 

contribute to habitual use of statins and therefore better adherence to therapy. However, patients’ 

self-reported statin use was acquired to determine their adherence. This method might be 

susceptible to inaccurate patient recall or social desirability and might lead to an overestimation of 

adherence. However, adherent patients had significantly lower cholesterol levels than non-adherent 

patients, an effect that cannot be explained by a difference in untreated cholesterol levels.   

As in all randomized controlled trials, stringent inclusion and exclusion criteria were applied, 

essentially excluding the sickest and frailest people, which could limit the generalizability of our 

results. Furthermore, FH children were enrolled in the trial between 1997 and 1999 and at that time 

the AMC was the only clinic in The Netherlands and one of the very few clinics worldwide that 

treated these children. As a consequence, children with FH were referred from all over the country 

to our lipid clinic and from that point of view the children included in our study are reasonable 

representative of the general population with this disorder. 

The main reason for discontinuation of therapy in our study group was pregnancy, which is in 

accordance to current medical advice. Non-adherence in our cohort was accompanied by 

significantly higher LDL- levels and a lower out-patient follow up frequency. Reasons for non-
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adherence were unwillingness to take medication and forgetfulness. According to literature, non-

adherence is associated with younger age, female gender, lower socio-economic status and complex 

treatment regimen.6,28,29 Although we did not have information on socio-economic status, our results 

did not reveal significant associations between these or any of the other factors and adherence to 

statin therapy.  

Current practice in FH patients is to achieve LDL-C reduction of at least 50% and preferably LDL-C 

levels below 2.5 mmol/l.30 Both of these treatment goals have not been reached in our study group. 

Despite a good adherence rate of 78.7% in our cohort, mean LDL-C level of the adherent group was 

still 3.85 mmol/l, and only 8 patients had LDL-C levels <2.50 mmol/l. Our results are in line with those 

of Pijlman et al, who conducted a cross-sectional study among adult FH patients in the Netherlands 

and concluded that only 21% of the 1249 patients reached the treatment goal for LDL-C < 2.5 mmol/l.31 

This raises serious concerns on the risk of future cardiovascular events and therefore treatment 

regimes of this patient group should be improved in the future.  

In conclusion, this study demonstrates that patients with FH who started statin therapy in childhood, 

regardless whether this was before or after puberty, showed good adherence during ten years of 

treatment. The fact that early initiation may contribute to habitual use of medication despite its 

preventive character, and the fact that none of the patients had suffered from cardiovascular 

disease are important clinical findings. Even more important, statin therapy was very well tolerated; 

only a very small minority discontinued therapy because of side effects and reported side effects 

were mild. However, their treatment appeared to be suboptimal in terms of efficacy and this merits 

further attention. 
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ABSTRACT 

 

Objectives 

To evaluate the lipid-altering efficacy and safety of ezetimibe monotherapy in young children with 

heterozygous familial hypercholesterolemia (HeFH) or nonfamilial hypercholesterolemia (nonFH). 

Study design 

One hundred thirty-eight children 6-10 years of age with diagnosed HeFH or clinically important 

nonFH (low-density lipoprotein cholesterol [LDL-C] ≥ 160 mg/dL [4.1 mmol/L]) were enrolled into a 

multicenter, 12-week, randomized, double-blind, placebo-controlled study. Following screening/drug 

washout and a 5-week single-blind placebo-run-in with diet stabilization, subjects were randomized 

2:1 to daily ezetimibe 10 mg (n = 93) or placebo (n = 45) for 12 weeks. Lipid-altering efficacy and safety 

were assessed in all treated patients. 

Results 

Overall, mean age was 8.3 years, 57% were girls, 80% were white, mean baseline LDL-C was 228 mg/dL 

(5.9 mmol/L), and 91% had HeFH. After 12 weeks, ezetimibe significantly reduced LDL-C by 27% after 

adjustment for placebo (P< .001) and produced significant reductions in total cholesterol (21%), 

nonhigh-density lipoprotein cholesterol (26%), and apolipoprotein B (20%) (P< .001 for all). LDL-C 

lowering response in sex, race, baseline lipids, and HeFH/nonFH subgroups was generally consistent 

with overall study results. Ezetimibe was well tolerated, with a safety profile similar to studies in 

older children, adolescents, and adults. 

Conclusions 

Ezetimibe monotherapy produced clinically relevant reductions in LDL-C and other key lipid variables 

in young children with primary HeFH or clinically important nonFH, with a favorable 

safety/tolerability profile. 

 

 

 

 

INTRODUCTION 

 

Familial hypercholesterolemia (FH) is an inherited disorder of lipoprotein metabolism and the most 

prevalent cause for primary dyslipidemia in children.1 Studies of FH highlight the direct link between 

elevated levels of low-density lipoprotein cholesterol (LDL-C) from birth, increased risk for 

atherosclerosis beginning in childhood, and premature development of cardiovascular disease.2 

Recent reports from the American Academy of Pediatrics,3 National Heart, Lung, and Blood 

Institute,4 National Lipid Association,5 and European Society of Cardiology/European Atherosclerosis 

Society6 provide guidelines for early identification and treatment of children and adolescents at high 

risk for development of cardiovascular disease. For adolescents with high-risk dyslipidemia who do 

not achieve recommended lipid targets with therapeutic lifestyle/diet intervention, initiation of statin 

therapy is considered based on evaluation of overall cardiovascular risk. Other lipid-lowering drugs 

may also be used when dyslipidemia is not adequately controlled by statins alone, or when issues of 

statin intolerance occur. 

Ezetimibe is a cholesterol absorption inhibitor that lowers LDL-C and other key lipid/lipoprotein 

variables by selective inhibition of the NPC1L1 sterol transporter, thereby reducing dietary and biliary 

cholesterol uptake in the small intestines.7 Evidence suggests that ezetimibe may also inhibit hepatic 

NPC1L1 transporter function and block biliary cholesterol absorption back to the liver. 

Coadministration of ezetimibe with statins has been evaluated in adult and adolescent patients with 

homozygous and heterozygous FH (HoFH, HeFH) and shown to produce significant incremental 

reductions in LDL-C of 15%-20%,8-11 consistent with studies in other high risk populations.12 Studies of 

ezetimibe monotherapy in patients with HeFH have primarily focused on treatment of children and 

young adolescents, and are limited to open-label prospective trials13 or retrospective data 

evaluation.14,15 This current study is a randomized placebo-controlled trial to investigate the efficacy 

and safety of ezetimibe monotherapy in children with HeFH or clinically important nonfamilial 

hypercholesterolemia (nonFH).  
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Conclusions 

Ezetimibe monotherapy produced clinically relevant reductions in LDL-C and other key lipid variables 
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INTRODUCTION 

 

Familial hypercholesterolemia (FH) is an inherited disorder of lipoprotein metabolism and the most 

prevalent cause for primary dyslipidemia in children.1 Studies of FH highlight the direct link between 

elevated levels of low-density lipoprotein cholesterol (LDL-C) from birth, increased risk for 

atherosclerosis beginning in childhood, and premature development of cardiovascular disease.2 

Recent reports from the American Academy of Pediatrics,3 National Heart, Lung, and Blood 

Institute,4 National Lipid Association,5 and European Society of Cardiology/European Atherosclerosis 

Society6 provide guidelines for early identification and treatment of children and adolescents at high 

risk for development of cardiovascular disease. For adolescents with high-risk dyslipidemia who do 

not achieve recommended lipid targets with therapeutic lifestyle/diet intervention, initiation of statin 

therapy is considered based on evaluation of overall cardiovascular risk. Other lipid-lowering drugs 

may also be used when dyslipidemia is not adequately controlled by statins alone, or when issues of 

statin intolerance occur. 

Ezetimibe is a cholesterol absorption inhibitor that lowers LDL-C and other key lipid/lipoprotein 

variables by selective inhibition of the NPC1L1 sterol transporter, thereby reducing dietary and biliary 

cholesterol uptake in the small intestines.7 Evidence suggests that ezetimibe may also inhibit hepatic 

NPC1L1 transporter function and block biliary cholesterol absorption back to the liver. 

Coadministration of ezetimibe with statins has been evaluated in adult and adolescent patients with 

homozygous and heterozygous FH (HoFH, HeFH) and shown to produce significant incremental 

reductions in LDL-C of 15%-20%,8-11 consistent with studies in other high risk populations.12 Studies of 

ezetimibe monotherapy in patients with HeFH have primarily focused on treatment of children and 

young adolescents, and are limited to open-label prospective trials13 or retrospective data 

evaluation.14,15 This current study is a randomized placebo-controlled trial to investigate the efficacy 

and safety of ezetimibe monotherapy in children with HeFH or clinically important nonfamilial 

hypercholesterolemia (nonFH).  
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METHODS 

 

Boys and girls ≥ 6 and ≤ 10 years of age with HeFH or clinically important nonFH (LDL-C >160 mg/dL 

[4.1 mmol/L]) while on a lipid-lowering diet3,16 for ≥3 months were eligible for the trial. Clinical criteria 

for HeFH included LDL-C levels >189-<400 mg/dL (4.9-10.4 mmol/L) with a family history of 

hypercholesterolemia consistent with dominant autosomal transmission, or LDL-C >159-<400 mg/dL 

(4.1-10.4 mmol/L) and at least 1 of the following: (1) genotype confirmed HeFH; (2) at least 1 biological 

parent with genotype-confirmed HeFH and a historic untreated LDL-C of >159 mg/dL (4.2 mmol/L); 

(3) at least 1 biological parent with an untreated LDL-C value ≥ 210 mg/dL (5.4 mmol/L) not associated 

with a disorder known to elevate LDL-C; or (4) tendinous xanthomas not associated with a disorder 

known to elevate LDL-C. Clinical criteria for primary nonFH was an LDL-C >159-<400 mg/dL (4.1-10.4 

mmol/L) and a clinical diagnosis of primary nonFH. Subjects eligible for study entry had fasting 

triglyceride levels ≤ 300 mg/dL (7.8 mmol/L), clinical laboratory values within normal limits or 

clinically acceptable to the investigator, alanine aminotransferase (ALT) and/or aspartate 

aminotransferase (AST) ≤ 1.5 the upper limit of normal (ULN), serum creatinine <2.0 mg/dL (177 

umol/L), and were free of any clinically important disease other than hypercholesterolemia that 

would interfere with study evaluation. Main exclusion criteria included hypersensitivity or any 

contraindication to ezetimibe; any cardiac disorder or disorders of the hematologic, digestive, or 

central nervous systems including cerebrovascular disease, anorexia nervosa, and degenerative 

disease that would limit study evaluation/participation; diabetes mellitus type 1 or 2; uncontrolled 

endocrine metabolic disease known to influence serum lipids or lipoproteins; unstable thyroid 

hormone replacement therapy with thyroid stimulating hormone levels outside the normal range; 

clinically significant impairment of renal function, dysproteinemia, nephrotic syndrome, or other 

renal disease; active or chronic hepatic or biliary disease; history of partial ileal bypass or disease that 

affects significant function of the ileum; HIV infection; known coagulopathy; medical history 

consistent with HoFH; and use of LDL apheresis or plasma apheresis. Known lipid-altering therapies, 

foods, or supplements were prohibited within a predefined time period prior to randomization.  

This multicenter, 12-week, randomized, double-blind, placebo-controlled study (P05522) was 

conducted at 29 research sites (Canada [5 sites], Colombia [4 sites], France [2 sites], Greece [1 site], 

Israel [2 sites], Italy [4 sites], Norway [1 site], The Netherlands [2 sites], US [8 sites]) in accordance 

with principles of the International Conference on Harmonization Good Clinical Practice and all local 

and/or national regulations and directives. All independent ethics committees approved the protocol 

 

and applicable amendments, and written informed consent was provided by all parents/guardians on 

behalf of the child prior to enrollment. 

Following a screening/drug washout period (up to 13 weeks), subjects underwent a single-blind 

placebo run-in and diet (step 2) stabilization3,16 period of 5 weeks. On week 4 of the run-in/diet 

stabilization period, qualifying LDL-C (Friedewald calculation) and triglyceride levels were measured. 

Following the run-in, subjects who qualified were randomized 2:1 to double-blind treatment with 

either ezetimibe 10 mg tablets or matching placebo tablets, once daily for 12 weeks. Blood samples 

were obtained at weeks 0, 2, 4, 8, and 12 after a 12-hour fast; trial medication was taken after 

sampling. Subjects willing to participate in a pharmacokinetic substudy were randomized to daily 

ezetimibe 10 mg or placebo 4:1, and blood samples collected 2 weeks after randomization included 

time 0 (predose), and 1.5, 4, 5, 8, and 12 hours after administration of allocated study drug. 

Randomization was performed using a central interactive voice response system, and stratified 

(except for the pharmacokinetic substudy) by sex and by primary diagnosis of HeFH and nonFH. All 

study personnel, including investigators, study site personnel, patients, and monitors remained 

blinded to treatment allocation throughout the study; the final database was not unblinded until 

medical/scientific review was performed, protocol violators were identified, and the data file was 

declared final and frozen. 

The primary trial objective was to determine the efficacy of ezetimibe 10 mg/d compared with 

placebo in reducing LDL-C in 6- to 10-year-old children with HeFH or clinically important nonFH. The 

primary efficacy endpoint variable was percent change from baseline in LDL-C levels after 12 weeks 

of treatment. Key secondary endpoint variables included percent change from baseline in total 

cholesterol, high-density lipoprotein cholesterol (HDL-C), non-HDL-C, triglycerides, and 

apolipoprotein B after 12 weeks of treatment. Other secondary efficacy endpoints included percent 

change from baseline in lipid/lipoprotein measures (weeks 2, 4, and 8), high-sensitivity C-reactive 

protein (hs-CRP, weeks 4 and 8), and plasma sterols (weeks 2, 4, 8, and 12). Cmax, AUC0-12hour, 

AUC0-24hour, and Tmax for ezetimibe and total ezetimibe after 2 weeks of treatment were 

determined for a subset of study participants. 

Evaluation of efficacy endpoints utilized the full analysis set population, including all randomized 

subjects receiving ≥ 1 dose of blinded study treatment with baseline and ≥ 1 postbaseline 

measurements. Percent change from baseline in LDL-C was analyzed using an ANCOVA mixed model 

with fixed effects for baseline LDL-C, treatment, sex, primary diagnosis (HeFH, nonFH), study week 

(2, 4, 8, 12), and treatment by study week  interaction. Similar methodology was used to evaluate 
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Following the run-in, subjects who qualified were randomized 2:1 to double-blind treatment with 
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AUC0-24hour, and Tmax for ezetimibe and total ezetimibe after 2 weeks of treatment were 
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Evaluation of efficacy endpoints utilized the full analysis set population, including all randomized 
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secondary efficacy variables (excluding triglycerides and hs-CRP) except the fixed effect of baseline 

LDL-C was replaced by the covariate under evaluation. Percent change from baseline for triglycerides 

and hs-CRP was assessed using a constrained longitudinal data analysis model,17 and included both 

natural logarithm transformed baseline and postbaseline measurements as response variables, and 

fixed effects as previously described. A fixed sequence testing procedure was used to control for 

multiplicity across the primary and secondary endpoints. Subgroup analysis for percent change in 

LDL-C from baseline to week 12 provided point estimates and 95% CIs for treatment effects by sex, 

race (White, other), primary diagnosis (HeFH, nonFH), and baseline LDL-C, HDL-C, and triglycerides 

(<median, ≥ median). 

Safety and tolerability were evaluated by physical examination, vital signs, adverse event (AE) 

reports, electrocardiograms, and laboratory assessments for all randomized subjects receiving ≥1 

dose of double-blind study therapy. Prespecified endpoints of special interest (consecutive increases 

in ALT or AST ≥ 3ULN, consecutive increases in creatine phosphokinase ≥ 5 ULN with clinical muscle 

symptoms or ≥ 10 ULN with or without muscle symptoms, rhabdomyolysis or myopathy, abnormal 

liver function, hypersensitivity, cholecystitis/cholelithiasis, and pancreatitis) were subject to 

inferential  testing, with P values and 95% CIs determined for between-group comparisons using the 

Miettinen and Nurminen method.18 

Ninety-five percent CIs for between-group differences were provided for other AEs occurring in ≥ 4 

patients in any treatment group, and for clinical and laboratory AE categories including ≥ 1 AE, 

serious AEs, drug-related AEs, serious drug-related AEs, and discontinuations because of an AE. All 

other AEs were summarized. 

 

 

233 Screened

1289 Randomized1289 Randomized1289 RandomizedRandomized: N=138
Randomized but not treated: 1 (<1%)

Not randomized:      95 (40.8%)
Screen failure:      77(33.0%)
Lost to follow-up:    5 (2.1%)     
Withdrew consent:13 (5.6%)

Completed Study: 89 (95.7%)
Full Analysis Set 

Included: 92
Excluded: 1*

Failure to receive ≥ one dose: 1
Lack of post-baseline data:     1

Discontinued: 4 (4.3%)
Adverse event:       3 (3.2%)
Withdrew consent: 1 (1.1%)

Allocated to ezetimibe 10 mg  n=93 Allocated to placebo  n=45
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Off-drug rule: 0
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Supplementary Figure 1: Study design and subject disposition throughout the study 
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Table 1: Baseline demographics for all randomized subjects 

Characteristic Ezetimibe 10 mg 
N=93 

Placebo 
N=45 

Age  years    
mean (SD) 8.2 (1.7) 8.5 (1.6) 
range       6-11       6-11 

Gender, n (%)   
female           52 (56) 27 (60) 
male 41 (44) 18 (40) 

Race, n (%)    
Asian 2 (2)                 2 (4) 
Black 2 (2)           0    
Multi 16 (17)                 5 (11) 
White 73 (78) 38 (84) 
Mean Body Mass Index kg/m2 (SD) 17.5 (3.3) 18.2 (3.3) 

Stratum,   n (%)    
         heterozygous familial hypercholesterolemia 84 (90) 41 (91) 

non-familial hypercholesterolemia 9 (10) 4 (9) 
 

RESULTS 

  

Study design and disposition of all subjects who were screened for this study are shown in Figure 1 

(online).  Baseline demographics (Table 1) and baseline lipids, lipoproteins, and hs-CRP (Table 2) were 

well balanced between ezetimibe 10 mg and placebo treatment groups.  Overall mean age was 

8.3±1.6 years, 57% were girls, 80% were white, mean baseline LDL-C was 228±49 mg/dL (5.9±1.3 

mmol/L), and 91% had HeFH.  Patient compliance in taking allocated study medication was recorded 

at each protocol-specified visit, and was high and similar for both ezetimibe and placebo groups 

(mean of 95%, range from 73%-100%). 

After 12 weeks of treatment, reduction of LDL-C was significantly greater with ezetimibe 10 mg than 

placebo, with a between-treatment difference of -27% (Table 2).  LDL-C lowering was close to 

maximal at 2 weeks (the first post-randomization time point) and sustained through the study 

(Figure 2).  Ezetimibe produced significantly greater percent reductions from baseline than placebo 

in total cholesterol, non-HDL-C, Apo B, and all measured lipid and lipoprotein ratios; change in 

triglycerides was nominally significant (p=0.021) but not statistically significant after pre-specified 

multiplicity adjustment (Table 2).  The time course of reductions in these secondary efficacy 

parameters over the 12-week treatment period paralleled that seen for LDL-C (data not shown).   

 

Table 2:  LDL-C and other parameters at baseline and after 12 weeks of treatment 

Values are mean (standard deviation) or least squares mean % change from baseline (95% confidence interval) 
Apo: apolipoprotein; HDL-C: high-density lipoprotein cholesterol; hs-CRP: high-sensitivity C-reactive protein; LDL-C: 
low-density lipoprotein cholesterol; N: number of patients with % change data available at Week 12. 
* geometric mean % change from baseline, based on log-transformed data using a constrained longitudinal data 
analysis model. The difference in least squares means is based on the difference in the back transformed model -
based least squares means, and the associated confidence interval is calculated using the Delta method. † not 
declared statistically significant based on pre-specified multiplicity adjustment.  

Parameter 
 

Ezetimibe 10 mg 
N=85 

Placebo 
N=42 

Treatment 
Difference 

p Value 

LDL-C  mg/dl     
Baseline 229 (46) 222 (45)   
Week 12 169 (37) 225 (53)   
Mean % change -28 (-31, -25) -0.95 (-4.9, 3.0) -27 <0.001 

Total cholesterol  mg/dl                     
Baseline 295 (48) 290 (44)   
Week 12 236 (39) 295 (55)   
Mean % change -21 (-23, -18) 0.2 (-3, 3) -21 <0.001 

HDL-C  mg/dl               
Baseline 50 (9) 50 (12)   
Week 12  51 (11) 51 (12)   
Mean % change 2 (-2, 6) 1 (-4, 7) 0.7 0.807 

Non-HDL-C  mg/dl     
Baseline 245 (47) 240 (48)   
Week 12  185 (38) 245 (57)   
Mean % change -25 (-28, -22) 0.3 (-4, 4) -26 <0.001 

Triglycerides  mg/dl     
Baseline 82 (30) 92 (61)   
Week 12  80 (40) 100 (64)   
Mean % change * -6 (-13, 1) 8 (-2, 20) -15 0.021† 

Apo B  mg/dl     
Baseline 151 (29) 148 (28)   
Week 12  120 (23) 148 (30)   
Mean % change -22 (-25, -18) -1 (-6, 3) -20 <0.001 

Apo AI  mg/dl     
Baseline 137 (17) 137 (22)   
Week 12  137 (19) 139 (21)   
Mean % change 2 (-2, 5) 4 (-1, 8) -2 0.373 

LDL-C/HDL-C     
Baseline 4.7 (1.2) 4.8 (1.7)   
Week 12  3.4 (1.0) 4.8 (1.7)   
Mean % change -28.0 (-32.6, -23.4) 0.3 (-5.6, 6.2) -28 <0.001 

Total cholesterol/HDL-C     
Baseline 6.1 (1.3) 6.2 (2.1)   
Week 12  4.8 (1.1) 6.2 (2.2)   
Mean % change -21.1 (-25.0, -17.2) 1.2 (-3.7, 6.1) -22 <0.001 

Apo B/Apo AI     
Baseline 1.1 (0.3) 1.1 (0.2)   
Week 12  0.9 (0.2) 1.1 (0.3)   
Mean % change -22.2 (-26.1, -18.2) -2.9 (-7.8, 2.1) -19 <0.001 

hs-CRP  mg/L     
Baseline 1.0 (1.5) 0.7 (0.7)   
Week 12  1.8 (6.6) 0.9 (1.5)   
Mean % change * 9.3 (-13, 38) -7.9 (-33, 27) 17.3 0.382 
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Figure 2: LDL-C Percent Change from Baseline Over Time 

 
 

The effect of ezetimibe on HDL-C, Apo AI, and hs-CRP was not significantly different than placebo.  

LDL-C reduction within pre-specified subgroups of gender, race, HeFH/nonFH stratum, and baseline 

LDL-C, HDL-C or triglycerides was generally consistent with the overall study results; however sample 

size was small for some groups (Figure 3 online).  Ezetimibe significantly reduced markers of 

cholesterol absorption (placebo adjusted changes at week 12: sitosterol, -63%; campesterol, -65%; 

cholestanol, -32%; p<0.001) and increased a marker of cholesterol synthesis (placebo adjusted 

changes at week 12: lathosterol, +24%; p<0.001), consistent with the known effects of ezetimibe on 

cholesterol homeostasis (Figure 4 online). 

Of the 17 subjects who agreed to participate in the pharmacokinetics substudy, 12 subjects had been 

receiving ezetimibe 10 mg/day.  Pharmacokinetic assessment was performed on Day 14 following 

administration of study drug.  Ezetimibe was rapidly adsorbed, with median Tmax values of 1.5 hours 

for both total and unconjugated ezetimibe (Table 4 online).  Mean peak plasma concentrations (Cmax) 

were 95 ng/mL for total ezetimibe and 17 ng/mL for the unconjugated drug.  Cmax and AUC values for 

total ezetimibe and unconjugated drug were similar among the subjects.  Individual plasma 

concentration-time profiles exhibited multiple peaks (data not shown), consistent with known 

enterohepatic recycling. 

 

Supplementary Figure 3:  Treatment Difference between Ezetimibe and Placebo within  
Prespecified Subgroups 

 
Values are least squares mean ±95% confidence interval.  n= x, y indicates the number of subjects receiving 
ezetimibe 10 mg (x) or placebo (y).  Baseline median values were 219.5 mg/dL (5.7 mmol/L) for LDL-C, 49 mg/dL (1.3 
mmol/L) for HDL-C, and 74.5 mg/dL (0.84 mmol/L for triglycerides 
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Table 3: Safety endpoints and adverse events (all-patients-as-treated population) 

Adverse Event  Ezetimibe 10mg Placebo Difference 

 N=92 n=45 % (95% CI) p value 
Clinical    n (%)     

With one or more AE 56 (60.9) 25 (55.6) 5.3 (-11.9, 22.8)  

With drug-related AE*  5 (5.4)  6 (13.3) -7.9 (-21.3, 1.7)   

With serious AE  2 (2.2) 0 2.2 (-5.8, 7.6)  

With serious drug-related AE* 0 0   

Discontinued due to AE 3 (3.3) 0 3.3 (-4.7, 9.2)  
     drug-related 2 (2.2) 0   
     Serious 1 (1.1) 0   

     serious drug-related 0 0   
Pre-specified †  n (%)         

ALT ≥ 3xULN, consecutive ‡ 1 (1.1)§ 0 1.1 (-6.9, 5.9) 0.484 

AST≥ 3xULN, consecutive ‡   0 0   

CPK ≥ 5xULN with clinical muscle symptoms�, 
consecutive ‡   

0 0   

CPK ≥ 10xULN ± muscle symptoms, consecutive ‡   0 0   

rhabdomyolysis/myopathy 0 0   

abnormal liver function 1 (1.1)§  0 1.1 (-6.9, 5.9)  0.484 

Hypersensitivity 7 (7.6)  4 (8.9) -1.3 (-13.9, 7.9) 0.796 

cholecystitis/cholelithiasis 0 0   

Pancreatitis 0 0   

Adverse event occurring in ≥4 patients�  n (%)     

abdominal pain 4 (4.3) 5 (11.1) -6.8 (-19.6, 2.0)  

Diarrhea 1 (1.1) 4 (8.9) -7.8 (-19.8, -1.1)  

Pyrexia 4 (4.3) 
 

2 (4.4) 
 

-0.1 (-10.9, 7.1) 
 

 

Influenza 5 (5.4) 
 

3 (6.7) 
 

-1.2 (-13.0, 6.9) 
 

 

Nasopharyngitis 10 (10.9) 
 

5 (11.1) 
 

-0.2 (-13.7, 10.2) 
 

 

Tonsillitis 4 (4.3) 
 

1 (2.2) 
 

2.1 (-7.6, 8.9) 
 

 

upper respiratory tract infection 7 (7.6) 
 

1 (2.2) 
 

5.4 (-4.6, 13.2) 
 

 

Headache 4 (4.3) 
 

6 (13.3) 
 

-9.0 (-22.3, 0.3) 
 

 

respiratory, thoracic, and mediastinal disorders 7 (7.6) 
 

4 (8.9) 
 

-1.3 (-13.9, 7.9) 
 

 

skin and subcutaneous tissue disorders 5 (5.4) 
 

3 (6.7) 
 

-1.2 (-13.0, 6.9) 
 

 

AE: adverse event; ALT: alanine aminotransferase; AST: aspartate aminotransferase; CPK: creatine phosphokinase; 
ULN: upper limit of normal. * Determined by the investigator to be related to the drug.  Assessment of drug 
causality determined using following criteria: probably related or possibly related defined as “drug related”; 
unlikely related defined as “not related”. † For laboratory safety (ALT, AST), patients must have taken at least one 
dose of study medication and have at least one post-baseline measurement within 14 days of the last dose of study 
therapy to be included in the analysis.  ‡ patients with (a) two consecutive measurements ≥ specified ULN, (b) a 
single, last measurement ≥ specified ULN, or (c) a measurement ≥ specified ULN followed by a measurement < 
specified ULN that was taken more than 2 days after the last dose of study medication. §This 6 year old female 
patient had an ALT > ULN at baseline, and experienced a consecutive ALT  ≥ 3xULN after randomization to 
ezetimibe 10 mg, which led to discontinuation.  The AE was considered possibly related to study drug by the 
investigator.  clinical signs of muscle symptoms, including diffuse myalgia, muscle tenderness or weakness. ¶ 4 or 
more patients in one or both treatment groups
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Treatment-emergent AEs are shown in Table 3.  The mean treatment exposure was 81 days 

(maximum of 93 days) for ezetimibe 10 mg and 80 days (maximum of 91 days) for placebo.  

Overall, at least one AE occurred in 81 (59%) of the 137 randomized subjects.  No major safety 

signals were detected in this trial, no subject experienced a serious drug-related AE, and there 

were no notable differences between ezetimibe 10 mg and placebo in the proportion of subjects 

with any AE, drug-related AEs, serious AEs, AEs leading to discontinuation of study drug, or in any 

of the hematology, blood chemistry, or urinalysis parameters that were assessed. 

The incidence of pre-specified AEs of special interest was low, with no significant differences 

between the treatment groups.  The most frequently reported AE of special interest was 

hypersensitivity, which occurred with comparable frequency in both treatment groups.  There 

were no reports of rhabdomyolysis, myopathy, cholecystitis/cholelithiasis or pancreatitis, and no 

subject experienced consecutive elevations in AST ≥3x ULN, or consecutive elevations in creatine 

phosphokinase that were either ≥5xULN with clinical muscle symptoms or ≥10xULN with or 

without muscle symptoms.  Drug-related AEs were reported for 5 subjects (5.4%) receiving 

ezetimibe (1 each with elevated ALT, headache, proteinuria, prurigo, and rash) and 6 subjects 

(13.3%) receiving placebo (2 subjects with abdominal pain, and 1 report each for abdominal pain 

upper, nausea, vomiting, decreased appetite, arthralgia, headache, and urticaria, with some 

subjects experiencing more than one AE). 

One subject experienced a consecutive elevation of ALT ≥3xULN.  This AE occurred in a 6 year old 

girl randomized to ezetimibe 10 mg, and was considered by the investigator to be of mild severity 

and possibly related to study drug.  Baseline ALT (45 IU/l) and AST (43 IU/l) were slightly above 

the ULN values (35 IU/L for ALT, 40 IU/L for AST) for unknown reasons.  On Day 30, ALT was 

≥3xULN (145 IU/L) and AST was ≥2xULN (92 IU/L).  On Day 65, ALT and AST remained elevated (135 

IU/L and 92 IU/L, respectively) and the subject discontinued study treatment on Day 82 due to 

elevated ALT.  ALT (64 IU/L) and AST (51 IU/L) were elevated on Day 86 but lower than previous 

values. Throughout the active study treatment period, total bilirubin and alkaline phosphatase 

were within normal ranges.  No concomitant medication was being used by this subject and no 

other AE was reported. 

Discontinuation due to an AE was reported for three subjects in the ezetimibe 10 mg treatment 

group (3%) and no subjects in the placebo group.  One discontinuation was due to elevated ALT as 

described above.  A second subject experienced prurigo starting on day 48, resulting in 

discontinuation of study drug on Day 59. A third subject experienced epileptic events (congenital) 

and treatment was discontinued on Day 48. 

   
 

Supplementary Table 4: Individual and Summary Pharmacokinetic Parameters on Day 14 

Subject Total ezetimibe Unconjugated ezetimibe 

 Cmax 
(ng/ml) 

Tmax 
(hr) 

AUC0-12hr 

(ng*hr/ml) 
AUC0-24hr 

(ng*hr/ml) 
Cmax 

(ng/ml)
Tmax 
(hr) 

AUC0-12hr 

(ng*hr/ml) 
AUC0-24hr 

(ng*hr/ml) 
1211 39 1.5 289 427 9 1.5 92 141 
1213 63 1.5 406 682 9 1.5 68 117 
1214 157 1.5 833 1460 31 0 224 475 
1215 74 1.5 589 1120 10 1.5 91 177 

1216 74 1.5 491 778 8 4.0 59 90 

1217 131 1.5 620 1190 40 1.5 174 308 
1218 69 1.5 428 802 6 5.0 56 117 
1220 67 1.5 384 600 13 5.0 109 195 
1221 99 1.3 477 843 14 1.3 94 172 
1222 104 1.3 435 806 18 1.3 93 173 
1223 116 1.5 641 924 32 7.9 147 201 
1225 146 1.5 545 830 12 1.5 56 99 

Arithmetic Mean ±SD 95±37 1.5 ±0.1 512 ±145 872 ±276 17 ±11 2.7 ±2.3 105 ±52 189 ±108 
Median 86 1.5 484 818 12 1.5 93 172 

CV% 39 4 28 32 66 86 49 57 
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DISCUSSION 

 

This randomized placebo-controlled trial evaluated the efficacy and safety of ezetimibe 

monotherapy  in children with HeFH or clinically significant nonFH, a population considered at 

high risk for  premature atherosclerosis and cardiovascular events.19 In the current 12-week study 

of 6- to 10-year-old children, daily administration of ezetimibe 10 mg was well tolerated, and 

lowered LDL-C by an average of 27%. In addition, the pharmacokinetics of ezetimibe 10 mg was 

consistent with previous results reported for healthy 10- to 18-year-old adolescents20 and adults.21 

Prior studies evaluating the effect of ezetimibe monotherapy in children or adolescents are 

limited. One prospective open-label study evaluated ezetimibe 10 mg/d in 5- to 15-year-old children 

with polygenic hypercholesterolemia (PH) (n = 6) or FH (n = 11).13 Ezetimibe significantly reduced 

LDL-C by 30% in subjects with FH and 42% in those with PH. Similar reductions were seen for total 

cholesterol (26%-31%), while HDL-C was significantly lowered in subjects with PH from 58.1 ± 10.0 

to 49.3 ± 9.1 mg/dL, (1.5 0.26 to 1.3 0.24 mmol/L; P< .01), and change in triglycerides was not 

significant. No adverse effects were reported during this 11- to 16-month trial, and growth and 

pubertal maturation were considered adequate. A second study retrospectively evaluated daily 

administration of ezetimibe 10 mg in 8- to 17-year-old patients with lipoprotein profiles suggestive 

of HeFH (n = 26) or familial combined hyperlipidemia (n = 10).15 After a mean treatment time of 105 

days, overall reduction in LDL-C was 28% (30% for HeFH, 23% for familial combined hyperlipidemia), 

total cholesterol was lowered by 18%-23%, and there was no significant change in HDL-C or 

triglycerides; safety/tolerability profiles were unremarkable, with no clinical AEs reported that 

were considered to be related to ezetimibe. A third study evaluated retrospective data from 2- to 

15-year-old pediatric patients with HeFH (N = 32, mean age of 9.5 years) receiving ezetimibe 10 

mg/d between 2003 and 2009 with a mean treatment time of 2.45 years.14 LDL-C reduction after 3 

months was 25.7% (P< .001), and patients reported no side effects. 

Taken together, the LDL-C lowering by ezetimibe in these high-risk pediatric populations ranged 

from 23%-42%, which is consistent with the 27% reduction seen in the current study. These studies 

also suggest that ezetimibe is safe and well tolerated in pediatric patients, consistent with the 

demonstrated safety/tolerability profile of ezetimibe in adults. 

Ezetimibe monotherapy has been evaluated extensively in adults with primary 

hypercholesterolemia and shown to improve LDL-C and other key lipids with good tolerability. A 

recent meta-analysis of 8 randomized, double-blind, placebo-controlled trials in over 2700 adults 

found that ezetimibe 10 mg/d lowered LDL-C by 18.6%, total cholesterol by 13.5%, and triglycerides 

by 8.1%, while producing a significant 3.0% increase in HDL-C.22 Interestingly, the magnitude of 

change in LDL-C seen with ezetimibe in children and adolescent patients with HeFH PH appears to 

   
 

be somewhat higher. It is possible that individuals with HeFH respond particularly well to 

ezetimibe because a large study of adult patients with HeFH treated with combination 

ezetimibe/simvastatin vs simvastatin alone for 2 years showed a similarly robust ezetimibe 

response.10 Other factors that could potentially have contributed to the magnitude of the LDL-C 

reduction observed in our study include other differences in cholesterol metabolism related to 

genetics or age, differences in compliance between studies, or variability because of the relatively 

small numbers of pediatric subjects evaluated to date. The pharmacokinetic profile of ezetimibe 

10 mg in the current study of younger children was similar to that seen for healthy 10- to 18-year-

old adolescents20 and adults,21 suggesting that age-related differences in ezetimibe 

pharmacokinetics is not a contributing factor.  

Use of ezetimibe in combination with statins inhibits cholesterol absorption as well as synthesis, 

and results in significantly larger reductions in LDL-C and greater attainment of guideline-

recommended LDL-C targets than with statins alone.7 Incremental improvements with ezetimibe 

coadministration have been consistently demonstrated in a variety of adult populations, including 

those with primary hypercholesterolemia,23,24 metabolic syndrome, diabetes mellitus,25-28 high 

coronary heart disease risk,9, 29, 30 and HeFH or HoFH.8-10, 31, 33 The only study that evaluated 

ezetimibe add-on therapy in adolescents included patients 10-17 years of age with HeFH (N = 

248).11 Compared with simvastatin monotherapy (10, 20, 40, 80 mg/d), addition of ezetimibe 

provided significant incremental reductions in LDL-C and significantly greater attainment of LDL-C 

targets recommended by the National Cholesterol Education Program Adult Treatment Panel III 

and the American Academy of Pediatrics, with concomitant improvements in other key lipids and 

lipoproteins. Safety and tolerability profiles of ezetimibe coadministration with simvastatin and 

simvastatin monotherapy were comparable throughout the 53-week trial, with low 

discontinuation rates and no observed clinical effects on sexual maturation or changes in steroid 

hormone levels. These results contribute to the body of evidence supporting the safe and 

effective use of lipid-lowering drugs in high-risk pediatric patients.  

The timing of initiation of pharmacotherapy in high-risk children has been a matter of much 

debate.34, 35 Concern that cholesterol synthesis inhibition by statins may have adverse effects on 

brain  development and steroid hormone production has led some expert panels to recommend 

that pharmacotherapy not be started before the age of 8-10 years in children with HeFH. 

Ezetimibe has a different mechanism of action than statins. Effects of ezetimibe on childhood 

development are not anticipated, and the current study found no clinically significant effects of 

ezetimibe on steroid hormone levels in 6- to 10- year-old children after 12 weeks. Finally, this study 

was not designed to assess direct effects of treatment on surrogate markers of atherosclerosis or 

clinical outcomes.  
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days, overall reduction in LDL-C was 28% (30% for HeFH, 23% for familial combined hyperlipidemia), 

total cholesterol was lowered by 18%-23%, and there was no significant change in HDL-C or 

triglycerides; safety/tolerability profiles were unremarkable, with no clinical AEs reported that 

were considered to be related to ezetimibe. A third study evaluated retrospective data from 2- to 

15-year-old pediatric patients with HeFH (N = 32, mean age of 9.5 years) receiving ezetimibe 10 

mg/d between 2003 and 2009 with a mean treatment time of 2.45 years.14 LDL-C reduction after 3 

months was 25.7% (P< .001), and patients reported no side effects. 

Taken together, the LDL-C lowering by ezetimibe in these high-risk pediatric populations ranged 

from 23%-42%, which is consistent with the 27% reduction seen in the current study. These studies 

also suggest that ezetimibe is safe and well tolerated in pediatric patients, consistent with the 

demonstrated safety/tolerability profile of ezetimibe in adults. 

Ezetimibe monotherapy has been evaluated extensively in adults with primary 

hypercholesterolemia and shown to improve LDL-C and other key lipids with good tolerability. A 

recent meta-analysis of 8 randomized, double-blind, placebo-controlled trials in over 2700 adults 

found that ezetimibe 10 mg/d lowered LDL-C by 18.6%, total cholesterol by 13.5%, and triglycerides 

by 8.1%, while producing a significant 3.0% increase in HDL-C.22 Interestingly, the magnitude of 

change in LDL-C seen with ezetimibe in children and adolescent patients with HeFH PH appears to 

   
 

be somewhat higher. It is possible that individuals with HeFH respond particularly well to 

ezetimibe because a large study of adult patients with HeFH treated with combination 

ezetimibe/simvastatin vs simvastatin alone for 2 years showed a similarly robust ezetimibe 

response.10 Other factors that could potentially have contributed to the magnitude of the LDL-C 

reduction observed in our study include other differences in cholesterol metabolism related to 

genetics or age, differences in compliance between studies, or variability because of the relatively 

small numbers of pediatric subjects evaluated to date. The pharmacokinetic profile of ezetimibe 

10 mg in the current study of younger children was similar to that seen for healthy 10- to 18-year-

old adolescents20 and adults,21 suggesting that age-related differences in ezetimibe 

pharmacokinetics is not a contributing factor.  

Use of ezetimibe in combination with statins inhibits cholesterol absorption as well as synthesis, 

and results in significantly larger reductions in LDL-C and greater attainment of guideline-

recommended LDL-C targets than with statins alone.7 Incremental improvements with ezetimibe 

coadministration have been consistently demonstrated in a variety of adult populations, including 

those with primary hypercholesterolemia,23,24 metabolic syndrome, diabetes mellitus,25-28 high 

coronary heart disease risk,9, 29, 30 and HeFH or HoFH.8-10, 31, 33 The only study that evaluated 

ezetimibe add-on therapy in adolescents included patients 10-17 years of age with HeFH (N = 

248).11 Compared with simvastatin monotherapy (10, 20, 40, 80 mg/d), addition of ezetimibe 

provided significant incremental reductions in LDL-C and significantly greater attainment of LDL-C 

targets recommended by the National Cholesterol Education Program Adult Treatment Panel III 

and the American Academy of Pediatrics, with concomitant improvements in other key lipids and 

lipoproteins. Safety and tolerability profiles of ezetimibe coadministration with simvastatin and 

simvastatin monotherapy were comparable throughout the 53-week trial, with low 

discontinuation rates and no observed clinical effects on sexual maturation or changes in steroid 

hormone levels. These results contribute to the body of evidence supporting the safe and 

effective use of lipid-lowering drugs in high-risk pediatric patients.  

The timing of initiation of pharmacotherapy in high-risk children has been a matter of much 

debate.34, 35 Concern that cholesterol synthesis inhibition by statins may have adverse effects on 

brain  development and steroid hormone production has led some expert panels to recommend 

that pharmacotherapy not be started before the age of 8-10 years in children with HeFH. 

Ezetimibe has a different mechanism of action than statins. Effects of ezetimibe on childhood 

development are not anticipated, and the current study found no clinically significant effects of 

ezetimibe on steroid hormone levels in 6- to 10- year-old children after 12 weeks. Finally, this study 

was not designed to assess direct effects of treatment on surrogate markers of atherosclerosis or 

clinical outcomes.  
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Recent reports highlight the need for improved screening strategies to identify patients with FH 

at an earlier age combined with comprehensive risk-assessment and aggressive treatment to 

reduce the premature development of cardiovascular disease.36-39 National and international 

guidelines recommend reductions in LDL-C for children and adolescents with FH, with defined 

targets based on age, severity of risk, and clinical judgment.35 After therapeutic lifestyle 

modification, low-dose statins are recommended as the first-line pharmacotherapy for 

dyslipidemia in this patient population. Despite the success of statins in lowering LDL-C levels by 

up to 50%, achievement of lipid targets in many adolescent patients with HeFH can be 

challenging,40-42 as has been observed in adults.39 Results from the current trial and previous 

studies of ezetimibe in pediatric HeFH and high-risk patients without FH suggest that ezetimibe 

administered as monotherapy or in combination with low-dose statin therapy may provide 

clinicians with an important treatment option when statins are contraindicated or not well 

tolerated, or when additional lipid-lowering therapy is required. 
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ABSTRACT 

 

Patients suffering from Familial Hypercholesterolemia (FH) are characterised by increased plasma 

levels of Low Density Lipoprotein Cholesterol (LDL-C) levels and are at increased risk for 

premature Cardiovascular Disease (CVD). Current guidelines emphasise the need to aggressively 

lower LDL-C in FH patients, and statins are the cornerstone in the current regimen. However, 

additional therapies are eagerly awaited, especially for those patients not tolerating statin 

therapy or not reaching the goals for therapy.  

Our understanding of LDL metabolism has improved over the last years and an increasing number 

of potential novel targets for therapy have been recently identified. Apart from novel targets, we 

have also been confronted with novel modalities of treatment, such as mRNA antisense therapy. 

Some of these emerging therapies have proven to be effective in lowering plasma LDL-C levels 

and are as such expected to have beneficial effects on CVD. 

Hopefully, they will enrich our armentarium against the severe dyslipidemia observed in FH 

patients in the not too distant future. 

  

 

 

   
 

INTRODUCTION 

 

Familial Hypercholesterolemia (FH) is an autosomal dominant disorder characterised by elevated 

plasma low density lipoprotein-cholesterol (LDL-C) levels. Mutations in the gene encoding for the 

LDL receptor are the underlying molecular defect in the vast majority of FH patients1, but 

mutations in APOB2 and PCSK9  have also been shown to result in Mendelian forms of increased 

LDL-C levels3.  FH patients are at sharply increased lifetime risk for cardiovascular disease (CVD) 

and, if left untreated, clinical symptoms of CVD typically manifest in men in their fourth, and in 

women in their fifth decade of life4. Apart from the elevated LDL-C levels, other traditional CVD 

risk factors (ie smoking, hypertension, diabetes) do add to the total risk in FH patients, and all 

modifiable risk factors should therefore be aggressively addressed. Current guidelines 

recommend lowering the LDL-C concentration to at least 50% from baseline. Statins are shown to 

safely lower LDL-C levels and are therefore the treatment of choice5, 6. Moreover, large clinical 

trials have provided us with overwhelming evidence that statins reduce cardiovascular mortality 

and morbidity7.   

However, treatment goals are not achieved in a significant number of FH patients8-10. In such 

patients, and in case statin therapy is contraindicated or poorly tolerated, alternative lipid-

lowering medications should be initiated. Ezetimibe, bile acid sequestrants, nicotinic acid and 

fibrates are frequently prescribed as add-on therapy to initial treatment with statins6.  

In recent years, several novel promising therapeutic strategies for LDL-C lowering have been 

developed. In this review, we will discuss the present and future treatment options for lipid 

lowering in FH patients, especially those medications that have been shown, or are anticipated to 

result in LDL-C reduction. 
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ABSTRACT 

 

Patients suffering from Familial Hypercholesterolemia (FH) are characterised by increased plasma 

levels of Low Density Lipoprotein Cholesterol (LDL-C) levels and are at increased risk for 
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additional therapies are eagerly awaited, especially for those patients not tolerating statin 

therapy or not reaching the goals for therapy.  
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Some of these emerging therapies have proven to be effective in lowering plasma LDL-C levels 
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INTRODUCTION 
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lowering in FH patients, especially those medications that have been shown, or are anticipated to 

result in LDL-C reduction. 
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CURRENTLY APPROVED LIPID-LOWERING THERAPY 

 

Life style modification 

In FH patients, lifestyle modification to lower LDL-C and reduce other CVD risk factors should be 

introduced, despite the modest and variable degree of LDL-C reduction (10%).  A diet containing 

<7% saturated fat and <200 mg cholesterol is to be advised. Additional use of plant sterol esters or 

plant stanol esters will reduce LDL-C levels, although trials showing a beneficial effect of these 

substances on CVD outcome are lacking11, 12. Patients should be encouraged to achieve and 

maintain a healthy body weight through physical activity and appropriate caloric intake. Alcohol 

consumption should be restricted and smoking should be discouraged, as it is strongly associated 

with CVD in patients with hypercholesterolemia13, 14. It should be kept in mind that life style 

modification is rarely, if ever sufficient to achieve the LDL-C treatment goal in patients with FH 

and drug therapy is therefore required in almost all patients.  

 

Statins 

Statins are 3-hydroxy-3-methylglutaryl-coenzyme A (HMG CoA) reductase inhibitors (table 1). They 

inhibit the rate limiting step in cholesterol synthesis by reducing the conversion of HMG-CoA 

reductase to mevalonate. The consequently decreased intracellular cholesterol levels induce an 

upregulation of the LDL receptor, which leads to increased clearance of LDL-C and decreased 

plasma LDL-C concentrations15. Apart from the reduction in LDL-C, statins have been shown to 

improve endothelial function, stabilise atherosclerotic plaques, decrease oxidative stress and 

inflammation, and inhibit the thrombogenic response16.  

Statins have convincingly shown to be safe and well tolerated agents that reduce CVD morbidity 

and mortality in a wide range of patients17. Therefore guidelines recommend these drugs as the 

first line therapy in patients with FH. 

Statins are the most commonly prescribed drugs in FH patients18 and their impact on the natural 

cause of vascular disease in FH is large. Observational data from large FH cohorts suggest that 

long-term statin treatment removes the excess lifetime risk of CVD due to FH and reduced it to a 

level similar to that of the general population19, 20. 

Statins reduce LDL-C levels in a dose dependent manner7, and the rationale to treat FH patients 

with high dosages of these therapeutics is based on clinical trials showing benefit in terms of 

reductions of cardiovascular events and death21. Although trials with events as primary outcome 

are lacking in FH patients, the ASAP trial showed a beneficial effect of intensified therapy on 

carotid IMT (cIMT), a surrogate marker of atherosclerosis22. FH patients should initially be treated 

with more potent statins, which have been shown to reduce LDL-C levels by 50-60% at their 

   
 

maximum approved doses23. Initial concerns about the safety profile of statins, especially in 

children, have been refuted by a number of clinical trials24-26.  

 

Table 1: Currently approved therapeutics 
Agent Mechanism of action Effects on lipid profile  Adverse effects 
HMG-CoA reductase 
inhibitors (statins) 

Atorvastatin 
Fluvastatin 
Lovastatin 
Pravastatin 
Rosuvastatin 
Simvastatin 

Inhibition of 3-hydroxy-3-
methylglutaryl coenzyme A 
(HMG-CoA) reductase, the 
rate limiting enzyme in 
cholesterol synthesis. 

LDL↓ up to ~50% 
HDL ↑ up to ~10% 
TG ↓ up to ~20% 76 
 

Myopathy, 
rhabdomyolysis 
(extremely rare) 
hepatoxicity  
 

Ezetimibe Inhibition of cholesterol 
absorption by interfering 
the Nieman-Pick C1 Like 1 
protein,responsible for 
transluminal cholesterol 
transport.  

LDL ↓ ~15 % 
HDL variable, but not 
clinically relevant 77, 78 
TG no significant 
change 78 
 

Gastrointestinal 
symptoms 

Bile acid 
sequestrants 

Colesevelam 
Colestipol 
Colestyramine 

 

Decrease of the 
hepatocyte cholesterol 
content, resulting in an 
upregulation of the LDLR 
expression and increased 
LDL cholesterol clearance 

LDL ↓ 18%**  
HDL no significant 
change 
TG variable 79, 80 

Gastrointestinal 
symptoms including 
constipation and 
dyspepsia  

Nicotinic acids 
Niacin 

Unclear LDL ↓ 12% 
HDL ↑ 16% 
TG ↓ 20% 81 

Flushing 
Gastrointestinal symp 
toms 
Hepatotoxicity 
Hyperglycemia  

Fibrates 
Bezafibrate 
Ciprofibrate 
Gemfibrozil 
Fenofibrate 

Probably mediated by 
agonizing PPARα 

LDL ↓ 8% 
HDL ↑ 9-10% 
TG ↓ 30-36% 81, 82 

Rhabdomyolyis   
Liver failure* 
esp in combination 
with statins (extremely 
rare) 

* Other side effects mentioned in the meta-analysis from Birjmohun R.S. et al. 81 included skin reactions, 
musculoskeletal symptoms and hepatotoxicity. However, the occurrence of these side effects did not 
significantly differ from the side effects reported in the control groups.  
** Data from pooled analysis of statin-colesevelam trials showed LDL lowering of 9%. Depend on statin use LDL 
lowering up to 18% was shown.  
Abbreviations: LDL: low density lipoprotein; HDL: high density lipoprotein; TG: triglycerides; LDLR: low density 
lipoprotein receptor; ↑: increase; ↓: decrease; HMG-CoA: 3-hydroxy-3-methylglutaryl coenzyme A; PPARα: 
Peroxisome Proliferator Activated Receptor-alpha.
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Other currently available treatment options   

In many FH patients, LDL-C treatment goals cannot be reached with the maximum available or 

tolerated dose of a statin. In such cases, adding ezetimibe, a bile acid binding resin, fibric acid 

derivates or nicotinic acid should be considered. In homozygous FH individuals or in heterozygous 

FH patients at extreme risk (which is not uniformly specified) LDL apheresis has been shown to be 

an effective means to reduce LDL-C as well.  

Ezetimibe selectively inhibits the intestinal absorption of both dietary and biliary cholesterol by 

blocking the Niemann-Pick C1-like 1 (NPC1L1) protein transporter, which reduces the delivery of 

intestinal cholesterol to the liver (table 1). As a result, the LDL-receptor expression is upregulated 

and clearance of LDL-C from plasma is increased. In patients with FH, ezetimibe can be safely co-

administrated with statins27. Ezetimibe reduces LDL-C by approximately 15-20%28, 29. The clinical 

benefit of adding ezetimibe to statin therapy has not been proven. In fact, in a large clinical trial 

where adult FH patients where either randomised to statin or a combination of statin and 

ezetimibe, no effect was found on the extent of atherosclerosis assessed by cIMT, despite a 

significant reduction in LDL-C in the combination therapy arm29.  A possible explanation for this 

rather counterintuitive finding is the fact that the baseline cIMT measured in the enrolled patients 

was not as severely affected as anticipated.  The potential beneficial effect of ezetimibe is 

demonstrated in a recent analysis,  in which ezetimibe was shown in FH patients not to only result 

in significant reductions in LDL-C but also in other CVD associated plasma markers in FH patients30. 

The SHARP trial showed a beneficial effect on CVD risk (risk reduction 17% p=0.002) of simvastatin 

combined with ezetimibe compared to placebo in a large cohort (>9000) patients suffering from 

chronic kidney disease.  In this study, the combination therapy was not associated with altered 

risk of myopathy or cancer during the 4.9 years of follow up31. 

Although there is no direct clinical evidence that ezetimibe would result in a beneficial vascular 

outcome, it is reasonable to consider it as add-on therapy to statins in FH patients given its 

tolerability and safety.  

Bile acid binding resins act by binding to bile acids in the intestinal lumen. This interrupts the 

enterohepatic circulation of bile acids, leading to increased conversion of cholesterol into bile in 

the liver. The resulting decreased cholesterol levels in the hepatocytes induce an hepatic 

upregulation of LDL-receptor activity, causing an increased clearance of LDL-C from the 

circulation by up to 20% 32. Because bile acid binding sequestrants act in the intestinal lumen and 

are not systemically absorbed, they are considered to be safer than other lipid-lowering drugs.  

However, colestyramine and colestipol are associated with significant adverse gastrointestinal 

side effects, drug-drug interactions and poor patient compliance. The second-generation bile acid 

sequestrant colesevelam can be used at a lower dose and is associated with less gastro-intestinal 

   
 

side effects, and is therefore currently the recommended bile acid sequestrant for use in patients 

with FH in combination with statins33.  

The mechanism of action of fibric acid derivates is complex and largely unknown, but is commonly 

thought to be mediated via a peroxisome proliferator activated receptor-alpha (PPARα) regulated 

mechanism. Treatment with fibrates results in decreased production of very low-density 

lipoprotein cholesterol (VLDL-C) and an increased clearance of triglycerides. Fibrates have also 

shown to lower TC and LDL-C and elevate HDL-C to some extent (table 1). Adverse reactions are 

to some extent similar to statins (table 1), however, the combination of fibrates most notably 

gemfibrozil, with statins will increase the risk of myopathy or rhabdomyolysis34, and therefore 

fibrates are not recommended in FH patients without elevated triglyceride levels.   

The mechanism of action of nicotinic acid or niacin is not fully understood. Niacin is a water-

soluble B vitamin and favorably affects VLDL, LDL-C and increases HDL-C. The adverse effects of 

niacin (table 1), mainly flushing due to vasodilatation, is considered a major drawback, but by 

combining Niacin with a PGD2 inhibitor (Laropiprant), this side effect was significantly 

decreased35-37. A meta-analysis has shown cardiovascular risk benefit of niacin in terms of 

reduction of cardiovascular events and atherosclerosis38, but a more definitive answer regarding 

CVD reduction of Niacin will be provided by the HPS-2-Thrive study. As for all other agents, 

however, no conclusions can be drawn regarding the benefit of niacin added to statin therapy in 

FH patients. The AIM-HIGH trial investigated whether adding extended-release niacin to statin 

treatment in high risk patients would be beneficial in risk reduction. This trial has recently been 

stopped prematurely by the NHLBI after 18 months, because no effect was shown in the interim 

analysis. (http://public.nhlbi.nih.gov/newsroom/home/GetPressRelease.aspx?id=2792). 

LDL apheresis may be considered for homozygous FH patients or heterozygous FH patients who 

require intensification of therapy because of high LDL-C levels despite a maximal dose of statins 

and/or multiple other risk factors for CVD. LDL apheresis selectively removes apoB-containing 

lipoprotein particles from the circulation with extracorporeal precipitation through different 

techniques, resulting in an LDL-C reduction of approximately 60%39. Furthermore, it reduces 

Lipoprotein (a) (Lp(a)) levels by more than 50%. The procedure is time consuming, must be 

repeated every 1 to 2 weeks and is costly. However, several clinical trials have shown that LDL 

apheresis delays the progression of cardiovascular disease40.  
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FUTURE LIPID-LOWERING THERAPY 

 

Antisense oligonucleotides to inhibit apolipoprotein B production 

Apolipoprotein B (apoB) is mainly expressed in the liver and is regarded as an essential protein at 

core and on the surface of atherogenic lipoproteins. It is crucial for the production of VLDL (the 

precursor of LDL) and following secretion by the liver, apoB is bound to its lipoprotein particle. 

ApoB is also pivotal for the subsequent clearance of cholesterol transported by lipoproteins; 

upon binding to the LDL receptor, cholesterol is withdrawn from the plasma pool41. In FH patients 

apoB levels are invariably increased, and large prospective studies have shown that apoB levels 

are directly associated with CVD risk42. In line with this, patients with extremely low levels of apoB 

(<5th percentile) due to familial hypobetalipoproteinemia (FHBL), seem to be protected against 

CVD43, 44. Based on these observations apoB is conceptually an attractive target to reduce CVD 

risk. Mipomersen (formerly known as ISIS-301012), a second generation apoB synthesis inhibitor, 

is the first agent available for human use to directly target apoB100 production. This 

subcutaneously administered short single stranded synthetic oligonucleotide is complementary 

to apoB100 messenger RNA, and upon binding to the mRNA, degradation by endogenous RNase-

H takes place. This subsequently results in inhibition of synthesis of the apoB protein, and a 

decrease in VLDL and LDL levels45.  

The initial phase 1 study46 showed a dose dependent effect on apoB and LDL as well as on all 

other atherogenic particles. The highly significant dose reductions in LDL-C (table 2) were 

confirmed in a number of studies, including trials in FH patients47-50. The effect on plasma lipids 

was shown not to be influenced by co-administration of other lipid-lowering medication47, 50. In 

addition to its beneficial effect on LDL-C, nipomersen also lowered serum levels of apoB, 

triglycerides and Lp(a). A dose of 200 mg mipomersen once weekly administered subcutaneously 

was selected for further evaluation in phase 3 clinical trials. Reductions in LDL-C lasted up to 4 

weeks after the last dose and pharmacokinetic studies showed no clinically relevant interactions 

of mipomersen with the disposition and clearance of simvastatin or ezetimibe51, which is pivotal 

for the role of mipomersen as additive medication.  

In a recently published double-blind trial, 51 homozygous FH patients, treated with maximum 

tolerated dosages of lipid-lowering medications, were randomly assigned to mipomersen 200 mg 

subcutaneously every week or placebo. After 26 weeks of treatment, a mean reduction in LDL-C 

was observed of 25% in the mipomersen-treated group versus 3% in placebo treated patients (P < 

0.001). In addition, patients treated with mipomersen experienced a 27% reduction in apoB and a 

21% reduction in total cholesterol. No correlation was found between the LDL receptor mutation 

and response to therapy50.

 
 

 
 

Table 2: O
verview

 of future therapeutics 
A

gent 
Phase of 
investigation 

M
echanism

 of action 
Effect on lipid profile  

A
dverse effects 

Apolipoprotein B 
synthesis inhibitors 

M
ipom
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Phase II and III 
Inhibition of apolipoprotein B 
production. 

LD
L ↓ 21-52% (dose dependent) 

H
D

L variable (range: no significant 
change to ↑ 15.1%) 
TG

: variable (range: no significant  
change to ↓ 17-41% % 47, 48, 50 

Injection side reactions 
Increase of alanine am
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receptor ß, w
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inase 
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PCSK9 inhibitors 
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D
L ↑ 27-28%, TG

 ↓ 0-8%  
Anacetrapib
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FUTURE LIPID-LOWERING THERAPY 

 

Antisense oligonucleotides to inhibit apolipoprotein B production 

Apolipoprotein B (apoB) is mainly expressed in the liver and is regarded as an essential protein at 

core and on the surface of atherogenic lipoproteins. It is crucial for the production of VLDL (the 

precursor of LDL) and following secretion by the liver, apoB is bound to its lipoprotein particle. 

ApoB is also pivotal for the subsequent clearance of cholesterol transported by lipoproteins; 

upon binding to the LDL receptor, cholesterol is withdrawn from the plasma pool41. In FH patients 

apoB levels are invariably increased, and large prospective studies have shown that apoB levels 

are directly associated with CVD risk42. In line with this, patients with extremely low levels of apoB 

(<5th percentile) due to familial hypobetalipoproteinemia (FHBL), seem to be protected against 

CVD43, 44. Based on these observations apoB is conceptually an attractive target to reduce CVD 

risk. Mipomersen (formerly known as ISIS-301012), a second generation apoB synthesis inhibitor, 

is the first agent available for human use to directly target apoB100 production. This 

subcutaneously administered short single stranded synthetic oligonucleotide is complementary 

to apoB100 messenger RNA, and upon binding to the mRNA, degradation by endogenous RNase-

H takes place. This subsequently results in inhibition of synthesis of the apoB protein, and a 

decrease in VLDL and LDL levels45.  

The initial phase 1 study46 showed a dose dependent effect on apoB and LDL as well as on all 

other atherogenic particles. The highly significant dose reductions in LDL-C (table 2) were 

confirmed in a number of studies, including trials in FH patients47-50. The effect on plasma lipids 

was shown not to be influenced by co-administration of other lipid-lowering medication47, 50. In 

addition to its beneficial effect on LDL-C, nipomersen also lowered serum levels of apoB, 

triglycerides and Lp(a). A dose of 200 mg mipomersen once weekly administered subcutaneously 

was selected for further evaluation in phase 3 clinical trials. Reductions in LDL-C lasted up to 4 

weeks after the last dose and pharmacokinetic studies showed no clinically relevant interactions 

of mipomersen with the disposition and clearance of simvastatin or ezetimibe51, which is pivotal 

for the role of mipomersen as additive medication.  

In a recently published double-blind trial, 51 homozygous FH patients, treated with maximum 

tolerated dosages of lipid-lowering medications, were randomly assigned to mipomersen 200 mg 

subcutaneously every week or placebo. After 26 weeks of treatment, a mean reduction in LDL-C 

was observed of 25% in the mipomersen-treated group versus 3% in placebo treated patients (P < 

0.001). In addition, patients treated with mipomersen experienced a 27% reduction in apoB and a 

21% reduction in total cholesterol. No correlation was found between the LDL receptor mutation 

and response to therapy50.
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Similar reductions in LDL-C levels (28%) were shown in a study conducted in 124 patients with 

heterozygous FH, who were on maximally tolerated statin therapy and had a history of coronary 

heart disease. It is of note that 45% of these high-risk patients treated with mipomersen reached 

the treatment goal of LDL-C below 100 mg/dL52.  

Mipomersen is well tolerated and commonly described adverse events include injection site 

reactions, flu-like symptoms and increases in alanine aminotransferase (ALT). The latter were 

shown not to be directly related to increased steatosis, as being measured in a study using MR-

spectroscopy53.  Mipomersen should be considered a potential novel treatment modality in FH, 

given its lipid lowering effect, relatively easy mode of administration and lack of interactions with 

other lipid modifying drugs. 

PCSK9 targeted therapy 

After the initial report that gain of function mutations in the gene encoding for Proprotein 

convertase subtilisin/kexin type 9 (PCSK9) cause Mendelian hypercholesterolemia3, PCSK9 has 

gained large interest as target for lipid lowering. PCSK9 has been shown to be a pivotal regulator 

of LDL-C metabolism by virtue of its role in lysosomal degradation of the LDL receptor within 

hepatocytes.  The notion that loss-of-function PCSK9 mutations confer a 80% CVD risk reduction54 

has further substantiated the role of PCSK9 as potential target.   

Although PCSK9 could be anticipated to act as a protease on other substrates as well, it is of 

importance to note that subjects with life long half normal activity of PCSK9 due to loss of 

function mutations were not characterized by other untowards clinical features. 

A number of strategies to specifically lower PCSK9 activity are currently in different stages of 

development and testing: antisense nucleotide based therapy (similar to Mipomersen described 

above)55, monoclonal antibodies binding to the catalytic site of PCSK9 (eg. AMG 145, 1D05-IgG2 

and REGN727) and siRNAs.  

Although animal studies have shown beneficial effects of use of these novel compounds (with 

LDL-lowering up to 80%)56, 57, no human studies on the effect of either of these different 

strategies have been published thus far.  

The finding, however, that statins and fibrates induce increased PCSK9 expression58 further 

underlines that PCSK9 inhibition could induce robust LDL-C reductions as add on therapy and a 

number of phase II and phase III trials will likely be initiated soon. 

 

   
 

Microsomal Triglyceride Transfer Protein Inhibitors  

Microsomal Triglyceride Transfer Protein (MTP) plays an important role in the hepatic assembly of 

plasma lipoproteins, by mediating the transfer of triglycerides to VLDL59, 60. MTP mutation carriers 

are characterised by hypobetalipoproteinemia61 and one could therefore anticipate a MTP 

lowering therapy to result in a decrease of VLDL and LDL-C levels (table 2). Indeed, Cuchel and 

coworkers showed that MTP inhibition by means of BMS-201038 gave rise to ~50% reductions of 

plasma LDL-C levels in the highest dosage (0.1mg/kg/day). This trial, performed in six homozygous 

familial hypercholesterolemia patients62, however, also showed that MTP inhibition induced an 

increase in hepatic steatosis. This finding raised serious concerns, and the drug is therefore only 

studied at its higher dosages in homozygous FH patients where LDL-C reduction is considered to 

outweigh potential steatosis. The maximum studied dose in a subsequent trial in 10 homozygous 

patients was 60mg/day, and this regimen resulted in a 44% reduction in LDL-C levels, over and 

above the effect already achieved by co-administered other lipid modifying medication 63. The 

extent of steatosis in this trial was reduced compared to the initial trial. 

A low-dose regimen of MTP inhibition has been studied by Samaha and coworkers64. The 84 

patients with hypercholesterolemia were randomised to ezetimibe 10 mg daily (n = 29); MTP 

inhibition by Lomitapide (also known as AEGR-733 and BMS -201038) in increasing dosages (5.0 

mg, 7.5 mg and 10mg daily for each consecutive 4 weeks (n = 28)); or ezetimibe 10 mg daily and 

Lomitapide administered with the dose titration described above (n = 28). Ezetimibe therapy 

resulted in an expected LDL-C reduction of 20%. Lomitapide was shown to induce a lowering of 

LDL-C levels in a dose dependent manner: 19%, 26% and 30% in the 5, 7.5 and 10mg dosing regimens 

respectively. Combined therapy produced similar but larger dose-dependent decreases (35%, 38% 

and 46%, respectively). Mild transaminase elevations (n = 9) and diarrhoea were the primary cause 

for discontinuations from Lomitapide (table 2). Despite the fact that MTP inhibition induced 

steatosis in high dosages, one might consider MTP and attractive candidate for lipid lowering in 

FH patients if administered in lower dosages.  

 

Thyroid Mimetics 

The notion that hyperthyroidism results in sharply decreased LDL-C levels reduced has driven the 

attempts to mimic this by administration of thyroid hormone analogues. As seen in 

hyperthyroidism, however, these therapies (D-thyoxine and tiratricol) failed, due to the 

associated cardiac and bone-related side effects.  
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Recently, the differential molecular mechanisms underlying the “beneficial” (mainly via the 

thyroid receptor beta (TRbeta) route; this receptor is mainly expressed in the liver) and 

“deleterious” aspects (mediated by TRalpha (expressed in brain and heart) induced processes) of 

hyperthyroidism has been elucidated.  

Eprotirome (KB2115, Karo Bio AB), sobetirome (QRX-431/GC-1, formerly owned by QuatRx 

Pharmaceuticals), and MB07811 (Ligand Pharmaceuticals) are selective TRbeta agonists and they 

are currently in different stages of investigation. 

A recent study showed the effects of adding Eprotirome to standard statin therapy65. In this 12 

week during trial, Ladenson and co workers enrolled 184 patients, who were treated with placebo 

or eprotirome on top of a statin (simvastatin</=40mg  and atorvastatin </+20mg daily).  

Randomisation to placebo or eprotirome in 3 dosages (25, 50 and 100ug daily) resulted in a 

decrease of LDL-C level by 7, 22, 28 and 32% respectively (table 2). Eprotirome was not associated 

with adverse events on heart (arrythmia) or bone (serum markers of bone turnover)65. A large 

phase III trial will start in FH patients in the near future. 

Sobetirome and MB07811 have not been tested for its effect on dyslipidemia in humans, but the 

beneficial effect of eprotirome on LDL-C levels in non-FH patients, holds promise for FH patients. 

 

Cholesterol Ester Transfer Protein Inhibitors  

The HDL bound enzyme Cholesterol Ester Transfer Protein (CETP) mediates the process of 

transfer of cholesteryl esters from HDL particles to apolipoprotein-B-containing particles66. 

Elevated CETP levels were shown to be associated with an increased risk for CAD in apparently 

healthy subjects67 and inhibition of CETP in rabbit models of atherosclerosis dramatically reduced 

the extent of the disease68. Two approaches to inhibit CETP activity have been described; a 

vaccine-based strategy and a small molecule inhibitor mediated method.  

CETi-1 (Avant Immunotherapeutics) is a synthetic peptide that includes residues of the human 

CETP protein. Upon administration, this vaccine raises an immune response and production of 

auto-antibodies against CETP. Initial animal studies showed the efficacy of this vaccine to increase 

HDL-C levels and reduce aortic atherosclerosis69. The phase 1 trial in humans, however, showed a 

relatively poor response in terms of the presence of autoantibodies (in 1 out of 23 patients) and 

the effect on plasma lipid levels was negligible70.  

Torcetrapib (Pfizer), anacetrapib (Merck, MK-0895), dalcetrapib (Roche, formerly known as JTT-

705) and evacetrapib (LY2484595, ElyLilly) are molecules that antagonise CETP activity by binding 

to the protein. The reason why these primarily HDL-C increasing medications are mentioned in 

this review is the fact that Torcetrapib is tested in FH patients and that all CETP inhibitors have 

shown to beneficially affect LDL-C levels. 

   
 

The RADIANCE I trial, in which over 800 patients with FH were enrolled, showed that addition of 

torcetrapib to atorvastatin did not result in reduction of atherosclerosis, as assessed by intima 

media thickness71, despite a significant reduction in LDL-C (21%) and increase in HDL-C (52%). These 

findings are in line with the ILLUMINATE trial, which was prematurely terminated because of 

unexpected increased mortality and morbidity in patients treated with atorvastatin combined 

with torcetrapib72. The exact mechanism underlying this counterintuitive finding is not fully 

elucidated, but a recent chemical systems biology analysis shed light on this topic. The study 

suggested presence of off-target effects of torcetrapib, and these might partially explained by 

the blood-pressure increase induced by torcetrapib 73. The fact that the other CETP inhibitors do 

not show an effect on blood pressure further confirm a molecule specific off target effect. 

The two remaining CETP inhibitors in phase III development, anacetrapib and dalcetrapib, have 

shown to be effective lipid modifiers74, 75, but the cardiovascular outcome trials (DAL-outcomes I 

and II and HPS3/REVEAL) are eagerly awaited. Once shown to benefit mild hypercholesterolemic 

patients and other patients at CVD risk, CETP inhibition is likely to benefit patients with FH.  

 

 

CONCLUSION 

 

During the last decade we have been confronted with an increase in our understanding of human 

lipid biology. This knowledge has given great impetus to the identification of novel strategies to 

inhibit specific pathways in dyslipidemia. Upon approval of efficacy in CVD reduction, these 

agents will be of benefit for all patients at risk, such as FH patients.   
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SUMMARY 

 

The general introduction, chapter 1, provides an historic overview of the research line on FH in 

children, from which this thesis resulted.  

 

PART I: FH AND PREGNANCY 

 

In chapter 2, triggered by two patients from clinical practice, we present a literature review on 

the dilemmas for both mother and unborn child in treatment of women with familial 

hypercholesterolemia during pregnancy. When pregnancy is considered, statins are 

discontinuated for fear of teratogenic effects. Human and animal studies suggest an enhanced 

tendency towards atherosclerosis in offspring of mothers with hypercholesterolemia during 

pregnancy. Chapter 3 comprises a systematic review and meta-analysis of both human and animal 

studies on the teratogenic effects of statins during pregnancy. We found that most of the 

available data suggest, in fact, that statins are not major teratogens. In humans, the observed 

congenital anomalies were isolated and no consistent pattern has emerged that suggests that a 

common mechanism could underlie these observations. Animal studies show conflicting results, 

but in the reports in which an excess of congenital anomalies was reported in the statin treated 

rodents, excessive doses were used compared to the regimens we commonly prescribe to human 

subjects. In chapter 4, we further explored the hypothesis that offspring from 

hypercholesterolemic mothers might have an increased cardiovascular risk in 3 different cohorts 

of mainly children with FH. Our data does not support this hypothesis: we found no significant 

differences in lipid levels or carotid intima-media thickness (c-IMT) between individuals whose 

father had FH compared to individuals whose father had FH.   

Chapter 5 comprises an editorial in which this hypothesis is further pondered on. In chapter 6, the 

important question was addressed whether maternal hypercholesterolemia confers a higher risk 

of CV events for the offspring. It was performed in collaboration with a nationwide screening 

program for FH, providing us with a very large, population-based database including molecularly 

confirmed or excluded diagnosis of FH and its inheritance pattern. What we found was 

unexpected: offspring of a mother with FH seems to be protected from CV events compared to 

offspring of an FH father, with relative risk reductions of 24% and 23%, respectively. This is the first 

study on this subject that included CV events and compared its occurrence between maternal and 

paternal inheritance of FH by survival analysis. Therefore, based on these findings, there is no 

reason to reconsider statin treatment or other cholesterol-lowering therapy in pregnant women 

with FH, as has been suggested before.  

   
 

PART II: SCREENING, DIAGNOSIS AND FOLLOW-UP OF CHILDREN WITH FH: 

 

Chapter 7 is a narrative review about lipid screening in children. We assessed which children 

should undergo screening and which children are in effect identified through the currently 

recommended strategies. Furthermore, different screening tools and currently used strategies in 

Europe are evaluated. We conclude that currently recommended selective screening strategies, 

which are mainly based on family history, lack precision and that a large percentage of affected 

children who are at increased risk for future coronary artery disease are not being identified. 

Universal screening of children between 1 and 9 years of age, seems theoretically to be most 

effective in terms of sensitivity and specificity for the identification of children with FH. However, 

this concept has yet to be proven in clinical practice.  

In chapter 8 we calculated the prevalence of 10,889 identified FH patients in each postal code 

area in the Netherlands and visualised this in different maps. For almost all of the 12 most 

prevalent mutations, a region of high prevalence could be observed. In total, 51 homozygous 

patients were identified in the Netherlands, of which 13 true homozygous for one of the 12 most 

prevalent mutations. The majority of them were living in high prevalence areas for that specific 

mutation. Furthermore, phenotypes with regard to LDL-C levels varied between the different FH 

mutations. Our observations can have implications with regard to the efficiency of molecular 

screening and physician’s perception of FH, and understanding the prevalence and distribution of 

homozygous patients in the Netherlands. In chapter 9, we present a study addressing the 

molecular basis of autosomal dominant hypercholesterolemia (ADH). From a cohort of 1430 

children referred to our Lipid Clinic, we selected 269 patients with a clinical FH phenotype and no 

other conditions predisposing for hypercholesterolemia. In these individuals, a functional 

mutation was identified in 95% of cases (95% in the gene encoding the low-density lipoprotein 

(LDL) receptor; 5% in the gene encoding apolipoprotein B). In contrast to what is claimed in 

previous reports, this indicates that most of the large-effect genes underlying ADH are known to 

date. In chapter 10 we investigate the follow-up of children after a genetic diagnosis of FH has 

been established. We approached 322 parents of FH patients, 18 months after diagnosis. Two 

hundred thirty-three of them gave consent for participation and received a questionnaire 

covering topics such as demographics, family history, physician consultation, and treatment. Of 

207 respondents aged 10.9±4.2 years (mean±standard deviation (SD)), 79% consulted a physician, 

of which only 37% was eventually treated by a lipid-clinic specialist. LDL-cholesterol (LDL-C) level at 

diagnosis and a positive family history for cardiovascular disease were independent predictors for 

physician consultation. Of those who consulted a physician, 62% reported to have received 

lifestyle advice, and 26% were prescribed statin treatment. This study shows that the follow-up of 
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children, diagnosed by the Dutch screening program, is inadequate, due to absence of physician 

consultation or non-referral by consulted physicians. These results underline that implementation 

of adequate follow-up is a prerequisite for an effective FH screening program. 

In chapter 11, we investigated the prevalence and phenotypical characteristics of homozygous FH 

in the Netherlands. The database of the nationwide genetic screening program was queried to 

identify all molecularly defined hoFH patients. Carriers of non-pathogenic mutations were 

excluded. Medical records were analyzed for data regarding lipid levels and CVD events. Out of 

104,682 individuals screened for molecular defects, 49 were classified as hoFH (0.05%); 20 were 

true homozygotes and 25 were compound heterozygotes for LDLR mutations, and 4 were 

homozygous for APOB mutations. No bi-allelic PCSK9 mutation carriers were identified. 

Consequently, the prevalence of hoFH was estimated to be ~1:300,000. Mean LDL-C levels prior to 

lipid lowering treatment were 12.9±5.1 mmol/L (range 4.4-21.5 mmol/L). Surprisingly, only 50% of 

the patients met the clinical criteria for hoADH (LDL-C >13.0 mmol/L); 29% of patients suffered 

from a CVD event. This study shows that the prevalence of molecularly defined hoFH is much 

higher and the clinical phenotype is more variable than previously assumed.  

 

   
 

PART III: TREATMENT OF CHILDREN WITH FH 

 

Chapter 12 is a narrative review on the treatment of different dyslipidemia in children. The 

treatment of all dyslipidemia in childhood starts with life style modification, a diet reduced in fat 

and cholesterol, sufficient physical exercise and, if necessary, weight reduction. Pharmacological 

treatment can be considered from the age of 8, especially in children with familial 

hypercholesterolemia. Several pediatric studies have shown statins to be equally effective as in 

adults, well tolerated and safe in respect of adverse events, growth or sexual development, and 

therefore they are now the preferred LDL-C lowering medication in dyslipidemic children. In 

chapter 13 we present the design and results at baseline of the CHARON study, to evaluate the 

safety and efficacy of rosuvastatin. The study comprises an international 2-year open label, 

titration-to-goal study in 198 children with heterozygous FH aged 6-18 years, with rosuvastatin in a 

maximum dose of 10 mg (< 10 years of age) or 20 mg (older children). Also, 64 unaffected siblings 

were enrolled as controls. At baseline, mean age of FH patients was 12.1 ± 3.3 years, 44% were 

males and mean LDL-C levels were 6.1 ± 1.3 mmol/L (235.9 ± 48.7 mg/dL). Mean c-IMT was 0.399 

mm (95% CI: 0.392-0.406) in children with FH versus 0.377 (95% CI: 0.366-0.388) in unaffected 

siblings (P = 0.001). 

These baseline differences in c-IMT already at a very young age emphasize the importance of 

considering early statin initiation in this high-risk population. Of these same baseline data, c-IMT 

results are further analysed in chapter 14. A significant greater intima-media thickness in children 

with FH as compared to their healthy siblings was observed from the age of 8 years. Multivariate 

analysis showed that age, male sex and presence of FH were independent predictors of intima-

media thickness. Chapter 15 comprises the primary results of the CHARON study. At 24 months, 

LDL-C was reduced by 41, 41 and 35% vs. baseline in patients aged 6–9, 10–13 and 14–17 years, 

respectively (P < 0.001 for all age groups) and was sustained over two years treatment without 

any untoward safety concerns. In a sub-study of the CHARON study, reported in chapter 16, the 

effect of the two-year treatment of rosuvastatin on carotid IMT in FH children is compared to 

their healthy siblings. The significant difference in c-IMT found at baseline was substantially 

diminished after two years, indicating that rosuvastatin treatment in FH children slowed the 

progression of atherosclerosis.  

In chapter 17, the primary results of the AfterTen study are described. In this study we assessed 

long-term efficacy and safety of childhood initiated statin therapy. All 214 FH patients who were 

included in a previous pediatric trial in our centre (and were prescribed statin therapy since), were 

eligible. Ten years later, we invited them the for a study visit including physical examination, 

blood lipid- and safety parameters, and measurement of carotid intima-media thickness (c-IMT). 
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Unaffected siblings, of whom we also had baseline measurements, were included as controls. 

Follow-up was successful in 90% of subjects (age 18-30 years). Measures of LDL-C and absolute c-

IMT were significantly higher in FH subjects, but progression of c-IMT was similar to the level 

observed in controls. This is reassuring in terms of cardiovascular risk reduction. The age of statin 

initiation was a significant predictor for c-IMT, suggesting that earlier treatment results in better 

prevention of atherosclerotic cardiovascular disease. Moreover, and probably most important, no 

untoward safety effects were observed. Chapter 18, 19 and 20 comprise sub-studies of the 

AfterTen study. In chapter 18, the consequences of statins on the incidence of CV events were 

determined. After ten years of treatment, none of the young FH subjects had experienced any CV 

event. We subsequently evaluated data of their 156 affected parents for whom statins were 

available later in life, but who share the FH causing mutation. Compared within the same time 

frame, the cumulative CVD survival at 30 years of age was near 90% in the parental FH group and 

100% in their adult offspring.  

After ten years of childhood-initiated statin treatment, testosterone, estradiol, LH and FSH 

concentrations in young adult FH subjects were within the reference interval and comparable to 

their unaffected siblings, as described in chapter 19. The tolerability and adherence of long-term 

statin therapy was evaluated in chapter 20, using validated questionnaires. Follow-up was 

successful in 95% of subjects (age 18 to 30 years). Side effects, experienced in the last ten years, 

were reported by 20% of the patients, mainly consisting of myopathy and gastrointestinal 

symptoms. Three patients (1.5%) discontinued statin therapy due to side effects. Rhadbomyolysis 

or other major adverse events were not reported. Of the 168 patients (82%) who remained on 

treatment, 79% took >80% of their pills in the last month. None of the patient characteristics was 

significantly associated with adherence.  

In chapter 21, the study efficacy and safety of ezetimibe in young children with FH or non-familial 

hypercholesterolemia is evaluated. 138 children 6 to 10 years of age with diagnosed FH or clinically 

important nonFH (low-density lipoprotein cholesterol [LDL-C] ≥160 mg/dl) were enrolled into a 

multicenter, 12-week, randomized, double-blind, placebo-controlled study.  Following 

screening/drug washout and a 5 week single-blind placebo-run-in with diet stabilization, subjects 

were randomized 2:1 to daily ezetimibe 10 mg (n=93) or placebo (n=45) for 12 weeks. Overall, 

mean age was 8.3 years, 57% were girls, 80% were white, mean baseline LDL-C was 228 mg/dl, and 

91% had FH.  After 12 weeks, ezetimibe significantly reduced LDL-C by 27% after adjustment for 

placebo (p<0.001), and produced significant reductions in total cholesterol (21%), non-high-density 

lipoprotein cholesterol (26%), and apolipoprotein B (20%) (p<0.001 for all). LDL-C lowering 

response in gender, race, baseline lipids and FH/nonFH subgroups was generally consistent with 

overall study results. Ezetimibe was well tolerated, with a safety profile similar to studies in older 

   
 

children, adolescents, and adults. Chapter 22 comprises a narrative review on current and future 

treatment options in FH. Statins are still the cornerstone in the current regimen. However, 

additional therapies are eagerly awaited, especially for those patients not tolerating statin 

therapy or not reaching the goals for therapy.  

Our understanding of LDL metabolism has improved over the last years and an increasing number 

of potential novel targets for therapy have been recently identified. Some of these emerging 

therapies have proven to be effective in lowering plasma LDL-C levels and are as such expected to 

have beneficial effects on CVD.  
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or other major adverse events were not reported. Of the 168 patients (82%) who remained on 
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significantly associated with adherence.  

In chapter 21, the study efficacy and safety of ezetimibe in young children with FH or non-familial 
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important nonFH (low-density lipoprotein cholesterol [LDL-C] ≥160 mg/dl) were enrolled into a 

multicenter, 12-week, randomized, double-blind, placebo-controlled study.  Following 
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overall study results. Ezetimibe was well tolerated, with a safety profile similar to studies in older 

   
 

children, adolescents, and adults. Chapter 22 comprises a narrative review on current and future 

treatment options in FH. Statins are still the cornerstone in the current regimen. However, 

additional therapies are eagerly awaited, especially for those patients not tolerating statin 

therapy or not reaching the goals for therapy.  

Our understanding of LDL metabolism has improved over the last years and an increasing number 

of potential novel targets for therapy have been recently identified. Some of these emerging 

therapies have proven to be effective in lowering plasma LDL-C levels and are as such expected to 

have beneficial effects on CVD.  
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GENERAL DISCUSSION AND FUTURE PERSPECTIVES 

 

The work presented in this thesis covers different aspects of children with familial 

hypercholesterolemia (FH), ranging from dilemmas considered during development in utero, 

screening and (molecular) diagnosis, and treatment. In this final chapter, I will discuss the issues 

addressed in the three parts of my thesis.  

 

 

FH IN PREGNANCY 

 

Statin treatment of FH patients, preferably from a young age, is mandatory to prevent premature 

cardiovascular disease (CVD). However, all statins are contraindicated during pregnancy based on 

their potential teratogenic effects. On top of the physiological gestational increase of cholesterol 

levels, pregnant women with FH often have severely elevated LDL-C levels. Yet, as presented in 

chapter 2 most of the available data suggest that statins cannot be considered teratogenic when 

taken in normal dosages. In a recent study, Bateman and colleagues confirmed in a large cohort 

that in the first trimester, statins do not increase the risk of malformations in the fetus. They 

showed that the occurrence of malformations after statin use was confounded by other pre-

existing circumstances associated with statin use, mainly diabetes.1 However, teratogenic risks 

are particularly difficult to detect, and absence of risk is even harder to establish with confidence. 

Until additional data become available, it would be prudent to advise women with a wish for 

pregnancy to discontinue statins. On the other hand, interruption of pregnancy should not be a 

consideration in cases of inadvertent exposure. Large multicenter prospective cohort studies that 

enrol women who have been inadvertently exposed to a statin in early pregnancy seem to be the 

best next step. Use of other drugs and co-morbidity must be reported accurately and risk-

matched controls should be recruited concurrently. Furthermore, experimental data support the 

idea that statin during pregnancy could be useful in the prevention of pre-eclampsia. However, 

these mechanistic arguments have, as yet, not been supported by clinical evidence.2 

As discussed in chapter 1 , considering the cholesterol levels during pregnancy that exceed 

approximately the physiological range by two- or threefold, the growth of atheroma in pregnant 

women with FH is not unlikely, even more so if treatment cessation spans a period much longer 

than pregnancy itself. Therefore, the risk for women with FH with subsequent pregnancies, long-

term breast feeding, or an unfulfilled pregnancy that can prolong the period of statin 

discontinuation, should be further explored.  

   
 

According to the “Barker hypothesis”, maternal hypercholesterolemia during pregnancy is 

thought to confer increased cardiovascular risk for her offspring, possibly by epigenetic 

programming of metabolism during fetal development as a result of high cholesterol exposure in 

utero. The population of FH patients provides a unique opportunity to study this. Because 

hypercholesterolemia in these patients is the consequence of a single gene mutation, the “Barker 

hypothesis” can be explored by comparing offspring of FH mothers with offspring of FH fathers. 

In this thesis, we have shown some interesting associations. In contrast to what was previously 

reported, we found no differences in lipid levels or carotid intima-media thickness (c-IMT) 

between offspring of FH mothers as compared to FH fathers in both children and adults (chapter 

4).  In chapter 6, we did find a slightly higher total cholesterol and LDL-C in FH patients from FH 

mothers as compared to FH fathers, but this was non-significant after adjustment for statin use. 

But even if there would be a small difference, is this clinically relevant? Do these differences in 

lipid levels lead to an increased cardiovascular disease risk? This important question is addressed 

in chapter 6. For this study, we collaborated with the Dutch screening program for FH, providing 

us with a very large, population-based database with molecularly confirmed inheritance patterns 

of FH. What we found was unexpected: maternal hypercholesterolemia was associated with a 

lower CVD risk than paternal hypercholesterolemia! This was true for both FH offspring and non-

FH offspring with relative risk reductions of 24% and 23%, respectively. Except for a very small 

study within one pedigree which showed a higher standard mortality rate for all-cause mortality 

in subjects who inherited FH maternally, the effect of inheritance pattern of FH and clinical 

endpoints was never studied before. Ideally, this study should be repeated in other cohorts. 

However, the extent of the Dutch screening program is unique and, as far as we know, no other 

large cohorts with genetically confirmed inheritance patterns in FH families exist in the world.  

We can only speculate on possible explanations for our finding of a possible favourable effect of 

maternal hypercholesterolemia.  Perhaps, in line with the physiological cholesterol increase 

during (nonFH) pregnancies, supraphysiological cholesterol levels due to FH have beneficial 

effects for the fetus. Pregnancy outcomes of offspring from FH mothers as compared to FH 

fathers could be evaluated to further explore this. For now, there is no reason to reconsider statin 

treatment or other cholesterol-lowering therapy in pregnant women with FH because of a risk for 

the unborn child, as has been suggested before. 

It is interesting to further contemplate on possible favourable effects of FH. Recently, in the same 

cohort, it was shown that among patients with FH, the prevalence of type 2 diabetes was 

significantly lower than among unaffected relatives.3 In previous studies, higher survival of 

patients with FH was reported as well,4,5 and it was suggested that hypercholesterolemia may 

have conferred a survival advantage when infectious disease was prevalent.6  
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SCREENING, DIAGNOSIS AND FOLLOW-UP PF CHILDREN WITH FH  

 

Pediatricians should screen children with disorders known to possibly cause secondary 

dyslipidemia, such as obesity and diabetes. The most difficult but important challenge, however, 

is to identify children with FH, as they experience no complaints or symptoms. The imprecision of 

clinical screening strategies for FH emphasizes the importance of genetic testing for a definite 

diagnosis of FH. In chapter 9, we show that, when rigorous criteria are used to select patients 

with the FH phenotype in a pediatric cohort, and when thorough molecular diagnostic methods 

are applied, a mutation can be identified in 95% of cases. This implies that most of the large-effect 

genes underlying FH have been discovered, which contributes to the feasibility of genetic 

screening. Nonetheless future genetic studies should seek for the molecular basis underlying FH 

of those few patients in whom no mutation can yet be found.  

Although cascade screening has been very successful and cost-effective in the Netherlands, this 

strategy might not work well in larger countries where families are small or geographically 

dispersed, and genetic heterogeneity is prevalent. The strategy of universal screening of 

screening children when they visit their general practitioner for routine vaccination at young age 

is promising, and in line with the findings of a meta-analysis that cholesterol levels discriminate 

best between people with and without FH at the ages of 1-9 years. Recently, Klançar and 

colleagues from Slovenia, showed that in 57% of children with elevated cholesterol levels 

measured at the age of 5 years in a universal screening program, FH could be genetically 

confirmed.7  

It is as paradox that FH is underdiagnosed and undertreated while the importance of early disease 

management is well established. Therefore, a systematic screening strategy is essential. Although 

more evidence is required to determine the optimal screening approach, is seems that universal 

screening in children and cascade screening should be closely integrated.  

Adequate diagnosis is worthless without subsequent follow-up and treatment according to set 

guidelines. In chapter 10 we show that even after a positive screening result for FH, followed by 

an explicit written recommendation to visit a physician for further follow-up, over 20% does not 

do so. Therefore, adequate follow-up as an integrated part of diagnostic programs for FH patients 

should be pursued. From January 2014 screening for FH is part of the regular healthcare instead of 

population screening in the Netherlands, and has to be requested through the general 

practitioner, which might improve follow-up. The follow-up of FH patients after screening 

through this new approach has to be evaluated in the future.  

In chapter 8, we showed that for most of the prevalent mutations in the Netherlands, a founder 

effect can be observed, resulting in differences in geographical prevalence across the 

   
 

Netherlands. Molecular screening can be more efficient if it is tailored to the allele frequency 

distribution of the Dutch population. Originated from the high prevalence of homozygous 

patients we found in this study, the study described in chapter 11 was conducted. Here we found 

that the prevalence of molecularly defined homozygous FH is much higher and the clinical 

phenotype is more variable than previously assumed. In light of the fact that novel therapies are, 

or will be registered for treatment of homozygous FH patients, an uniform definition of 

homozygous FH either as a phenotypic or molecular entity is warranted in order to identify 

patients who are considered to be eligible for these novel agents.  

 

 

TREATMENT OF CHILDREN WITH FH 

 

Undoubtedly, statins effectively lower LDL-C levels in children with FH, which is again shown in 

chapter 15. The benefit of statin treatment in the prevention of CVD has been shown in 

retrospective studies in adults with FH.  In children, it was already shown in the ‘LIPID’-study that 

statin treatment can decrease c-IMT. In chapter 17, we showed in this same cohort that ten years 

of statin therapy reduces c-IMT progression to a level similar to that of unaffected siblings. 

Furthermore, in chapter 18 we showed that at the age of 30 years, the CVD free survival was 

significantly higher in these FH patients who started statin treatment in childhood compared to 

their affected parents who started statin therapy at a later age. So, statin therapy initiated at an 

early age in FH patients seems to be effective in the prevention of very premature CVD. 

Given the effect of statins on endogenous cholesterol biosynthesis, concerns have been raised 

about the safety of these drugs in children. Cholesterol plays a pivotal role in human physiology, 

for example as a constituent of cell membranes and a variety of hormones. However, several 

pediatric studies and meta-analyses reveal an excellent safety profile, but all of these studies are 

of limited duration. In chapter 17 we assessed safety parameters of almost 200 children with more 

than 10 years of follow-up. No adverse safety effects were found, with all subjects being followed 

into adulthood. Additionally, in chapter 19, we found similar hormone levels between statin 

treated FH patients and their unaffected siblings.  In chapter 20 we showed that statin therapy 

was well tolerated in this cohort; only a small minority discontinued therapy because of side 

effects and reported side effects were mild. Yet, available studies are statistically underpowered 

for the detection of more rare or subtle outcomes with a large natural variation. Obviously, 

further safety data should be gathered from larger cohorts with longer follow-up in the future. 

However, thus far, all evidence acquired supported the safety of statin use during childhood. In 

addition, the safety of statins in adults is firmly established. 
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Thus, undoubtedly, FH patients should be treated with statins from a certain age, to prevent 

them from CVD. What this exact age should be, remains a difficult question and is probably 

different for each individual as many factors contribute to cardiovascular risk. In chapter 14, the 

difference in c-IMT between FH subjects and unaffected siblings was shown to be significant 

before the age of 8. This finding may suggest that statins should be started possibly from a 

younger age than is currently recommended, as treatment should preferably be started before 

the process of atherosclerosis is detectable.  However, it is not exactly known to what extent this 

increase in c-IMT is reversible at such a young age.  In chapter 17 we showed that age at which 

statins were started was positively associated with c-IMT after ten years, suggesting the earlier 

statin therapy has started, the better. Furthermore, this study showed that c-IMT is higher in FH 

patients as compared to non-affected siblings, still after 10 years of treatment, suggesting that 

more robust lipid-lowering therapy and/or even earlier statin initiation may be required to restore 

arterial wall morphology to non-FH values in order to avert cardiovascular events. Indeed, this is 

supported by the results of the CHARON trial described in chapter 15 and 16. In this trial, children 

were started on 5 mg of rosuvastatin once daily and underwent up-titration to achieve a more 

stringent LDL C target of <2.85 mmol/L during the 2-year treatment period to a maximum daily 

dose of 10 mg (aged 6–9 years) or 20 mg (aged 10–17 years). We showed a significantly slowed 

progression of c-IMT in these children as compared to their unaffected siblings (chapter 16). As a 

consequence, the significant differences in c-IMT found at baseline between the FH children and 

their siblings were substantially diminished after two years.  

Patients with FH are, unlike most patients with secondary or polygenic hypercholesterolemia, 

exposed to elevated LDL-C levels from birth, accelerating the development of atherosclerosis. 

Therefore they should be considered high-risk patients. However, the occurrence of 

cardiovascular events in FH remains variable, ranging from severe disease in up to 10% of affected 

patients before the age of 40, to absence of cardiovascular disease until late in life in a similar 

percentage.  When screening for FH will become more successful, this would probable yield a 

group of patients with a less severe phenotype, resulting in even more FH patients without any 

CVD. This is indeed our own experience at the outpatient clinic. In the last decade, children are 

more frequently referred through the national screening program than because of their severe 

phenotype or premature CVD in one of their parents. The family history of (premature) CVD and 

the lipid levels of the children from the screening program are mostly much less severe than that 

of the latter group. It would be interesting to perform survival analyses of individuals tested 

through the screening program and compare between those with and without a FH mutation. 

This would probably result in a lower CVD risk than was previously found in the FH population. 

   
 

However, because a substantial part of patients (fortunately) is treated with statins from a 

certain age, it is not easy to study the ‘natural history’ of FH in this era.  

Thus, there is a need for studies of risk stratification including imaging of subclinical 

atherosclerosis. In an FH patient with more advanced disease than expected, intensifying therapy 

can be lifesaving. On the other hand, it is possible that in patients with a much less severe 

phenotype, LDL-C targets can be less stringent, even more when they are treated from a young 

age. However, there is no evidence on how to integrate findings of subclinical atherosclerosis into 

clinical guidelines.  

Although current guidelines advise statin treatment in childhood to prevent CVD that possibly will 

occur after many decades, and even there is still a lot to learn about the consequences of statin 

treatment in children, I do think that currently the efficacy, safety and tolerability of statins have 

been proven solidly enough to strongly recommend the initiation of therapy from the age of 8 

years in children with FH. Future research should also focus on treatment goals for children. 

However, in the unusual case that a child experiences side effects, this should be reconsidered. 

Depending on the LDL-C levels and the family history, statin therapy should then be started at a 

later age. Ezetimibe, as discussed in chapter 21, can also be an alternative. Furthermore, the 

search for novel, more potent therapeutic regimens in terms of lipid-lowering efficacy should be 

continued.  
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COMMENTS ON COCHRANE REVIEW 
 

Amsterdam, 24-09-2010 

Dear editors, 

We have read the review “Statins for children with hypercholesterolemia” with interest, but a 

number of important issues merit further discussion. First of all, we do not agree with the 

authors’ interpretation of the Guidelines from the American Heart Association1, nor with their 

review of the recommendations of the National Lipid Association Statin Safety Assessment Task 

Force2. Since Cochrane Reviews are authorative and might well influence clinical decision making, 

we strongly feel that the representation of any guidelines must be correct and should not have a 

subjective character. Furthermore, an essential error is made in using the data of Wiegman et al3 

that concerns the observed change in carotid intima-media thickness (IMT) measurements. Last, 

we would like to point out that throughout the review at some points the authors’ findings are 

incomplete or not fully correct and the described methods as well as the analyses lack the 

necessary rigor. Once again, since a Cochrane Review is considered as the highest level of 

evidence and will influence clinicians, we are disappointed in this review in its current form and 

we hope the issues which are outlined below will be corrected or clarified. If desired, of course we 

are willing to assist on this.  

 

With kind regards, 

D.M. Kusters, B.A. Hutten, M.N. Vissers, A. Wiegman, F.A. Wijburg and J.J.P Kastelein 

Department of Pediatrics / Department of Vascular Medicine / Department of Clinical 

Epidemiology, Biostatistics and Bioinformatics  

Academic Medical Center, Amsterdam, the Netherlands 
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1. Interpretation of American Heart Association guidelines and National Lipid Association Statin 

Safety Assessment Task Force recommendations 

• We do not agree with the following explanation of the AHA guidelines : 

Page 10: “In the American Heart Association (AHA) guidelines for drug therapy of high-risk 

lipid abnormalities in children, for FH children with serum LDL cholesterol concentrations less 

than 4.1 mmol/L, drug therapy is recommended only if child with FH has one or more other 

cardiovascular risk factors in addition to family history (McCrindle 2007). This 

recommendation would also mean, that there is no need to decrease the serum LDL 

cholesterol concentration below 4.1 mmol/L in a child with FH child without additional 

cardiovascular risk factors. This guideline would also diminish the need to use high doses of 

statins in children with FH; a fact which should be given serious consideration, since 

increasing the dose also increases the risk of adverse effects. “  

In fact, the guideline recommends to consider drug therapy in all children ≥ 10 years of age with 

LDL-C levels ≥ 4.9 mmol/L, and in children with LDL-C levels between 4.1 mmol/L and 4.9 mmol/L, 

together with a positive family history for premature cardiovascular disease OR 2 or more 

additional risk factors. This is in agreement with the recently published AAP-guidelines4. 

Treatment goals should be at least 3.35 mmol/L, and ideally 2.85 mmol/L. In the above mentioned 

paragraph, it is stated that there is no need to decrease LDL-C below 4.1 mmol/L, but this is 

definitely NOT a recommendation of the AHA guideline. Consequently, it cannot be concluded at 

all that the guideline would diminish the need to use high doses of statins in children with FH. As a 

matter of fact, these guidelines (together with the updated AAP-guidelines) advocate intensified 

therapy compared to the previous ones because of the accumulating evidence on drug therapy in 

children! We realise that there will always be some controversy about these guidelines as it is not 

definitely proven that lipid-lowering treatment initiated in childhood results in a reduction of 

cardiovascular events. And of course, we do not want to advocate the unnecessary treatment of 

children or treatment with adult statin doses, but the consensus that adequate lipid-lowering 

treatment is indicated for at least a proportion of children with FH is widespread. If the authors 

choose to discuss the current guidelines in this review, the guidelines (of the AHA as well as the 

even more recent published AAP guidelines) should be explained correctly. Furthermore, the 

passage referring to the review of Alsheikh-Ali does not fit into this paragraph at all (“The authors 

of a recent review postulated that drug- and dose-specific effects are more important determinants 

of liver and muscle toxicity than is the magnitude of LDL cholesterol lowering (Alsheikh-Ali 2007)”), 

and we strongly advise to leave it out of this paragraph.  

   
 

Reply: We have modified the paragraph as follows: 

In the American Heart Association (AHA) guidelines for drug therapy of high-risk abnormalities in 

children, pharmacological treatment is recommended for FH children with serum LDL cholesterol 

concentration higher than 4.9 mmol/L  and for FH children with serum LDL cholesterol 

concentrations higher than 4.1 mmol/L, if other risk factors are present (McCrindle 2007). 

Regarding children with FH and LDL cholesterol level below 4.1 mmol/L, it would be then be 

logical not to treat every child pharmacologically, even if the child would have additional risk 

factors of CHD. This guideline would also diminish the need to use high doses of statins in children 

with FH; a fact which should be given serious consideration, since increasing the dose also 

increases the risk of adverse effects. 

Additional comment: The reference Alsheikh-Ali is stating that: “Instead, we observed that rates 

of elevated liver enzymes were significantly associated with the dose of statin used, even after 

controlling for the corresponding magnitude of LDL-C reduction, whether all statins are assessed 

as a group, or individually.” We think that we have referred it correctly.  

• Page 10: In the paragraph on monitoring liver function tests, we do not agree with the 

explanation of the recommendations of McKenney2. McKenney et al in fact highlight that 

a causal link between statin use and hepatotoxicity has never been proven. They 

recommend a thorough review of data on statin use and liver problems and, if found 

warranted, removal of a recommendation for liver function monitoring from the 

prescribing information.  With regard to fractionated bilirubin, our interpretation of the 

recommendation is that measurement of, but not to measure fractionated bilirubin 

routinely in all patients to detect possible liver dysfunction, as it is formulated in the 

review. 

Reply: We have modified the sentence as follows: 

They underline the importance of monitoring possible symptoms related to liver dysfunction, and 

also advise that fractionated bilirubin can be used to ascertain liver injury if liver problems are 

presumed to be at hand. 

•  Furthermore, we do not agree with the authors’ conclusion “It can be concluded that even 

though liver toxicity has not been reported so far, the risk still exists”; in fact this phrase is 

gratuitous and should be adjusted. Consequently, we do not think it should be 

recommended to add new laboratory standards to the routine monitoring measurements 

in future studies (“Therefore, any new studie(s) of children with FH (children) should be 
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planned so that possible hepatotoxicity symptoms are routinely monitored using 

standardized methods and, additionally, new laboratory standards should be used in 

detecting possible liver toxicity.”). As in any drug study, FDA guidelines and Hy’s law can 

be used to examine drug induced liver injury.  

Reply: The authors of this letter to the editor appear to be correct regarding adults, as shown in a 

very recent paper (Athyros et al. Safety and efficacy of long-term statin treatment for 

cardiovascular events in patients with coronary heart disease and abnormal liver tests in the 

Greek Atorvastatin and Coronary Heart Disease Evaluation (GREACE) Study: a post-hoc analysis. 

Lancet 2010; 376: 1916-1922). However, we still insist that extra caution needs to be exerted when 

a life-long statin treatment is started already in childhood. Therefore, we are not willing to chance 

our conclusions. 

2. Error in data on IMT change 

• Page 7:“1. Change in thickness of carotid intima:  One study reported on this outcome 

(Wiegman 2004). The difference in mean relative reduction in thickness of carotid intima at 

follow-up (two years) between those treated with statin and those with a placebo was 0.01 

mm (95% CI -0.01 to 0.02) ( Analysis 1.1).” First of all, an important error is made in the data 

of Wiegman3. In analysis 1.1 the change in carotid IMT in the statin group is given as 0.01 

(0.048) mm (IMT progression), where it should be -0.010 (0.0.48) mm3 (IMT regression). 

This results in a mean difference of -0.01 [-0.03, -0.00], as is shown in the adjusted forest 

plot: 

Study or Subgroup
1.1.1 At 2 years
Wiegman 2004
Subtotal (95% CI)
Heterogeneity: Not applicable
Test for overall effect: Z = 2.36 (P = 0.02)

Mean

-0.01

SD

0.048

Total

104
104

Mean

0.005

SD

0.044

Total

107
107

Weight

100.0%
100.0%

IV, Fixed, 95% CI

-0.01 [-0.03, -0.00]
-0.01 [-0.03, -0.00]

Statins Placebo Mean Difference Mean Difference
IV, Fixed, 95% CI

-0.02 -0.01 0 0.01 0.02
Favours statins Favours placebo  

This shows that the overall change in carotid IMT differed significantly between the two 

groups, favouring the pravastatin group. Secondly, this is the mean absolute reduction in 

IMT instead of the reported relative reduction. We suggest to replace this paragraph by 

“One study reported on this outcome (Wiegman 2004). Carotid IMT of those children 

treated with pravastatin showed a regression as compared with the placebo group ; the 

difference in mean absolute reduction in thickness of carotid intima-media at follow-up 

   
 

(two years) between those treated with statin and those with a placebo was -0.01 mm 

(95% CI -0.03 to -0.00).” As carotid IMT is a well established surrogate marker of future 

vascular disease, this finding is of great importance. We therefore suggest discussing this 

study in the Discussion section of the review as well. 

Reply: The error has been corrected (see Issue 5, 2011).  

3. Other incorrect / incomplete issues  

Methods / analysis: 

• Page 4: “Date of most recent search: 11 March 2010”. In March 2010, the study of Avis et al 

which comprised a 12-week double-blind , randomized, placebo-controlled trial with rosuvastatin5 

was published and should be included as well. Moreover, the results of this study were presented 

on a poster presentation during the 58th Annual Scientific Sessions of the American College of 

Cardiology in 20096  

 

Reply: This study will be analyzed in updated version of this review. You are right that this study 

was available 9/3/2010. Unfortunately delay in searching programmes caused this unfortunate 

missing this article. The study will be included in next up-date (2012). 

• Page 6: “The study of Wiegman is therefore excluded from the follow-up LDL cholesterol 

analyses, which were carried out either by using LDL cholesterol concentrations or 

percentage reduction at the end of the follow-up.” We think it is a serious mistake to 

exclude the study of Wiegman from the LDL-C analyses. Data on relative LDL-C reduction 

could be extracted from the meta-analysis of Avis et al7, or otherwise the authors could 

have asked for the data and calculate the relative reduction themselves. We suggest to 

redo the analyses, including the data of Wiegman3 and Avis5; it almost appears as if the 

authors did not want these data highlighted.  

Reply: We will ask the trial authors to provide the SDs for the relative changes in order that these 

data can be included in a future version of the review. If we are not successful in gaining these 

data, we plan to impute the SDs  from other data available in the trial report (or from other similar 

trial reports). 

• Page 4: “We combined data when feasible using a fixed-effect model of analysis.” We feel 

that “when feasible” is vague for the readers. It should be clearly defined, when it is 
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feasible to combine data and when it is not. In addition, the authors should specify the 

intended analyses for both options.  

Reply: We considered that the data could be combined if the outcome and the follow-up matched 

with each other. This is such a methodological issue that we do not consider it reasonable to 

discuss in a review like this. Both models for this data give similar effect estimates so that the 

confidence intervals are larger in random effect models. When there is such a small number of 

studies available,  the random modelling does not give any particular advantage over fixed-effect 

modelling. 

• Page 7: “The trials can be considered clinically comparable even though the results showed 

statistical heterogeneity. This heterogeneity was present at six months (I2=86%) and at one 

year (I2=81%), but not at one month.” The authors used fixed effect models to combine the 

data in analysis 1.2 and by using these models, they actually ignore the existence of 

“considerable” statistical heterogeneity (I2>75%, see methods section). We feel that a 

fixed effect model is not the most appropriate method to combine these data and instead 

of using fixed effect models, we strongly recommend to use random effect models, to 

perform subgroup analyses, or not to pool at all. The same applies for the analysis 1.9 on 

total cholesterol levels. Furthermore, the heterogeneity calculated in analysis 1.2 is 

different from the heterogeneity mentioned, in the text (in analysis 1.2: at 6 months; I2 = 

86% and at 1 year; I2 = 93%).  

Reply: We consider that heterogeneity index becomes valuable statistical measure only when 

there are lot of studies in the analysis. The number of studies that could be included in our 

analysis were painfully small.  

Clinical diagnosis of FH:  

• Page 2: “Diagnosis of FH in children is based on a total cholesterol level of above 6.7 mmol/L 

and a LDL cholesterol level above 4.0 mmol/L on two measurements taken one month apart 

(Wray 1996) or a DNA-based analysis.” We do not agree with this diagnosis. If genetic 

testing (the criterion standard) can not be performed, criteria for a clinical diagnosis are 

increased lipid levels combined with a family history of hyperlipidemia and premature 

cardiovascular disease. Physical symptoms of cholesterol deposits in the skin, eyes or 

tendons known as xanthelasmas, arcus corneae and tendon xanthomas, respectively, can 

be present, although rare in children. Wiegman reported that an LDL-C level > 3.5 mmol/L 

   
 

present in a child of a FH parent, predicted the presence of a LDL-receptor mutation in the 

child with a 0.98 posttest probability8. This should be discussed as well.  

Reply: This sentence ”Diagnosis ... or a DNA-based analysis” has been modified: “Serum LDL 

cholesterol level in untreated FH children is typically above 4 mmol/L (Wray 1996).” 

• Page 3: “Children and adolescents aged up to 18 years (at start of trial) with a clinical 

diagnosis of heterozygous FH (the level of serum total cholesterol is higher than the age-

adjusted normal upper limit and at least one parent has been diagnosed with 

hypercholesterolemia) or those children diagnosed by genetic testing.” Again, this definition 

of a clinical diagnosis of heterozygous FH is not a commonly used one, see above.  

 

Reply: This is based on the studied articles and their definitions. This is the least stringent 

definition in the papers cited. 

 

Definitions of liver issues and myalgia / myopathy / rhabdomyolysis:  

• Page 3: “Rare side-effects such as hepatotoxicity have occurred in patients given high doses 

(less than one per cent) and less frequently during treatment with low doses”. The 

statement that statins can cause hepatotoxicity is out of date; the causality between 

statin use and hepatotoxicity was never established. We think that opinions regarding 

liver issues and statin safety should be formulated very carefully. The used reference of 

Knopp is a (not very recent) general review on drug treatment and should not be used for 

this statement. Furthermore, clear definitions of myopathy should be given, since no 

consensus on the definition of statin myopathy exists. Joy and Hegele summarized 

proposed definitions in their review9. However, the definition used in the Cochrane 

Review is not one of these and does not exist (“Myopathy, defined as muscle pain with 

serum creatine kinase concentrations of more than 1000 U per liter”), and we suggest to 

replace it by the proposed definition of McKenney et al: “creatine kinase levels > 10 x ULN 

with symptoms of myalgia”2. “Myotoxicity (toxic effects on muscle)” is not a commonly 

used classification and should be replaced by rhabdomyolysis.  

 

Reply: We will add additional very recent reference: Beltowski J, Wójcicka G, Jamroz-Wisniewska 

A. Adverse effects of statins – mechanisms and cosequences. Current Drug Safety 2009, 4: 209-

228. We have corrected in the Chapter “Why it is important to do this review" 1000 U by >10xULN. 
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feasible to combine data and when it is not. In addition, the authors should specify the 

intended analyses for both options.  

Reply: We considered that the data could be combined if the outcome and the follow-up matched 

with each other. This is such a methodological issue that we do not consider it reasonable to 

discuss in a review like this. Both models for this data give similar effect estimates so that the 

confidence intervals are larger in random effect models. When there is such a small number of 

studies available,  the random modelling does not give any particular advantage over fixed-effect 

modelling. 

• Page 7: “The trials can be considered clinically comparable even though the results showed 

statistical heterogeneity. This heterogeneity was present at six months (I2=86%) and at one 

year (I2=81%), but not at one month.” The authors used fixed effect models to combine the 

data in analysis 1.2 and by using these models, they actually ignore the existence of 

“considerable” statistical heterogeneity (I2>75%, see methods section). We feel that a 

fixed effect model is not the most appropriate method to combine these data and instead 

of using fixed effect models, we strongly recommend to use random effect models, to 

perform subgroup analyses, or not to pool at all. The same applies for the analysis 1.9 on 

total cholesterol levels. Furthermore, the heterogeneity calculated in analysis 1.2 is 

different from the heterogeneity mentioned, in the text (in analysis 1.2: at 6 months; I2 = 

86% and at 1 year; I2 = 93%).  

Reply: We consider that heterogeneity index becomes valuable statistical measure only when 

there are lot of studies in the analysis. The number of studies that could be included in our 

analysis were painfully small.  

Clinical diagnosis of FH:  

• Page 2: “Diagnosis of FH in children is based on a total cholesterol level of above 6.7 mmol/L 

and a LDL cholesterol level above 4.0 mmol/L on two measurements taken one month apart 

(Wray 1996) or a DNA-based analysis.” We do not agree with this diagnosis. If genetic 

testing (the criterion standard) can not be performed, criteria for a clinical diagnosis are 

increased lipid levels combined with a family history of hyperlipidemia and premature 

cardiovascular disease. Physical symptoms of cholesterol deposits in the skin, eyes or 

tendons known as xanthelasmas, arcus corneae and tendon xanthomas, respectively, can 

be present, although rare in children. Wiegman reported that an LDL-C level > 3.5 mmol/L 

   
 

present in a child of a FH parent, predicted the presence of a LDL-receptor mutation in the 

child with a 0.98 posttest probability8. This should be discussed as well.  

Reply: This sentence ”Diagnosis ... or a DNA-based analysis” has been modified: “Serum LDL 

cholesterol level in untreated FH children is typically above 4 mmol/L (Wray 1996).” 

• Page 3: “Children and adolescents aged up to 18 years (at start of trial) with a clinical 

diagnosis of heterozygous FH (the level of serum total cholesterol is higher than the age-

adjusted normal upper limit and at least one parent has been diagnosed with 

hypercholesterolemia) or those children diagnosed by genetic testing.” Again, this definition 

of a clinical diagnosis of heterozygous FH is not a commonly used one, see above.  

 

Reply: This is based on the studied articles and their definitions. This is the least stringent 

definition in the papers cited. 

 

Definitions of liver issues and myalgia / myopathy / rhabdomyolysis:  

• Page 3: “Rare side-effects such as hepatotoxicity have occurred in patients given high doses 

(less than one per cent) and less frequently during treatment with low doses”. The 

statement that statins can cause hepatotoxicity is out of date; the causality between 

statin use and hepatotoxicity was never established. We think that opinions regarding 

liver issues and statin safety should be formulated very carefully. The used reference of 

Knopp is a (not very recent) general review on drug treatment and should not be used for 

this statement. Furthermore, clear definitions of myopathy should be given, since no 

consensus on the definition of statin myopathy exists. Joy and Hegele summarized 

proposed definitions in their review9. However, the definition used in the Cochrane 

Review is not one of these and does not exist (“Myopathy, defined as muscle pain with 

serum creatine kinase concentrations of more than 1000 U per liter”), and we suggest to 

replace it by the proposed definition of McKenney et al: “creatine kinase levels > 10 x ULN 

with symptoms of myalgia”2. “Myotoxicity (toxic effects on muscle)” is not a commonly 

used classification and should be replaced by rhabdomyolysis.  

 

Reply: We will add additional very recent reference: Beltowski J, Wójcicka G, Jamroz-Wisniewska 

A. Adverse effects of statins – mechanisms and cosequences. Current Drug Safety 2009, 4: 209-

228. We have corrected in the Chapter “Why it is important to do this review" 1000 U by >10xULN. 
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• Page 3: In the defined secondary outcomes, again non-existing definitions are used.  

o “1. Liver dysfunction: change in aspartate and alanine aminotransferase levels”. 

There is an ocean of difference between a failing liver and asymptomatic 

elevations in ALT and AST (>3x ULN) and for the latter, the definition “liver 

dysfunction” can NOT be used. We suggest to replace this definition by 

“Transaminase elevation: asymptomatic elavations of aspartate 

amninotransferase or alanine aminotransferase > 3 x ULN”.   

Reply: This terminology is varying very much and it is hard to find any proper agreement. For 

example MRC/BHF Heart Protection Study Collaborative Group used in their recent article (BMC 

Clin Pharmacol 2009; 9:6) the term abnormality of liver function tests. But Hippisley-Cox and 

Coupland (Heart 2010; 96: 939-47) used the term liver dysfunction. When up-dating this review 

(2012), we will come back to your suggestions and reconsider the terminology.  

o “2. Myopathy: change in serum creatine levels.” This is not a clear definition and we 

suggest to replace it by “creatine kinase levels > 10 x ULN with symptoms of 

myalgia” 2 

Reply: This definition is present in analysis 1.6. page 33. And in this chapter for example AMI is not 

defined – this is an editorial question. 

o 3. Myotoxicity: occurrence of myopathy (muscle disorder), rhabdomyolysis 

(degeneration of skeletal muscle tissue) or death from rhabdomyolysis” . This 

definition is not correct and we suggest replacing it by McKenney’s definition of 

rhabdomyolysis2: “3. rhabdomyolysis: creatine kinase levels > 10.000 IU/L or CK > 

10 x ULN, plus an elevation in serum creatine, the presence of myoglobinuria, or 

the need for medical intervention such as iv hydration therapy”.  

Reply: Skottheim B et al. (European Journal of Pharmaceutical Sciences 2008) wrote: “Statins are 

reported to induce different grades of myopathy in a significant part of population, ranging from 

mild myalgia to fatal rhabdomyolysis. So we have different levels of myotoxicity: myopathy, 

rhabdomyolysis and death from rhabdomyolysis. 

• Page 6: The phrase “Clinically significant elevation in hepatic transaminase (ASAT or ALAT) 

level, possibly related to hepatotoxicity, was defined as more than three times the upper 

limit of normal (ULN)” is incorrect; ALAT and ASAT are no symptoms but a laboratory test, 

   
 

and it is not correct to infer that it is clinically significant when > 3 x ULN. The addition 

“possibly related to hepatotoxicty” is again incorrect and should be deleted. We suggest 

to replace it by “Elevations in hepatic transaminases (ASAT or ALAT) were defined as 

more than three times the upper limit of normal (ULN)”.  

Reply: See above – the terminology is varying very much. 

• Page 6: The phrase “Clinically significant creatine kinase (CK) elevation related to possible 

myopathy or rhabdomyolysis, or both, was defined as more than 10 times the ULN.” is again 

very confusing and as mentioned before we suggest to use an unambiguous definition of 

myopathy and rhabdomyolysis. Again, just a lab test can NOT be clinically significant. We 

suggest to replace this by “Elevation in creatine kinase (CK) level was defined as more 

than 10 times ULN” or “Myopathy was defined as elevation in creatine kinase (CK) level 

was defined as more than 10 times ULN in conjunction with myalgia”. To the next phrase 

“This measurement was reported in five studies”, the reference of Wiegman3 should be 

added, as he reported on CK levels as well.   

Reply: The problem with Wiegman was that he reported in the text that a higher than 4-fold 

elevation in CPK occurred 4 times in the pravastatin group and 3 times in the placebo group. This 

information is not answering the question whether 10 times ULN had occurred.  

• Page 6: “Six studies reported adverse events, but presumably no standardized 

questionnaires were used in data collection (Clauss 2005; de Jongh 2002a; de Jongh 2002b; 

Knipscheer 1996; McCrindle 2003; Stein 1999). Muscular adverse events were reported as 

either myalgia or myopathy.” Again, definitions of myopathy and myalgia should be well 

defined.  

Reply: This is the problem what we met – we have to believe in this case that questionnaires 

provided answers which are comparable. The studies left this definition open. 

• Page 7: “Secondary outcomes Liver dysfunction” 

Change in ALT and AST is NOT “liver dysfunction” and therefore this term should not be 

used here. We suggest to replace it by “change in hepatic transaminases”.  

Reply: We have discussed this terminology above. 

• Page 7/8: “2. Myopathy: Change in serum creatine kinase levels…” and “3. Myotoxicity  

a. Myopathy…” 
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• Page 3: In the defined secondary outcomes, again non-existing definitions are used.  

o “1. Liver dysfunction: change in aspartate and alanine aminotransferase levels”. 

There is an ocean of difference between a failing liver and asymptomatic 

elevations in ALT and AST (>3x ULN) and for the latter, the definition “liver 

dysfunction” can NOT be used. We suggest to replace this definition by 

“Transaminase elevation: asymptomatic elavations of aspartate 

amninotransferase or alanine aminotransferase > 3 x ULN”.   

Reply: This terminology is varying very much and it is hard to find any proper agreement. For 

example MRC/BHF Heart Protection Study Collaborative Group used in their recent article (BMC 

Clin Pharmacol 2009; 9:6) the term abnormality of liver function tests. But Hippisley-Cox and 

Coupland (Heart 2010; 96: 939-47) used the term liver dysfunction. When up-dating this review 

(2012), we will come back to your suggestions and reconsider the terminology.  

o “2. Myopathy: change in serum creatine levels.” This is not a clear definition and we 

suggest to replace it by “creatine kinase levels > 10 x ULN with symptoms of 

myalgia” 2 

Reply: This definition is present in analysis 1.6. page 33. And in this chapter for example AMI is not 

defined – this is an editorial question. 

o 3. Myotoxicity: occurrence of myopathy (muscle disorder), rhabdomyolysis 

(degeneration of skeletal muscle tissue) or death from rhabdomyolysis” . This 

definition is not correct and we suggest replacing it by McKenney’s definition of 

rhabdomyolysis2: “3. rhabdomyolysis: creatine kinase levels > 10.000 IU/L or CK > 

10 x ULN, plus an elevation in serum creatine, the presence of myoglobinuria, or 

the need for medical intervention such as iv hydration therapy”.  

Reply: Skottheim B et al. (European Journal of Pharmaceutical Sciences 2008) wrote: “Statins are 

reported to induce different grades of myopathy in a significant part of population, ranging from 

mild myalgia to fatal rhabdomyolysis. So we have different levels of myotoxicity: myopathy, 

rhabdomyolysis and death from rhabdomyolysis. 

• Page 6: The phrase “Clinically significant elevation in hepatic transaminase (ASAT or ALAT) 

level, possibly related to hepatotoxicity, was defined as more than three times the upper 

limit of normal (ULN)” is incorrect; ALAT and ASAT are no symptoms but a laboratory test, 

   
 

and it is not correct to infer that it is clinically significant when > 3 x ULN. The addition 

“possibly related to hepatotoxicty” is again incorrect and should be deleted. We suggest 

to replace it by “Elevations in hepatic transaminases (ASAT or ALAT) were defined as 

more than three times the upper limit of normal (ULN)”.  

Reply: See above – the terminology is varying very much. 

• Page 6: The phrase “Clinically significant creatine kinase (CK) elevation related to possible 

myopathy or rhabdomyolysis, or both, was defined as more than 10 times the ULN.” is again 

very confusing and as mentioned before we suggest to use an unambiguous definition of 

myopathy and rhabdomyolysis. Again, just a lab test can NOT be clinically significant. We 

suggest to replace this by “Elevation in creatine kinase (CK) level was defined as more 

than 10 times ULN” or “Myopathy was defined as elevation in creatine kinase (CK) level 

was defined as more than 10 times ULN in conjunction with myalgia”. To the next phrase 

“This measurement was reported in five studies”, the reference of Wiegman3 should be 

added, as he reported on CK levels as well.   

Reply: The problem with Wiegman was that he reported in the text that a higher than 4-fold 

elevation in CPK occurred 4 times in the pravastatin group and 3 times in the placebo group. This 

information is not answering the question whether 10 times ULN had occurred.  

• Page 6: “Six studies reported adverse events, but presumably no standardized 

questionnaires were used in data collection (Clauss 2005; de Jongh 2002a; de Jongh 2002b; 

Knipscheer 1996; McCrindle 2003; Stein 1999). Muscular adverse events were reported as 

either myalgia or myopathy.” Again, definitions of myopathy and myalgia should be well 

defined.  

Reply: This is the problem what we met – we have to believe in this case that questionnaires 

provided answers which are comparable. The studies left this definition open. 

• Page 7: “Secondary outcomes Liver dysfunction” 

Change in ALT and AST is NOT “liver dysfunction” and therefore this term should not be 

used here. We suggest to replace it by “change in hepatic transaminases”.  

Reply: We have discussed this terminology above. 

• Page 7/8: “2. Myopathy: Change in serum creatine kinase levels…” and “3. Myotoxicity  

a. Myopathy…” 
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Once again, the words myopathy and myotoxicity are absolutely not clear. It seems that 

the term myopathy is used differently in paragraph 2 (“myopathy”) and in paragraph 3 

(“myotoxicity”).  

Furthermore, Wiegman3 reported on change in CK levels as well and should be mentioned.  

Reply: Please see above. 

• Page 10: “All statins used so far in children with FH (atorvastatin, lovastatin, pravastatin, and 

simvastatin) appear to have a similar low risk of rhabdomyolysis in adults, which is estimated 

to be about 0.08% to 0.09% of persons treated with these statins (Pasternak 2002). Since the 

mechanism of myopathy is not well understood, it is of utmost importance to monitor 

adverse reactions and adjust the therapy accordingly (Pasternak 2002).”  

Again, in this part definitions of “rhabdomyolysis” and “myopathy” are unclear and seem 

to be used disorderly. We suggest to replace “rhabdomyolysis” by “myopathy”, referring 

to Pasternak et al10.  

Reply: Please see above. 

   
 

Minor remarks, in order of appearance in the manuscript: 

• Page 2: “Indeed, early atherosclerosis, for example an increase of carotid intima-media 

thickness, is detectable in untreated FH children from the second decade of life”, the study 

of Wiegman published in the Lancet11 should be mentioned here, as this is the largest 

cohort in which difference in IMT between FH children as compared to unaffected siblings 

is measured. The study of Hoffmann12 does not report on IMT and can be omitted.  

Reply: We can add this reference. But the sentence is talking about early atherosclerosis and 

keeping that in mind we are not omitting Hoffmann. 

• Page 3: The statement “In FH children, diet has so far been the main mode of treatment 

(Poustie 2001)” is out of date. Children with FH have been prescribed statins for > 10 years 

now and statin therapy is the main mode of treatment, in addition to life-style 

modifications. This phrase should be adjusted.  

Reply: The sentence has been modified: …, diet has been the main mode… 

• Page 3: “Since the 1990s statin trials have been carried out among FH children…” a 

reference of Knipscheer13 should be given here, as this was the first statin trial in children 

ever.  

Reply: We have added this reference. 

• Page 3: The phrase “Statins have seemed to be safe and well-tolerated in adults” is not a 

correct reflection of the current opinion and we suggest to replace it by “Statins are safe 

and usually well-tolerated in adults”.  

Reply: We cannot see any real difference between these two sentences. 

 

• Page 5: “Eight trials were randomized placebo-controlled trials and were included in this 

review with a total of 897 children”. Eight publications of studies were used but in fact 

seven RCT’s were included; the study of de Jongh on endothelial dysfunction14 was a sub-

study of the RCT with simvastatin15.  

Reply: That is true – but if it is a sub-study, then it is still a newly published study. 
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Once again, the words myopathy and myotoxicity are absolutely not clear. It seems that 

the term myopathy is used differently in paragraph 2 (“myopathy”) and in paragraph 3 

(“myotoxicity”).  

Furthermore, Wiegman3 reported on change in CK levels as well and should be mentioned.  

Reply: Please see above. 

• Page 10: “All statins used so far in children with FH (atorvastatin, lovastatin, pravastatin, and 

simvastatin) appear to have a similar low risk of rhabdomyolysis in adults, which is estimated 

to be about 0.08% to 0.09% of persons treated with these statins (Pasternak 2002). Since the 

mechanism of myopathy is not well understood, it is of utmost importance to monitor 

adverse reactions and adjust the therapy accordingly (Pasternak 2002).”  

Again, in this part definitions of “rhabdomyolysis” and “myopathy” are unclear and seem 

to be used disorderly. We suggest to replace “rhabdomyolysis” by “myopathy”, referring 

to Pasternak et al10.  

Reply: Please see above. 

   
 

Minor remarks, in order of appearance in the manuscript: 

• Page 2: “Indeed, early atherosclerosis, for example an increase of carotid intima-media 

thickness, is detectable in untreated FH children from the second decade of life”, the study 

of Wiegman published in the Lancet11 should be mentioned here, as this is the largest 

cohort in which difference in IMT between FH children as compared to unaffected siblings 

is measured. The study of Hoffmann12 does not report on IMT and can be omitted.  

Reply: We can add this reference. But the sentence is talking about early atherosclerosis and 

keeping that in mind we are not omitting Hoffmann. 

• Page 3: The statement “In FH children, diet has so far been the main mode of treatment 

(Poustie 2001)” is out of date. Children with FH have been prescribed statins for > 10 years 

now and statin therapy is the main mode of treatment, in addition to life-style 

modifications. This phrase should be adjusted.  

Reply: The sentence has been modified: …, diet has been the main mode… 

• Page 3: “Since the 1990s statin trials have been carried out among FH children…” a 

reference of Knipscheer13 should be given here, as this was the first statin trial in children 

ever.  

Reply: We have added this reference. 

• Page 3: The phrase “Statins have seemed to be safe and well-tolerated in adults” is not a 

correct reflection of the current opinion and we suggest to replace it by “Statins are safe 

and usually well-tolerated in adults”.  

Reply: We cannot see any real difference between these two sentences. 

 

• Page 5: “Eight trials were randomized placebo-controlled trials and were included in this 

review with a total of 897 children”. Eight publications of studies were used but in fact 

seven RCT’s were included; the study of de Jongh on endothelial dysfunction14 was a sub-

study of the RCT with simvastatin15.  

Reply: That is true – but if it is a sub-study, then it is still a newly published study. 
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• Page 5: “Only two studies had more than 100 children per treatment arm (de Jongh 2002b; 

McCrindle 2003).” The study of Wiegman3 had more than 100 children per treatment arm 

as well and should also be mentioned.  

Reply: We have added Wiegman. 

• Page 5: “Wiegman required a positive DNA diagnosis in the first-degree relative of the 

participating child and used the severity of FH in relatives as an inclusion criterion”. The first 

part of this phrase is not correct as definite molecular or clinical diagnosis was required in 

one of the parents of the participating children, and the second part of this phrase is 

simply not true and should be deleted3.  

Reply: We replaced the sentence: Wiegman required a definite clinical or molecular diagnosis as 

an inclusion criterion. 

• Page 5: “The age of the study participants ranged from 4 years to 18 years.” In fact, the age 

of study participants was no younger than 8 years and this should be adjusted.  

Reply: This is meaning all the studies (not Wiegman)– and in some studies (despite official 

inclusion criteria) there were younger children included. 

• Page 9: “In addition, statin therapy slightly increased serum HDL cholesterol and slightly 

decreased serum triglyceride concentration; however, when compared with the significant 

change in serum LDL cholesterol, these changes are likely to be of minor importance.” We do 

not agree with the statement that increased serum HDL-C is likely to be of minor 

importance, as it was found that statin benefits are derived from both reductions in LDL-C 

and increases in HDL-C16. We suggest omitting this part of the phrase. 

Reply: We wish to emphasize at this moment (still the statin era), that the vast majority of statin-

dependent therapeutic benefits are derived from lowering LDL-cholesterol levels. To clearly see 

an additional effect derived from HDL elevation, novel drug combinations are required, which 

elevate HDL cholesterol level more dramatically. We do not think that it is appropriate to make 

suggestions or even comments (Cochrane) based on a single, or on very few studies with statins. 

Finally, we have to remember that we are missing the cardiovascular end points. This, however, 

will not preclude in the future from more extensive analysis of pharmacological effect of various 

drugs on HDL concentrations, once we have more data available.  

   
 

• Page 9: “The diagnosis of FH was not confirmed by ....” We think this section contains 

several incorrectnesses and we do not agree with the conclusion, as explained below:  

o “The diagnosis of FH was not confirmed by molecular testing of the children in 

the studies included in this review, and…” This is not correct as probably the 

major part of all children did have a molecular diagnosis; 96% in the study of 

Wiegman3 and 100% in the study of Couture17. Other RCT’s did not report on 

this but one of the inclusion criteria in every included study was that the child 

has a parent with a confirmed diagnosis of FH together with increased LDL-C 

levels, which makes the chance of a LDL receptor or ApoB mutation highly 

likely8.   This phrase should be adjusted.   

Reply: See new modified text below 

o “In these studies therefore it is possible that at least 10% but probably not more 

than 20% of the children will not have monogenic FH.” Could the authors explain 

on which data these percentages are based? 

Reply: See new modified text below 

o “This is important because children with a true monogenic cause of FH might 

have a different (probably smaller) average LDL cholesterol lowering response 

than children whose hypercholesterolemia is due to polygenic causes.” We do 

not agree with this statement that children with a monogenetic 

hypercholesterolemia have a different response to statins than children with a 

polygenetic hypercholesterolemia (see below) 

Reply: See new modified text below 

o “Thus although there may be a small overestimate of the response to diet in 

mutation-carrying FH children it is unlikely to be more than 10% to 15%”. We do 

not understand this conclusion or on what reasoning these percentages are 

based.  

Reply: See new modified text below 

o Page 9: “Children with a monogenic cause might have a much smaller average 

LDL cholesterol lowering response than children whose hypercholesterolemia 
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• Page 5: “Only two studies had more than 100 children per treatment arm (de Jongh 2002b; 

McCrindle 2003).” The study of Wiegman3 had more than 100 children per treatment arm 

as well and should also be mentioned.  

Reply: We have added Wiegman. 

• Page 5: “Wiegman required a positive DNA diagnosis in the first-degree relative of the 

participating child and used the severity of FH in relatives as an inclusion criterion”. The first 

part of this phrase is not correct as definite molecular or clinical diagnosis was required in 

one of the parents of the participating children, and the second part of this phrase is 

simply not true and should be deleted3.  

Reply: We replaced the sentence: Wiegman required a definite clinical or molecular diagnosis as 

an inclusion criterion. 

• Page 5: “The age of the study participants ranged from 4 years to 18 years.” In fact, the age 

of study participants was no younger than 8 years and this should be adjusted.  

Reply: This is meaning all the studies (not Wiegman)– and in some studies (despite official 

inclusion criteria) there were younger children included. 

• Page 9: “In addition, statin therapy slightly increased serum HDL cholesterol and slightly 

decreased serum triglyceride concentration; however, when compared with the significant 

change in serum LDL cholesterol, these changes are likely to be of minor importance.” We do 

not agree with the statement that increased serum HDL-C is likely to be of minor 

importance, as it was found that statin benefits are derived from both reductions in LDL-C 

and increases in HDL-C16. We suggest omitting this part of the phrase. 

Reply: We wish to emphasize at this moment (still the statin era), that the vast majority of statin-

dependent therapeutic benefits are derived from lowering LDL-cholesterol levels. To clearly see 

an additional effect derived from HDL elevation, novel drug combinations are required, which 

elevate HDL cholesterol level more dramatically. We do not think that it is appropriate to make 

suggestions or even comments (Cochrane) based on a single, or on very few studies with statins. 

Finally, we have to remember that we are missing the cardiovascular end points. This, however, 

will not preclude in the future from more extensive analysis of pharmacological effect of various 

drugs on HDL concentrations, once we have more data available.  

   
 

• Page 9: “The diagnosis of FH was not confirmed by ....” We think this section contains 

several incorrectnesses and we do not agree with the conclusion, as explained below:  

o “The diagnosis of FH was not confirmed by molecular testing of the children in 

the studies included in this review, and…” This is not correct as probably the 

major part of all children did have a molecular diagnosis; 96% in the study of 

Wiegman3 and 100% in the study of Couture17. Other RCT’s did not report on 

this but one of the inclusion criteria in every included study was that the child 

has a parent with a confirmed diagnosis of FH together with increased LDL-C 

levels, which makes the chance of a LDL receptor or ApoB mutation highly 

likely8.   This phrase should be adjusted.   

Reply: See new modified text below 

o “In these studies therefore it is possible that at least 10% but probably not more 

than 20% of the children will not have monogenic FH.” Could the authors explain 

on which data these percentages are based? 

Reply: See new modified text below 

o “This is important because children with a true monogenic cause of FH might 

have a different (probably smaller) average LDL cholesterol lowering response 

than children whose hypercholesterolemia is due to polygenic causes.” We do 

not agree with this statement that children with a monogenetic 

hypercholesterolemia have a different response to statins than children with a 

polygenetic hypercholesterolemia (see below) 

Reply: See new modified text below 

o “Thus although there may be a small overestimate of the response to diet in 

mutation-carrying FH children it is unlikely to be more than 10% to 15%”. We do 

not understand this conclusion or on what reasoning these percentages are 

based.  

Reply: See new modified text below 

o Page 9: “Children with a monogenic cause might have a much smaller average 

LDL cholesterol lowering response than children whose hypercholesterolemia 
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was due to polygenic causes.” This statement should be omitted. To our 

knowledge, there are no data at all that can support such a statement. This 

phrase should be deleted, or references should be given of for this purpose 

designed studies.  

Reply: See new modified text below 

• Page 9: “Similarly, in Holland, there are a small group of relatively common mutations, at 

least one of which is associated with significantly higher LDL-C levels (Umans 2002). However, 

although this issue is a potential confounder, it appears unlikely that, …” It is not correct to 

consider this factor as a confounder, since all included studies are RCT’s and therefore it is 

reasonable to presume that different classes of mutations are divided equally between 

the statin and control groups.  

Reply: See new modified text below 

NEW MODIFIED TEXT: 

The diagnosis of FH was not confirmed by direct molecular testing of the children in the studies 

included in this review, and this raises the issue of what proportion of the children are likely to 

have true monogenic FH. With the best molecular techniques the causative mutation can be 

found in only 70-80% of adult patients with the diagnosis of definite FH (Graham 2005) 

(Humphries 2006), possibly because the mutation has failed to be detected by the technique 

used, or alternatively because the mutation is a yet to be discovered gene. However most of 

those in whom no mutation can be found probably do not have an autosomal dominant 

monogenic cause of their hyperlipidemia, and have been incorrectly included on clinical grounds. 

Idiopathic elevated LDL-C levels will occur less frequently in children than in adults, but there is a 

significant overlap in LDL-C levels in the brothers and sisters of a parent with FH, such that using 

the intersection between the two peaks of LDL-C levels observed would result in a false positive 

diagnostic rate of 6-8% and a false negative of 8-10% (Kwiterovich 1974; Leonard 1977).  

However, the vast majority of children in the studies included in this review are likely to have 

monogenic FH.  In the largest study (Wiegman 2004), all children were from a family where a 

molecular diagnosis had been made in a parent and where the recruited child had LDL cholesterol 

greater than 4.0 mm/L which the authors estimate means the child has a greater than 99.6% 

chance of having inherited the family mutation. This group is therefore highly likely to be 

essentially all monogenic FH individuals. In all the other studies, children were recruited as having 

   
 

LDL cholesterol above a cut-off which varied between the studies, and with having a first degree 

relative either with elevated LDL-C or with a family history of premature CAD.  It is therefore likely 

that the vast majority of the children in the studies included in this review have monogenic FH, 

but it cannot be ruled out that a small percentage (probably 5-10% at most) may not have.   

The importance of this is whether children with a monogenic cause might have a much smaller 

average LDL cholesterol lowering response than children whose hypercholesterolemia was due 

to polygenic causes. Although we are not aware of any data addressing this directly in children, 

there is evidence that adults with a clinical diagnosis of FH but no detected mutation have a 

better response to statin than those where a mutation has been found (Heath et al 1999, Sun et al 

1998). Another issue is that children with different classes of LDLR mutations, or in those where 

FH is caused by mutations in the APOB or PCSK9 genes, may respond better or worse to statins 

than the average. Again there is no direct evidence for this in children, but adults carrying the 

APOB mutation have been reported to respond better to statins than those carrying an LDLR 

mutation (Myant 1993), and different classes of LDLR mutation are known to be associated with 

higher levels of untreated LDL-C (Humphries 2006) and also respond differently to statins 

(Couture P et al 1998, Vohl MC et al 2002, Miltiadous G et al 2005).  Due to founder effects, in 

several countries there is only a small group of different mutations, for example in South Africa 

(Kotze 1993) and in Finland (Vuorio 2001), and there are certainly differences in untreated plasma 

lipid levels amongst adult carriers of these different classes of mutations. Similarly, in Holland, 

there are a small group of relatively common mutations, at least one of which is associated with 

significantly higher LDL-C levels (Umans 2002). However, since these studies are all RCTs this 

cannot be a  confounder, although variability in the prevalence of different mutations and 

molecular causes of FH across countries may contribute to a small extent to between-study 

differences in response. Thus even given these caveats, although there may be a small 

overestimate of the response in mutation-carrying FH children it is unlikely to be more than 5-10%.  

• Page 10: “Also, there was a tendency to use relatively large doses of statins in the studies.” 

We do not agree with this statement. The first trials started with very low doses, and the 

fact that currently higher doses are used (still much lower than in adults, especially in 

young children), is just progression through time, in order to reach adequate LDL-C 

reduction and to prevent cardiovascular disease later in life. 

Reply: This statement is based on going through these statin studies carried among FH children 

and this kind of tendency can be noticed. We stand behind our sentence. 
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was due to polygenic causes.” This statement should be omitted. To our 
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Reply: See new modified text below 
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greater than 4.0 mm/L which the authors estimate means the child has a greater than 99.6% 

chance of having inherited the family mutation. This group is therefore highly likely to be 

essentially all monogenic FH individuals. In all the other studies, children were recruited as having 
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(Kotze 1993) and in Finland (Vuorio 2001), and there are certainly differences in untreated plasma 

lipid levels amongst adult carriers of these different classes of mutations. Similarly, in Holland, 
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significantly higher LDL-C levels (Umans 2002). However, since these studies are all RCTs this 

cannot be a  confounder, although variability in the prevalence of different mutations and 

molecular causes of FH across countries may contribute to a small extent to between-study 

differences in response. Thus even given these caveats, although there may be a small 

overestimate of the response in mutation-carrying FH children it is unlikely to be more than 5-10%.  

• Page 10: “Also, there was a tendency to use relatively large doses of statins in the studies.” 

We do not agree with this statement. The first trials started with very low doses, and the 

fact that currently higher doses are used (still much lower than in adults, especially in 

young children), is just progression through time, in order to reach adequate LDL-C 

reduction and to prevent cardiovascular disease later in life. 

Reply: This statement is based on going through these statin studies carried among FH children 

and this kind of tendency can be noticed. We stand behind our sentence. 
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• Page 11: “Long-term effects on maturation should be studied in much longer and larger 

controlled follow-up studies.” The follow-up study of Rodenburg et al should be 

mentioned here. Although this study is not an RCT, it is the longest follow-up of children 

on statin therapy so far. Data of 186 children 8-18 years are reported who were treated 

with pravastatin for an average of 4.5 years (2.1-7.4 years). These data indicate that early 

initiation of statin treatment reduces atherosclerotic burden more vigorously than 

treatment started later in life. Safety was favourable with no serious adverse events and 

no untoward effects on sexual maturation or growth18. 

Reply: As you said this study is not RCT and not be mentioned in this context. 

• Page 11: “Regarding statin treatment in children with FH children, it may be valid to state 

generally that "the younger the better" (Rodenburg 2007), with the following restrictions: 

statin treatment should not be started before the age of eight years, and could even be 

delayed until the age of 18 years if the disease (also considering family history) is mild.” We 

do not agree with this conclusion. The restrictions mentioned are not generally accepted 

and therefore should not be used in a Cochrane review. Furthermore, it is not clear what 

is meant by “mild” and this should be defined.  

Reply: Two recent epidemiological studies show the advantage of statin treatment started in 

adulthood (Mohrschladt et al. Atherosclerosis 2004; 172: 329-335, Neil et al. European Heart 

Journal 2008; 29: 2625-2633). Based on these results, we want to emphasize that we wish not to 

advocate a standard treatment option for all FH children. Rather, the treatment should be 

individualized in that, within the spectrum of risk, early pharmacological treatment is targeted to 

the FH children with higher risk, while we can be more conservative with the children whose risk 

profile less elevated. 
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NEDERLANDSE SAMENVATTING 

 

Dit proefschrift gaat over de screening, behandeling en follow-up van familiaire 

hypercholesterolemie (FH), van zwangerschap tot jonge volwassenheid. Deze onderwerpen 

worden behandeld in drie verschillende delen (hoofdstuk 2 t/m 22) en worden ingeleid in 

hoofdstuk 1.  

 

FH is een erfelijke aandoening die best vaak voorkomt; tussen de 1:250 en 1:500 mensen in 

Nederland heeft het. Dit betekent dat je een mutatie (‘foutje’) hebt in het gen dat codeert voor 

de LDL-cholesterol receptor (het ‘slechte’ cholesterol). Hierdoor kan de lever het LDL-cholesterol 

niet goed uit de bloedbaan klaren en raakt cholesterol in je bloed verhoogd. Zo ontstaat na een 

tijdje aderverkalking, wat uiteindelijk kan leiden tot het optreden van hart- en vaatziekten. Omdat 

bij mensen met FH het cholesterol vanaf de geboorte al sterk verhoogd is (ongeveer 2-3 keer 

verhoogd ten opzichte van normaal), lopen FH patiënten een extra groot risico op hart- en 

vaatziekten. Het is een dominant overervende aandoening; dat betekent dat als je vader of 

moeder FH heeft, je 50% kans hebt om zelf aangedaan te zijn. Er zijn meer dan 1000 verschillende 

mutaties die ervoor zorgen dat de LDL receptor niet goed functioneert. Door bepaalde 

medicijnen, zogenaamde statines, kan het cholesterol en daarmee het risico op hart- en 

vaatziekten, effectief worden verlaagd. Nog niet zo lang geleden waren die statines alleen voor 

volwassenen beschikbaar.  

 

In de introductie van dit proefschrift (hoofdstuk 1) blik ik terug op het onderzoek naar FH bij 

kinderen dat de afgelopen 15 jaar in het AMC is verricht. Mijn voorgangers, die ook allemaal op de 

lipidenpolikliniek voor kinderen van het AMC hebben gewerkt, hebben belangrijke ontdekkingen 

gedaan. De voornaamste bevinding was wel dat kinderen met FH vergeleken met hun niet-

aangedane broers en zussen, al op jonge leeftijd een verdikte vaatwand hebben van hun 

halsslagader, gemeten door middel van een echo. Dit is een surrogaat marker voor het optreden 

van hart- en vaatziekten. Echter, na 2 jaar behandeling met pravastatine (een van de beschikbare 

statines), was de vaatwanddikte afgenomen, terwijl de vaatwand van de kinderen die in dezelfde 

periode een placebo kregen, verder was toegenomen! Sindsdien worden kinderen met FH met 

statines behandeld. In 2009 had ik het voorrecht om aan te sluiten bij deze onderzoeksgroep, en 

dit proefschrift is daar het resultaat van.  

 

Deel I van mijn proefschrift gaat over FH tijdens de zwangerschap. Statines worden sterk 

afgeraden tijdens de zwangerschap, vanwege mogelijk schadelijke effecten op de foetus. 
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periode een placebo kregen, verder was toegenomen! Sindsdien worden kinderen met FH met 

statines behandeld. In 2009 had ik het voorrecht om aan te sluiten bij deze onderzoeksgroep, en 

dit proefschrift is daar het resultaat van.  

 

Deel I van mijn proefschrift gaat over FH tijdens de zwangerschap. Statines worden sterk 

afgeraden tijdens de zwangerschap, vanwege mogelijk schadelijke effecten op de foetus. 
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Hierdoor is niet alleen de moeder, maar ook het ongeboren kind blootgesteld aan hoge 

cholesterolwaarden tijdens de zwangerschap. Eerdere onderzoeken suggereren dat dit met name 

voor het kind een risico kan zijn voor het ontstaan van hart- en vaatziekten. In hoofdstuk 2 

worden de dilemma’s besproken, die daarom mogelijk een rol spelen als een vrouw met FH 

zwanger wil worden. Hoofdstuk 3 is een zogenaamde ‘meta-analyse’, waarin de resultaten van 

verschillende onderzoeken worden samengevoegd om een nauwkeurigere uitkomst te krijgen. In 

deze meta-analyse deden we dat voor onderzoeken naar de schadelijke effecten van statines 

voor de foetus, bij zowel dieren als mensen. Hieruit kunnen we voorzichtig concluderen dat 

statines in normale doseringen niet schadelijk zijn tijdens de zwangerschap.  

In hoofdstuk 4 onderzoeken we de hypothese dat een hoog cholesterol bij een zwangere leidt tot 

een verhoogd risico op hart- en vaatziekten bij haar kinderen. Omdat bij FH de hoge 

cholesterolwaarden worden veroorzaakt door een genetische mutatie, en niet door bijvoorbeeld 

overgewicht of andere factoren die op zichzelf al het risico op hart en vaatziekten verhogen, is de 

FH populatie zeer geschikt om dit op een zuivere manier te onderzoeken. In drie verschillende 

cohorten keken we naar het verschil in cholesterolwaarden en vaatwanddikte tussen personen 

wiens moeder FH had (en dus een hoge blootstelling van cholesterol tijdens de zwangerschap) 

versus personen wiens vader FH had (en dus geen hoge blootstelling van cholesterol tijdens de 

zwangerschap). We vonden geen verschillen tussen deze twee groepen en kunnen hiermee dus 

de eerder genoemde hypothese niet bevestigen. Hoofdstuk 5 is een korte beschouwing 

(‘editorial’) waarin verder wordt gespeculeerd over de mogelijke gevolgen van een hoog 

cholesterol tijdens de zwangerschap voor nakomelingen. Hoofdstuk 6 gaat in op een belangrijke 

vraag met betrekking tot dezelfde kwestie, namelijk: leidt een mogelijk verhoogd risico ook 

daadwerkelijk tot het optreden van meer hart- en vaatziekten? We onderzochten dit in een grote 

database van het nationale screeningsprogramma voor FH. Tot onze verrassing vonden we dat 

nakomelingen van een moeder met FH minder hart- en vaatziekten hadden dan nakomelingen van 

een vader met FH! Gebaseerd op deze bevindingen kunnen we zeggen dat een zwangere met FH 

zich geen zorgen hoeft te maken over haar ongeboren kind wat betreft de blootstelling aan hoge 

cholesterolwaarden. Mogelijk is er dus zelfs op een of andere manier een beschermende werking 

van FH, maar naar een goede verklaring hiervoor moet verder worden gezocht.  

 

Deel II gaat over screening, het stellen van de diagnose en follow-up van kinderen met FH. Omdat 

je van alleen een verhoogd cholesterol in je bloed niks merkt, kan de opsporing van FH lastig zijn. 

Verschillende strategieën om te screenen bij kinderen worden besproken in hoofdstuk 7. Omdat 

bij kinderen tussen 1 en 9 jaar cholesterolwaarden het best bleken te discrimineren tussen wel of 

geen FH, lijkt dit een geschikte leeftijd om te screenen. Of dit inderdaad effectief is en op welke 

   
 

manier dit vervolgens moet worden geïmplementeerd, moet echter nog blijken. In hoofdstuk 8 

berekenden we de prevalentie voor de 12 meest voorkomende mutaties van FH, apart voor elk 

postcodegebied in Nederland. Hierdoor zagen we, dat bijna iedere mutatie een ‘voorkeursgebied’ 

heeft. In deze gebieden kwamen ook relatief meer ‘homozygote’ patiënten voor. Dit zijn 

personen die de mutatie zowel van hun moeder als hun vader hebben geërfd. Hierdoor kunnen ze 

cholesterolwaarden hebben die wel tien keer verhoogd zijn. Deze kennis kan nuttig zijn bij het 

screenen van FH en bewustwording van de mogelijke perceptie die artsen van FH hebben in 

verschillende delen van Nederland, aangezien niet iedere mutatie een hetzelfde klinisch beeld 

geeft. In hoofdstuk 9 bestudeerden we kinderen die naar de lipidenpolikliniek werden verwezen 

in verband met een verhoogd cholesterol, en die typische kenmerken van FH hadden (hart- en 

vaatziekten in de familie, een vader of moeder met verhoogd cholesterol, en geen andere 

verklaring voor verhoogd cholesterol). Bij 95% van deze kinderen vonden we ook daadwerkelijk 

een genetische mutatie. Het lijkt er dus op dat het overgrote deel van de genmutaties die FH 

veroorzaken, bekend zijn.  

In hoofdstuk 10 onderzoeken we wat er gebeurt met kinderen nadat ze gediagnosticeerd zijn met 

FH door het nationale screeningsprogramma. Dit programma is eigenlijk bedoeld voor 

volwassenen, maar op verzoek van ouders worden hun kinderen vaak ook getest. We vonden dat 

slechts 79% van de kinderen vervolgens een dokter bezoekt, en dat daarvan maar 37% naar een 

gespecialiseerde lipidenkliniek voor kinderen wordt verwezen. De follow-up van kinderen die 

worden gescreend moet dus worden verbeterd en bij voorkeur worden ingebed in het 

screeningsprogramma. Immers, screening zonder de juiste behandeling, is nutteloos. Hoofdstuk 

11 gaat verder in op de prevalentie en de karakteristieken van homozygote FH patiënten in 

Nederland. In de database van het screeningsprogramma konden we 49 homozygoten 

identificeren. We vonden dat de gevolgen van homozygote FH in sommige gevallen veel milder 

zijn dan verwacht. Slechts de helft van de homozygote patiënten voldeed wat betreft hun 

cholesterolwaarden aan de klinische criteria die hiervoor zijn opgesteld. Slechts 29% van de 

patiënten had hart- en vaatziekten doorgemaakt.  

 

Deel III gaat over de behandeling van FH bij kinderen. Eerst volgt een algemeen overzicht van de 

behandeling van cholesterolstoornissen bij kinderen (hoofdstuk 12). Dit begint met een gezonde 

leefstijl: gezond eten, voldoende bewegen en het nastreven van een gezond gewicht. Vanaf de 

leeftijd van 8 jaar kan behandeling met statines overwogen worden, zeker als het FH betreft. Er 

zijn meerdere onderzoeken gedaan naar de behandeling van kinderen met statines, en die laten 

stuk voor stuk zien dat statines effectief zijn in het verlagen van cholesterol, en bovendien veilig 

voor kinderen. In hoofstuk 13 worden de opzet en uitgangswaarden van de CHARON studie 
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beschreven. Dit is een studie naar de effectiviteit en veiligheid van rosuvastatine (een andere 

statine, die krachtiger werkt dan pravastatine) bij kinderen met FH van 6 tot 17 jaar. In deze studie 

werd gestreefd naar een bepaalde verlaging van het cholesterol, waarop de dosering zo nodig 

werd verhoogd. De studie duurde 2 jaar. Naast het cholesterol werd ook naar de vaatwanddikte 

gekeken. Om dit te kunnen vergelijken, werd ook de vaatwanddikte van niet-aangedane broers 

en zussen gemeten. We zagen dat bij aanvang van de studie de gemiddelde vaatwanddikte van 

kinderen met FH al dikker was dan die van de broers en zussen zonder FH. Dit onderzochten we 

nader in hoofdstuk 14. Hierin zetten we het verschil in vaatwanddikte af tegen de leeftijd. We 

zagen dat bij FH al vóór de leeftijd van 8 jaar de vaatwand significant dikker is dan bij niet-

aangedane broers en zussen. In hoofdstuk 15 worden de resultaten van de CHARON studie 

gepresenteerd. We zagen dat rosuvastatine het LDL cholesterol met zo’n 40% verlaagd, en er 

werden geen nadelige effecten gezien. Op de effecten op de vaatwanddikte wordt nader 

ingegaan in hoofdstuk 16. Na twee jaar behandeling was de vaatwanddikte vergelijkbaar met die 

van de niet-aangedane broers en zussen. Dit laat zien dat behandeling met statines het proces 

van aderverkalking vertraagt.  

 

Omdat statines nog niet zo lang beschikbaar zijn voor kinderen, bestaat nog nauwelijks 

onderzoek naar de lange termijn effecten van statines die gestart zijn op de kinderleeftijd. Omdat 

cholesterol een belangrijk onderdeel is van de celmembraan en een bouwstof voor bepaalde 

hormonen, bestaan er ook wel zorgen over behandeling met statines bij kinderen, vanwege 

mogelijke beïnvloeding van de normale groei en ontwikkeling. Hoofdstuk 17 t/m 20 beschrijft de 

eerste lange termijn studie wat betreft de effectiviteit en veiligheid van statines die gestart zijn bij 

kinderen van 8 tot 18 jaar. We hebben de kinderen die eerder meededen aan een studie met 

pravastatine 10 jaar gevolgd, samen met hun niet-aangedane broers en zussen als controlegroep. 

Meer dan 90% van de mensen uit de oorspronkelijke studie deden mee aan dit onderzoek. In 

hoofdstuk 17 zagen we dat, ondanks behandeling met statines, zowel de cholesterolwaarden als 

de vaatwanddikte nog steeds hoger was bij de groep met FH in vergelijking met hun broers en 

zussen. Echter, de absolute toename van de vaatwanddikte was gelijk tussen de twee groepen. 

De vaatwanddikte nam dus niet sneller toe bij behandelde FH patiënten, maar het verschil dat er 

al was op de kinderleeftijd bleef aanwezig. De leeftijd waarop met statines werd gestart, was 

voorspellend voor de vaatwanddikte, wat suggereert dat hoe jonger behandeling wordt gestart, 

hoe beter. Minstens zo belangrijk; 10 jaar behandeling met statines bleek veilig. Er was geen 

verschil tussen de twee groepen wat betreft groei, puberteitsontwikkeling, opleidingsniveau, 

lever- en spierfunctie. In hoofdstuk 18 vergeleken we het verschil in optreden van hart- en 

vaatziekten tussen de jongvolwassenen met FH die behandeld werden sinds hun kindertijd, met 

   
 

hun ouders (voor wie toen nog geen statines beschikbaar waren) in dezelfde leeftijdsperiode. We 

zagen dat niemand van de behandelde jongvolwassenen hart- en vaatziekten had doorgemaakt, 

ten opzicht van 10% van hun onbehandelde ouders in die tijd. In hoofdstuk 19 beschrijven we dat 

hormoonbepalingen tussen de langdurig behandelde FH patiënten en hun niet-aangedane broers 

en zussen niet verschilden. Tenslotte gaan we in hoofdstuk 20 in op therapietrouw en het 

verdagen van langdurige behandeling met statines. Op het moment van follow-up gebruikte 82% 

van de FH patiënten nog steeds statines, soms in combinatie met andere cholesterolverlagende 

middelen. Daarvan rapporteerde 79% een goede therapietrouw. De meest voorkomende reden 

om (tijdelijk) te stoppen was zwangerschap. Bijna 20% had wel eens bijwerkingen ervaren, 

meestal klachten van de spieren of het maag-darmstelsel. Slechts 3 van de 205 (1.5%) van de FH 

patiënten gaf aan dat ze vanwege bijwerkingen gestopt waren met hun medicatie.  

Hoofdstuk 21 beschrijft een dubbelblinde, placebo gecontroleerde studie naar ezetimibe, een 

ander cholesterolverlagend medicijn, bij kinderen 6-10 jaar met hypercholesterolemie. Het laat 

zien dat ook ezetimibe het cholesterol bij kinderen effectief en veilig verlaagd. Hoewel ezetimibe 

zich nog niet zoals statines heeft bewezen in het voorkomen van hart- en vaatziekten, kan het 

overwogen worden als alternatief voor statines in de behandeling van kinderen met FH.  

Tot slot, hoofdstuk 22 geeft een overzicht van de huidige en toekomstige behandelopties voor 

FH. Statines zijn nog steeds het belangrijkste medicijn, maar nieuwe behandelopties zijn 

veelbelovend en kunnen een uitkomst bieden voor patiënten bij wie het cholesterol niet 

voldoende kan worden verlaagd met statines alleen.  
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DANKWOORD 
 

Een van de leukste dingen van onderzoek doen, vond ik de kans die je krijgt om met een heleboel 

geweldige mensen met verschillende achtergronden over de hele wereld samen te werken. Ik wil 

iedereen die aan mijn proefschrift heeft bijgedragen graag heel hartelijk bedanken, en een aantal 

wil ik in het bijzonder noemen.  

 

Allereerst de vele honderden deelnemers aan de verschillende studies. Vaak al voor dag en dauw 

brachten jullie bezoekjes aan het trialbureau, en namen altijd een hoop vrolijkheid en energie 

mee. In het bijzonder zijn M&M uit Emmeloord me bijgebleven. Vanaf het allereerste begin tot de 

laatste maanden deden jullie mee aan verschillende studies. Eerst met de mini-EIK. Daarna met 

een intensieve PK-studie, waarvoor jullie zelfs een nachtje in het Ronald McDonald huis bleven 

slapen en daarna gingen jullie gewoon door met de CHARON. Dat heeft al met al maar liefst 6 

publicatie opgeleverd, waarvan er 5 in dit proefschrift staan (hoofdstuk 13 t/m 16 en 21).  Toen 

jullie eindelijk de laatste onderzoeken voor de CHARON studie hadden gehad, brachten jullie 

bloemen mee voor Linda en mij…! Jullie zijn geweldig en ongelooflijk belangrijk, heel erg 

bedankt! 

 

Mijn promotores, John Kastelein en Frits Wijburg. Beste John, het was een groot voorrecht om 

met jou te mogen werken. Dank voor de kansen die je me hebt gegeven, de vrijheid, maar zeker 

ook de sturing. Het is ongelooflijk wat jij inmiddels zo succesvol hebt opgebouwd en nagelaten, ik 

ben er heel trots op dat ik betrokken mocht zijn bij een klein onderdeel daarvan. Beste Frits, jouw 

humor en vermogen tot relativeren kwamen altijd op het juiste moment. Je gaf me vertrouwen, 

of het nu over mijn promotie, het verbouwen van een huis, of over het solliciteren voor een 

opleidingsplek ging. Heel veel dank voor alles! 

 

Mijn co-promotores, Barbara Hutten en Bert Wiegman. Beste Barbara, heel erg veel dank voor je 

enorme betrokkenheid en waardevolle begeleiding; zeker ook nadat ik uit het AMC weg was en 

we heel wat uren ’s avonds en in het weekend aan de telefoon hebben doorgebracht. Dank voor 

je geduld en vermogen om altijd scherp te blijven, ook al was het inmiddels de zoveelste versie. Ik 

had altijd veel plannen, en door jouw enthousiasme en kritische gedachten hierover werd ik weer 

verder gedreven. Een aantal plannen zijn inmiddels verworden tot hoofdstuk in dit boek, maar 

een groot deel ligt nog op de plank en ik hoop oprecht dat we hier samen nog verder op zullen 

bouwen. Beste Bert, bedankt voor de prettige samenwerking, de kansen die je me hebt gegeven, 

en de kijkjes in de keuken van jouw bijzondere carrière. Jouw enorme passie voor FH bij kinderen 
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is aanstekelijk en inspirerend! Op ons laatste gezamenlijk symposium was ik ontzettend trots om 

onderdeel te zijn van ‘Dr. Wiegman and his Dutch girls’.  

 

De leden van de promotiecommissie, prof. dr. Zwinderman, prof. dr. Roseboom, prof. dr. de 

Graaf, prof. dr. Heymands, prof. dr. Visseren wil ik graag hartelijk bedanken voor het beoordelen 

van dit proefschrift en de bereidheid zitting te nemen in de commissie.  

 

Promoveren bij de Vasculaire Geneeskunde staat garant voor een unieke, gezellige, maar vooral 

waanzinnig leerzame tijd. Wekelijks onderwijs, journal clubs, en patiëntbesprekingen, en zo’n 30 

directe collega’s om mee te sparren. Stafleden Erik Stroes, Saskia Middeldorp en Kees Hovingh, 

ontzettend bedankt voor jullie enorme gedrevenheid en enthousiasme, ik had de jaren bij jullie 

prachtige afdeling nooit willen missen. Professor Harry Büller, veel dank voor het kritische 

meedenken over enkele hoofdstukken. Lieve mede-promovendi van F4, bedankt voor de 

geweldige tijd en alle fantastische borrels, danspasjes, congressen en ski-vakanties. Aart en Ankie; 

fietsmaatjes, cola-light-break-buddies, wederzijdse klaagmuren; dank voor alle gezelligheid. 

Joyce; jij bent en blijft onmisbaar, dank voor alles. Hans, dank voor de ontzettend fijne en 

gezellige samenwerking. Dankzij jou voorwerk en loyaliteit kon ik meteen instappen in een vlot 

rijdende trein en dat heeft me de vliegende start gegeven waar ik mijn hele promotietraject van 

heb geprofiteerd. Marjet, nu ik dit schrijf heb jij net met verve je prachtige proefschrift verdedigd, 

jouw planning is soepeler dan die van mij! Dank voor al je werk, en tot in de kliniek! 

Joep Defesche en Sigrid Fouchier, het is een eer om met mensen als jullie te mogen werken. Dank 

voor jullie hulp en het meedenken, antwoorden op de vele vragen die ik had en kritische blik bij 

verschillende hoofdstukken. 

 

Linda Landman, samen natuurlijk met alle andere geweldige mensen van het trialburo. Jij bent 

goud waard! Door je flexibiliteit was alles in te passen en konden kinderen vanuit heel Nederland 

meedoen met verschillende onderzoeken. Je hielp kinderen over hun prikangst heen en was een 

luisterend oor voor al het kleine en grote leed van zowel de kinderen als hun ouders. Dank voor 

de heerlijke samenwerking! En ook Johan Gort, jouw rol was eveneens zoveel belangrijker dan het 

maken van IMT’s, ook jij heel erg bedankt! 

 

Charlotte Jonker en andere medewerkers van de kinderpoli, dank voor de prettige samenwerking 

op donderdagochtend! 

 

   
 

Manon Houter, Yda Kolkman, Gemma Ferenschild, Marieke Boekel, Sabine Frieser en alle andere 

medewerkers van LeeFH (StOEH); bedankt voor de prettige samenwerking, jullie hulp met de 

database en de gezelligheid. Naast de drukte op F4 was het af en toe heerlijk rustig om een dag 

bij jullie te komen werken, met altijd een heerlijke lunch!  

 

Lieve (coole) collega’s van de VU… het was me wat, de overstap van het AMC naar de VU. Dat ik 

daar nooit ook maar één moment spijt van heb gehad komt voor een groot deel door jullie, jullie 

zijn geweldig! Mijn opleiders Reinoud Gemke en Marie-José Walenkamp, dank voor het 

vertrouwen en de mooiste opleiding die er bestaat. Lieve collega’s van Tergooi, ook jullie bedankt 

voor een ontzettend leerzame, gezellige tijd, en dank voor de mentale support bij het afronden 

van mijn proefschrift.  

 

Het leven kan soms druk zijn, hoe fijn is het dan om zoveel geweldige vrienden te hebben die me 

altijd weer een stoot energie geven! Ik zie jullie veel minder dan ik soms wel zou willen, maar jullie 

zijn stuk voor stuk onvervangbaar! Heel veel dank dat jullie er zijn. 

Handbalteamgenootjes, ‘de oma’s’, heerlijk om wekelijks samen met jullie het leukste spelletje 

van de wereld te mogen spelen, olé! Lieve Anneloes, Eva en Silke, toen ik de allerlaatste hand 

legde aan mijn proefschrift, kregen jullie alledrie bijna tegelijk een zoon, feNOMENaal! Ik hoop 

straks weer op mooie tripjes naar waar Anneloes ons nu weer brengt…! Lieve ‘Decibelles’ Hanke, 

Marloes, Femke, Claudia, Fleur, Jolande, Tineke, Eefje en Lotte; van kroegtijgers naar 

carrièretijgers met het 23e kind op komst,  het is altijd genieten met jullie! Lieve ‘Pintenvrullie’ 

Hanneke, Lonneke (al vriendinnen sinds de peuterspeelzaal!), Hetty (sinds groep 2), Ankie, 

Annemieke, Desiree, Eveline, Floortje, Iris, Laila, Sharon en Vivian (sinds de middelbare school); 

jullie vriendschap is me zo ontzettend dierbaar! Zoveel jaren lief en leed gedeeld, en nog steeds 

eindigt iedere avond net als vroeger in de slappe lach, heerlijk! 

 

Allerbeste paranimfen, wat kan er mis gegaan met zulke briljante mensen aan mijn zijde! Bas, 

ontzettende IC-held, we studeerden samen geneeskunde, maar we waren beiden erg druk met 

extra-curriculaire activiteiten dus ik vraag me serieus af of we ooit samen in de collegebanken 

hebben gezeten. Op de piste en in de kroeg daarentegen…! Mede door jou kwam ik terecht bij de 

Vasculaire en daar ben ik je nog steeds dankbaar voor! Linda; ooit was het handbal, maar 

tegenwoordig delen we andere hobby’s. Het rariteitenkabinet van mensen dat jij om je heen 

verzamelt en de hilarische verhalen die daaruit voortkomen, maakt elke ontmoeting met jou tot 

een spektakel. Mede dankzij jou sla ik af en toe nog een kookboek open, kom ik nog eens in een 
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nieuwe kroeg en kan ik soms rapporteren dat ik een hip item heb aangeschaft! We moesten maar 

weer eens naar Madrid.  

 

Lieve Cors, Tonnie, Nienke, Mark, Teun en Guusje. Dank voor alle gezelligheid, support, klus- en 

oppashulp de afgelopen jaren! Ieder jaar als we weer met heel veel zin naar Vaux afreizen en mijn 

omgeving van verbazing uitroept: ga je nou vrijwillig met je schoonfamilie op vakantie???, besef ik 

weer hoe ik het met jullie getroffen heb! 

 

Lieve Laura, Liske en Thijs, wat een geluk om uit een groot gezin te komen! Lau en Lis, jullie zijn 

geweldig, zo fijn dat jullie lekker dichtbij wonen. We zijn zo verschillend en zo hetzelfde, zo’n 

bijzonder gevoel! Thijs, wij hebben altijd een hechte band gehad en ik ben heel blij dat dat ook de 

afgelopen jaren zo is geweest. Ik heb zoveel bewondering voor je en je moest eens weten wat ik 

allemaal van je leer! De interactie tussen jou en Gijs en Lina is prachtig om te zien.   

Ik ben zo trots op jullie alle drie! 

 

Lieve mam en pap, zo veel dank voor eigenlijk alles; voor het heerlijk onbezorgd opgroeien, voor 

de vrijheid en het vertrouwen die jullie me altijd hebben gegeven in alle fases van mijn leven, en 

de afgelopen jaren met de onophoudelijke hulp bij de never-ending verbouwing en de kinderen, 

ondanks de sores die jullie de laatste jaren ook gehad hebben. Dit proefschrift is voor jullie.   

Mam, het wordt bijna vanzelfsprekend dat jij er iedere week bent, maar dat is het natuurlijk niet! 

Jouw band met Gijs en Lina is heel bijzonder en je hulp en steun is zoveel méér dan een dag in de 

week oppassen!  

 

Ruben, ain’t no sunshine when you’re gone. In de tijd dat dit proefschrift tot stand kwam, kregen 

we kinderen, kochten we het mooiste huis van Amsterdam huis en begonnen we eigenhandig aan 

een mega-verbouwing, ging ik in opleiding, startte jij de ene onderneming na de andere en 

hadden we zo nu en dan grote en kleine zorgen om dierbaren. Saai was het nooit. Geen wonder 

dat je tot het doorlezen van de Nederlandse Samenvatting voor dit boekje geen flauw idee had 

waar mijn proefschrift over ging ;) Maar hoe het ook loopt, met jou is het goed, om ontelbaar veel 

redenen. Dat ik het leven samen met jou mag delen, daar word ik nog steeds iedere dag blij van. 

Gijs & Lina, wat jullie mij geven! Wat een geluk. Het leven is nog mooier geworden dan het al was. 

Ik ben zo dankbaar! 

 

 

Meeike 
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