
UvA-DARE is a service provided by the library of the University of Amsterdam (https://dare.uva.nl)

UvA-DARE (Digital Academic Repository)

Management of pediatric familial hypercholesterolemia; growing older, getting
wiser

Braamskamp, J.A.M.

Publication date
2015
Document Version
Final published version

Link to publication

Citation for published version (APA):
Braamskamp, J. A. M. (2015). Management of pediatric familial hypercholesterolemia;
growing older, getting wiser. [Thesis, fully internal, Universiteit van Amsterdam].

General rights
It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s)
and/or copyright holder(s), other than for strictly personal, individual use, unless the work is under an open
content license (like Creative Commons).

Disclaimer/Complaints regulations
If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please
let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the material
inaccessible and/or remove it from the website. Please Ask the Library: https://uba.uva.nl/en/contact, or a letter
to: Library of the University of Amsterdam, Secretariat, Singel 425, 1012 WP Amsterdam, The Netherlands. You
will be contacted as soon as possible.

Download date:24 May 2023

https://dare.uva.nl/personal/pure/en/publications/management-of-pediatric-familial-hypercholesterolemia-growing-older-getting-wiser(7ef2ded2-eaa6-44a8-a46d-27da59f9e43a).html


M
an

agem
en

t of p
ediatric fam

ilial hyp
ercholesterolem

ia 
M

arjet B
raam

skam
pkoopmaninvorm.nl

ko
o
p
m
an

in
vo

rm

UITNODIGING

Voor het bijwonen van de 
openbare verdediging van het 

proefschrift

Management of
pediatric familial 

hypercholesterolemia;
growing older, getting wiser

Woensdag 9 december 2015
12.00 uur Agnietenkapel

Oudezijds Voorburgwal 231 
te Amsterdam

U bent tevens van harte  
uitgenodigd voor de receptie 

aansluitend aan de verdediging in 
restaurant & bar ‘de Herengracht’,

Heregracht 435,  
http://www.deherengracht.com

Marjet Braamskamp
Rijnstraat 124-1

1079 HP  Amsterdam
j.a.braamskamp@amc.uva.nl

06 - 246 559 70

Paranimfen:

Sophie Bernelot Moens
06 - 103 909 16 
s.j.bernelotmoens@amc.uva.nl

Hendrik Jan Braamskamp
06 - 239 774 83 
hjbraamskamp@me.com

Management of pediatric
familial hypercholesterolemia;
growing older, getting wiser

Marjet Braamskamp



Management of pediatric familial hypercholesterolemia;

growing older, getting wiser

Marjet Braamskamp



COLOFON

All rights reserved. No parts  of this publication may be reproduced or transmitted in any 
form of by any means without the written permission of the author.

Author:  Marjet Braamskamp
Cover: Carolien Koopman - www.koopmaninvorm.nl
Printed by: Gildeprint - Enschede

ISBN: 978-94-6233-150-1

Financial support for printing this thesis was kindly supported by: 
Amgen, AstraZeneca, Genzyme, Stichting Steun Promovendi Vasculaire Geneeskunde, 
Sanofi .

Het verschijnen van dit proefschrift werd mede mogelijk gemaakt door de steun van de 
Nederlandse Hartstichting.



Management of pediatric familial hypercholesterolemia;

growing older, getting wiser

ACADEMISCH PROEFSCHRIFT

ter verkrijging van de graad van doctor

aan de Universiteit van Amsterdam

op gezag van de Rector Magnifi cus

prof. dr. D.C. van den Boom

ten overstaan van een door het College voor Promoties ingestelde commissie,

in het openbaar te verdedigen in de Agnietenkapel

op woensdag 9 december 2015, te 12.00 uur

door Jentje Anna Marian Braamskamp

geboren te Dalen



PROMOTIECOMMISSIE:

Promotores: prof. dr. J.J.P. Kastelein   Universiteit van Amsterdam
 prof. dr. F.A. Wijburg    Universiteit van Amsterdam
Copromotores: dr. B.A. Hutten          Universiteit van Amsterdam
 dr. A. Wiegman          Universiteit van Amsterdam

Overige leden: prof. dr. J.B. van Goudoever   Universiteit van Amsterdam 
 prof. dr. A.H. Zwinderman     Universiteit van Amsterdam
                 prof. dr. J.W. Jukema Leids Universitair Medisch Centrum
                 prof. dr. E.S.G. Stroes        Universiteit van Amsterdam
                 dr. A.M. Bosch              Universiteit van Amsterdam
                 dr. P.E. Jira                  Jeroen Bosch ziekenhuis
   

Faculteit der Geneeskunde



Voor mijn ouders



CONTENTS

Chapter 1 General introduction and Outline of the thesis 9

Part I  Current status of diagnosis and management of 
 hypercholesterolemia in children
Chapter 2 Management of hypercholesterolemia in children 17
Chapter 3 Early initiation of statin treatment in children with  37
 familial hypercholesterolemia

Part II  Inheritance of familial hypercholesterolemia
Chapter 4  Inheritance pattern of familial hypercholesterolemia and markers  47
 of cardiovascular risk 
Chapter 5 Maternal hypercholesterolemia: consequences for cardiovascular  63
 disease in offspring

Part III  Advances in the management of hypercholesterolemia in pediatric 
 heterozygous familial hypercholesterolemia
Chapter 6 Effi cacy and safety of rosuvastatin therapy in children and  79
 adolescents with familial hypercholesterolemia: results from 
 the CHARON study
Chapter 7 Effect of rosuvastatin therapy on carotid intima media thickness  95
 in children with familial hypercholesterolemia: fi ndings from the 
 CHARON study.
Chapter 8 Effi cacy and safety of pitavastatin in children and adolescents at  107
 high future cardiovascular risk
Chapter 9 Statin therapy and secretory phospholipase A2 in children with  123
 heterozygous familial hypercholesterolemia



Part IV Long-term follow-up of statin treatment in pediatric heterozygous 
 familial hypercholesterolemia
Chapter 10 Statin initiation during childhood in patients with FH:  137
 consequences for cardiovascular risk
Chapter 11 Long-term statin treatment in children with familial hypercholes- 145
 terolemia: more insight into tolerability and adherence
Chapter 12 Gonadal steroids, gonadotropins and DHEAS in young adults with  161
 familial hypercholesterolemia who had initiated statin therapy in 
 childhood

Part V  Advances in the management of hypercholesterolemia in pediatric
 homozygous familial hypercholesterolemia
Chapter 13 Rosuvastatin calcium for the treatment of pediatric homozygous  177
 familial hypercholesterolemia
Chapter 14 Pediatric experience with mipomersen as adjunctive therapy  191
 for homozygous familial hypercholesterolemia

Chapter 15 Summary and Clinical implications 209

Addenda
Nederlandse samenvatting 219
Authors and affi liations 225
Dankwoord  229
Portfolio  233





1
General introduction and Outline of the thesis



Chapter 1

10



General introduction

11

1
GENERAL INTRODUCTION

In 1503 Leonardo da Vinci commenced the painting of Madonna Lisa Maria de Gherardini, 
wife of a Florentine cloth merchant named Francesco del Giocondo. Nowadays, the Mona 
Lisa is the world’s most famous artwork and fascination with the portrait endures because 
of her intruiging facial expression, the monumentality of the composition and the subtle 
modeling of forms. Recently it was brought to the attention that the famous portrait reveals a 
yellow irregular leather-like spot at the inner end of the left upper eyelid and a well-defi ned 
swelling on the right index fi nger.1 These lesions resemble xanthomas, or cholesterol deposits 
in the skin, often found in subjects with inherited hypercholesterolemia. This could indicate 
that the famous portrait represents the fi rst person with familial hypercholesterolemia 
(FH). FH is a common genetic disorder, characterized by severely increased low-density 
lipoprotein cholesterol (LDL-C) levels from birth onwards that leads to cardiovascular 
disease (CVD) at an early age.2

In the late 1930s, the association between the symptoms of FH and its genetic 
inheritance was described by the Norwegian clinician Carl Muller. In his landmark paper 
he characterized the family clustering of xanthomas, high cholesterol, and myocardial 
infarctions in 17 Norwegian families with 76 family members out of which 68 manifested 
symptoms of possible heart disease.3 His work postulated FH as a monogenic defect, 
implying that the xanthomas and coronary heart disease were secondary to elevated 
cholesterol levels. Over the next years, Muller’s characterization of FH was borne out 
by more extensive studies. In the beginning of the seventies, Michael Brown and Joseph 
Goldstein identifi ed genetic absence of LDL receptors as a cause of FH and received in 1985 
the Nobel Prize in Physiology and Medicine for their research on cholesterol metabolism.4

Nowadays, general consensus is to diagnose FH early in childhood and subsequently 
start lipid-lowering therapy with the aim to prevent CVD later in life. Specifi c pediatric 
education and treatment options are provided to these children at the outpatient Pediatric 
Lipid Clinic of the Academic Medical Center (AMC) in Amsterdam. From its start in 1989 
more than 3200 children visited this clinic and therefore contributed to the increasing 
knowledge on the genetic background and natural history of FH. Furthermore, hundreds of 
children were enrolled in various clinical trials with lipid-lowering agents. This resulted in 
improved therapeutic options for young children with FH and as they grew older, we gained 
more insight in the consequences of long-term treatment. This thesis provides an update 
on recent developments in the management of hypercholesterolemia of pediatric familial 
hypercholesterolemia.
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OUTLINE OF THE THESIS

This thesis aims to identify additional cardiovascular risk factors, to evaluate the effi cacy 
and safety of novel treatment options in children with heterozygous or homozygous FH and 
to gain more insight in the consequences of long-term statin therapy initiated in childhood. 

Part I describes the current status of diagnosis and management of hypercholesterolemia 
in children. Chapter 2 provides an overview of different causes of pediatric hypercholes-
terolemia, current screening strategies and treatment options. Additionally, in chapter 3 
recent fi ndings on the early onset of atherosclerosis in children with FH and novel treatment 
options are discussed.

Part II addresses the infl uence of maternal hypercholesterolemia and cardiovascular risk in 
the offspring. In chapter 4 we therefore assessed the lipid profi les and carotid intima media 
thickness (IMT) in the children of FH mothers and compared those with the offspring of 
FH fathers. We extended these analyses in a larger cohort and with clinical endpoints in 
chapter 5. 

In Part III advances in the management of hypercholesterolemia in pediatric heterozygous 
FH are presented. In chapter 6 we describe the results of the CHARON study, a study on the 
safety and lipid-lowering effi cacy of rosuvastatin in heterozygous FH children as young as 6 
up to 17 years. As part of the CHARON study, carotid IMT measurements were performed 
at baseline and repeated after two years of treatment in the FH children and compared 
to a control group of their unaffected siblings. These results are revealed in chapter 7. 
The effi cacy and safety of pitavastatin, a novel member of the statin class, in children and 
adolescents with hypercholesterolemia are reported in chapter 8. In the last chapter of this 
part, chapter 9, we measured the mass and activity of secretory phospholipase A2 (sPLA22), 
a potential marker of increased infl ammation, in FH children and evaluated the effect of 
two years of pravastatin on sPLA22 levels.

Several aspects of long-term treatment with statins in children with FH are discussed in 
Part IV. This part comprises three sub-studies of the AfterTen study that followed up a 
cohort of children with FH receiving statin therapy until young adulthood. In chapter 10 
we evaluated the consequences for cardiovascular outcomes of at least ten years of statin 
treatment in young adult FH patients and compared these to their affected and mainly 
untreated FH parents. Adherence and tolerability of long-term statin use are reported in 
chapter 11. Finally, chapter 12 focuses on the infl uence of statins on hormone levels. 
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1
The last part of this thesis, part V, concerns the advances in the management of 
hypercholesterolemia in children with the homozygous and far more severe form of FH. 
Chapter 13 discusses the role of rosuvastatin in pediatric homozygous FH, while chapter 
14 reports the effi cacy and safety of the novel agent mipomersen, an antisense RNA, in 
these subjects. 
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ABSTRACT

Cardiovascular disease (CVD) remains the leading cause of death and morbidity in our 
society. One of the major risk factors for CVD is hypercholesterolemia. Hypercholesterolemia 
in children can be caused by a hereditary disorder or secondary to other diseases or 
drugs. In order to prevent CVD later in life, children with hypercholesterolemia should be 
identifi ed and treated as early as possible. Currently, several different screening strategies 
have been developed, using either universal screening or case fi nding to search for children 
at risk. Once those children are identifi ed the fi rst step in treatment is lifestyle adjustment. If 
cholesterol levels remain elevated, drugs of fi rst choice are statins. Other pharmacological 
options are ezetimbe or bile acid resins. These agents have all proven to be safe and effective 
in lowering LDL-cholesterol levels and improving surrogate markers of CVD. However, 
there is a need for long-term follow up studies to answer the question whether it is safe to 
initiate treatment at a young age to prevent CVD later in life. 
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HYPERCHOLESTEROLEMIA AND CARDIOVASCULAR RISK

Cardiovascular disease (CVD) is the most prominent cause of morbidity and mortality in our 
society. A key risk factor for the development of atherosclerotic cardiovascular disease is the 
presence of hypercholesterolemia. Although CVD is generally not manifest until adulthood, 
the process of atherosclerosis initiates early in life. This was fi rst documented during the 
Korean War when autopsy studies demonstrated direct evidence of coronary atherosclerosis 
in soldiers with a mean age of 22 years.1 Subsequent pathological studies have shown 
that the severity of atherosclerotic lesions in children and young adults increased with 
the number of pre existent cardiovascular risk factors, such as hypercholesterolemia, 
smoking and BMI.2,3 Indirect evidence for the development of early atherosclerosis was 
found in non-invasive imaging studies in children with familial hypercholesterolemia (FH). 
Impaired fl ow-mediated dilatation (FMD) of the brachial artery and an increased intima 
media thickness (IMT) of the carotid artery illustrated that functional and morphological 
changes in the vessel wall anatomy are already present in these young individuals.4,5 
Altogether these fi ndings have led to the hypothesis that early diagnosis and treatment of 
hypercholesterolemia in childhood is required to reduce the burden of CVD later in life.

This review aims to provide an overview of the most important causes of 
hypercholesterolemia in children. Furthermore, different screening strategies to identify 
children at risk and several treatment options are discussed.

HYPERCHOLESTEROLEMIA IN CHILDHOOD

Autosomal dominant hypercholesterolemia
Autosomal dominant hypercholesterolemia (ADH) is characterized by severely increased 
low-density lipoprotein cholesterol (LDL-C) levels and premature coronary artery disease 
(< 55 years for men; < 60 years for women). In the vast majority ADH is due to mutations 
in the LDL receptor (LDLR) gene. The associated impairment in function of these receptors 
results in reduced clearance of LDL particles from the circulation and elevation of plasma 
LDL-C.6 In addition to LDLR defects, a similar phenotype can be caused by a number of 
mutations in the apolipoprotein B (apoB) gene and gain of function mutations in the PCSK 
9 gene.7,8 

The prevalence of heterozygous ADH has been reported as 1 in 500; however recent 
data from our group revealed the prevalence of ADH in the Netherlands to be close to 
1:200. Other populations with much higher numbers are the French Canadian (1:270), 
Lebanese (1:171) and South African (1:70). 9,10 Individuals with two defective alleles, 
either homozygous or compound heterozygous (two different mutations on each allele) 
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are rare, occurring in 1:1.000.000. In the Netherlands we found almost 50 homozygote or 
compound heterozygote individuals.

The clinical presentation of heterozygous ADH is characterized by two to three fold 
elevations in plasma LDL-C levels, a family history positive for CVD and physical symptoms 
of cholesterol deposits in the skin.6 Historically, left untreated, the cumulative risk for CVD 
in patients with heterozygous ADH was greater than 50% in men by the age of 50 and at 
least 30% in women by the age of 60.11 There has been a decline in CVD event rates in the 
last years, in part due to lifestyle changes and treatment of other CVD risk factors such as 
hypertension and diabetes. Homozygous individuals can experience serious cardiovascular 
events as early as in childhood, but mostly in their twenties.6,12

Familial combined hyperlipidemia
Familial combined hyperlipidemia (FCH) is a common occurring hereditary lipid disorder, 
affecting 1-5 % of the general population. It is characterized by increased total cholesterol 
and/or triglycerides or both.10 FCH is a complex disease and the phenotype is the consequence 
of interactions between multiple susceptibility genes and the environment. Even within 
families the phenotype shows high intra- and interperson variability.13 Furthermore, clinical 
features of FCH frequently overlap with features of diabetes mellitus type 2 and metabolic 
syndrome and therefore, the diagnosis is often missed.14 In clinical practice individuals 
at risk can be identifi ed by increased apoB and triglycerides levels in combination with 
a family history of premature CVD.15 Most subjects with FCH have elevated apoB levels, 
decreased high-density lipoprotein cholesterol (HDL-C) levels and presence of small dense 
LDL-C.13,16 Although clinical expression of FCH was thought to be delayed until adulthood, 
in some children with parental FCH, hyperlipidemia or hyperapolipoprotein B is present.17

Autosomal recessive hypercholesterolemia
Autosomal recessive hypercholesterolaemia (ARH) is a rare monogenic lipid disorder, 
mostly found in individuals of Sardinian or Middle Eastern origin. Mutations in ARH cause 
failure of normal internalization of the LDL receptor in some cell types. This results in 
accumulation of the LDL receptor protein on the cell surface and inadequate clearance 
of LDL-C from the plasma. The clinical features of ARH resemble those of homozygous 
ADH, with large bulky xanthomas. Lipid levels are generally more variable, less severe and 
respond better to lipid-lowering therapy.18

Sitosterolemia
Sitosterolemia, also known as phytosterolemia, is a very rare autosomal recessive inherited 
disorder. It is characterized by increased plasma concentrations of plant sterols, such as 
sitosterol and campesterol, with a chemical structure that resembles that of cholesterol. 
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Sitosterolemia results from mutations in either ABCG5 or ABCG8 genes, encoding for 
ABC transporter proteins, expressed at the apical membrane of intestinal mucosa cells and 
hepatocytes. Defects in transporters impair plant sterol excretion form enterocytes and 
hepatocytes, resulting in the accumulation of plant sterols in the plasma and tissues. Patient 
characteristics include premature atherosclerosis, tendon xanthomas, and occasionally 
abnormal liver function tests, hemolysis, or thrombocytopenia.19 

Secondary hypercholesterolemia
Secondary hypercholesterolemia includes lipid abnormalities due to chronic diseases or 
drugs. Of the secondary lipid disorders, obesity is of particular concern. As the prevalence 
of obesity is rapidly increasing, so does the prevalence of associated co morbidities, 
especially the metabolic syndrome.20 The metabolic syndrome is a constellation of risk 
factors (including abdominal obesity, dyslipidemia, glucose intolerance and hypertension) 
for developing CVD and diabetes type 2. Dyslipidemia in obesity and metabolic syndrome 
is characterized by decreased HDL-C and elevated levels of triglycerides and non-HDL-C. 

SCREENING FOR HYPERCHOLESTEROLEMIA

Screening strategies
Screening for lipid disorders in children is based on the rationale that early identifi cation 
and control of pediatric dyslipidemia will reduce the risk and severity of CVD in adulthood. 
Two different screening approaches are selective screening, aimed to search specifi cally for 
ADH, and universal screening, aimed to identify any dyslipidemia in childhood.

Most European and the Australasian paediatric guidelines advocate the use of selective 
screening.21,22 This implies that once ADH has been diagnosed or suspected in one parent, 
screening for ADH should be performed in their children. Selective screening appears to 
be a cost effective approach to identify children at risk. However, the use of self-reported 
parental history might not be useful to identify children with hypercholesterolemia.23 In 
addition, most parents are nowadays treated with lipid lowering therapy, which has lowered 
the rate of premature CVD.

In the Netherlands, a national cascade screening programme has been used to identify 
patients at risk for ADH. The index patient is fi rst diagnosed through clinical criteria, 
followed by a DNA test to confi rm the pathological mutation. Screening for the same 
mutation is undertaken in fi rst degree relatives to identify new cases. Subsequently, cascade 
screening continues to screen more distant relatives by using the inheritance pattern across 
the pedigree. This program has been proven highly effective in identifying patients with 
ADH, reduced the age at which the disease was diagnosed, and signifi cantly increased 
the proportion of patients using cholesterol lowering therapy.24,25 However, follow up of 
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children diagnosed with ADH merits further attention, since only a majority, but not all 
children were seen by medical providers.26 Although cascade screening has been very 
successful in the Netherlands, this strategy may be not cost-effective in larger countries, 
where families are small and geographically dispersed.

In 2011, the executive report and summary of the Expert Panel Integrated Guidelines for 
Cardiovascular Health and Risk Reduction in Children and Adolescents were published. This 
guideline, sponsored by the National Heart Lung and Blood Institute (NHLBI) and endorsed 
by the American Academy of Pediatrics (AAP), comprises several aspects of cardiovascular 
health in childhood and adolescence and recommends combining the two approaches 
of selective and universal screening. Universal screening of all children is based on the 
concept of identifying the greatest number of individuals with any dyslipidemia. Screening 
of lipid levels is therefore recommended at two different time points in childhood.27 
Although a majority of children with dyslipidemia might be identifi ed, universal screening 
has also generated some controversy. In 2007 the US Preventive Services Task Force stated 
that evidence is insuffi cient to recommend for or against population wide screening for 
lipid disorders in childhood.28 Evaluating any screening program involves weighing benefi ts 
against harm and costs. Until today, no long term studies have evaluated the effect of 
screening children and adolescents on adult lipid levels and disease outcome. Furthermore, 
the costs of the universal screening program have not been analyzed by NHLBI.29 Serious 
concerns have also been raised about false positive (children with dyslipidemia that will not 
develop any premature coronary heart disease) and the possibility that those children will 
be treated life long with statins for no appreciable benefi t.30,31 

NHLBI guideline also advocates selective screening for dyslipidemia in children 
with other CVD risk factors. It is well known that the extent of childhood atherosclerosis 
increases as the number of CVD risk factors increases. For this reason, children with one 
or more known atherosclerotic risk factors (hypertension, elevated BMI, signifi cant tobacco 
smoke exposure) or with an underlying primary disease associated with increased risk for 
CVD should be screened for dyslipidemia. According to the NHBLI guideline this selective 
screening should be performed from the age of 2 years onwards.27 

All taken together, we would recommend selective screening to identify children with 
ADH.

Although selective screening programs might fail to diagnose a fair number of ADH 
cases, this exceeds the potential harm of overdiagnosis and overtreatment caused by 
universal screening. A novel approach might be to incorporate ADH in the newborn 
screening program. All newborns could be screened for a mutation in one of the three 
genes causing ADH. The results of the test can be sent to the family physician for adequate 
follow up and referral to a specialised lipid clinic at the age of 8 years old. Furthermore, 
this information can be used to perform ‘reverse’ cascade screening by testing the parents 
for ADH. 
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Screening tools
Once children are selected for screening, lipid levels are measured. In selective screening 
a fasting lipid sample should be obtained with total cholesterol (TC) and triglycerides 
(TG) in order to calculate LDL-C according to the Friedewald equation. Many laboratories 
nowadays directly determine LDL-C levels, without using the Friedewald equation, what 
makes fasting less important. 

In children without any known risk factor for CVD, non HDL-C testing can be used. If 
the non-HDL C screening test is abnormal, the NHLBI guidelines recommend that fasting 
lipid profi les should be measured at least twice at intervals between two weeks and three 
months. If the initial test is a fasting lipid profi le, this should similarly be repeated at least 
once and averaged to determine the need for treatment.27 

Age at screening
Total cholesterol levels remain quite constant from the age of 2 years up to puberty, were 
levels tend to decrease due to rapid growth and sexual maturation.32,33 A recent meta-analysis 
showed that cholesterol levels discriminate best between children with and without FH at 
the ages of 1- 9 years.32 Considering the treatment for children with hypercholesterolemia, 
dietary interventions are not recommended before the age of 2 years and pharmacological 
treatment should not initiated before the age of 8 years. Therefore, screening for childhood 
hypercholesterolemia is advisable between the age of 2 years and the start of puberty.

The NHLBI guidelines recommend universal screening at two different time points, the 
fi rst screening between the ages of 9 and 11 years old and the second screening between 
the ages of 17 and 21 years. 

NON PHARMACOLOGICAL TREATMENT

The management of children with hypercholesterolemia begins with lifestyle interventions 
that focus on cholesterol lowering and reducing other cardiovascular risk factors. These 
interventions include dietary changes, increased physical activity and eliminating tobacco 
smoke. For optimal compliance the whole family should be involved. 

The Cardiovascular Health Integrated Lifestyle Diet (CHILD-1) is the recommended fi rst 
diet for all children at elevated cardiovascular risk from the age of 2 years.27 It recommends a 
low saturated fat (< 10%) and low cholesterol (<300 mg/day) intake, with suffi cient calories 
to maintain normal growth and development. Sugar and salt intake should be minimized 
as well. Dietary fat intake is not restricted in children younger than 2 years, and for infants 
breastfeeding is recommended. In children with identifi ed hypercholesterolemia a more 
aggressive dietary approach (CHILD-2) is necessary.27 This diet limits the saturated fat intake 
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to less than 7% of the total daily calories and cholesterol intake to be less than 200mg/day. 
These guidelines should be followed by the entire family. Few data are available on the 
effectiveness of these diets in children, but it appears to improve cholesterol levels. More 
importantly, it does not interfere with normal growth and development.34,35 Additional dietary 
supplementation with plant stanols and sterols,water-soluble fi bres, soy protein or omega 
3 fatty acids might enhance the reduction of LDL-C. However, most studies in children are 
small and therefore more studies are warranted before general recommendations can be 
made.

Although data in children are limited, increased physical activity and reduction in 
sedentary behaviour might improve fasting lipid profi les and even lower the risk of CVD.36,37 
Furthermore, there is strong evidence that increased physical activity has a positive infl uence 
on other cardiovascular risk factor such as blood pressure, BMI and glucose levels. The 
NHBLI guideline recommends moderate to vigorous activity 1 hr/day, with vigorous 
physical activity on 3 days per week for children aged 5 years and older. Total screen time, 
including television and video games should be restricted to 2 hours or less per day.27 

Smoking is strongly associated with an increased risk of CVD and should therefore be 
strongly discouraged. It is also associated with an adverse effect on serum lipids, increased 
infl ammation and vascular dysfunction.38 

PHARMACOLOGICAL TREATMENT

Dietary interventions and increased physical activity are rarely suffi cient in children with 
hereditary hypercholesterolemia. If cholesterol levels are not signifi cantly reduced after 
6 months of proper lifestyle, pharmacological treatment should be considered (table 1). 
NHLBI guidelines recommend initiation of statin therapy for children from the age of 10 
years on the following conditions:
� if LDL-C ≥ 190 mg/dL 
� or if LDL-C remains after 6 months of diet 160-189 mg/dL in the presence of a 

family history of early heart disease in fi rst degree, or at least 1 high-level risk 
factor/ condition, or at least 2 moderate-risk factors/ conditions

� or if LDL-C ≥ 130-159 mg/dL with at least 2 high level risk factors/ conditions or at 
least 1 high level risk factor/condition together with 2 moderate-level risk factors/
conditions. 
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Table 1. Hereditary hypercholesterolemia in children: main biochemical features and treatment

Name Biochemical Features Treatment

Autosomal dominant hypercholesterolemia HeADH LDL-C ↑

HoADH: LDL-C ↑↑

Lifestyle adjustment
Lipid lowering therapy; 
usually statins

Lipid lowering therapy; 
usually statins
LDL apheresis

Familial combined hyperlipidemia TC ↑ / TG ↑/ HDL-C ↓
apoB ↑/ sd LDL present

Lifestyle adjustment
Consider statins or fi brates

Autosomal recessive hypercholesterolemia LDL-C ↑↑ Statins

Sitosterolemia plasma sitosterol ↑↑
plasma camposterol ↑↑

Dietary interventions
Ezetimibe

LDL-C: low-density lipoprotein cholesterol; HDL-C: high-density lipoprotein cholesterol 
TC: total cholesterol; TG: triglycerides; apoB: apolipoprotein B; sd: small dense

In children of 8 and 9 years old, statin treatment might be considered if LDL-C is persistently 
≥ 190 mg/dL after 6 months of diet, together with a positive family history of premature 
CVD, or other additional risk factors (table 2).27 Decisions regarding the need for medical 
therapy should be based on the average of results from at least two fasted lipid profi les 
obtained at least two weeks but no more than 3 months apart. 

When initiation of statin therapy is required, children should be referred to either a 
lipid clinic or paediatrician used to treat hypercholesterolemia. The children as well as the 
parents should be adequately informed of the background, consequences and treatment 
of their condition. Several lipid clinics in the Netherlands started specialised outpatient 
clinics for FH, where at the same time parents are seen by the lipidologist and children by 
the paediatrician. Afterwards the whole family visits the dietician. In this way all affected 
family members are screened once a year. 
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Table 2. Risk Factors and Risk Conditions according to NHLBI guidelines27:

High-level risk factors
Hypertension that requires drug therapy
Current cigarette smoker
BMI > 97th percentile
Presence of high risk conditions

Moderate-level risk factors
Hypertension not requiring drug therapy
BMI > 95th percentile, < 97th percentile
HDL-C < 40 mg/dL
Presence of moderate risk conditions

High Risk Conditions
DM1 and DM2
Chronic kidney disease/ end renal stage disease/post-renal transplant
Kawasaki disease with current aneurysm

Moderate Risk Conditions
Kawasaki disease with regressed coronary aneurysms
Chronic infl ammatory disease
HIV infection
Nephrotic syndrome

Statins
Statins are currently the pharmacological agents of fi rst choice in children with 
hypercholesterolemia (table 3). Statins work by inhibiting the enzyme hydroxymethylglutaryl 
coenzyme A reductase (HMG CoA reductase) needed for the endogenous production of 
cholesterol. The reduction of the intracellular cholesterol pool triggers upregulation of the 
LDL receptors on the cell surface. This upregulation of LDL receptors can increase the 
clearance of LDL particles. In adults, statins have been proven effective in reducing both 
LDL-C levels and the incidence of coronary and other vascular events.39,40 Several paediatric 
studies have shown statins to be equally effective as in adults, well tolerated and safe with 
regards to adverse events, growth or sexual development.41 Vascular endothelial function 
and IMT of the carotid artery, both markers of early atherosclerosis, were also improved in 
children with FH treated with statins compared to untreated peers.4,5

Several different statins are currently available in childhood. The US Food and Drug 
Administration (FDA) has given approval for the use of lovastatin, simvastatin, atorvastatin 
and rosuvastatin in children from the age of 10 years and for pravastatin 20 mg from the 
age of 8 years onwards. A randomized placebo controlled trial of pitavastatin is currently 
conducted and has enrolled children from the age of 6 years on. Adverse events are 
infrequent in childhood but can include muscle cramps, gastro intestinal complaints, an 
increase in liver transaminase levels and rhabdomyolysis. Rhabdomyolisis is extremely rare, 
but might be induced by drug interactions, especially with concomitant use of cyclosporine, 
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erythromycin or gemfi brozil. Furthermore, the use of statins should be interrupted during 
pregnancy out of fear for possible fetal harm, that has been described in several case 
series.42 A recent systematic review suggested that statins are unlikely to be teratogenic. 
43 However, large trials that assess the transplacental passage, benefi ts and safety of statins 
during pregnancy are lacking.

Table 3. Pharmacological treatment for hypercholesterolemia

Type of drug Mechanism of action Major effects Indication

HMG CoA reductase 
inhibitor 
(statins)

Inhibiting hepatic cholesterol 
synthesis 
Up regulation of hepatic LDL 
receptors

↓ LDL-C, 
↓ triglycerides
↑ HDL-C

ADH
ARH

Cholesterol absorption 
inhibitor 
(ezetimibe)

Inhibiting intestinal cholesterol 
absorption

↓ LDL-C ADH
ARH
Sitosterolemia

Bile acid binding resins 
(BAS)

Binding bile acids
Interrupting enterohepatic 
circulation
Up regulation of LDL receptors

↓ LDL-C
↑ HDL-C
↑ triglycerides

ADH

Fibric acid derivates
(fi brates)

Largely unclear Variable effect LDL-C
↑ HDL-C
↓ triglycerides

FCH

Nicotinic acid
(niacin)

Largely unclear ↓ LDL-C, 
↓ triglycerides
↑ HDL-C

Not suitable

LDL-C: low-density lipoprotein cholesterol; HDL-C: high-density lipoprotein cholesterol ADH: autosomal 
dominant hypercholesterolemia; ARH: autosomal recessive hypercholesterolemia; FCH: familial combined 
hyperlipidemia

Before initiating treatment with statins, a baseline fasting lipid panel, creatine kinase 
(CK), and liver transaminases should be obtained. Treatment goal is a LDL-C level less 
than 130 mg/dL. Cholesterol levels should be rechecked after four weeks, and if necessary, 
the medication dose can be doubled and laboratory work should be repeated again after 
four weeks. If target LDL-C levels are still not achieved, dose might be further increased, 
or another agent may be added.27 In the fi rst year of treatment, fasted lipid panel and liver 
transaminases should be monitored every three to four months together with growth, sexual 
maturation and development.

At initiation of statin treatment, the child and family should be advised to report any 
adverse muscle related complaints. CK and transaminase levels should be monitored 
periodically after the introduction of statins.27 If CK levels exceed ten times the upper limit 
of normal or liver transaminase levels exceed three times above the normal levels, treatment 
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should be withheld temporarily. However, CK levels can be increased in children who are 
actively participating in contact sports, so elevated CK levels should always be taken within 
the clinical context, before ascribing it to statin use. Ideally, increased physical activity 
should be avoided 1-2 days prior to testing. 

All taken together, several clinical trials in children with hypercholesterolemia have 
shown that statins are remarkably safe, well tolerated and effective in lowering cholesterol 
levels. These were however short-term studies. Rodenburg et al described in the longest 
follow up study of 4,5 years that early initiation of statin therapy in children with FH delays 
the progression of carotid IMT. There were no serious adverse events reported during follow 
up and normal growth and sexual maturation were not effected.44 Long-term studies are 
needed to establish, whether early initiation of statin therapy in children is justifi ed in order 
to prevent cardiovascular events.

Bile acid sequestrants
In the past, bile acid sequestrants (BAS) were considered the only suitable drugs for children, 
because they act in the intestinal lumen and are not systemically absorbed.45 The agents 
bind bile acids in the intestine, resulting in interruption of the reabsorption of bile acids. 
As a consequence, the formation of bile acids from intrahepatic cholesterol is increased 
and thus reducing the intracellular cholesterol concentration. This triggers up regulation of 
LDL receptors and increased LDL-C clearance. Serum LDL-C can be lowered by 10-20% 
by BAS. A major problem of classical BAS is the poor long term adherence and tolerability, 
due to its gastro-intestinal upset and gritty texture.45

Recently, a novel second-generation BAS, colesevelam, was evaluated in children.46,47 
Because of its greater affi nity for bile salts, it can be used in a lower dosage and is associated 
with less unpleasant side effects and therefore achieves better adherence to treatment. 
Besides tablets, colesevelam recently has become available as powder for oral suspension 
and might be administered as monotherapy or in combination with statins. At dosages of 
3.75 g once daily or 1.875 g twice daily, it is approved by the FDA for the treatment of 
pediatric patients aged 10–17 years with heterozygous FH. 
 
Ezetimibe
Ezetimibe lowers cholesterol by preventing intestinal absorption of dietary and biliary 
cholesterol. Its mechanism of action may involve Niemann-Pick C1 like 1 (NPCL1L1) 
protein, a protein involved in cholesterol absorption at the brush border of the intestine. As 
a result of lower LDL-C levels, LDL receptor expression is upregulated and LDL-C clearance 
from plasma is increased. In adults, ezetimibe monotherapy reduces LDL-C levels by 
approximately 17%, but is mostly used in combination with statin therapy.48,49 
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A small number of short-term studies have investigated the effi cacy and tolerability of 
ezetimibe in children with hypercholesterolemia. Either alone, or in addition to simvastatin 
it appears to effectively lower LDL-C in young patients, without any signifi cant side 
effects.50,51 However, the clinical benefi ts of either ezetimibe monotherapy or combining 
ezetimibe with statin therapy in terms of clinical outcome remain to be proven. In patients 
who are statin intolerant and in patients with sitosterolemia, ezetemibe is the agent of fi rst 
choice. Ezetimibe 10mg is registered for pediatric use from the age of 10 years by the FDA. 

Other agents
Fibric acid derivates increase HDL cholesterol and decrease triglyceride levels. Although 
there is limited pediatric data on the use of fi brates, they may be useful in children with 
elevation in triglycerides and an associated risk for pancreatitis.27 In general, fi brates are 
well tolerated and the adverse effects are similar to those of statins. 

The mechanism of action of nicotinic acid, a water soluble B complex vitamin, 
is complex and not fully understood, but results in results in lowering both LDL-C and 
triglycerides concentrations and increasing HDL-C. Compliance to niacin is poor because 
of frequent adverse effects like fl ushing, headache and rash. Due to those adverse effects 
niacin should not be recommended for routine pediatric use. 

Novel agents
A recent study in the Netherlands on 1249 adult heterozygous FH patients found that 
although the vast majority used lipid lowering therapy, only 21% of them reached LDL-C 
levels of < 2.5 mmol/L. The study suggests that only a small proportion of patients with FH 
reach LDL-C targets recommended by current guidelines, mainly because they were not 
treated with the highest dosages of statins, were statin intolerant or their levels were too 
high to be controlled with the current available therapy.52 This indicates the urge for new 
treatment options to improve LDL reduction.

Several novel promising therapeutic strategies for LDL-C lowering have been developed 
and are currently investigated in adults. PSCK9 monoclonal antibodies reduce levels 
of PCSK9, a protease that leads to de degradation of LDL receptors and thus increases 
LDL-C levels. Published phase II data have shown that these monoclonal antibodies, as 
monotherapy or added to statins, are effective and well tolerated at 3 months.53,54 Larger 
and much longer phase 3 trials are now in progress to assess the long-term tolerability, 
safety, and impact on cardiovascular disease events of these very promising LDL-C lowering 
compounds.

A second group of novel lipid lowering agents are cholesterol ester transport protein 
(CETP) inhibitors. CETP mediates the process of transfer of cholesteryl esters from HDL 
particles to apoB containing particles. Inhibition of CETP activity results in an increase 
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HDL-C and decrease in LDL-C. Although a clinical trial with torcetrapib was terminated 
early because of potential off-target effects on blood pressure, it did not rule out the 
cardioprotective effect of CETP inhibition.12 Therefore two other CETP inhibitors, anacetrapib 
and evacetrapib, are currently evaluated in phase 3 clinical trials. Both agents have shown 
benefi cial effects by increasing HDL-C and decreasing LDL-C concentration, but long term 
outcome trials are eagerly awaited.

Apolipoprotein B is essential for the production of VLDL-C (the precursor of LDL-C) and 
for the clearance of cholesterol. Treatment with mipomersen, an oligonucleotide antisense 
inhibitor directed against apoB mRNA, resulted in an addtional LDL-C reduction of 25- 
36% in patients with hoFH or severe heterozygous FH, who were already receiving high 
dose of lipid lowering therapy.55,56 Reported adverse events were injection side reactions 
and an increase of fat content in the liver. The FDA has approved Mipomersen as an orphan 
drug for patients with hoFH.

Microsomal triglyceride transfer protein (MTP) plays an important role in the formation 
of apoB containing lipoproteins in the hepatocytes and intestinal enterocytes. Lomitapide 
is an oral MTP inhibitor and has demonstrated substantial LDL-C reduction in patients with 
hoFH, treated with in aggressive lipid lowering therapy.57 Gastrointestinal symptoms and 
elevations in transaminases were the most reported adverse events. Recently, Lomitapide 
has been approved by both the FDA and EMA as an orphan drug for hoFH patients.

LDL apheresis
Generally, in patients with hoADH or severe heterozygous ADH, statins have only modest 
effect on plasma levels of LDL-C. In these individuals, LDL apheresis (LDL-A) has proven 
to be highly effective in removing LDL-C. LDL particles are selectively removed from the 
circulation by binding to the dextran sulphate or polyacrylamide membrane of this fi lter. 
By this technique, LDL-C levels can be effectively reduced by more than 60% immediately 
after apheresis.58 This reduction, however, is temporarily with a rapid rebound of LDL-C 
over the days following treatment and should therefore be performed once weekly.58 

Data on LDL-A in children is limited, several case reports and case series of children 
aged 6- 17 years treated with LDL-A showed that this treatment was remarkably safe 
and those children who have been treated the longest have shown normal growth and 
development.59–61 
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CONCLUSION

Altogether, in the last decades we have gained much more insight in the role of 
hypercholesterolemia in the development of atherosclerosis and subsequent cardiovascular 
disease. Different screening strategies are used to identify children with hypercholesterolemia, 
who are at risk for premature cardiovascular events. Treatment of hypercholesterolemia 
starts at a young age with adjustment of lifestyle, adopted by the whole family. If cholesterol 
levels remain increased, pharmacological treatment, preferably with statins should be 
considered. Statins have proven to be safe and effective in short term studies. The main 
question that remains is whether long term statin therapy is indeed justifi ed in order to 
prevent cardiovascular events later in life. Follow up of individuals that initiated statin 
therapy in childhood will help us to fi nd those answers.
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ABSTRACT 

Purpose of Review
This review provides recent insights on the early onset of atherosclerosis in heterozygous 
familial hypercholesterolemia (FH) and reports on novel treatment options as well as on the 
consequences of long-term statin use in childhood.

Recent Findings
Children with FH have greater mean carotid intima media thickness (cIMT) than their 
unaffected siblings even before the age of 8 years, which is several years earlier than 
previously reported. In those children, two years of rosuvastatin treatment resulted in 
slowing of the cIMT progression. In addition, in a ten year follow-up study after a pravastatin 
intervention trial, long-term statin therapy in young adult FH subjects was associated with 
normalization of cIMT progression and appeared effective in prevention of very premature 
cardiovascular events. These effects were observed without untoward safety concerns. 
However, a majority of these young adults did not reach cholesterol goals according to 
general guidelines, indicating the need for improvement of treatment in this patient group.

Summary
The importance, effi cacy and safety of early initiation statin therapy in FH children was 
further confi rmed by recent fi ndings. Nevertheless, to reach current treatment goals, use of 
more potent statins is required and has been proven safe and effective in young children.



Early initiation of statin therapy in FH

39

3

INTRODUCTION

Familial hypercholesterolemia (FH) is a common and autosomal dominantly inherited 
disorder of lipoprotein metabolism. In the vast majority, FH is due to mutations in the 
LDL receptor (LDLR) gene or in other genes that affect the functionality of the LDLR.1–3 
When LDLR are defi cient, the rate of removal of LDL-cholesterol (LDL-C) declines and 
thus plasma LDL-C levels increase. In heterozygous FH (HeFH) the child has inherited a 
mutation from one of the parents, whereas in the clinically far more severe homozygous 
FH (HoFH) a mutation is inherited from each parent. Historically, the prevalence of HeFH 
has been estimated at 1 in 500 people and 1 per million for HoFH. Recent insights however 
showed that approximately 1 in 250 people of Northern European descent may have HeFH 
and as a consequence HoFH is present in 1 in 300.000 people.4,5

The gold standard for establishing the diagnosis is detection of the FH causing mutation. 
If genetic testing is not available, FH in children can be diagnosed based on increased 
plasma LDL-C levels and family history of premature coronary heart disease (CHD) or 
elevated cholesterol levels compatible with FH.4,6 Abundance of plasma cholesterol leads 
to accumulation in the arterial vessel wall, especially in the coronary arteries and aorta, and 
initiates the development of premature atherosclerosis that subsequently results in CHD. 
Although CHD generally not manifests until adulthood, two markers of early atherosclerotic 
development, endothelial dysfunction and thickening of the arterial vessel wall, are already 
present in children with FH.7,8 This leads to the rationale to initiate treatment already in 
childhood in order to attenuate the development of early atherosclerotic development and 
therewith prevent the incidence of CHD later in life.

EARLY ATHEROSCLEROSIS AT AGE 8 YEARS

In a recent meta-analysis Narverud et al. investigated the consequences of elevated LDL-C 
concentrations on early markers of atherosclerosis in children and revealed a signifi cantly 
thicker carotid intima media thickness (cIMT) in FH children compared to healthy controls.9 
This meta-analysis did not include a study of 201 children with FH and 80 unaffected 
siblings between 8-18 years demonstrating that, in addition to LDL-C, age and gender were 
other independent predictors of cIMT.7 In this study, children with FH exhibited a more 
rapid increase in cIMT with age than their unaffected siblings and signifi cant deviation in 
cIMT occurred from the age of 12. 

Recently, cIMT measurements were performed in even younger children. As part of an 
ongoing trial to evaluate the effi cacy and safety of rosuvastatin in 198 children with FH, 
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cIMT measurements were compared with unaffected siblings.10 Children as young as 6 up 
to 17 years were enrolled. Mean cIMT in FH children was signifi cantly greater than that of 
unaffected siblings as early as age 8 years. Furthermore, two years of rosuvastatin treatment 
resulted in a trend for slowing cIMT progression in the FH group.11 These fi ndings indicate 
the importance of early treatment of FH children and could possibly provide a rationale for 
initiation even at a younger age than currently recommended. 

ADVANCES IN FH TREATMENT 

Intensifi cation of lifestyle management is the fi rst step of treatment for children and 
adolescents with FH, including a fat-restricted and cholesterol-restricted diet.4,12 For the 
majority, achievement of healthy lifestyle goals is insuffi cient to achieve minimal LDL-C 
targets, but it remains important to prevent other cardiovascular risk factors, such as obesity. 
In addition to a fat restricted diet, guidelines highlight a potential role for dietary adjuvants 
such as plant sterols, stanols or omega-3 fatty acids in this population. Although a daily 
consumption of plant sterol dairy products appears to favorably change lipid profi le by 
reducing LDL-C in dyslipidemic children, a recent systematic review on this issue indicated 
that no conclusions can be made about the effectiveness of a cholesterol-lowering diet, or 
any of the other dietary interventions suggested for FH on prevention of CHD.13,14

The cornerstone of pharmacological treatment FH are HMG-CoA reductase inhibitors 
(or statins). Expert consensus recommends the initiation of statin therapy in HeFH from the 
age of eight years onwards with the aim to achieve an LDL-C < 4.0 mmol/L for the ages 8 
to 10 years and an LDL-C target < 3.5 mmol/L for older children.4,6,12,15 Pravastatin has FDA 
approval for children age ≥ 8 years with FH, whereas lovastatin, simvastatin, fl uvastatin, 
atorvastatin and rosuvastatin in adjusted dose regimen have been approved for FH children 
≥10 years. However, a large proportion of children still do not achieve the LDL-C targets 
at approved pediatric statin doses, thus there is a need for more intensive lipid-lowering 
therapy.

In a recent study, 198 FH children as young as 6 years up to 17 years, were included 
for 24 months of treatment with rosuvastatin.16 The 5 mg starting dose of rosuvastatin was 
titrated to a maximum 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). From baseline to 24 months, LDL-C was 
reduced by 43, 45 and 35% in patients aged 6–9, 10–13 and 14–17 years, respectively 
(P < 0.001 for all groups). In the whole cohort, 38% of the children reached the LDL-C 
target of < 2.85 mmol/L (<110 mg/dL) on rosuvastatin. The observed LDL-C reduction 
was consistent with reductions seen in adults and a previous study in children with FH 
aged 10–17 years receiving rosuvastatin <20 mg. Generally, treatment with rosuvastatin 
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was well tolerated. Although adverse events (AEs), were reported by 87% of the children, 
mainly consisting of nasopharyngitis (44%) or headache (23%), the majority of AEs were 
considered mild by the investigators. Three subjects discontinued rosuvastatin during the 
study because of treatment related AEs (nausea, migraine and paraesthesia). There were no 
clinically important changes in hepatic, skeletal muscle or renal biochemistries observed. 
Furthermore, patients’ growth and maturation remained within the normal ranges for age 
and gender during the treatment period.

A placebo-controlled study with pitavastatin up to the maximum approved adult dose of 
4 mg once daily in dyslipidemic children from 6 years onwards has recently fi nished. The 
results of this trial are forthcoming in the near future.

LONG-TERM STATIN THERAPY 

Several short-term clinical trials in HeFH children have shown that statins are safe, well 
tolerated and effective in terms of cholesterol lowering and slowing cIMT progression.17 
However, once statins are initiated, lifelong therapy is required and concerns remain 
whether this therapy prevents CHD later in life without interference with normal growth 
and development. Recently, Kusters et al. reported data on the effi cacy and safety after ten 
years of statin treatment in the longest follow up study thus far.18 In their study, a cohort 
of 194 children with FH who had initiated statin treatment at a mean age of 12.9 years 
were enrolled, together with their 83 unaffected siblings. Fasted blood samples were 
taken, cIMT measurements were performed and additional information was assessed by a 
questionnaire. The results showed that after ten years of statin therapy, mean LDL-C levels 
in FH subjects were still signifi cantly increased compared to their siblings and higher than 
currently recommended by the guidelines. Moreover, long-term treated FH patients had 
a greater mean cIMT compared with unaffected siblings (0.480 mm [0.95%CI: 0.472-
0.489mm] vs 0.469 mm [95%CI: 0.459-0.480mm], respectively; P=0.02). However, statin 
therapy did appear to normalize cIMT progression; from baseline, progression of cIMT 
was similar in the children with FH and their siblings (0.039 mm vs 0.037 mm; p=0.52, 
Figure 1). Furthermore, in a linear regression model earlier statin initiation was associated 
with thinner cIMT at follow up. The authors concluded that despite the benefi ts of statin 
treatment on decreasing cIMT difference, more robust lipid lowering therapy or earlier 
initiation of statins may be required to completely restore arterial wall morphology and 
therewith reduce CHD risk.18 

A sub-study of the same FH cohort provided more insight on the prevention of CHD 
events by statins in these high risk subjects.19 The incidence of CHD and cardiovascular 
death of the young adults who initiated statin therapy in childhood was compared with 
their 156 affected parents for whom statins were available only from adulthood. At the age 



Chapter 3

42

of 30 years, CHD event free survival was 100% in the group of young adults and 93% in 
the group of affected parents. This might indicate that statin therapy initiated in childhood 
seems to be effective in reducing early CHD events and mortality in FH individuals.

In terms of long term safety, the study by Kusters et al. revealed no differences in 
laboratory parameters between groups and overall statin therapy was well tolerated.18 Three 
FH patients had stopped taking statins due to side effects (gastrointestinal symptoms, fatigue 
and headache) and no major side effects were reported.

0.039 mm 

0.037 mm 

p = 0.017 

p = 0.025 

p = 0.52 

C
ar

ot
id

 I
M

T 
(m

m
) 

0.44 

0.48 

0.50 

0.46 

0.42 

0 

Baseline After 10 years 

Figure 1. Carotid IMT in statin treated FH children and their unaffected siblings at baseline, when 
statins were initiated in the FH group and ten years after this initiation.
IMT; intima-media thickness, FH; familial hypercholesterolemia

CONCLUSION

Arterial wall thickening as a result of abundant cholesterol deposition is already present 
before the age of 8 years in FH children. Therefore, recent trials with rosuvastatin and 
pitavastatin, currently the most potent statins, have enrolled children from 6 years onwards 
to establish the effi cacy and safety even at a young age. At the short-term, statin treatment 
slowed cIMT progression, whereas long-term statin therapy even appears to result in 
normalization of cIMT progression, which would cause a signifi cant reduction of the future 
CHD risk. However, a fair majority of children did not meet current LDL-C treatment goals 
and this leaves room for improvement with more stringent lipid lowering therapy in this 
patient group.  
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ABSTRACT

Studies in children and adults have resulted in confl icting 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. 

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. 

No signifi cant differences could be observed in c-IMT, lipid or lipoprotein levels 
from offspring of FH mothers versus FH fathers. Pooled analyses showed no signifi cant 
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). 

Our data do not support the hypothesis that cardiovascular risk markers are different 
between offspring from FH mothers and FH fathers. 
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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 and together with the recommended discontinuation of statin 
therapy, these women can exhibit severely elevated cholesterol levels during pregnancy.4 
Several studies suggest that maternal cholesterol is transported from the maternal to the fetal 
circulatio, and that lipid levels of the mother are closely aligned to those of the fetus in the 
fi rst six months of pregnancy.5-7 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, studies in humans on the effect of maternal FH on cholesterol levels of the 
offspring show confl icting 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.7-12 A small study in children showed that lipid levels and carotid intima-
media-thickness (c-IMT), an established measure of subclinical atherosclerosis, did not 
differ between children with FH who inherited the disease maternally or paternally.13-15 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. 

METHODS

Study Population
For the current study, participants of different Dutch cohorts were included. The fi rst 
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 
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in a randomised placebo-controlled trial to assess the effi cacy 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 fi rst 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 described(19). In patients with an 
unknown mutation in the family, mutation identifi cation in the LDLR and APOB genes was 
performed by direct Sanger sequencing; identifi cation 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).
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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 fi les. One certifi ed 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 defi ned 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 signifi cant. The analyses were performed with 
the SPSS package version 19 (SPSS Inc, Chicago, IL).

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% confi dence 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)
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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 specifi c family 
mutation was absent. These 1988 children of cohort 1 could be included in the study 
(Online 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.  

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).
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Table 1. General characteristics of the different cohorts

Cohort 1
(0-18 y)

FH Non-FH
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

Cohort 2a
(8-18 y)

FH Non-FH
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

Cohort 2b
(18-30 y)

FH Non-FH
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

Cohort 3
(18-60 y)

FH Non-FH
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

FH: familial hypercholesterolemia; BMI: Body-mass index



Chapter 4

54

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 signifi cantly 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 signifi cance (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 signifi cance 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 signifi cance (Table 2). 

In the third cohort, a statistical signifi cant 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, 
Figure 1), 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, defi cient LDLR mutations and 
ApoB mutations, showed no signifi cant 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) 
(Online 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 (Figure 1). 
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Table 2. Lipids, lipoprotein levels and c-IMT of the different cohorts
Cohort 

1
(0-18 y)

FH Non-FH
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
Cohort 

2a
(8-18 y)

FH Non-FH
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

Cohort 
2b

(18-30 y)

FH Non-FH
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
Cohort 

3
(18-60 y)

FH Non-FH
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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 FH                     
 Cohort 1  5.26  (1.36)  740  5.20  (1.47)  862  42.4%  0.06 [-0.08, 0.20] 
 Cohort 2b  5.38  (1.91)  64  4.97  (2.58)  108  1.8%  0.41 [-0.27, 1.09] 
 Cohort 3  3.74  (1.25)  161  3.72  (1.23)  126  9.8%  0.02 [-0.27, 0.31] 
 Subtotal (95% CI)   965    1096  54.0%  0.06 [-0.06, 0.19] 
 Heterogeneity: Tau2=0.00; Chi2=1.10, df=2 (P=0.58); I2=0% 
 Test for overall effect: Z=1.03 (P=0.30) 

 Siblings 
 Cohort 1  2.41  (0.60)  101  2.47  (0.60)  157  36.3%  -0.06 [-0.21, 0.09] 
 Cohort 2b  3.29  (0.61)  26  3.13  (0.77)  52  8.3%  0.16 [-0.15, 0.47] 
 Cohort 3  3.45  (1.98)  54  3.53  (1.94)  50  1.4%  -0.08 [-0.83, 0.67] 
 Subtotal (95% CI)   181    259  46.0%  -0.02 [-0.15, 0.11] 
 Heterogeneity: Tau2=0.00; Chi2=1.56, df=2 (P=0.46); I2=0% 
 Test for overall effect: Z=0.31 (P=0.76) 

Total (95% CI)    1146    1355  100.0%  0.03 [-0.07, 0.12] 
Heterogeneity: Tau2=0.00; Chi2=3.51, df=5 (P=0.62); I2=0% 
Test for overall effect: Z=0.54 (P=0.59) 
Test for subgroup differences: Chi2=0.85, df=1 (P=0.36); I2=0% 
 

  FH Mother       FH Father    Mean difference    
  Mean (SD)  N  Mean (SD)  N  Weight  IV, random, 95% CI    

  FH Mother       FH Father    Mean difference 
  Mean (SD)  N  Mean (SD)  N  Weight  IV, random, 95% CI 

  FH Mother         FH Father    Mean difference 
  Mean (SD)  N  Mean (SD)  N  Weight  IV, random, 95% CI 
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 FH                     
 Cohort 1  -0.44 (0.48)  740  -0.44 (0.52)  862  28.3%  0.00 [-0.05, 0.05] 
 Cohort 2b  -0.00 (0.44)  64  -0.13 (0.64)  108  15.5  0.12 [-0.04, 0.29] 
 Cohort 3  -0.17 (0.51)  161  -0.35 (0.47)  126  20.7%  0.18 [0.07, 0.29] 
 Subtotal (95% CI)   965    1096  64.4%  0.09 [-0.04, 0.22] 
 Heterogeneity: Tau2=0.01; Chi2=9.36, df=2 (P=0.009); I2=79% 
 Test for overall effect: Z=1.38 (P=0.17) 

 Siblings 
 Cohort 1  -0.58 (0.55)  101  -0.50 (0.46)  157  18.9%  -0.08 [-0.21, 0.05] 
 Cohort 2b  0.04  (0.43)  26  -0.11 (0.43)  52  12.1%  0.15 [-0.06, 0.35] 
 Cohort 3  -0.03 (1.01)  54  0.03  (1.01)  50  4.6%  -0.05 [-0.44, 0.34] 
 Subtotal (95% CI)   181    259  35.6%  -0.00 [-0.16, 0.16] 
 Heterogeneity: Tau2=0.01; Chi2=3.44, df=2 (P=0.18); I2=42% 
 Test for overall effect: Z=0.02 (P=0.98) 

Total (95% CI)    1146   1355  100.0%  0.06 [-0.03, 0.15] 
Heterogeneity: Tau2=0.01; Chi2=13.61, df=5 (P=0.02); I2=63% 
Test for overall effect: Z=1.23 (P=0.22) 
Test for subgroup differences: Chi2=0.73, df=1 (P=0.39); I2=0% 
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 FH                     
 Cohort 2b  0.613 (0.070)  68  0.617 (0.120)  108  21.2%  -0.00 [-0.03, 0.02] 
 Cohort 3  0.627 (0.088)  161  0.630 (0.094)  126  36.8%  -0.00 [-0.02, 0.02] 
 Subtotal (95% CI)   299    234  58.0%  -0.00 [-0.02, 0.01] 
 Heterogeneity: Tau2=0.00; Chi2=0.00, df=1 (P=0.99); I2=0% 
 Test for overall effect: Z=0.38 (P=0.70) 

 Siblings 
 Cohort 2b  0.577  (0.04) 26  0.575(0.77)  52  35.9%  0.00 [-0.02, 0.02] 
 Cohort 3  0.674  (0.13) 54  0.672(0.14)  50  6.1%  0.00 [-0.05, 0.05] 
 Subtotal (95% CI)    80   102  42.0%  0.00 [-0.02, 0.02] 
 Heterogeneity: Tau2=0.00; Chi2=0.00, df=1 (P=0.98); I2=0% 
 Test for overall effect: Z=0.21 (P=0.83) 

Total (95% CI)    309   336  100.0%  -0.00 [-0.01, 0.01] 
Heterogeneity: Tau2=0.00; Chi2=0.17, df=3 (P=0.98); I2=0% 
Test for overall effect: Z=0.15 (P=0.88) 
Test for subgroup differences: Chi2=0.17, df=1 (P=0.68); I2=0% 
 

      -1     -0.5       0        0.5      1 
Paternal higher    Maternal higher 

          -0.5           0  P          0.5 
Paternal higher    Paternal higher 

         -0.05         0           0.05  
Paternal higher    Maternal higher 

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 
signifi cance. So, this fi nding was probably due to chance. Also, no clear trend was shown 
towards a more atherogenic lipid profi le 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 signifi cant 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 
signifi cant 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 profi les as a result 
of inheritance pattern are more pronounced in adult patients. As the majority of our current 
study are children, this could explain the confl icting 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, 



Chapter 4

58

in the previous cohorts, in some patients a more polygenic basis might 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 effi cacious 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 specifi c lipid-lowering drug and dose, as 
previously described by Huijgen et al and showed no difference between patients with an 
FH mother as compared to patients with an FH father.22

In conclusion, our current data of subjects in the mainly pediatric age range do not 
show a more atherogenic lipid profi le 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 signifi cant 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 LDL-C 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 
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may possibly only express in adulthood is interesting and should be further explored. More 
importantly, clinical endpoints should be included in these analyses, to fi rmly establish or 
exclude clinical relevance. 
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ABSTRACT 

Objective 
Maternal hypercholesterolemia is associated with mildly increased low-density lipoprotein-
cholesterol (LDL-C) levels in newborns compared to the general population. The 
consequences of these observations for cardiovascular (CV) outcome, however, are never 
studied in humans. 

Methods 
In 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 by 
Cox regression analyses. 

Results 
Information on parental FH was available in 20,005 individuals of whom 10,524 (53%) 
tested positively for FH whereas in 9,481(47%) individuals no FH mutation was present. 
Of those tested positively for 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. For the 9,481 non-affected family members adults (for maternal FH, n=5,250 [55%]), 
these rates were 1.57 and 2.10, respectively. Therefore, FH patients with maternal FH had a 
lower risk for CV events (hazard ratio [HR] 0.70; 95% confi dence interval [CI]: 0.60-0.82; 
P<0.001). Similarly, CV risk was also lower in healthy offspring of FH mothers (HR 0.74; 
95% CI: 0.57-0.95; P=0.018). 

Conclusion
Both offspring affected with FH and offspring without FH from FH mothers exhibit a lower 
risk of CV events compared to any offspring from FH fathers. These data force us to rethink 
the consequence of maternal hypercholesterolemia for the foetus, and serve as a reminder 
to temper the facile extrapolation of results in animal to the human condition. 
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INTRODUCTION

According to the “Barker hypothesis”, environmental conditions during fetal development 
have long-term consequences for adult health. A plethora of data 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 
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 solid evidence for this contention is lacking. 

The population of patients with familial hypercholesterolemia (FH) provides a unique 
opportunity to study these associations. FH is a co-dominant monogenic disorder of 
lipoprotein metabolism, characterized by severely elevated levels of LDL-C, and premature 
CVD. Statin treatment of FH patients is considered “life saving” and mandatory to 
prevent CVD events. All statins are contraindicated during pregnancy, however, and as a 
consequence, on top of the physiological gestational increase of cholesterol levels, pregnant 
women with FH often have severely elevated LDL-C levels.5 Since hypercholesterolemia in 
FH is the consequence of a single gene mutation, the “Barker hypothesis” can be explored 
by comparing offspring from FH mothers with offspring from FH fathers. A few studies of 
modest size have addressed this issue, but showed confl icting results.6-9 If offspring from 
FH mothers would indeed have a sharply 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 in 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 for 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 domestic patients with FH, as was described by 
Besseling et al.10 

Data are collected during a single visit. A certifi ed genetic fi eld worker (a member of 
the screening program, educated about familial hypercholesterolemia and trained to use 
the questionnaire and perform venous blood sampling) interviewed participants at home 
using a standardized questionnaire and gathered demographic and clinical data as well 
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as information about medication use. Additionally, a blood sample was drawn for DNA 
analysis and to measure 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 screening for FH. 

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 tested for FH. If one of the parents was tested 
negatively for FH, it was assumed that FH was inherited through the other parent. We also 
included subjects who had a cardiovascular 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 (Figure 1). 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.
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Lipid profi le and mutation analysis
Lipids were measured with the LDX-analyser (Cholestech Corporation, Hayward, USA).11 
LDL-C levels were subsequently calculated with the Friedewald formula, unless triglycerides 
were above 4.5 mmol/L.12 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.13, 14

Cardiovascular events
A cardiovascular event was defi ned as having suffered from a 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, respectively. 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 fi rst 
explored by means of the Kaplan Meier method and formally tested using the log-rank test. 
CV event-free survival was defi ned as the period from the year of birth until the year of 
the fi rst CV event or censoring at the moment of genetic screening, whichever came fi rst. 
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, fi ve imputations were performed, based on age and 
gender. Multivariable mixed effects Cox-proportional hazard regression estimates using the 
fi ve imputed datasets were combined into one effect estimate. To explore if the inclusion 
of the subjects were both not tested could have biased our results, analyses were repeated 
without these additional subjects. 

All analyses were stratifi ed 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 signifi cant. Statistical analyses were performed with SPSS software 
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(version 19.0, Chicago, Illinois, USA) and in the R statistical package version 3.0.1 (R 
Foundation for Statistical Computing, Vienna, Austria).

RESULTS

Study population
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=0.04) 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 signifi cant differences were present. In FH patients, total cholesterol and LDL-C were 
hardly 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) (Table 1). In the unaffected 
relatives, no statistically signifi cant LDL-C differences were found in those whose mother 
had FH versus those with an FH father. 

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 CVD 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=0.012, 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 exhibit lower CVD risk. This was the 
case for both FH patients (hazard ratio [HR] 0.70 95% confi dence interval [CI]: 0.60-0.82; 
P<0.001) as well as for those without FH (HR 0.74 95% CI: 0.57-0.95; P=0.018). 
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Figure 2. Kaplan-Meier curves for CVD event-free survival for subjects with (panel A) and without (panel B) 
Familial Hypercholesterolemia

DISCUSSION 

In this comprehensive cohort of more than 20,000 individuals from FH families, we found 
that adult offspring from FH mothers were at statistically signifi cant and clinically relevant 
lower risk for CVD as compared to adult offspring from FH fathers. This was shown in both 
FH offspring and in non-FH offspring with substantial relative risk reductions of 30% and 
26%, respectively. We also found slightly higher LDL-C levels in those with an FH mother 
compared to those with an FH father. We feel, however, that this very small difference 
(i.e. 0.16 mmol/L), might be rather the result of the huge sample size and is not clinically 
relevant. 

Other studies on the association between maternal hypercholesterolemia and lipid 
levels in offspring have shown confl icting results7,9 and to our knowledge, no study has ever 
examined the association between maternal hypercholesterolemia and CV events. 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.8 However, 
this study included a very small number of individuals with a single mutation. Furthermore, 
the cause of death in this report was not indicated and the analyses could only be adjusted 
for sex and age. 

Our fi nding that maternal hypercholesterolemia is associated with a lower CV risk, is 
in contradiction to what was previously postulated by Napoli and co, in human as well 
as in several animal studies15-17. In humans, Napoli reported that hypercholesterolemia 
during pregnancy leads to an increased cardiovascular risk in the offspring, demonstrated in 



Chapter 5

72

autopsy studies by more and larger fatty streaks3 and faster progression of pre-atherosclerotic 
lesions2. However, these studies were not done in offspring from mothers with FH, but in 
offspring from mothers with polygenic hypercholesterolemia. Therefore, other (polygenic) 
factors such as obesity, diabetes, infl ammation and hypertension that were associated with 
the elevated cholesterol levels in these mothers could also have infl uenced these risk factors 
and the formation of atherosclerotic lesions in their offspring. Altogether, this might have 
been the source of signifi cant sampling bias in these studies. In FH, the 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 and to study this phenomenon 
separate from other untoward infl uences.

Our fi nding that increased cholesterol levels during pregnancy might be favourable for the 
offspring, seems intuitive. In fact, in normal physiology of pregnancy, maternal cholesterol 
levels increase with approximately 30-50%.18, 19 Cholesterol is of vital importance for fetal 
development as a key constituent of cell membranes, precursor of steroid hormones and 
metabolic regulators, and constitutes a modulator of hedgehog signalling. Most cholesterol 
required for fetal growth is synthesised de novo by the fetus itself, but several lines of evidence 
have shown that there is also a substantial maternal-to-fetal cholesterol transfer.20-22 In fact, 
several studies have shown reduced maternal LDL-C levels in pregnancies with intrauterine 
growth restriction (IUGR).23 Conversely, it was shown that newborns from mothers with low 
cholesterol levels have a lower birth weight.24 IUGR is associated with metabolic disorders 
such as insulin resistance, diabetes, hypertension, and dyslipidemia, and subsequently 
enhanced risk 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 effl ux proteins ABCA1 and ABCG1.25 HDL-C plays an important role 
in mechanisms against atherosclerosis. Besides its function in reversed cholesterol effl ux, 
HDL-C displays anti-infl ammatory properties and protects LDL-C against oxidation. 

So, these lines of evidence suggest that exposure to elevated LDL-C in utero has a 
favourable effect on fetal growth and development, and might be protective against 
atherosclerosis. Possibly, this has an interaction with the healthier lifestyle that FH women 
adopt after diagnosis, which will contribute to an improved overall CV risk profi le. Our 
results provide some evidence for this contention, demonstrating 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 from 
FH mothers and FH fathers could be a next step in a future analysis of our FH database.

Strengths of our study include the collaboration with the nationwide screening program 
for FH, providing us with a unique, consecutive, very large, population-based database, 
molecularly confi rmed or excluded diagnosis of FH, confi rmed inheritance pattern of FH 
and availability of information on the pedigree, demographic data, lipid levels and, most 
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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 frequent 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 in our country. 

The limitations of our study also merit discussion. First, our 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. Second, the screening program was 
not linked to offi cial medical records, and the information on risk factors and CV events 
was obtained by the genetic fi eld worker. This may lead to information bias. Although, 
the probability of misclassifi cation will be similar for all study subjects (non-differential 
misclassifi cation) and therefore would result in an underestimation of the association 
between parental hypercholesterolemia and CV risk. Third, one of the inclusion criteria of 
our study was that at least one of the parents should be screened for FH. However, we were 
able to derive the inheritance pattern from the family pedigree for part of the remaining 
subjects. We have explored the possible bias from this by repeating the analysis without 
these additional subjects and this resulted in similar hazard ratios (data not shown). Last, a 
substantial part of the FH patients was using statins, which of course infl uences both lipid 
levels and CV risk. Yet, statin use was similar across both groups and the slight differences 
in LDL-C levels remained signifi cant 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 
CV disease in offspring, could not be confi rmed in our study in a large human database. 
We have shown this in a unique cohort of individuals tested for FH, which revealed very 
insightful fi ndings before.10 In fact, offspring from a mother with FH seem to be protected 
from cardiovascular events compared to offspring from an FH father. Therefore no reason 
exists for reconsidering statin treatment or other cholesterol-lowering therapy in pregnant 
women with FH, as was suggested before.8,26 Our data force us to rethink the consequence 
of maternal hypercholesterolemia for the foetus, and serve as a reminder to temper the 
facile extrapolation of results in animal to the human condition. Further research is needed 
to support our hypothesis that supra-physiological cholesterol exposure in utero has 
favourable effects on fetal growth and subsequently on cardiovascular risk in later life. 
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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 effi cacy 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 signifi cantly reduced 
LDL-C compared with baseline. Treatment was well tolerated, with no adverse effects on 
growth or sexual maturation. 
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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 signifi cantly 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 
effi cacy 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 signifi cantly 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 effi cacy, 
pharmacokinetics (PK), tolerability, and safety of rosuvastatin over 2 years in children and 
adolescents aged 6–17 years with HeFH. 

METHODS

Study design
The hyperCholesterolaemia in cHildren and Adolescents taking Rosuvastatin OpeN label 
(CHARON; clinicaltrials.gov identifi er: NCT01078675) study was a 2-year, open-label, 
multicentre study assessing the effi cacy and safety of rosuvastatin in children and adolescents 
with HeFH. The full study design has been previously published and is described briefl y 
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.
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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 fi rst or second degree relatives, were included. HeFH was defi ned as a 
documented genetic defect in the LDL receptor or apolipoprotein (Apo) B or documented 
evidence of HeFH in a fi rst-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 (defi ned as thyroid-
stimulating hormone >1.5 x upper limit of normal [ULN]); current active liver disease or 
hepatic dysfunction (defi ned as alanine aminotransferase [ALT], aspartate aminotransferase 
[AST], or bilirubin >1.5 x ULN); serum creatine kinase (CK) ≥3 x ULN; estimated glomerular 
fi ltration 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 signifi cant 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 effi cacy 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 effi cacy 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. 
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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 effi cacy 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. 

Effi cacy 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 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. 
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RESULTS

Of the 250 patients with HeFH screened, 198 met the eligibility criteria and were included 
in the 2-year open-label effi cacy 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. 

Screened�
250 patients 

Excluded 52 patients 
Eligibility criteria not fulfilled (n = 47) 

Patient decision (n = 4) 
Other reason (n = 1) 

Enrolled�
198 patients 

Efficacy and 2 year safety open label, multiple dose phase�
(patients aged 6–17 years)�

198 patients 

Patients aged�
6–9 years�
64 patients 

Patients aged�
10–13 years�
72 patients 

Patients aged�
14–17 years�
62 patients 

Withdrawn 1 patient 
Patient decision (n = 1) 

Withdrawn 5 patients 
Patient decision (n = 2) 

AE (n = 1) 
Severe non-compliance (n = 1) 

Other (n = 1) 

Withdrawn 10 patients 
Patient decision (n = 4) 

AE (n = 2) 
Severe non-compliance (n = 3) 

Other (n = 1) 

Completed 
63 patients 

Completed 
67 patients 

Completed 
52 patients 

Single dose open label PK phase 
(patients aged 6 to �
< Tanner Stage II) �

12 patients 

Figure 1. Study fl ow chart
AE, adverse event; PK, pharmacokinetic
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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 fi rst 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)
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
Sitting 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 (%)

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)
median, range

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. 
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Effi cacy 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. 

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
LDL-C, low density lipoprotein cholesterol

At 24 months, there was also a signifi cant reduction in total cholesterol (P < 0.001), 
non-HDL-C (P < 0.001), and ApoB (P < 0.001), and a signifi cant 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 signifi cant 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 
signifi cant at 24 months. There was a signifi cant 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 not signifi cant 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.
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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% confi dence 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

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. In addition, 64, 68 and 39%, respectively, 
achieved an LDL-C of <3.36 mmol/L (<130 mg/dL).
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Assessment by dose showed that at fi nal 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 3). The most commonly reported AEs were 
nasopharyngitis, headache, infl uenza and vomiting (all ≥10% of total patients) (Table 3). 
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. 

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 fi ltration 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 normal eGFR. No clinically signifi cant abnormal fi ndings were identifi ed in 
the electrocardiogram or vital signs evaluations.
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Table 3. 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)
Infl uenza 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)
Infl uenza-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 (%).

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. 

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 4. 
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Table 4. 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, aged 6 to less than Tanner stage II. 
AUC, area under the curve; Cmax, maximum concentration; GCV, geometric coeffi cient of variation; tmax, time 
to maximum concentration.

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 effi cacy 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 effi cacy, safety and tolerability of rosuvastatin in young children and 
adolescents aged 6–17 years with HeFH over 2 years.6 

During the study, rosuvastatin signifi cantly 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 signifi cantly reduced and HDL-C was signifi cantly 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 diffi cult-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 
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(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 effi cacy may be due to differences in diet in the oldest age 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 fi ndings, rosuvastatin 5, 10, and 20 mg was generally well tolerated in this 
paediatric population, with no signifi cant 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 fi nal 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 
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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 effi cacy 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 fi nished 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 profi les 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 signifi cantly 
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. 
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ABSTRACT 

Aims 
Heterozygous familial hypercholesterolaemia (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 of rosuvastatin on carotid IMT in HeFH children. 

Methods 
Children with HeFH children (aged 6 to <18 years) and LDL-C >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, 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 FH children and their unaffected siblings.

Results 
At baseline, mean (± standard deviation) carotid IMT was signifi cantly 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). During two years of follow-up, 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 signifi cant (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 signifi cantly slowed progression 
of atherosclerosis, as compared to their unaffected siblings. This might implicate that 
rosuvastatin reduces the risk of future cardiovascular events in HeFH children. However, 
long-term follow-up studies are needed to establish the clinical implications of early 
initiation. 
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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 (LDL) receptor and results in increased 
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 pediatric 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 effi cacy of 
statins in the pediatric population.8 However, statin treatment in the currently approved 
pediatric 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 effi cacy 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 signifi cantly 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.

METHODS

Study Population
The study population was derived from the hyperCholesteroleamia in cHildren and 
Adolescents taking Rosuvastatin OpeN label (CHARON) trial. This was a 2-year, open label, 
multicentre study assessing the effi cacy and safety of rosuvastatin in children and adolescnets 
with HeFH. The full study design has been previously published.11 Briefl y, patients aged 6-17 
years with HeFH and fasting LDL-C >4.92 mmol/L or LDL-C >4.10 mmol/L in combination 
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with a family history in a fi rst or second degree relative of premature CVD 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 defi ned as a documented genetic defect in the 
LDL receptor or apolipoprotein (Apo) B or documented evidence of HeFH in a fi rst-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 (defi ned as thyroid-
stimulating hormone >1.5 x upper limit of normal [ULN]); current active liver disease or 
hepatic dysfunction (defi ned as alanine aminotransferase [ALT], aspartate aminotransferase 
[AST], or bilirubin >1.5 x ULN); serum creatine kinase (CK) ≥3 x ULN; estimated glomerular 
fi ltration 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 signifi cant 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 specifi c 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 intima-media thickness 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 a 85 Mhz linear array transducer. Images were being transmitted 
using an internet-based transfer procedure and processed by the imaging core laboratory. 
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All sonographers were trained and certifi ed 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 specifi cations. The image readings were randomly 
assigned to image analysts for qualitative and quantitative evaluation according to the study 
specifi c analysis protocol. Image analysts were blinded to subject and visit identifi ers. 
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 defi ned as the average of the common carotid, carotid bulb, and 
internal carotid far-wall segments. Mean of the maximum carotid IMT was defi ned 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 defi ned 
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 defi ned by 1) the individual participant 
and 2) the carotid artery site within the participant. The repeated measure was time. The 
model was specifi ed in terms of fi xed 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 signifi cant. 
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). 
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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). 

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) of the mean carotid 
IMT was signifi cantly 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 signifi cantly greater in HeFH patients, while for the common carotid only a trend 
could be observed (Table 1). 

Table 1. Demographic and Clinical Characteristics of Children with HeFH and their Unaffected Siblings at 
Baseline

FH
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 -

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. The upper 
parts of the fi gure represents the mean carotid IMT and the lower part of the fi gure represents the maximum 
carotid IMT.

During two years of follow-up, a signifi cantly slower 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 specifi c 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 signifi cant for the 
common carotid artery (Table 2). 

After two years, the differences in carotid IMT between HeFH children and siblings 
were no longer signifi cant for mean carotid IMT (0.408 ± 0.043 mm and 0.402 ± 0.042 
mm, respectively; p adjusted =0.177), and 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 signifi cant (0.437 ± 0.055 mm and 0.421 ± 
0.054 mm; p adjusted=0.027) (Figure 1). 
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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 
signifi cantly 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 signifi cantly greater in HeFH patients (Table 1). 

During two years of follow-up, the maximum carotid IMT in HeFH patients tended to 
regress while a signifi cant 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 specifi c rate of change in IMT was statistically 
signifi cant lower in HeFH patients for the internal carotid artery, while signifi cance could 
not be 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 signifi cant (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 the this substudy of the CHARON trial, we evaluated the effi cacy of rosuvastatin 5-20 mg 
on carotid IMT in HeFH children aged 6-17 years. Our results show a signifi cantly 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 signifi cant 
differences in carotid IMT found at baseline between the HeFH children and their siblings, 
were substantially diminished after two years. 

Our fi ndings compare well with the results of several intervention studies in adults 
on the effi cacy of statin therapy on carotid IMT. These studies showed a reduction of 
carotid IMT progression with several different statins (lovastatin, fl uvastatin, 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 
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reported a statistically signifi cant 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. 

Thusfar, one study in HeFH children has demonstrated the effi cacy of statins in terms of 
carotid IMT change.14 In this 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 a signifi cant regression in the pravastatin group compared to placebo. 
At the end of the trial, all children continued on statin therapy and were followed up by the 
investigators. After at least ten 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 fi ndings the authors concluded that long-term statin therapy initiated in 
HeFH childhood was associated with normalization of carotid IMT progression over time, 
while mean carotid IMT remained signifi cantly 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 fi ndings 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 effi cacy of statins, it 
is generally considered unethical to withhold statin therapy in HeFH subjects. We therefore 
included non-affected siblings; 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 measurements were 
performed by several sonographers and this might have a led to ultrasonographer variability. 
However, all sonographers were trained and certifi ed before their participation in the trial 
and derived carotid IMT images were randomly assigned to image analysts, who were 
blinded for subjects and visit identifi ers. This might have kept the interobserver variability 
to a minimum.

Carotid IMT has consistently been associated to 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 how early statins should be initiated in children 
with FH. Long-term follow 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 at decreased 
risk for future cardiovascular events. These fi ndings underline the need of early initiation of 
statin treatment in children with HeFH. 
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ABSTRACT

Objectives
Elevated low-density lipoprotein cholesterol (LDL-C) is a risk factor for coronary heart 
disease (CHD) in adults, but the underlying atherogenesis begins in childhood. Therefore 
guidelines recommend consideration of statin therapy in children at high future CHD risk. 
The aim of the study was to assess the safety and effi cacy of pitavastatin in children and 
adolescents with hyperlipidemia. 

Study design
A total of 106 hyperlipidemic children and adolescents, ages 6 to 17 years, were enrolled 
in a 12 week randomized, double blind, placebo controlled study and randomly assigned 
to pitavastatin 1 mg, 2 mg, 4 mg or placebo. During a 52-week extension period, subjects 
were up-titrated from 1 mg pitavastatin to a maximum dose of 4 mg in an effort to achieve 
an optimum LDL-C treatment target of <110 mg/dL (2.8 mmol/L). Safety was assessed in 
terms of adverse events rates, including abnormal clinical laboratory variables, vital signs 
and physical examination.

Results 
Compared with placebo, pitavastatin 1, 2 and 4 mg signifi cantly reduced LDL-C from 
baseline by 23.5%, 30.1% and 39.3%, respectively and in the open label study 20.5% of 
the subjects reached the LDL-C goal < 110 mg/dL (2.8 mmol/L). No safety issues became 
evident.

Conclusion
Pitavastatin at doses up to 4 mg is well tolerated and effi cacious in children and adolescents 
aged 6-17 years.
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INTRODUCTION

Elevated serum low-density lipoprotein cholesterol (LDL-C) and its associated apolipoprotein 
B (apoB) constitute a major risk factor for the development of coronary heart disease (CHD). 
Although CHD is generally not manifest until adulthood, the underlying atherosclerotic 
process begins early in life.1–4 Therefore, lipid assessment in children with conditions that 
accelerate the rate of atherosclerosis, including hyperlipidemia, diabetes and increased 
blood pressure, is recommended at early age. If LDL-C levels are increased in these high 
cardiovascular risk subjects, current guidelines advocate statin treatment to be considered 
from the age of 8 years onwards.5

Pitavastatin calcium (pitavastatin) is a relatively new member of the statin class and 
approved for the treatment of primary hyperlipidemia and mixed dyslipidemia in adults. 
On a milligram basis, pitavastatin is the most potent in its class. Pitavastatin has a favorable 
pharmacological profi le following oral administration, including its long half-life (up to 12 
hours), selective uptake into hepatocytes and minimal metabolism by cytochrome P450 
(CYP) enzymes.6 This latter property decreases the likelihood of drug-drug interactions with 
agents that are metabolized by, inhibit or induce CYP enzymes. In the maximum approved 
dose of 4 mg, pitavastatin improves lipid profi les with an LDL-C reduction of 44%.7 Effi cacy 
at pitavastatin 4 mg was non inferior to that of equipotent doses of atorvastatin (20 mg) 
and simvastatin (40mg).8–10 Pitavastatin has been shown to be safe and well tolerated in a 
number of special adult populations, in particular the elderly, those at high cardiovascular 
risk and those with diabetes and might therefore be a promising treatment for children.10–12 
However, its use has not been studied in a pediatric population.

The aim of this study was to assess the safety, lipid lowering effi cacy and pharmacokinetic 
(PK) profi le of pitavastatin 1 mg, 2 mg or 4 mg in hyperlipidemic children and adolescents 
aged 6-17 years in a 12 week randomized controlled trial, followed by an open label study 
of 52 weeks.

METHODS

Study design
The PASCAL study was a multicenter 2 stage trial; a 12 week randomized, double blind, 
placebo controlled trial (EudraCT Number: 2011-004964-32), followed by a 52-week 
open-label safety study (EudraCT Number: 2011-004983-32). After a 5 week dietary run-in 
period, children were randomly assigned to pitavastatin 1, 2, 4 mg or matching placebo 
QD, stratifi ed based on age (≥6 years and <10 years, ≥10 years and <17 years) and baseline 
LDL-C (≥130 mg/dL [3.4 mmol/L] and <160 mg/dL [4.1 mmol/L], ≥160 mg/dL [4.1 mmol/L]) 
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for each dose group. Enrollment in the study began in the pitavastatin 1 mg and pitavastatin 
2 mg dose groups until suffi cient data were collected to reassure the Data Monitoring 
Committee that the pitavastatin 4 mg dose group should be opened for enrollment. During 
the placebo controlled study, lipid and safety assessments were performed every 4 weeks.

The subsequent 52-week open label study included patients who completed the 12-week, 
double-blind study, but was also open for eligible children and adolescents who had not 
participated in the fi rst study. At baseline, all patients in the open label study were assigned 
to treatment with pitavastatin 1 mg QD, that could be been up-titrated to a maximum dose 
of 4 mg QD in an effort to achieve an optimum LDL-C treatment target of <110 mg/dL 
(2.8 mmol/L). During the treatment period, lipid and safety assessments were performed at 
Week 4, Week 8 (if applicable), Week 12 (if applicable), Week 16, Week 28, Week 40, and 
Week 52 or Early Termination (ET). The study was approved by the Independent Central/
National Ethics Committee (EC) and Local EC if applicable, and written informed consent 
was obtained from participants and/or their parents.

Study population 
Patients were enrolled at 10 centers in 6 European countries (The Netherlands, Greece, 
Norway, Italy, Spain and France), with the fi rst patient enrolled in April 2012 and the trial 
completed in June 2014. Children, age 6 to 17 years were eligible if they had diet controlled 
fasting LDL-C ≥ 160 (4.1 mmol/L) mg/dL, or LDL-C ≥130 mg/dL (3.4 mmol/L) with one of the 
following risk factors: male; family history of premature cardiovascular disease; presence 
of low HDL-C < 45 mg/dL: or high TG > 150 mg/dL; increased lipoprotein(a) > 75 nmol/L; 
type 2 diabetes mellitus diagnosed by treating physician according to current guidance; or 
systolic and diastolic blood pressures above 95th percentile for age and height. 

The study was conducted under a Pediatric Investigation Plan (PIP) approved by the 
Pediatric Committee (PDCO). The Paediatric Committee (PDCO) is the committee at the 
European Medicines Agency that is responsible for assessing the content of paediatric 
investigation plans (PIP) and adopting opinions on them. For the present study the PDCO 
encouraged the recruitment of a range of patients at high risk (beyond FH) as well as 
the inclusion of children as young as 6 years old. The current EMA decision number for 
pitavastatin (Livazo and associated names) is P/0230/2012, dated on 5-Oct-2012.  

The agreed PIP was modifi ed twice.  The initial modifi cation was done in 2011 prior to 
initial protocol fi nalization.  The major modifi cations were dividing two studies instead of 
one study with extension period, which allowed to recruit patients for the 52-week study 
who had not completed 12-week study. Second, patients’ enrollment originally was started 
for the 1 mg cohort only and once suffi cient data was available the DMC could decide to 
open the 2 mg cohort. Then the same procedure was continued to open the 4 mg cohort. 
This was changed to starting enrollment for both the 1 and 2 mg cohorts, then opening the 4 
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mg cohort after confi rmation by the DMC. Third, in an effort to enroll non-FH in the studies, 
the LDL-C levels for inclusion were decreased. Originally children with an LDL-C >190 mg/
dL without a risk factor and >160 mg/dL with a risk factor could be enrolled. These levels 
were changed to that >160 mg/dL without a risk factor and >130 mg/dL with a risk factor.  

Further modifi cation of the 52-week study protocol was done in 2012, prior to study 
enrollment. The initial protocol for 52-week study had following withdrawal criteria: 
‘patients whose LDL-C concentration cannot be reduced below 130 mg/dL will be 
withdrawn from the study.’ This was modifi ed to that ‘patients whose LDL-C concentrations 
cannot be reduced below 130 mg/dL should be withdrawn from the study, at the discretion 
of the investigator, if they will receive better treatment outside of the trial.

Study objectives
The primary outcome measure of the double blind study was the percentage change in 
LDL-C from baseline for each treatment group compared to placebo. Secondary outcome 
measures were changes in other lipoproteins and achieving American Heart Association 
(AHA) minimal (130 mg/dL [3.4 mmol/L]) and ideal (110 mg/dL [2.8 mmol/L]) LDL-C 
targets target in all active treatment groups 5. The pharmacokinetic (PK) endpoints of this 
study included pitavastatin and pitavastatin lactone concentrations at trough and 1-hour 
post-dose at each dose level.

Safety assessments included incidence and severity of adverse events (AEs); clinical 
laboratory parameters (including assessment of renal function, and adrenal, gonadal, and 
pituitary hormones); vital signs; ECG parameters; and physical examinations (including 
Tanner staging). Compliance was assessed by pill count. 

Sample size calculation and statistical analyses
Based on data from previous clinical studies of pitavastatin in adults, the treatment difference 
between pitavastatin doses and placebo was expected to be at least 25% in the pediatric 
population, with common standard deviation of 15%. With a 2-sided t-test signifi cance 
level of 0.05, 9 patients per treatment group should have provided 90% power. With the 
consideration of dropouts and safety follow-up for the pediatric population, a sample size 
of 24 patients per treatment group (96 patients in total) was planned for this study. 

The effi cacy analysis was based on the Full Analysis Set, defi ned as all randomized 
patients who received at least 1 dose of study drug and had a baseline lipid measurement 
and at least 1 valid post-baseline lipid measurement. The primary effi cacy analysis of percent 
change in LDL-C from baseline to Week 12 with last observation carried forward (LOCF) 
used an analysis of covariance model with treatment as a factor and baseline LDL-C and 
age as covariates. Treatment differences between each pitavastatin group and the placebo 
group were performed with a fi xed testing order step-down procedure. 
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Safety analyses were performed on the Safety Set, defi ned as all enrolled patients who 
received at least one dose of the study drug. Safety variables were summarized mainly using 
descriptive statistics. A p value < 0.05 was considered statistically signifi cant.

RESULTS

Of 108 patients screened for eligibility, 106 were randomized to study treatment (Figure 1). 
At baseline, the mean age (±standard deviation [SD]) of the children was 10.6 (2.9) years 
and 48 (45.3%) were male. In 103 children (97.2%) FH was diagnosed by genetic testing 
(Table 1; online) and mean LDL-C level was 232.9 (52.0) mg/dL. In general, the treatment 
groups were comparable with respect to all demographic and clinical characteristics, 
including Tanner stage as described in Table 2. Out of 106 children, 3 (2.8%) withdrew 
after randomization (2 patients due to serious adverse events (SAE) both considered by the 
investigator to be unrelated to the study drug and 1 subject withdrew consent), resulting in 
103 patients for the effi cacy analyses. 

12-Week Double-Blind Study 

N =106 

Completed study 

N=99 

Pitavastatin 1 mg 

N=26 

Pitavastatin 2 mg 

N=27 

Pitavastatin 4 mg 

N=26 

Placebo 

N=27 

Withdrawn (N=1) 
 

Adverse event  (N=1) 

Withdrawn (N=2) 
 

Adverse event (N=1) 
Withdrew consent (N=1) 

Completed study 

N=27 

Completed study 

N=24 

Completed study 

N=26 

Completed study 

N=26 

52 week open label study 
 N = 113 

 

Patients from double blind study (N=84) 
New patients  (N=29) 

Withdrawn (N=14) 
 

Withdrew consent (N=12) 
Adverse event (N=1) 

Insufficient efficacy (N=1) 

Not eligible open label study (N=19) 
 

No approval local ethics committee (N=15) 
Withdrew consent (N=4) 

Figure 1. Patient allocation
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Table 2. Demographics and clinical characteristics of study participants at baseline of double blind, 
randomized, placebo controlled study period.

Placebo

N=27

Pitavastatin 
1 mg

N=26

Pitavastatin 
2 mg

N=27

Pitavastatin 
4 mg

N=26

Total

N=106

Age – (years) 10.4 (3.3) 10.5 (2.8) 11.1 (2.9) 10.3 (2.7) 10.6 (2.9)
Male gender, n (%) 12 (44.4) 12 (46.2) 10 (37.0) 14 (53.8) 48 (45.3)
Genetic FH diagnosis, n (%) 26 (96.3) 26 (100) 26 (96.3) 25 (96.2) 103 (97.2)
Height (cm) 145.7 (16.9) 149.7 (18.0) 152.0 (15.2) 145.6 (15.7) 148.2 (16.5)
Weight (kg) 40.5 (16.4) 46.5 (20.9) 47.6 (16.6) 39.5 (12.1) 43.6 (16.9)
BMI (kg/m2) 18.3 (3.5) 19.7 (4.9) 20.0 (3.8) 18.2 (2.8) 19.1 (3.9)
Tanner stage – n (%) 106 (100)

 I 15 (55.6) 13 (50.0) 12 (44.4) 12 (46.2) 52 (49.1)
 II 5 (18.5) 6 (23.1) 5 (18.5) 5 (19.2) 21 (19.8)
 III 1 (3.7) 4 (15.4) 4 (14.8) 1 (3.8) 10 (9.4)
 IV 3 (11.1) 2 (7.7) 3 (11.1) 5 (19.2) 13 (12.3)
 V 3 (11.1) 1 (3.8) 3 (11.1) 3 (11.5) 10 (9.4)

 Systolic blood pressure (mmHg) 102 (12) 110 (12) 106 (10) 104 (12) 106 (12)
 Diastolic blood pressure (mmHg) 63 (9) 64 (8) 61 (7) 62 (9) 62 (8)

Values are given as mean levels (standard deviation) or otherwise indicated. 
FH, familial hypercholesterolemia; BMI, body mass index; 

Of the 103 children who completed the double blind phase, 84 were enrolled in the 
open label study, together with 29 new patients. The majority of the patients (n=15) who did 
not enroll in the open label study were patients of the Norwegian site, because of the fact 
that the Norwegian ethics committee (EC) did not approve the extension study before the 
result of the double blind phase were made available. One patient withdrew consent before 
receiving the study drug, therefore 112 subjects were included in the safety analyses. Out 
of 112 patients, 99 completed the study; two patients on pitavastatin 1 mg , fi ve patients on 
pitavastatin 2 mg and 92 on pitavastatin 4 mg. Out of the 14 patients who withdrew consent 
during the study, 10 reported that they did not wish to sign multiple pages of a revised ICF 
that was required by the Greek EC.

EFFICACY PARAMETERS

Double blind study
LS mean percentage change in LDL-C from baseline in the double blind phase were 1%, 
-23.5%, -30.1% and -39.3% for placebo, pitavastatin 1, 2 and 4 mg, respectively (p<0.0001 
for all doses vs placebo, Figure 2). Signifi cant reductions, relative to placebo were also 
found for total cholesterol (TC), non-High-Density Lipoprotein Cholesterol (non-HDL-C) 
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and apolipoprotein B (apoB) (p<0.0001 for all doses compared to placebo, Table 3). HDL-C, 
apolipoprotein A-1 (apoA1) and triglycerides were not signifi cantly different from placebo. 
There was no difference in the response rate by age or sex. In the double blind phase, no 
patients achieved the AHA minimal LDL-C target (≤130 mg/dL [3.4 mmol/L]) on placebo, 
compared with one subject (3.8%) in pitavastatin 1 mg dose group, eight subjects (30.8%) 
in the 2 mg dose group and nine subjects (37.5%) in the 4 mg dose group. Furthermore, 
the ideal AHA LDL-C target of ≤110 mg/dL [2.8 mmol/L] was achieved by six children 
(2 subjects (7.7%) in the 2 mg pitavastatin group; four subjects (16.7%) in the 4 mg dose 
group).

placebo pitavastatin
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* p<0.0001 compared to placebo

Figure 2. Mean percent change in baseline LDL-C at 12 weeks of treatment with pitavastatin or 
placebo. 
Changes are LS mean percent change (SE) from baseline. LS, least squares.

Open label study
In the open label study, the mean LDL-C at baseline was 229.7 (53.6) mg/dL. Compared to 
baseline, treatment with pitavastatin showed a reduction of 37.8 % in LDL-C at the Week 
52 endpoint. Additionally, 47 patients (42.0%) achieved the AHA minimal LDL-C target of 
<130 mg/dL and 23 patients (20.5%) achieved the AHA ideal LDL-C target of <110 mg/dL. 
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Table 3. Mean percent change from baseline for lipids and lipoproteins during 12 weeks double blind, 
randomized, placebo controlled study period.

Placebo
N=27

Pitavastatin 1 mg
N=26

Pitavastatin 2 mg
N=26

Pitavastatin 4 mg
N=24

Lipids, mg/dL
TC

Baseline, Mean (SD) 310.1 (68.2) 300.6 (47.2) 295.0 (37.6) 307.2 (55.7)

Week 12 308.9 (58.7) 246.0 (35.6) 224.6 (43.6) 208.7 (41.6)

% change 0.9 -17.8 -24.2 -31.3 

P value - <.0001 <.0001 <.0001

LDL-C

Baseline, Mean (SD) 240.5 (69.0) 231.4 (45.5) 223.1 (35.9) 240.7 (54.3)

Week 12 239.2 (61.1) 176.3 (34.5) 156.8 (38.6) 144.4 (40.9)

% change 1.0 -23.5 -30.1 -39.3

P value - <.0001 <.0001 <.0001

HDL-C

Baseline, Mean (SD) 53.3 (12.3) 52.7 (13.2) 52.0 (12.1) 52.0 (10.4)

Week 12 52.9 (10.9) 55.3 (13.2) 50.2 (10.6) 49.8 (9.8)

% change 1.1 6.1 -2.4 -3.1

P value - 0.16 0.32 0.25

TG

Baseline, median, [IQR] 76.5 [64.0 to 91.5] 75.0 [58.5 to 104.5] 85.3 [68.0 to 110.5] 68.8 [56.3 to 88.8]

Week 12 74.0 [55.0 to 102.0] 64.0 [51.0 to 86.0] 70.0 [58.0 to 96.0] 68.0 [55.5 to 93.0]

% change 2.0 -7.6 -5.9 0.3 

 P value - 0.28 0.38 0.85

     
Apolipoproteins, mg/dL

apoB
Baseline, Mean (SD) 145.0 (35.3) 141.0 (25.3) 140.8 (23.1) 143.1 (26.4)

Week 12 142.6 (27.9) 110.3 (19.4) 105.8 (27.0) 100.8 (22.5)

% change 0.4 -21.6 -25.0 -28.8 

P value - <.0001 <.0001 <.0001

apoA-1

Baseline, Mean (SD) 133.0 (17.5) 130.4 (22.0) 133.5 (23.4) 132.5 (19.3)

Week 12 131.3 (17.7) 131.6 (21.6) 127.1 (19.9) 128.0 (17.6)

% change -0.8 1.1 -3.6 -2.2 

P value - 0.52 0.37 0.67

Data are expressed as mean (SD); changes least squares mean % change from baseline. For triglycerides 
data are expressed as median [IQR]. Differences from placebo were assessed by analysis of covariance with 
treatment group and baseline levels as covariates. Week 12 endpoint is either week 12 or last observed 
values, for patients who do not have valid value at week 12.
TC, total cholesterol; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; 
TG, triglycerides; Apo, apolipoproteins.
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SAFETY RESULTS

Double blind study
Drug-related treatment-emergent adverse events (TEAE) were present in 16 out of 
106 subjects (15.1%), most commonly abdominal pain (4.7%), headache (2.8%) and 
abdominal discomfort (1.9%). The incidence of drug-related TEAEs was similar across all 
treatment groups and the majority of TEAEs related to the study drug were considered mild 
in intensity. One patient in the 4 mg group had a moderate drug related TEAE of myalgia. 
No patients died during the study. One patient had an SAE (facial bone fracture as result 
of skiing accident). In total, two (1.9%) patients discontinued from the study due to TEAEs: 
the aforementioned SAE and one (3.8%) patient in the pitavastatin 4 mg dose group due 
to pyrexia and generalized rash, neither of which was considered related to the treatment 
drug. In total, 6 patients had ALT levels >ULN (reference range 5-35 U/L) during the study: 
equally distributed over all treatment groups (Table 4; online). No patient had an ALT level 
>2 × ULN. Twelve patients had AST levels >ULN (reference range 0-40 U/L) during the 
study: 5 patients in the pitavastatin 1 mg dose group, 6 patients in the pitavastatin 2 mg 
dose group, and 1 patient in the pitavastatin 4 mg dose group. One patient had an AST 
level >2 × ULN during the study; this patient’s AST value at screening was 81 U/L and at 
Week 12 the patient’s AST value was 88 U/L. No patient had an AST level >3 × ULN. Nine 
patients had post-dose CK levels >ULN (reference range 25-300 U/L) during the study: the 
majority of patients was randomized to the 1 mg group (n=4; 15.4%) No patient had a CK 
level >5 × ULN. Compared to baseline adrenal, gonadal and pituitary hormone levels were 
not signifi cantly changed in the different dose groups (Table 5; online). DHEA-S levels were 
not signifi cantly changed in the 1 and 2 mg group, however, in the 4 mg group DHEA-S 
was signifi cantly decreased compared to baseline (-10.4 (±19.1), p = 0.01).No clinically 
signifi cant laboratory abnormalities were considered a serious adverse event or resulted in 
discontinuation from the study. No clinically important fi ndings in vital signs or ECGs were 
noted.

Open label study
In the open label study, the mean duration of exposure to pitavastatin was 342.0 (66.3) days 
(40.7 (43.0) days to pitavastatin 1 mg, 46.9 (64.1) days to pitavastatin 2 mg and 274.9 (67.3) 
days to pitavastatin 4 mg) and the majority of the patients (88.4%) received the study drug 
≥ 40 weeks. The mean compliance was 95.5%. Two patients had their study drugs down-
titrated during the study: one patient by mistake and the other patient was down titrated 
from 4 mg to 2 mg after experiencing myalgia, abdominal pain and fatigue. 

Overall, the incidence of TEAEs in the open label study was 67.0% (Table 6; online). 
Drug-related TEAEs were present in 10 subjects (8.9%), most commonly musculoskeletal 
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and connective tissue disorders (n= 3; 2.7%) and nervous system disorders (n= 3; 2.7%). All 
were considered of mild (n=8; 7.1%) or moderate intensity (n=2; 1.8%) by the investigator. 
One patient had a treatment drug related TEAE of rash that led to discontinuation of the 
study. One patient had an SAE, which was not related to the study drug and no patients 
died during the study. 

In total, 17 patients in the open label study had post-baseline ALT levels > ULN (reference 
range 5-35 U/L) during the study. One patient had an ALT level that was > 2 x ULN to ≤ 
3 x ULN and one patient had an ALT levels that was > 3 x ULN. This was assessed by the 
investigator as possibly related to the study drug and reported as adverse event. Seventeen 
patients had post-baseline AST levels > ULN (reference range 0-40 U/L ) during the study. 
Sixteen patients had an AST level that was > 1 x ULN to ≤ 2 x ULN. One patient had an AST 
level > 2 ULN to ≤ 3 x ULN , no patients had an AST level > 3 x ULN. Fourteen patients 
had post-baseline CK levels > 1 x ULN ≤ 5 x ULN (reference range 25-300 U/L) during the 
study. No patients had a CK level that was > 5 x ULN. No clinically important changes in 
chemistry, haematology, hormone or urinary analysis parameters from baseline to Week 52 
or ET were noted and no clinically important fi ndings in physical examinations, vital signs 
or ECG abnormalities were noted. In total, 40 (35.7%) patients proceeded 1 or more Tanner 
stages during the study.

PHARMACOKINETICS

Results for the PK analyses for both pitavastatin and pitavastatin lactone demonstrated 
a dose dependent concentration effect with no signifi cant differences between age and 
gender. The mean pre dose (trough) concentration of pitavastatin was 0.08 ng/mL, 1.23 ng/
mL and 3.73 ng/mL for the pitavastatin 1 mg, 2 mg and 4 mg dose group, respectively. At 
the 1-hour post-dose measurement this was increased to 16.75 ng/mL for the pitavastatin 
1 mg dose group, to 35.08 ng/mL for the pitavastatin 2 mg dose group, and to 113.64 ng/
mL for the pitavastatin 4 mg dose group. The mean pre dose (trough) PK concentration of 
pitavastatin lactone was 3.40 ng/mL, 7.85 ng/mL and 18.51 ng/mL for the pitavastatin 1 mg, 
2mg and 4 mg dose group, respectively. The mean concentration of pitavastatin lactone at 
the 1-hour post-dose measurement was 12.45 ng/mL, 25.82 ng/mL and 73.19 ng/mL for the 
pitavastatin 1 mg, 2 mg and 4 mg dose group, respectively. 
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DISCUSSION

The current study is the fi rst study that assessed the effect of treatment with pitavastatin 
on lipid parameters in a cohort of children and adolescents at high future cardiovascular 
risk. Pitavastatin 1 mg, 2 mg and 4 mg once daily lowered LDL-C by 23.5%, 30.1% and 
39.3%, respectively and there were no clinically signifi cant differences in safety profi les 
between the treatment groups. During the subsequent 52-week open label phase the LDL-C 
reduction by pitavastatin was sustained and 20.5% of the subjects reached the LDL-C goal 
< 110 mg/dL (2.8 mmol/L). No untoward safety effects were observed and pitavastatin 
treatment was well tolerated.

Considerable evidence has demonstrated that reducing excess levels of LDL-C and 
total cholesterol can prevent CHD and therefore these lipid parameters are primary targets 
for treatment of patients with hyperlipidemia.13 During the present study, pitavastatin 
(1 to 4 mg) signifi cantly lowered LDL-C levels compared with baseline in our pediatric 
population. Moreover, this reduction was sustained throughout the 52-week open label 
period and resulted in an LDL-C decrease of 37.8% at the end of the trial. Other lipids 
and lipoproteins, including total cholesterol, non-HDL-C, and apoB were also dose 
dependently and signifi cantly reduced compared to baseline during both the placebo-
controlled as well as the open label period. The extent of LDL-C lowering with pitavastatin 
was in line with the results of a previous long term treatment study in 1202 adults with 
primary hypercholesterolemia in which LDL-C was decreased by 43% by pitavastatin 4 mg. 
In addition to the LDL-C lowering, the adult study showed a favourable effect of pitavastatin 
on apoA1 containing lipoproteins with an HDL-C increase of 14% after 52 weeks of 
treatment. The present pediatric study does not confi rm these results; HDL-C was increased 
by only 1.8% and apo A1 levels were similar to baseline.

To date, several studies have evaluated statin treatment in children and adolescents 
with heterozygous FH. LDL-C reduction in our study was similar to those reported in 
randomized controlled studies of simvastatin (10-40 mg) and atorvastatin (10-20 mg), but 
greater than LDL-C reduction reported with pravastatin 40 mg and less than treatment with 
rosuvastatin 20 mg.14–17 Most of these studies included children aged 10- 17 years, whereas 
in the present study children as young as six years old were included and treated with the 
whole adult dose range of pitavastatin. 

Current pediatric guidelines on cardiovascular health recommend initiation lipid 
lowering therapy for children aged 10 years and older with persistently LDL-C ≥ 190 mg/
dL despite dietary interventions. In children with a high risk family history or high risk 
conditions, such as FH, treatment might be considered from the age of 8 years onwards.18,5 
A key objective of the present study was to assess the ability of pitavastatin to reach AHA 
treatment goals set for hyperlipidemic children 5. In this study, a large proportion (42.0 



Effi cacy and safety of pitavastatin

119

8

%) of children overall achieved the AHA minimal LDL-C goal of <3.4 mmol/L (<130 mg/
dL). Furthermore, 20.5% of the subjects reached the AHA ideal LDL-C goal <2.8 mmol/L 
(<110 mg/dL). This indicates that the majority of children in our study still does not meet 
the international treatment targets and therefore need more stringent lipid lowering therapy.

Overall, pitavastatin up to the maximum approved adult dose of 4 mg QD was well 
tolerated. Our safety profi le is consistent with data from adult pitavastatin studies and other 
statins investigated in children and adolescents. In general, concern has been raised that 
statin treatment might affect normal gonadal and adrenal function by lowering cholesterol, 
the precursor and thus prerequisite for steroid hormone synthesis. After 12-weeks of 
treatment, pitavastatin up to 4 mg did not signifi cantly change adrenal, gonadal or pituitary 
hormone levels in children and adolescents. Although DHEA-S levels in de 4 mg group 
were signifi cantly decreased compared to baseline, this might be due a high inter-patient 
variability because fl uctuation of DHEA-S values within patients was low. Nevertheless, the 
present study is limited in size and duration and it should be emphasized that statin therapy 
in children with primary hypercholesterolemia is a lifelong treatment once initiated. Future 
studies are therefore necessary to underline the long-term safety of pitavastatin treatment. 

The results of this study show that treatment with pitavastatin results in a dose dependent 
reduction in LDL-C and was generally safe and well tolerated across all treatment groups 
and might therefore be an attractive alternative in the treatment of hyperlipidemic children.
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ABSTRACT

Objective
Secretory phospholipase A2 (sPLA2) enzymes are thought to contribute to atherosclerosis. In 
this study we assessed levels of sPLA2 mass and activity, and their relationship to baseline 
characteristics of children with familial hypercholesterolemia (FH). Furthermore, we 
evaluated the effect of two years of pravastatin therapy on sPLA2 levels.

Methods and Results
sPLA2-IIA mass and sPLA2 activity were measured at baseline and after two years in 187 
children with FH (aged 8-18 years) randomized to pravastatin or placebo. At baseline, 
median [IQR] sPLA2-IIA mass and sPLA2 activity levels were 7.2 [5.8 to 13.2] ng/ml and 36.4 
[29.8-47.1] U/ml, respectively. Both sPLA2-IIA mass and sPLA2 activity were signifi cantly 
correlated with high-sensitivity C-reactive protein (r=0.33, p<0.001 and r=0.386, p<0 
.001, respectively), but not with other cardiovascular risk factors. Baseline levels of sPLA2-
IIA mass and sPLA2 activity were not signifi cantly associated with carotid intima-media 
thickness (cIMT) at baseline or at the end of follow-up. After two years, sPLA2-IIA mass and 
sPLA2 activity levels were not signifi cantly reduced in the pravastatin group (p=0.20 and 
p=0.17, respectively), nor in the placebo group (p=0.63 and p=0.11, respectively). Changes 
from baseline did not differ between the treatment groups for sPLA2-IIA mass (p=0.48) and 
sPLA2 activity (p=0.88). 

Conclusions
sPLA2-IIA mass and sPLA2 activity were not signifi cantly associated with cIMT in our 
paediatric FH cohort. This could indicate that the potential predictive role of sPLA2 
as a biomarker of cardiovascular disease in children with FH is limited. Treatment with 
pravastatin did not reduce sPLA2-IIA mass or sPLA2 activity levels, as compared to placebo. 
Further studies with larger samples are required to address these issues. 
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INTRODUCTION

Infl ammation is considered to play a major role in the process of atherosclerosis and 
subsequent cardiovascular events.1 Recently, secretory phospholipase A2 (sPLA2) has 
gained more interest because of its potential role as infl ammation marker in patients at 
risk for coronary heart disease (CHD). The best characterized isoform is sPLA2-IIA mass, 
with proatherogenic properties due to its ability to induce low-density lipoprotein (LDL) 
modifi cation, foam cell formation and activation of various immune mechanisms.2 

Several epidemiologic studies have linked the sPLA2-IIA mass and total sPLA2 activity 
with incident atherogenesis in healthy adults and the increased risk of subsequent 
cardiovascular events in patients with manifest CHD.3,4 The involvement of sPLA2 in various 
atherogenic mechanisms could make it a promising therapeutic target in patients prone for 
cardiovascular events.5 On the other hand, sPLA2 is also involved in accelerated clearance of 
modifi ed lipoproteins, and therefore it also might have some anti-infl ammatory properties.6 
Thus, the precise role of sPLA2 in atherosclerosis remains to be clarifi ed.

Patients with familial hypercholesterolemia (FH) are characterized by severely elevated 
LDL-cholesterol (LDL-C) levels from birth onwards that, if untreated, strongly predispose 
to premature atherosclerosis. Hydroxymethylglutaryl-coenzyme A reductase inhibitors 
(statins) are highly effi cient in reducing plasma levels of LDL-C and have been proven 
to inhibit progression of early atherosclerotic changes in the vessel wall.7–9 Recently, a 
large randomized controlled trial in adult patients with ACS demonstrated that high dose 
atorvastatin not only reduced LDL-C levels, but also signifi cantly reduced sPLA2 mass and 
activity.10 

Lp-PLA2 mass and activity are signifi cantly elevated in children with heterozygous
 FH compared with unaffected siblings and are signifi cantly reduced by pravastatin 

therapy.11 However, levels of sPLA2-IIA mass and activity in children with FH and the effect 
of statins on sPLA2 are unknown. Therefore, in the current study, we measured sPLA2-IIA 
mass and sPLA2 activity in a cohort of FH children, treated with pravastatin or placebo. 
Furthermore, we investigated the association between sPLA2 and cardiovascular risk 
markers, and evaluated the effect of pravastatin on the sPLA2 levels.

METHODS

Study population and design
Between 1997 and 2001 we performed a double-blind randomized placebo-controlled trial 
in 214 children aged 8-18 years with heterozygous FH to determine the two-year effi cacy 
and safety of pravastatin. The trial has been described in detail elsewhere.12 Briefl y, children 
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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 age 14 years or older received 40 mg daily. Children were also instructed to assume 
or continue a low fat diet (ingesting 32.6% total fat and 12.1% saturated fat after counseling 
on an American Heart Association step II diet) and to maintain habitual psychical activity 
during the intervention period. 

For the current study, patients were included if plasma samples for sPLA2-IIA mass and 
sPLA2 activity analysis were available at baseline and at the end of the trial. 

Blood analyses
In a fasted blood sample, total cholesterol, high-density lipoprotein cholesterol (HDL-C) 
and triglyceride levels were determined at baseline and after two years of therapy, by means 
of commercially available kits (Boehringer, Mannheim, Germany). Levels of LDL-C were 
calculated with the Friedewald equation.13 High-sensitivity C-reactive protein (hsCRP) was 
measured by latex-enhanced nephelometry (Dade Behring, Newark, Delaware).

sPLA2-IIA mass was measured with a sandwich-type ELISA (Aterovax, Paris, France). The 
measurement has no cross-reactivity with sPLA2-V, sPLA2-IID, sPLA22-IIE, sPLA2-III, sPLA2-V, 
and sPLA2-X. The lower detection limit of sPLA2-IIA in this assay is 3.7 ng/mL. The inter-
assay coeffi cient ofvariation (CV) was 9.7%. Plasma sPLA2 activity was measured using a 
selective fl uorimetric method (AteroDX™ sPLA2 Activity, Aterovax, Paris, France). Limit of 
detection of the assay was 17 U/mL with upper linear analytical range of 232 U/mL and 
functional sensitivity (20%) was 21 U/mL. Average within-run variability and average intra-
assay variability were 5.9% and 8.9%, respectively. The addition of purifi ed or recombinant 
Lp-PLA2 at the physiological or pathological concentration in this assay of sPLA2 activity 
results in no detectable signal in sPLA2 activity.10

Carotid intima-media thickness
Mean carotid intima-media thickness (cIMT) was measured by one blinded sonographer at 
baseline and after two years at the end of the study. Mean cIMT was defi ned as the mean 
IMT of the right and left common carotid, the carotid bulb and internal carotid far wall 
segments, as previous described.12 

Statistical analysis
Differences in continuous variables between the pravastatin group and placebo group were 
compared using an independent sample-t-test. Chi-square tests were applied for comparing 
distributions of dichotomous data. Paired sample t-tests were applied to evaluate changes in 
sPLA2 (mass and activity) and sPLA2 mass and activity within groups. Spearman correlations 
were used to explore the relationship between sPLA2 and baseline characteristics. The effect 
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of pravastatin on sPLA2 (mass and activity) was evaluated by means of linear regression 
analysis with the change in sPLA2 as the dependent variable and treatment group, baseline 
sPLA2, age, gender, body mass index (BMI) as independent variables. The association 
between sPLA2 (mass and activity) and cIMT was evaluated with a linear regression model. 
Multivariable models were used to adjust for potential confounders. Variables with a 
skewed distribution were log-transformed before analysis. A p-value of less than 0.05 was 
considered to indicate statistical signifi cance. All statistical analyses were performed using 
the SPSS package (version 18.0; SPSS Inc, Chicago, Ill).

RESULTS
 
From the original cohort of 214 children with FH, plasma samples from 187 children at 
baseline and after two years were available for analyses. Of these, 91 children were assigned 
to the pravastatin group and 96 children to the placebo group. Baseline demographic and 
clinical characteristics are summarised in Table 1. Mean age (± SD) of the subjects was 
12.9 (± 2.9) years in the pravastatin group and 13.0 (± 2.7) years in the placebo group. In 
the pravastatin group 44 (48%) patients were male, versus 43 (45 %) in the placebo group. 
Lipid profi les were similar in both groups except for triglycerides, which were slightly 
higher in the pravastatin group (median [IQR] levels 69.1 [51.4 to 111.6] vs. 65.5 [43.8 to 
92.1] mg/dl, respectively; p= 0.04). Median (IQR) sPLA2-IIA mass did not differ between the 
pravastatin and the placebo group (7.52 [5.90 to 13.18] ng/mL versus 6.85 [5.50 to 13.87] 
ng/mL respectively; p=0.98). Nor were median (IQR) sPLA2 activity levels different between 
the pravastatin and the placebo group (36.8 [28.8 to 45.6] U/mL versus 36.2 [30.3 to 47.2] 
U/mL, respectively; p=0.39).

sPLA2 levels and baseline characteristics
At baseline, only weak and statistically non-signifi cant correlations were found between 
sPLA2-IIA mass and the baseline characteristics age (r=-0.054, p=0.47), BMI (r=0.037, 
p=0.62), total cholesterol (r=-0.036, p=0.63), LDL-C (r=-0.078, p=0.29), HDL-C (r=0.00002, 
p=1.00) and triglycerides (r=-0.043, p=0.56). Also no signifi cant correlations were found 
between sPLA2 activity and age (r=-0.070, p=0.345), BMI (r=0.094, p=0.200), total 
cholesterol (r=-0.003, p=0.965), LDL-C(r=-0.021, p=0.776), HDL-C (r=-0.078, p=0.287) 
and triglycerides (r=-0.045, p=0.54). 

Both baseline sPLA2-IIA mass and sPLA2 activity were positively correlated with hsCRP 
(r=0.330, p<0.001 and r=0.386, p<0 .001, respectively).
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Table 1. Baseline characteristics of children with familial hypercholesterolemia

Pravastatin Placebo
n=91 n=96 p-value

Age (years) 12.9 (2.9) 13.0 (2.7) 0.87
Male gender, n (%) 44 (48) 43 (45) 0.63
Body mass index (kg/m2) 19.1 (3.4) 19.7 (3.8) 0.98
Lipid profi le (mg/dl)

Total cholesterol 304.0 (57.5) 303.3 (45.2) 0.91
HDL-cholesterol 46.8 (9.8) 48.2 (11.7) 0.37
LDL-cholesterol 240.3 (55.5) 240.8 (44.2) 0.95
Triglycerides 69.1 [51.4 to 111.6] 65.5 [43.8 to 92.1] 0.04

hsCRP (mg/l) 0.03 [0.01 to 0.10] 0.03 [0.01 to 0.07] 0.78
sPLA2-IIA mass (ng/mL) 7.5 [5.9 to 13.2] 6.9 [5.5 to 13.9] 0.98
sPLA2 activity (U/mL) 36.8 [28.8 to 45.6] 36.2 [30.3 to 47.2] 0.39
Carotid IMT (mm) 0.497 (0.057) 0.491 (0.047) 0.47

Values are given in means and standard deviation or otherwise indicated; skewed data are given as median 
[interquartile range]
HDL, high-density lipoprotein, LDL, low-density lipoprotein; hsCRP, high-sensitivity C-reactive protein; sPLA2, 
secretory phospholipases A2; IMT, intima-media thickness

sPLA2 levels and treatment with pravastatin
After two years, absolute median [IQR] sPLA2-IIA mass levels were decreased from 7.52 
[5.90 to 13.18] to 7.17 [5.17 to 10.83] ng/mL in the pravastatin group, which did not reach 
statistical signifi cance (p=0.20) (Figure 1). In the placebo group, median [IQR] sPLA2-IIA 
mass levels were marginally reduced from 6.85 [5.50 to 13.87] ng/mL to 6.67 [5.00 to 
12.64] ng/mL (p=0.63). The changes from baseline, adjusted for baseline levels, did not 
differ between the treatment groups (regression coeffi cient (rc)=1.09, p=0.47). Also after 
adjustment for gender, age and BMI, the mean changes in sPLA2-IIA mass between these 
groups remained not signifi cant (rc = 1.09, p=0.48).

Absolute median [IQR] sPLA2 activity levels were decreased in the pravastatin group 
from 36.8 [28.8 to 45.6] to 33.8 [28.4 to 41.8] U/mL (p=0.17) (Figure 2) and from 36.2 
[30.3 to 47.2] U/mL to 35.4 [28.1 to 44.4] U/ml (p=0.11) in the placebo group. These 
changes did not differ between the treatment groups (adjusted for sPLA2 activity baseline 
levels: rc=0.50, p=0.79; adjusted for gender, age and BMI: rc=0.29, p=0.88).

sPLA2 levels and carotid IMT
At baseline, sPLA2-IIA mass levels were not signifi cantly correlated with cIMT (r=-0.14, 
p=0.07). After adjustment for age, gender and BMI and baseline sPLA2 mass levels, a 
statistically non-signifi cant trend was found (rc=-0.00053, p=0.052). Baseline sPLA2 mass 
was not associated with cIMT at the end of follow-up (unadjusted: rc=0.0001, p=0.67; 
adjusted for age, gender, BMI and treatment group: rc=0.0002, p=0.43).
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Baseline sPLA2 activity levels were not signifi cantly correlated with baseline cIMT (r=-
0.11, p=0.15). Also after adjustment for age, gender and BMI by means of a multivariable 
model, baseline levels of sPLA2 activity were not associated with cIMT (rc=-0.0003, p=0.20). 
After two years of follow-up, adjusted for age, gender, BMI, and treatment group (pravastatin 
or placebo), baseline sPLA2 activity appeared not to be an independent predictor for IMT 
(rc=0.0001, p=0.62). 
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Figure 1. Baseline and two-year treatment levels of sPLA2-IIA mass in children with familial 
hypercholesterolemia
Data are presented as median [interquartile range]; p-value for baseline versus two-year; 
sPLA2, secretory phospholipases A2

pravastatin placebo
0

30

32

34

36

38

40

Baseline
After 2 years

p = 0.17 p = 0.11

sP
LA

2
ac

tiv
ity

 (U
/m

L)

Figure 2. Baseline and two-year treatment levels of sPLA2 activity in children with familial 
hypercholesterolemia
Data are presented as median [interquartile range]; p-value for baseline versus two-year; 
sPLA2, secretory phospholipases A2



Chapter 9

130

DISCUSSION

To the best of our knowledge, the current study is the fi rst to document sPLA2-IIA mass 
and sPLA2 activity in children with FH and their response to stain therapy. We found no 
statistically signifi cant associations with cIMT at baseline and after two years of follow-up 
for both sPLA2 mass and activity. Highly signifi cant correlations were found between sPLA2 
and hsCRP, a known plasma marker of CAD risk. Furthermore, sPLA2-IIA mass and sPLA2-
IIA activity were decreased with 4.8% and 8.2%, respectively in the pravastatin group, 
versus 2.7 % and 2.2% in the placebo group after two years of follow-up. However, these 
changes did not reach statistical signifi cance between the treatment groups, nor within the 
groups. 

Phospholipases are receiving increased interest because of its important role in the 
infl ammatory process of atherosclerosis.2,14 Various studies have identifi ed both sPLA2-IIA 
mass and sPLA2 activity as novel biomarkers for future cardiovascular events in healthy 
subjects. For example, in the EPIC-NORFOLK cohort, the occurrence of a fi rst coronary 
event was independently associated with increased quartiles of sPLA2 activity and sPLA2-IIA 
mass.3,4 

Although sPLA2 is considered to be involved in the pathogenesis of atherosclerosis, the 
relation between sPLA2-IIA mass or activity and cIMT, an established measure of subclinical 
atherosclerosis, has not been described so far. In our study there was no statistically signifi cant 
correlation between both sPLA2-IIA mass and sPLA2 activity and cIMT at baseline; neither 
did baseline sPLA2-IIA mass or activity appear to be an independent predictor for cIMT 
after two years of follow-up. Previous studies reported that sPLA2-IIA is mainly present in 
the arterial intima and media and is thought to be expressed by macrophages and smooth 
muscle cells in reaction of pro-infl ammatory stimuli.15,16 However, the subjects of our study 
were children with a very early stage of atherosclerosis and therefore sPLA2 might not yet 
be predictive at this point. Other possible reasons could be that the follow-up of two years 
was not long enough to fi nd a signifi cant relationship or that sPLA2 is not causally involved 
in atherogenesis.

 It has been suggested that both sPLA2-IIA mass and activity levels in adults can be 
decreased by statins because of its anti-infl ammatory effect. Two recent studies in patients 
suffering from CAD, have described a reduction in sPLA2 mass and activity with high dose 
atorvastatin or atorvastatin in combination with ezetimibe.10 Based on these results, we 
hypothesized that pravastatin would reduce sPLA2 levels in children with FH. Our results 
showed a trend towards a reduction in both sPLA2 mass and activity as compared to the 
placebo group, however, these differences were not signifi cant, possibly because pravastatin 
is a less potent statin than atorvastatin and has therefore less anti-infl ammatory capacities 
or simply due to lack of statistical power. Furthermore, sPLA2 is an acute phase reactant, 



Statin therapy and sPLA2

131

9

with a natural course of rapid increase after ischemic events and a gradual decrease in 
the following weeks. A reduction in sPLA2 in patients with acute CAD who initiated statin 
therapy might be partly due to the natural course of sPLA2 and not only to the statin therapy. 
In our study, the FH children did not initiate pravastatin because of a cardiovascular event 
and might therefore show a smaller decrease in sPLA2 mass and activity. 

In order to directly reduce sPLA2 levels, specifi c sPLA2 inhibitors have recently been 
developed.17 Animal data show that inhibition of sPLA2 reduces atherosclerosis and 
infarct size.18 These fi ndings were confi rmed by the PLASMA trial, a phase II double-blind 
placebo-controlled trial with a sPLA2 inhibitor, in which a dose dependent reduction in 
sPLA2 concentration in patients with stable coronary heart disease was found. On the other 
hand, the sPLA2 inhibitor varespladib, which primarily blocks sPLA2-IIA mass and activity, 
was tested in a phase III trial of acute coronary syndromes (VISTA-16) but the trial was 
stopped prematurely due to lack of effi cacy. The study was of short duration and may have 
been underpowered. The sPLA2 activity in the current assay is a composite of all isoforms, 
including IIA, III, V and X. Furthermore, sPLA2 mass and activity are not necessarily highly 
correlated and sPLA2 activity independently predicts CVD outcomes independent of mass.14 
Therefore, it is possible that other sPLA2 isoforms may have a more prominent role in CVD 
risk and may be targets of therapy in future studies.

Some methodological aspects of our study merit discussion. Our data are a result of 
post hoc analyses. The original study was a randomized placebo-controlled trial in order 
to establish the effi cacy and safety of two years of pravastatin therapy in children with FH, 
and was not designed to study the current study objectives. Therefore, we did not obtain 
sPLA2 measurements from every patient, which may have introduced systematic differences 
between the treatment groups, thereby biasing the comparison. However, the excluded 
patients showed similar baseline characteristics compared to the included FH patients (data 
not shown), which makes selection bias unlikely. 

In conclusion, we did not fi nd an association between baseline sPLA2 (IIA mass or activity) 
and cIMT at baseline, nor after two-years of follow-up in our paediatric FH cohort. This could 
indicate that the potential predictive role of sPLA2 as a biomarker of cardiovascular disease 
in children with FH is limited. Furthermore, treatment with pravastatin did not signifi cantly 
reduce sPLA2-IIA mass or sPLA2 activity levels, as compared to placebo. Further studies with 
larger samples are required to address these issues. 
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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 traffi c accident at the age of 15 
years. Mean age (±SD) 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 and none of them had experienced a 
cardiovascular event. 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 (table 1). 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. 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. 
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Table 1. Patient characteristics and cardiovascular risk factors in young adults with familial 
hypercholesterolemia and their affected parents.

FH young adults
n = 213‡

FH fathers       
n = 78‡

FH mothers
n = 64‡

Mean age - years 24.0 ± 3.2 56.3 ± 6.4 51.1 ± 4.7
Risk factors - no.(%)*

Diabetes 1 (0.5) - 1 (0.8)
Hypertension 1 (0.5) 6 (6.5) 2 (3.1)
Smoking, current 54 (27.8) 11 (16.7) 11 (22.0)

Mean age at statin initiation – years# 14.0 ± 3.1 35.3 ± 6.4 30.1 ± 4.7

Continuous data are expressed as mean ± standard deviation
FH familial hypercholesterolemia
‡One of the 214 FH children had died; 14 of the 92 FH fathers had died
*Data available of 194 FH children and 116 FH parents (66 fathers and 50 mothers) 
#For the parents, an estimation of the mean minimum age at initiation of statin therapy was given which was 
based on the assumption that statins were available from 1988 onwards

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 group was near 90% (Figure 1). 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.
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Altogether, our results suggest that initiation of statin therapy in childhood is effective 
in the prevention of very premature CVD and cardiovascular mortality. These fi ndings 
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.
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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 
signifi cant 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 defi ned as 100% minus the percentage of patients that 
discontinued statin therapy due to side effects. Adherence was defi ned 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 signifi cantly 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. 
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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 effi cacy 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 signifi cant 
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.

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 effi cacy and safety of pravastatin, were 
eligible for the current study. The trial has been described in detail elsewhere.5,12 Briefl y, 
children were enrolled in that study when they met the following criteria: one parent with 
a defi nite 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 
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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 for further follow-up.

Ten years after the trial was initiated, we sent all FH patients a letter that explained the 
study design of the current 10-year follow-up study and announced a phone call within 
a month. The research physician contacted all FH patients. Patients who did not agree to 
participate were asked for their reasons for non-participation and those patients who did 
agree were invited for a single visit in the Academic Medical Center. One week before this 
visit we sent patients a questionnaire including items about medical history, family history, 
adherence, reasons for discontinuation and adverse events. Patients were asked to fi ll out 
the questionnaire at home and take it along to their visit. During this visit the patients were 
physically examined (height, weight, blood pressure) and a fasted blood sample was taken. 
The protocol of the study was approved by the Institutional Review Board and all patients 
gave informed consent. 

Blood analyses
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.13 

Outcome measures
The outcome measures in the current study were tolerability and self-reported adherence to 
statin therapy after ten years of treatment. Tolerability was defi ned as follows: 100% minus 
the percentage of patients that discontinued statin therapy due to side effects. Adherence 
was defi ned as the extent to which patients took their medication as prescribed by their 
physician. We assessed adherence using the Medication Adherence Self-Report Inventory 
(MASRI) and the Medication Adherence Report Scale (MARS), which has been found to 
have good reliability and validity and were previously used in patients with FH.14–16 Of 
the MASRI questionnaire, we used the visual analogy scale (VAS) items to determine a 
numeric estimate of the adherence rate (0–100%) in the preceding week, month and year. 
We labelled patients adherent if they took 80% or more of their lipid lowering drugs in 
the preceding month.17 The MARS consists of fi ve statements describing non-adherent 
behaviour i.e.: ‘I forget to take my cholesterol-lowering medication’, ‘I alter the dose of 
my cholesterol-lowering medication’, ‘I stop taking my cholesterol-lowering medication 
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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. Chi-square tests were applied for comparing distributions of dichotomous 
data. We fi rst explored the association between adherence (yes or no) to statin therapy after 
ten years of treatment and the patient characteristics i.e. age, gender, body mass index, 
LDL-C at statin initiation, and presence of fi rst degree family history of CVD, medication 
use besides lipid-lowering medication, whether medication was initiated before puberty 
(defi ned as before the age of 11.5 years for girls, and before the age of 13.5 years for boys), 
and reported side effects, by means of logistic regression analysis. A multivariable model 
was used to evaluate the independent contributions to the prediction of adherence (yes 
or no). Inclusion in the fi nal model was determined by backward stepwise elimination. A 
2 sided p-value of 0.05 was considered to indicate statistical signifi cance. All data were 
analyzed with SPSS software (version 18.0; SPSS Inc, Chicago, Ill).

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 fi rst degree relative. Demographic 
characteristics and lipid profi les at start of the randomized trial and after follow-up are 
depicted in Table 1. 
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Included in adherence analyses 
N = 186 

Refused consent (N = 11) 
Refused consent (n = 7) 
Moved abroad (n = 2) 

Died after motor accident (n = 1) 
Questionnaire not completed (n = 1) 

FH patients 
N = 214 

Included in tolerabilty analyses 
N = 203 

Excluded due to pregnancy/ lactation (N = 13) 

Discontinued statin therapy on doctors advice (N = 4) 
Normalisation of lipid levels (n=2) 

Interaction other drugs (n=1) 
Forgot medication too often (n=1) 

Figure 1. Flow chart of patients enrolled in the study

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). 



Tolerability and adherence of statins

151

11

Table 1. Patient characteristics and lipid profi le 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 

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). 

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. 
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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

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. 
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Figure 2. Number of patients that ever experienced side effects in the last ten years
*Frequent urination (2x), weight loss, hair reduction, forgetfullness

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, defi ned 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 signifi cantly 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 ±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 signifi cantly (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). 

Out of the 40 non-adherent subjects (defi ned 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 signifi cant 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. 
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Table 3. Lipid profi le 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 

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% confi dence interval); BMI: body mass index; LDL-cholesterol: low-density 
lipoprotein cholesterol; CVD: cardiovascular disease

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. 
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DISCUSSION

The current study is the fi rst study that assessed tolerability and adherence of young adult FH 
patients after long-term statin therapy that was initiated in childhood. Our fi ndings 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 signifi cantly 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 signifi cantly 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 hyperlipidaemic 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 fi rst 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 signifi cantly 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 defi nition was used; therefore these results on muscle related side effects are 
diffi cult 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.
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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 benefi ts.22–24 In general, persistence rates among patients with 
chronic conditions such as FH are quite low, decreasing mainly in the fi rst 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%, defi ned 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 diffi cult 
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 signifi cantly 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 signifi cantly higher LDL- levels and a lower out-patient follow up frequency. Reasons 
for non-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 signifi cant associations between these 
or any of the other factors and adherence to statin therapy. 
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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 fi ndings. 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 effi cacy and this merits further attention.



Chapter 11

158

REFERENCES

1.  Marks D, Thorogood M, Neil HAW, Humphries SE. A review on the diagnosis, natural history, and treatment 
of familial hypercholesterolaemia. Atherosclerosis 2003;168(1):1-14.

2.  Goldstein JL, Hobbs HH, Brown MS. PART 12: LIPIDS Chapter 120: Familial Hypercholesterolemia Joseph 
L. Goldstein, Helen H. Hobbs, Michael S. Brown. In: Scriver, C.R., Beaudet A.L., Sly, W.S., Valle D, ed. The 
Metabolic and Molecular Bases of Inherited Disease. 8th ed.; 2001:2863-2913.

3.  Daniels SR. Screening and treatment of dyslipidemias in children and adolescents. Horm. Res. pædiatrics 
2011;76 Suppl 1(suppl 1):47-51.

4.  McCrindle BW, Urbina EM, Dennison BA, et al. Drug therapy of high-risk lipid abnormalities in children 
and adolescents: a scientifi c statement from the American Heart Association Atherosclerosis, Hypertension, 
and Obesity in Youth Committee, Council of Cardiovascular Disease in the Young, with the C. Circulation 
2007;115(14):1948-67.

5.  Kusters DM, Avis HJ, de Groot E, et al. Ten-Year Follow-up After Initiation of Statin Therapy in Children With 
Familial Hypercholesterolemia. JAMA 2014;312(10):1055-1057.

6.  Ho PM, Bryson CL, Rumsfeld JS. Medication adherence: its importance in cardiovascular outcomes. 
Circulation 2009;119(23):3028-35.

7.  Huijgen R, Kindt I, Verhoeven SBJ, et al. Two years after molecular diagnosis of familial hypercholesterolemia: 
majority on cholesterol-lowering treatment but a minority reaches treatment goal. PLoS One 
2010;5(2):e9220.

8.  Osterberg L, Blaschke T. Adherence to medication. N. Engl. J. Med. 2005;353(5):487-97.

9.  Kovacs M, Goldston D, Obrosky DS, Bonar LK. Psychiatric disorders in youths with IDDM: rates and risk 
factors. Diabetes Care 1997;20(1):36-44.

10.  Nachega JB, Hislop M, Nguyen H, et al. Antiretroviral therapy adherence, virologic and immunologic 
outcomes in adolescents compared with adults in southern Africa. J. Acquir. Immune Defi c. Syndr. 
2009;51(1):65-71.

11.  Zindani GN, Streetman DD, Streetman DS, Nasr SZ. Adherence to treatment in children and adolescent 
patients with cystic fi brosis. J. Adolesc. Health 2006;38(1):13-7.

12.  Wiegman A, Hutten BA, de Groot E, et al. Effi cacy and safety of statin therapy in children with familial 
hypercholesterolemia: a randomized controlled trial. JAMA 2004;292(3):331-7.

13.  Friedewald WT, Levy RI, Fredrickson DS. Estimation of the concentration of low-density lipoprotein 
cholesterol in plasma, without use of the preparative ultracentrifuge. Clin. Chem. 1972;18(6):499-502.

14.  Senior V, Marteau TM, Weinman J. Self-reported adherence to cholesterol-lowering medication in 
patients with familial hypercholesterolaemia: the role of illness perceptions. Cardiovasc. Drugs Ther. 
2004;18(6):475-81.

15.  Cohen JL, Mann DM, Wisnivesky JP, et al. Assessing the validity of self-reported medication adherence 
among inner-city asthmatic adults: the Medication Adherence Report Scale for Asthma. Ann. Allergy. 
Asthma Immunol. 2009;103(4):325-31.

16.  Horne R, Parham R, Driscoll R, Robinson A. Patients’ attitudes to medicines and adherence to maintenance 
treatment in infl ammatory bowel disease. Infl amm. Bowel Dis. 2009;15(6):837-44.

17.  Bell KJL, Kirby A, Hayen A, Irwig L, Glasziou P. Monitoring adherence to drug treatment by using change 
in cholesterol concentration: secondary analysis of trial data. BMJ 2011;342:d12.

18.  Baigent C, Keech A, Kearney PM, et al. Effi cacy and safety of cholesterol-lowering treatment: 
prospective meta-analysis of data from 90,056 participants in 14 randomised trials of statins. Lancet 
2005;366(9493):1267-78.

19.  Thompson PD, Clarkson P, Karas RH. Statin-associated myopathy. JAMA 2003;289(13):1681-90.

20.  Bruckert E, Hayem G, Dejager S, Yau C, Bégaud B. Mild to moderate muscular symptoms with high-dosage 
statin therapy in hyperlipidemic patients--the PRIMO study. Cardiovasc. Drugs Ther. 2005;19(6):403-14.

21.  Kashani A, Phillips CO, Foody JM, et al. Risks associated with statin therapy: a systematic overview of 
randomized clinical trials. Circulation 2006;114(25):2788-97.



Tolerability and adherence of statins

159

11

22.  Perreault S, Dragomir A, Blais L, et al. Impact of better adherence to statin agents in the primary prevention 
of coronary artery disease. Eur. J. Clin. Pharmacol. 2009;65(10):1013-24.

23.  Perreault S, Ellia L, Dragomir A, et al. Effect of statin adherence on cerebrovascular disease in primary 
prevention. Am. J. Med. 2009;122(7):647-55.

24.  Bouchard M-H, Dragomir A, Blais L, Bérard A, Pilon D, Perreault S. Impact of adherence to statins on 
coronary artery disease in primary prevention. Br. J. Clin. Pharmacol. 2007;63(6):698-708.

25.  Benner JS, Glynn RJ, Mogun H, Neumann PJ, Weinstein MC, Avorn J. Long-term persistence in use of statin 
therapy in elderly patients. JAMA 288(4):455-61.

26.  Jackevicius CA, Mamdani M, Tu J V. Adherence with statin therapy in elderly patients with and without 
acute coronary syndromes. JAMA 2014;288(4):462-7.

27.  Perreault S, Blais L, Dragomir A, et al. Persistence and determinants of statin therapy among middle-aged 
patients free of cardiovascular disease. Eur. J. Clin. Pharmacol. 2005;61(9):667-74.

28.  Mann DM, Woodward M, Muntner P, Falzon L, Kronish I. Predictors of nonadherence to statins: a 
systematic review and meta-analysis. Ann. Pharmacother. 2010;44(9):1410-21.

29.  Simpson RJ, Mendys P. The effects of adherence and persistence on clinical outcomes in patients treated 
with statins: a systematic review. J. Clin. Lipidol. 2010;4(6):462-71.

30.  Goldberg AC, Hopkins PN, Toth PP, et al. Familial hypercholesterolemia: screening, diagnosis and 
management of pediatric and adult patients: clinical guidance from the National Lipid Association Expert 
Panel on Familial Hypercholesterolemia. J. Clin. Lipidol. 5(3):133-40.

31.  Pijlman a H, Huijgen R, Verhagen SN, et al. Evaluation of cholesterol lowering treatment of patients 
with familial hypercholesterolemia: a large cross-sectional study in The Netherlands. Atherosclerosis 
2010;209(1):189-94. 





12
Gonadal Steroids, Gonadotropins and DHEAS 

in Young Adults with Familial Hypercholesterolemia 

Who had Initiated Statin Therapy in Childhood

Marjet J.A.M. Braamskamp, D. Meeike Kusters, Albert Wiegman, Hans J. Avis,
Frits A. Wijburg, John J.P. Kastelein, A.S. Paul van Trotsenburg* and Barbara A. Hutten4*

*equal contribution as senior author

Atherosclerosis 2015 (241): 427-432.



Chapter 12

162

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 effi cacy 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.
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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 infl uence brain function.1–3 All steroid hormones are synthesized from cholesterol 
in response to tissue specifi c 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 effi cacy of statins in FH has recently been confi rmed 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 infl uence of long-term statin treatment for FH on steroid 
hormone concentrations when initiated at a young age and continued until the reproductive 
period. We therefore studied the concentrations of gonadal and adrenal steroid hormones, 
and gonadotropins 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.
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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 effi cacy and safety of pravastatin, were 
eligible for the current study. The original trial has been described in detail previously18. 
Briefl y, inclusion criteria for the trial were: one parent with a defi nite 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 defi ned 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 profi le
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
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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 signifi cance was defi ned as p<0.05. All 
data were analysed with SPSS software (version 20.0; SPSS Inc, Chicago, Ill).

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 traffi c 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.
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FH patients
n = 214

n = 200

Refused consent (n = 26)
FH patients (n = 14)

Siblings (n = 12)

Useof oral contraceptives(n = 80)
FH patients(n = 59)

Siblings (n = 21)

Non-adherent to statins (n = 47)

n = 135

n = 88

Siblings
n = 95

n = 83

n = 62

n = 194

n = 195

MovedAbroad (n = 5)

Deceased due to traffic accident (n = 1)

Figure 1. Flowchart of subjects enrolled in the study

Of the remaining 150 subjects, 88 (58.7%) were FH patients and 62 (41.3%) were 
non-affected siblings. General characteristics, lipid profi les 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.
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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

Baseline

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

Hormonal parameters
Before the start of statin treatment testosterone, estradiol, LH, FSH and DHEAS concentrations 
and their means were within the age- and gender-specifi c 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 fi rst 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 fi rst day of the LMP.

After 10 years



Chapter 12

168

0.2

0.4

0.6

0.8

FH v1 FH v10 Siblings

es
tr

ad
io

l 
(n

m
o

l/
L)

10

20

30

40

50

Siblings ♂♂  Siblings ♀ FH v1 ♂♂  FH v10 ♂♂
 

 FH v1 ♀  FH v10 ♀

LH
 (

U
/L

)

5

10

15

20

25

10

20

30

FS
H

 (
U

/L
)

 FH v1 ♂♂
 

 FH v1 ♀
 

FH v10 ♂♂
 

FH v10 ♀ Siblings ♂♂
 

Siblings ♀

 FH v1 ♂♂  FH v1 ♀   FH v10 ♀  FH v10 ♂♂  Siblings ♂♂  Siblings ♀

10

20

30

SiblingsFH v10FH v1

20 25 30

0.2

0.4

0.6

0.8

es
tr

ad
io

l 
(n

m
o

l/
L)

Age (years)

LH
 (

U
/L

)

Age (years)

A

B

C

D

E

D
H

EA
S 

(μ
m

o
l/

L)

FH
Siblings

Males
Females

te
st

o
st

er
o
n
e 

(n
m

o
l/
L)  

Age (years)

FS
H

 (
U

/L
)

Age (years)

upper limit♂♂♀

D
H

EA
S 

(μ
m

o
l/

L)

Age (years)

upper limit ♂♂

upper limit ♀

10

20

30

40

 

te
st

o
st

er
o
n
e 

(n
m

o
l/
L)

25 3020

20 25 30

10

20

30

40

50

20 25 30

5

10

15

20

25

20 25 30

10

20

30

40

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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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-specifi c reference intervals, and 
mean concentrations were not signifi cantly different from unaffected sibling concentrations 
(Table 1 and Figure 2 right panels: v10). Two male FH patients and fi ve 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 signifi cantly 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 signifi cantly higher mean DHEAS 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.

DISCUSSION

This is the fi rst 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 



Chapter 12

170

that moderate doses of statins for a maximum duration of 24 months lowered testosterone 
by 0.66 nmol/l (95% confi dence 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 effi cacy and safety of 
different statins in FH children, hormone concentrations were measured before and after 
treatment with study drugs. Two studies demonstrated a signifi cant, 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 signifi cant 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 signifi cant differences in DHEA levels.18,24 
In all trials changes in DHEA(S) levels did not affect sexual development. Our fi ndings 
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 specifi c 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 effi cacy 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, 
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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 stratifi ed 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. Suffi cient 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 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 fi ndings 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

Introduction 
Homozygous familial hypercholesterolemia (HoFH) is a rare disorder characterized by 
severely increased cholesterol levels that lead to an extremely high risk of premature 
cardiovascular disease (CVD). Aggressive lipid-lowering therapy should be started at an 
early age with highly potent statins. Rosuvastatin is such a highly effi cious statin with a 
favorable safety profi le that might be advantageous in pediatric HoFH.

Areas covered 
We conducted a PubMed search for rosuvastatin papers and papers on statin use in HoFH 
published in English. This review describes the pharmacology, safety and effi cacy of 
rosuvastatin and discusses its use in pediatric HoFH. 

Expert opinion 
To date, there is very little evidence on the effi cacy and safety of rosuvastatin in pediatric 
HoFH. Suffi cient clinical evidence has proven the lipid-lowering capacity and subsequent 
CVD prevention of rosuvastatin in hypercholesterolemic adults. Furthermore, clinical 
studies in children heterozygous familial hypercholesterolemia aged 6 years and older 
revealed no untoward safety concerns. Rosuvastatin is therefore be a promising agent in the 
treatment of pediatric HoFH.
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INTRODUCTION 

Familial hypercholesterolemia (FH) is a prevalent inherited disorder caused by mutations 
in the gene encoding the low-density lipoprotein receptor (LDLR) or in other genes that 
affect the functionality of the LDLR. Traditionally, the frequency of FH worldwide has been 
estimated at 1 in 500 people in the less severe heterozygous (HeFH) form and at 1 per 
million people for the far more clinically severe homozygous (HoFH) form. This might 
however be an underestimation since recent data revealed a prevalence in the Netherlands 
of HoFH of approximately 1 in 300 000 and 1 in 300 of HeFH.1,2 

When LDL receptors are defi cient, the rate of removal of LDL-cholesterol (LDL-C) 
declines and thus plasma LDL-C levels increase. Individuals with HoFH possess two mutant 
alleles of the LDLR genes, hence their hepatocytes show a total or near total inability to 
remove LDL-C from the circulation.3 HoFH is commonly diagnosed by untreated LDL-C 
levels > 500 mg/dL ( > 13 mmol/L) or treated LDL-C concentrations ≥ 300 mg/dL ( ≥ 8 
mmol/L) and the presence of cholesterol depositions in the skin or tendons (xanthomas) 
before the age of 10 years, or the presence of untreated increased LDL-C levels consistent 
with HeFH in both parents.4 These severely increased cholesterol levels result in premature 
aortic stenosis and progressive coronary atherosclerosis in childhood or adolescence.5 Left 
untreated, most individuals with HoFH will develop severe cardiovascular disease (CVD) 
in early adulthood, however, some might already die in the fi rst decade of life due to 
complications of CVD.6

Current guidelines recommend that lipid-lowering therapy should be started as early as 
possible during the fi rst year of life or immediately after the patient is diagnosed in order 
to prevent or at least delay the development of aortic valve involvement and coronary 
disease.5,7 Statins are currently the agents of fi rst choice in pediatric HoFH and exert their 
action by inhibiting the enzyme hydroxymethylglutaryl coenzyme A reductase (HMG CoA 
reductase) needed for the endogenous production of cholesterol. Rosuvastatin belongs 
to the newest generation of statins. It is currently on a milligram basis, after pitavastatin, 
the most potent in its class and has been shown to reduce LDL-C levels by 21% in adult 
patients with HoFH in a dosage of 80 mg.8 Since cholesterol-lowering agents are lifesaving 
in children with HoFH, the use of rosuvastatin might therefore be advantageous in this 
patient group. In this review, we will describe the pharmacology of rosuvastatin, evaluate 
its safety and effi cacy and discuss the use of rosuvastatin in pediatric HoFH.
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PHARMACOLOGY OF ROSUVASTATIN

The LDL-C lowering effect of statins is derived from their inhibitory action on HMG-
CoA reductase. Rosuvastatin is a competitive, selective and reversible inhibitor of HMG-
CoA reductase that converts HMG-CoA to mevalonic acid; the rate-limiting step in the 
endogenous synthesis of cholesterol. Inhibition of HMG-CoA leads to a reduced production 
of intracellular cholesterol. Hepatocytes respond to the decreased intracellular cholesterol 
concentration by increasing the synthesis of LDL receptors to enhance LDL-C clearance 
from the circulation.

Rosuvastatin is a fully synthetic statin and belongs to a novel series of methane-
sulphonamide pyrimidine and N-methane sulphonyl pyrrole-substituted 3,5 dihydroxy-6-
heptenoates.9 It is administered as a calcium salt of the active hydroxy acid. In addition to 
the characteristic statin pharmacore, rosuvastatin contains a polar methyl sulphonamide 
group that gives the molecule a relatively low lipophilicity and enhanced interaction with 
HMG CoA reductase that enhances its binding affi nity to this enzyme. These characteristics 
may explain the greater effi cacy of rosuvastatin in lowering LDL-C than other synthetic 
statins.10

Pharmacokinetics
The pharmacokinetic profi le (PK) of rosuvastatin has been extensively studied in adult 
patients. 

Oral bioavailability of rosuvastatin is approximately 20% after a single oral dose, which 
is comparable to atorvastatin, fl uvastatin and pravastatin and higher than lovastatin and 
simvastatin.11 In its active form, rosuvastatin is administered orally and the peak plasma 
concentration (Cmax) is reached 3-5 hours after administration. In healthy Caucasian males, 
Cmax of 6.1 ng/ml is reached approximately 5h after a single oral dose of 20 mg.12 Both the 
Cmax and the area under the curve (AUC) increase in a linear relationship over the dosage 
range from 10 to 80 mg.13 Approximately 90% of rosuvastatin is protein bound, mainly to 
albumin; other statins have almost 95% protein binding, except for pravastatin which has 
a lower protein binding of 50%. The elimination half-life is approximately 20 hours, the 
longest terminal half-life of all statins. Excretion of rosuvastatin is primarily in the faeces 
(90%) and the remainder is excreted in the urine.12 No differences were found in the PK of 
rosuvastatin in younger males (18-33 years) versus elderly (65-73 years) nor in male versus 
female adults.14 

Rosuvastatin is less lipophilic than other statins such as simvastatin and atorvastatin, 
but more lipophilic than pravastatin.15 Penetration of statins into extrahepatic tissues occurs 
by passive diffusion and is dependent on their lipophilicity. Since rosuvastatin is more 
hydrophilic, it is primarily distributed to hepatocytes and therefore peripheral concentrations 
are lower which might be associated with less side effects.
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In contrast to other statins, rosuvastatin undergoes little or no metabolism via CYP 
pathways. Only a small proportion is recovered as metabolites, mostly N-desmethyl 
rosuvastatin, formed principally by CYP2C9 and to a lesser extent by CYP2C19.12 Since 
rosuvastatin is not metabolised by the cytochrome P 450 (CYP) 3A4 it may have low 
potential for clinically important drug-drug interactions with inhibitors or substrates of this 
system such as itraconazole, protease inhibitors and macrolide antibiotics. 

        
EFFICACY OF ROSUVASTATIN

The effi cacy of statins in reducing both LDL-C levels and decreasing the incidence of 
coronary and other vascular events has been evaluated in a number of trials. The Cholesterol 
Treatment Trialists’ (CCT) Collaborators meta-analysis established that 1 mmol/L reduction 
in LDL-C results in a 20% reduction of cardiovascular risk, largely irrespective of the initial 
lipid profi le or other presenting characteristics.16 Besides a reduction of LDL-C, additional 
benefi ts of statins might include increased levels of high-density lipoprotein cholesterol 
(HDL-C), lower triglyceride levels and a reduction of high sensitivity C reactive protein 
(hsCRP). Rosuvastatin has been observed to lower levels of LDL-C by 45-63% over de 
dose range of 5-40 mg. Over the same dose range an increase of 10-14% in HDL-C 
and a 10-35% reduction of triglycerides was demonstrated.10 The Statin Therapies for 
Elevated Lipid Levels compared Across doses to Rosuvastatin (STELLAR) study compared 
rosuvastatin, atorvastatin, pravastatin and simvastatin in terms of LDL-C reduction and the 
effect modifi cation on other lipid parameters in 2431 adults with hypercholesterolemia.17 
At different doses, rosuvastatin reduced LDL-C more than comparator statins. Additionally, 
triglycerides were decreased and HDL-C levels were increased more by rosuvastatin than 
simvastatin and pravastatin.

To investigate the effect of rosuvastatin treatment on atherosclerosis, the Measuring 
Effects on Intima Media Thickness: an Evaluation of Rosuvastatin (METEOR) trial was 
designed. This study included 984 individuals with a low cardiovascular risk and randomly 
assigned them to either rosuvastatin 40 mg or placebo. Over 2 years, a reduction in the 
progression of atherosclerosis, as assessed by carotid intima-media thickness (cIMT), 
was achieved in the rosuvastatin group.18 Additionally, the ASTEROID (Study to Evaluate 
the Effect of Rosuvastatin on Intravascular Ultrasound-Derived Coronary Atheroma 
Burden) study showed that intensive statin therapy with rosuvastatin can induce regression 
of atherosclerotic plaque in the coronary arteries at prespecifi ed intravascular ultrasound 
locations.19

A number of studies have evaluated the effi cacy of rosuvastatin in terms of clinically 
meaningful endpoints. The largest of these was the JUPITER (Justifi cation for the Use of 
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Statins in Prevention: an Intervention Trial Evaluating Rosuvastatin) trial that sought 
to investigate whether statin therapy would reduce fi rst cardiovascular events in 17802 
individuals who had low levels of LDL-C, but were nonetheless at increased risk given an 
increased hsCRP of ≥ 2.0 mg/L.20 The trial was terminated early after a median follow-up 
of 1.9 years because rosuvastatin therapy demonstrated a highly signifi cant reduction in 
fi rst major cardiovascular events (HR 0.56; 95%CI:0.46-0.69, P< 0.00001) which was the 
primary endpoint. 

Effi cacy of rosuvastatin in homozygous familial hypercholesterolemia
According to recent published guidelines, LDL-C targets in HoFH adults are < 2.5 mmol/L 
( < 100 mg/dL) or < 1.8 mmol/L ( < 70 mg/dL) in adults with clinical CVD. The goal of 
treatment in paediatric HoFH is to achieve LDL-C < 3.5 mmol/L ( < 135 mg/dL)2. Lipid-
lowering therapy should be started as early as possible; preferrably during the fi rst year of 
life or immediately after the patient is diagnosed. Although patients with HoFH generally 
respond to a lesser degree in terms of cholesterol lowering compared to HeFH individuals, 
statins have been proven to reduce cholesterol levels even in patients with a receptor 
negative phenotype.8,21 Regarding clinical endpoints, treatment with statins in HoFH 
has shown to delay the development of aortic valve involvement and coronary disease.5 
However, additional pharmacological therapy (e.g. with cholesterol absorption inhibitors) 
or other therapeutic options, mainly plasmapheresis, are commonly used to control the 
dyslipidemia.22

Thus far, the effi cacy of rosuvastatin in reducing LDL-C in HoFH patients is limited to 
a small number of patients in one clinical trial. In this open label study, 44 patients started 
treatment with rosuvastatin 20 mg, with forced titration every 6 weeks to a fi nal dose of 
80 mg/day.8 At week 18, the mean LDL-C reduction from baseline was 21%. Most of the 
decrease had occurred by week 6 and there was little benefi t in increasing the dose above 
40 mg/day. Furthermore, this study was the only in which 8 HoFH children were included, 
the youngest was 8 years old.8 The effi cacy of rosuvastatin in the pediatric patients was not 
specifi cally addressed by the authors.

To date, two large clinical trials with rosuvastatin that included pediatric HeFH patients 
have been completed. The PLUTO (Pediatric Lipid Reduction Trial of Rosuvastatin) trial 
evaluated the effi cacy and safety of rosuvastatin during 1 year of treatment in 177 children 
and adolescents aged 10 to less than 18 years with HeFH.23 A daily dose of rosuvastatin 5, 
10 or 20 mg lowered LDL-C by 38%, 45% and 50%, respectively, which was similar to the 
reduction observed with the 20 mg dose in a study with adult FH patients.24 To establish the 
long term effi cacy, tolerability and safety of rosuvastatin in HeFH children the CHARON 
(hyperCholesterolemia in cHildren and Adolescents taking Rosuvastatin OpeN label) study 
was designed.25 In this study, 198 children aged 6 to younger than 18 years were treated 
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for 24 months with rosuvastatin in a maximum dose of 10 mg (<10 years of age) or 20 mg 
(older children). In addition to LDL-C reduction, arterial wall changes assessed by carotid 
intima-media thickness (c-IMT) were measured at baseline and at the end of the treatment 
period in the FH children as well as in a control group of unaffected siblings. Preliminary 
results revealed a reduction in LDL-C up to 45%, consistent with the previous pediatric 
FH trial that was sustained over the 24 months study.26 At the start of the study, there was a 
signifi cant difference in cIMT between HeFH children and their unaffected children. After 
24 months of treatment with rosuvastatin, this difference was not signifi cant anymore.
 
Table 1: Drug Summary Box

Drug name Rosuvastatin
Phase III
Indication Hypercholesterolemia in children
Pharmacology description HMG-CoA reductase inhibitor
Route of administration Oral
Chemical structure

Pivotal trial(s) 8,23,25,26

SAFETY AND TOLERABILITY OF ROSUVASTATIN

The safety and tolerability of rosuvastatin across the 5 to 40 mg dose range were examined 
using an integrated clinical trial database with data from 16.876 patients, representing 
25.670 patient-years of exposure.27 The populations studied were adult patients with 
various forms of dyslipidemia, including heterozygous and homozygous FH. Dose-ranging, 
fi xed-dose, forced- titration and titration-to-goal designs were utilized, as were controlled 
trails with placebo or comparator statins. In general, the types and the frequencies of 
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adverse events seen with rosuvastatin 5-40 mg treatment were similar to those observed 
with placebo or other statins. Elevations in hepatic transaminase levels greater than three 
times the upper limit of normal (ULN) on at least two consecutive visits were infrequently 
observed (≤ 0.2%). In ≤ 0.3% of the patients receiving rosuvastatin increases of creatine 
kinase (CK) of greater than ten times the ULN without muscle symptoms were found. 
The occurrence of myopathy (CK > 10 times ULN with muscle symptoms) attributed to 
rosuvastatin 5-40 mg was ≤ 0.03%. One case of rhabdomyolysis was reported in a patient 
who received rosuvastatin 20 mg per day and concomitant gemfi brozil treatment. No 
deaths were attributed to rosuvastatin therapy. 

Dipstick-positive proteinuria and microscopic hematuria has been reported in patients 
treated with the maximum approved dose of rosuvastatin 40 mg. This was usually transient 
and not associated with a decline in renal function.28 Data from the rosuvastatin clinical 
development program indicated that rosuvastatin treatment was not associated with an 
increased risk of developing renal impairment or renal failure among the 40.600 participants 
without pre-existing renal disease.29 

A meta-analysis of 13 major placebo-controlled statin trials observed a 9% increase 
in the risk of developing new onset diabetes (NOD) over 4 years of statin treatment.30 
A subsequent meta-analysis of randomized controlled trials investigating the impact of 
different types and doses of statins on NOD demonstrated that pravastatin compared to 
other statins was associated with the lowest risk, whereas rosuvastatin was associated with 
the highest incidence of NOD.31 In view of evidence that statin therapy increases the risk 
of diabetes, an additional study of participants from the JUPITER trial was undertaken to 
address this issue.32 The risk of NOD on rosuvastatin therapy appeared to be limited to 
a group of individuals already at high risk of developing diabetes given their increased 
impaired fasting glucose levels and presence of other components of the metabolic 
syndrome. Further, both in participants with and without diabetes risk factors, the absolute 
benefi t of statin therapy on vascular events exceeded the hazard of developing NOD.

Rosuvastatin in the pediatric population
The safety and tolerability of rosuvastatin in pediatric HoFH is limited to the eight children 
included in the previously described trial with rosuvastatin 20-80 mg performed by Marais 
et al.8 In this study were no reported cases of notable hepatic transaminase or CK increases. 
Six of the eight children reported adverse events, all considered by the investigator 
as generally mild complaints. One of these patients had adverse events (headache and 
abdominal pain) that were considered by the investigator to be related to treatment but did 
not lead to discontinuation of the study.

In the pediatric HeFH trials rosuvastatin 5- 20 mg was in general well tolerated, based on 
the evaluations of adverse events, laboratory variables, vital signs, and physical fi ndings.23 
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This safety profi le was similar to that of placebo or other statins investigated in children. CK 
elevations and muscle related symptoms following physical activity were more frequently 
described in the pediatric population and spontaneously resolved during treatment. Growth 
and sexual development remained within the normal range for age and gender during the 
study.

CONCLUSION

Initial pharmacological treatment strategy of HoFH, a rare but life-threatening lipid disorder, 
consists of the maximum tolerated doses of high potency statins. Rosuvastatin is currently 
one of the most potent statins and its effi cacy and safety is supported by substantial data from 
large clinical trials in adults with any form of dyslipidemia. Although data on rosuvastatin 
in pediatric HoFH is very limited it might be a promising agent for this young patient group 
according to its favorable effi cacy and safety profi le in pediatric HeFH studies.

EXPERT OPINION 

HoFH is a rare disorder characterized by severely increased LDL-C levels that leads to an 
extremely high risk of death in early adulthood due to CVD. The current standard of care 
is aggressive lipid-lowering therapy that includes pharmacological treatment in addition to 
LDL apheresis. Initial pharmacological therapy consists of treatment with statins and should 
be instituted as early as possible, preferably during the fi rst year of life or immediately after 
diagnosis. Although even the most potent statins moderately reduce LDL-C levels in HoFH, 
statins are essential in the treatment of these patients, especially for very young children and 
patients for whom additional measures are not available.

Rosuvastatin is a recently developed fully synthetic statin with a substantial LDL-C 
lowering capacity and has been proven to reduce LDL-C levels by 21% in adult HoFH. Due 
to minimal extrahepatic tissue penetration and low potential for CYP3A4 interactions, it has 
a favorable safety profi le that might lead to less side effects and potential drug interactions. 
Al together, these pharmacological properties may be advantageous in the treatment of 
young children with HoFH. However, to date, clinical data on rosuvastatin in pediatric 
HoFH is very limited due to the rarity of the disease. 

Clinical trials in HeFH children from the age of 6 years onwards showed that treatment 
with rosuvastatin not only reduced LDL-C levels, but also decreased the progression of 
cIMT over the treatment course of two years. Additionally, rosuvastatin was well tolerated 
and did not appear to adversely affect growth or sexual maturation during the trial. Given 
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the evidence of effective LDL-C reduction and a favorable safety profi le in HeFH children 
already at the age of 6 years, HoFH children will most likely benefi t from rosuvastatin 
treatment. Especially in this young patient group there is a need for pharmacological control 
until additional measures such as LDL apheresis can be undertaken. Furthermore, in daily 
clinical practice statins are already prescribed in the fi rst year of life to these children. 
Therefore, clinical trials to establish the effi cacy and safety of rosuvastatin in pediatric 
HoFH are eagerly awaited.
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ABSTRACT

Background
Homozygous familial hypercholesterolemia (HoFH) is a rare, inherited condition resulting 
in severely elevated low-density lipoprotein cholesterol levels (LDL-C) leading to premature 
atherosclerotic vascular disease and often death early in life. Mipomersen is an antisense 
oligonucleotide that inhibits the synthesis of apolipoprotein B (apo B) and hence lowers 
LDL-C levels. Mipomersen has demonstrated effi cacy in adult HoFH patients and may 
provide a therapeutic option for pediatric patients.

Objectives
Objectives of this study were to summarize the effi cacy and safety of mipomersen in the 
pediatric cohort of a phase 3 randomized controlled trial (RCT) and a subsequent open-
label extension study (OLE).

Methods
Pediatric patients (n = 7) aged 12 to 18 years received 200 mg of mipomersen or placebo 
weekly in the RCT (26 weeks) and mipomersen in the OLE (52 or 104 weeks). Plasma 
LDL-C and apo B concentrations and adverse events were assessed.

Results
All pediatric patients, 3 randomized to mipomersen and 4 to placebo, completed the RCT 
and entered the OLE. The 3 pediatric patients receiving mipomersen in the RCT experienced 
mean reductions from baseline to RCT end of 42.7% and 46.1% for LDL-C and apo B, 
respectively. Of the 4 patients who received placebo during the RCT, 3 responded well 
to mipomersen during OLE, with reductions in LDL-C concentrations of 26.5% to 42.1%. 
Three of 7 patients completed the OLE treatment. The remaining 4 patients discontinued 
therapy due to adverse events. Fluctuations in lipid levels were observed and were likely 
due to poor compliance.

Conclusions
Long-term treatment with mipomersen was successful in terms of effi cacy parameters for 
pediatric HoFH patients. The safety profi le of mipomersen was consistent with what was 
observed in other phase 3 clinical trials. Long-term compliance, however, was an issue and 
clinicians should be encouraged to employ measures that support adherence to therapy.
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INTRODUCTION

Homozygous familial hypercholesterolemia (HoFH) is a rare condition usually caused by 
mutations in both copies of the low-density lipoprotein (LDL) receptor gene, resulting in 
very high plasma levels of LDL cholesterol (LDL-C) from birth.1 Based on a recent Dutch 
study, the prevalence of HoFH was estimated to be approximately 1 in 300,000 individuals.2 
In untreated patients with HoFH, atherosclerosis develops rapidly, with clinically signifi cant 
atherosclerotic vascular disease (e.g., aortic valve disease, carotid artery disease, peripheral 
vascular disease) and often sudden death from myocardial infarction or acute coronary 
insuffi ciency before the age of 30 years.1,3 Lowering LDL-C concentrations in adult HoFH 
patients with modern lipid-lowering therapy (a statin with or without ezetimibe) has been 
shown to reduce the risk of major adverse cardiovascular events (MACE) and death.1

Pediatric patients with HoFH also urgently require lipid-lowering pharmacotherapy 
to prevent atherosclerosis and prolong life; yet data are limited on therapeutic options 
in this patient population.4,5 Furthermore, in patients with HoFH, lipid-lowering therapies 
are often unable to lower LDL-C suffi ciently, even when used in the highest doses and 
in combination.6 A recent long-term study in children with HoFH receiving statins and 
ezetimibe or cholestyramine found that response to therapy varied and was generally least 
effective in the children with the greatest baseline total cholesterol levels (>800 mg/dL or 
20 mmol/L).7 In addition to lipid-lowering drugs, LDL apheresis is the standard of care for 
pediatric patients with HoFH.8 However, this therapy has limited availability, is expensive, 
and is an invasive and time-consuming procedure for young children. Moreover, apheresis 
is associated with side effects such as hypotension and often requires invasive procedures, 
such as placement of arteriovenous fi stulas/catheters, which may be diffi cult in pediatric 
patients.9 Additional therapies for pediatric patients with HoFH are therefore needed.

Mipomersen is an antisense oligonucleotide that inhibits the synthesis of apolipoprotein 
B (apo B)–100 without reliance on LDL receptor function.10 Mipomersen binds to the apo 
B mRNA via Watson-Crick hybridization leading to cleavage of the mRNA by ribonuclease 
H1 (RNAse H1). This results in decreased synthesis of apo B (Figure 1).11 In the United 
States, mipomersen (marketed as Kynamro®) is indicated for use as an adjunct to lipid-
lowering medications and modifi ed diet to reduce LDL-C, apo B–100, total cholesterol 
(TC), and non-high-density lipoprotein cholesterol (non-HDL-C) concentrations in patients 
with HoFH.12 Mipomersen is also approved in Argentina, Ecuador, Mexico, Peru, and South 
Korea. However, safety and effi cacy of mipomersen have not been established in pediatric 
patients, primarily because there are a limited number of pediatric patients identifi ed with 
HoFH and because recruiting pediatric patients into clinical trials is inherently diffi cult. 

We present here a post-hoc subanalysis of 7 pediatric patients (aged 12 to 18 years) 
with HoFH who participated in a 26-week phase 3, randomized double-blind, placebo-
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controlled trial (RCT, NCT00607373) of mipomersen and its 52-week or 104-week open 
label extension study (OLE, NCT00694109). This analysis includes the effi cacy and safety of 
mipomersen in these 7 pediatric patients who were all taking a maximally-tolerated statin, a 
cholesterol-absorption inhibitor, a bile acid sequestrant, and/or nicotinic acid.13 The design 
methods and results of the RCT and the OLE have been previously published.13,14

Figure 1. Mipomersen Mechanism of Action.
apo B–100 = apolipoprotein B-100; LDL-C = low-density lipoprotein cholesterol; mRNA = messenger 
ribonucleic acid; RNase H = ribonuclease H; VLDL = very low density lipoprotein.
Reprinted from the Journal of the American College of Cardiology, Vol. 62 / No.23, Thomas GS, 
Cromwell WC, Ali S, Chin W, Flaim JD, Davidson M, Mipomersen, an Apolipoprotein B Synthesis 
Inhibitor, Reduces Atherogenic Lipoproteins in Patients With Severe Hypercholesterolemia at High 
Cardiovascular Risk: A Randomized, Double-Blind, Placebo-Controlled Trial, pp 2178-2184, 
Copyright 2013, with permission from the American College of Cardiology Foundation.

METHODS

Study participants 
For entry into the RCT, patients had to be 12 years of age or older with either a genetic 
confi rmation of HoFH or a clinical diagnosis based on an untreated LDL-C concentration 
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of >500 mg/dL (or >13 mmol/L), together with either xanthoma before 10 years of age or 
evidence of heterozygous familial hypercholesterolemia in both parents.13 Patients were 
required to be stable on a low-fat diet and on a preexisting, maximally tolerated lipid-
lowering drug (a statin, a cholesterol-absorption inhibitor, a bile acid sequestrant, nicotinic 
acid, or a combination thereof) (13). Also, patients had a fasting LDL-C concentration of 
≥130 mg/dL, triglyceride concentration of <350 mg/dL, and body weight of ≥40 kg. Patients 
receiving LDL apheresis within 8 weeks of the screening visit were excluded. Additional 
exclusion criteria included signifi cant cardiovascular events within 12 weeks of screening, 
unstable or inadequately treated stable angina, congestive heart failure, uncontrolled 
hypothyroidism or any other disorder that might predispose to secondary hyperlipidemia, 
serum creatine phosphokinase levels ≥3 times the upper limit of normal (ULN), or a 
history of signifi cant renal or hepatic disease. For entry into the OLE, patients had to have 
satisfactorily completed dosing and week 28 assessments in the RCT and had to have an 
acceptable safety profi le.14 Both the RCT and OLE required that the parents / legal guardians 
gave informed consent, and, if appropriate for the patient’s age, the patient gave consent/
assent for study participation. 

Study design
Descriptions of the design of the initial clinical trial and the main study population have 
been previously published.13 After a screening phase of ≤4 weeks, patients were randomly 
assigned in a 2:1 ratio to 26 weeks of treatment with mipomersen 200 mg per week (160 mg 
if body weight was <50 kg) or a matching volume of placebo administered subcutaneously 
(SC). After completion of the RCT, all of the pediatric patients voluntarily enrolled in the 
OLE, which offered either 52 (1 year) or 104 weeks (2 years) of mipomersen treatment, 
followed by a 24-week post-treatment follow-up period. All patients were on maximally 
tolerated lipid-lowering therapy during the active treatment phase and were not permitted 
to change their background lipid-lowering drug during the RCT. 

Effi cacy assessments 
The primary endpoint was the percentage change in LDL-C concentration from baseline to 
the end of the RCT.13,14 Prespecifi ed secondary effi cacy measures were percentage change 
from baseline in apo B, TC, and non-HDL-C concentrations. Prespecifi ed tertiary effi cacy 
endpoints were changes in concentrations of lipoprotein(a) [Lp(a)], triglycerides, very low 
density lipoprotein (VLDL) cholesterol, HDL-C, apolipoprotein A1, and change in the ratio 
of LDL-C to HDL-C. Blood and urine samples taken after at least 10 hours of fasting were 
obtained at every visit. All laboratory assessments specifi ed in the protocol were performed 
at a central laboratory in either Cincinnati, OH, USA, or Leuven, Belgium. 
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Safety assessments 
Safety assessments included all adverse events (AEs) and changes in liver transaminases and 
liver fat.13 Laboratory abnormalities had to be confi rmed by repeat blood draw and retest 
(ideally in the same central laboratory) ideally drawn within 3 days and no longer than 5 days 
of the initial blood draw. Unless contraindicated, magnetic resonance imaging (MRI) was 
used to assess liver fat fraction at baseline and at approximately 6-month intervals during 
the OLE. Another measurement of hepatic fat was recommended in patients with confi rmed 
increases in alanine aminotransferase (ALT) levels of ≥3 times the ULN. All MRI readings of 
hepatic fat content were undertaken at a core facility by one assessor who was masked to the 
treatment group. Safety and tolerability of mipomersen were also assessed by withdrawals, 
including the protocol-defi ned rules for discontinuation of a study drug (stopping rules), 
which were increases in ALT levels (≥5 times the ULN confi rmed on retest within 5 days, 
or 3 times the ULN in the presence of a bilirubin higher than the ULN confi rmed on retest), 
renal dysfunction, or thrombocytopenia. Additional predefi ned outcomes of interest were 
the assessment of infl uenza-like symptoms, injection-site reactions, and high-sensitivity 
C-reactive protein (hsCRP). 

Statistical analyses
Patients were evaluated at the primary effi cacy timepoint (PET) and at the end of the OLE 
period for percentage change from baseline in LDL-C and apo B concentrations. PET for the 
RCT was specifi ed as 14 days after the last dose of the treatment period. PET was at week 
28 of the 26-week RCT treatment period. AEs were summarized using descriptive statistics.

RESULTS

Patient demographics and characteristics 
This subanalysis of the 51 patients evaluated in the RCT included 7 patients (14%) who 
were 12 to 18 years of age. All 7 pediatric patients had genetic confi rmation of HoFH. 
Baseline characteristics of the 7 pediatric patients are provided in Table 1. Remarkably, 
5 of the 7 patients already had or were suspected to have aortic valve stenosis, assessed 
clinically as a signifi cant murmur across the aortic valve or on echocardiography. Of the 
7 pediatric patients, 3 (patient numbers 1 to 3, henceforth referred to as patient 1, 2, 3) 
were randomized to SC mipomersen 200 mg once weekly for 26 weeks and 4 patients 
(patients 4 to 7) were randomized to placebo. All 7 patients tolerated the study treatment, 
satisfactorily completed the RCT requirements, and entered the OLE study. One patient, 
patient 6, weighed <50 kg and thus received SC mipomersen 160 mg once weekly in the 
OLE study.
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As of the March 2011 data cutoff, 1 patient (patient 3) had completed the 2-year 
treatment phase, 2 patients had completed the 1-year treatment phase through to the 24-
week post-treatment follow-up period, and 4 patients had discontinued from the OLE study 
during the 1-year treatment phase (Figure 2). 

Pediatric patients evaluated (n = 7)  

Allocated to Mipomersen (n = 3) 

Designated as patients 1, 2, 3  

Allocated to placebo (n = 4) 

Designated as patients 4, 5, 6, 7  

Received Mipomersen (n = 7) 
 

2 years treatment option (n = 1; pt 3) 
1 year treatment option (n = 6) 

Discontinued intervention 
Completed follow up (n = 4) 

 

Injection site reaction (n = 2) 
Flu like symptoms (n= 2) 

Elevated AST and ALT levels (n = 1) 

Completed treatment phase (n = 7) 
 

2 years  (n = 1) 
1 year (n = 2) 

R
C

T 
O

LE
 

Fo
llo

w
 -

up
 

C
om

pl
et

ed
 

Figure 2. Pediatric Patient Flow in Randomized Controlled Trial and Open-Label Extension 
ALT = alanine aminotransferase; AST = aspartate aminotransferase; OLE = open-label extension study; 
RCT = randomized controlled trial. 

Effi cacy
Baseline LDL-C concentrations in the 3 patients receiving mipomersen ranged from 538.0 
mg/dL to 633.5 mg/dL and were 241 mg/dL to 386 mg/dL at the end of the trial (30.8% 
to 62.0% reduction). In contrast, 3 of the 4 pediatric patients who received placebo 
had relatively stable LDL-C concentrations (7.9% decrease to a 3.0% increase), and the 
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remaining patient had a 43.1% increase (Table 2, Central Illustration). One patient (patient 
4) displayed fl uctuating responses to treatment, which was considered likely due to dose 
interruptions during weeks 24, 27 to 29, and 37, and which was refl ected by plasma drug 
concentrations.
 

Central Illustration. Low-Density Lipoprotein Cholesterol Concentration at Measured Time Points in 
the Randomized Controlled Trial and the Open-Label Extension Study
LDL-C = low-density lipoprotein cholesterol; OLE = open-label extension study; RCT = randomized 
controlled trial.

Similar reductions to those seen in LDL-C concentrations were noted in total apo B 
concentrations. Over 26 weeks, reductions from baseline ranged from 32.8% to 62.2% 
for recipients of mipomersen compared with essentially no change in 3 recipients of 
placebo and a 29.2% increase in the fourth (patient 5) (Table 3, Figure 3). Baseline apo B 
concentrations were higher in patients receiving mipomersen (311 mg/dL to 415 mg/dL) 
than in patients receiving placebo (228 mg/dL to 300.5 mg/dL).
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Figure 3. Apo B Concentration at Measured Time Points in the Randomized Controlled Trial and the 
Open-Label Extension Study
apo B = apolipoprotein B; OLE = open-label extension study; RCT = randomized controlled trial.

Most pediatric patients experienced reductions in Lp(a) concentrations with mipomersen 
(Figure 4). All 3 patients initially randomized to receive mipomersen showed reductions 
in Lp(a) during the RCT. Among the patients initially given placebo, 2 of the 4 showed 
reductions in Lp(a) with mipomersen during the OLE, and Lp(a) concentrations were 
unchanged or increased for the remaining 2 patients.

During the OLE, 2 patients who had received mipomersen during the RCT experienced 
increases in LDL-C and apo B concentrations that returned to levels near baseline in the 
RCT. One patient continuing mipomersen from the RCT stopped the trial shortly after the 
OLE began (week 39) due to injection-site reactions and systemic infl ammatory response 
lasting 2 to 3 days. At the time of discontinuation, LDL-C and apo B concentrations 
were comparable to those at the end of the RCT. Of the 4 pediatric patients previously 
randomized to placebo during the RCT, 3 responded well to mipomersen, with reductions 
in LDL-C concentrations from OLE baseline ranging from 26.5% to 42.1% for patients 5 to 
7. Patient 4 had an 11.2% increase in LDL-C concentration. The reason for this apparent 
lack of response is unclear but is likely explained by dose interruptions. Mipomersen was 
associated with a similar pattern for plasma levels of apo B in these patients; patient 5, 6, 
and 7 had reductions of 24.3% to 44.2%, and patient 4 had a 14.9% increase.
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Figure 4. Lipoprotein(a) Concentration at Measured Time Points in the Randomized Controlled Trial 
and the Open-Label Extension Study
Lp(a) = lipoprotein(a); OLE = open-label extension study; RCT = randomized controlled trial.

Safety
Of the 3 recipients of mipomersen in the 26-week RCT, 2 had ≥1 AE (Table 4). AEs consisted 
of erythema, pain, or discoloration at the injection site; and fl u-like symptoms. Injection-
site pain was reported in 2 of the 4 patients who received placebo. In both the RCT and the 
OLE, the most common AE was injection-site reaction. Serum ALT concentrations increased 
to ≥3 times the ULN (i.e., ≥90 U/L) during mipomersen therapy in 2 pediatric patients. In 
patient 4, the ALT increased from 21 U/L at baseline to 130 U/L at week 26. In patient 
6, the ALT increased from 27 U/L at baseline to 187 U/L at week 26 but decreased to 37 
U/L at 24 weeks after the last mipomersen dose. Percent liver fat fraction did not increase 
signifi cantly in association with mipomersen treatment (Table 5). Four patients discontinued 
due to injection-site reactions, fl u-like symptoms, or elevated liver enzymes.
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Table 4. Adverse Effects in Pediatric Patients Receiving Mipomersen Compared With Placebo

Adverse Event (AE) Incidence in RCT, n
Mipomersen

(n = 3)
Placebo
(n = 4)

Any AE 2 3 
Injection-site erythema 1 0
Injection-site pain 1 2
Injection-site discoloration 2 0
Flu-like symptoms 1 0

RCT = randomized controlled trial.

Table 5. Alanine Aminotransferase (ALT) Concentration and Liver Fat Fraction in Pediatric Patients 
Treated With Mipomersen*

Patient Number Visit ALT, U/L Liver Fat Fraction, %

3 Baseline 13 -
Week 138 12 0.01

Week 24 postdose 17 0.35
4 Baseline 21 -2.6

Week 26 130 -3.35
5 Baseline 13 -1.33

Week 52 34 1.71
Week 24 postdose 20 -1.79

6 Baseline 27 -3.3
Week 26 187 -1.57

Week 24 postdose 37 -

* Long-term liver fat fraction data only available for the 4 patients listed. 

DISCUSSION

This was a subanalysis of pediatric patients (12 to 18 years of age) enrolled in a RCT with 
an OLE in patients with HoFH treated with mipomersen. With its unique mode of action, 
mipomersen typically augments the effects of lipid-lowering therapies to further reduce 
atherogenic lipoprotein concentrations in patients with HoFH.13 Mipomersen lowers apo 
B–containing lipoproteins by binding to apo B messenger RNA, blocking the synthesis of 
apo B without reliance on LDL receptor (LDLR) function.10 Overall, mipomersen lowered 
LDL-C, apo B, and Lp(a) concentrations in pediatric patients who were already on a low-
fat diet and the maximally tolerated dose of statin and/or ezetimibe. Additionally, similar 
reductions in all measured atherogenic lipoproteins were seen in the pediatric patients 
compared with the adult cohort with HoFH. In the RCT, the overall patient population 
receiving mipomersen experienced mean reductions from baseline of approximately 25% 
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and 27% in LDL-C and apo B concentrations, respectively.13 In the RCT, the 3 pediatric 
patients receiving mipomersen experienced mean reductions from baseline of approximately 
43% and 46% for LDL-C and apo B, respectively. At semi-annual intervals over the course 
of the OLE, the overall population had decreases in mean LDL-C concentrations of 27% 
to 28% and in mean apo B concentrations of 28% to 31%.14 In the present subanalysis, 
pediatric patients had substantial variations in response. At fi nal assessment of the OLE, 2 
patients (1 receiving placebo in the RCT and the other receiving mipomersen) had increases 
in LDL-C concentrations compared with the RCT fi nal measurement. The other 4 patients 
had reductions in LDL-C concentrations ranging from -8.0% to -42.1%. The results for Lp(a) 
are consistent with recent data for adults in 4 randomized trials of mipomersen vs. placebo 
showing a reduction of approximately 26% in Lp(a) with mipomersen and no change with 
placebo.15 

In an analysis of LDL-C and Lp(a) over the time course of the OLE, it is clear that 
these patients often experienced fl uctuations in lipid measurements, suggesting that the 
fi nal assessment time point may not adequately depict the effi cacy of mipomersen in the 
pediatric population. After 40 weeks of therapy with mipomersen during the OLE study, 
plasma levels of apo B–containing lipoproteins tended to fl uctuate or increase in some 
patients. One plausible explanation for this is poor adherence to the study medication 
among these pediatric patients. In this study, mipomersen was dosed weekly via SC 
injection. Study visits occurred every 4 to 5 weeks during most of the RCT and every 4 to 7 
weeks during most of the OLE. The responsibility was left to the patients’ caregivers and the 
children themselves to comply with the weekly injections between study visits. These may 
not have occurred consistently in this study.

Underdiagnosis and undertreatment of pediatric FH is an important clinical problem 
that was recently the subject of a new position statement by the European Atherosclerosis 
Society Consensus Panel.16 In this study, 5 of 7 pediatric patients had aortic valve disease 
that likely was due to their markedly elevated LDL-C levels. This fi nding highlights the 
severity of HoFH, the presence of important complications in these patients, and the need 
for effective treatment. In the pediatric population in particular, adherence to therapy is 
crucial. Studies regarding patient adherence indicate that patients who do not fully accept 
the severity of their condition or fully recognize the benefi ts of a medication may exhibit 
poor compliance, emphasizing the importance of communication between the provider 
and the patient.17 Given that cardiovascular events tend to be associated with aging and to 
be acute in nature, the pediatric population may not feel a sense of urgency for maintaining 
compliance with a preventive medication. In fact, HoFH is generally a silent disease until 
a cardiovascular event occurs. Therefore, poor adherence to therapy is also a common 
concern within the overall FH population. Finally, SC injections, including those associated 
with injection-site reactions in a majority of patients, may be troublesome in a pediatric 
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population due to fear of needle-sticks. However, pediatric patients with diabetes have 
overcome this issue, so it is not insurmountable. All pediatric patients in our study had at 
least 1 study protocol deviation related to drug administration and/or study procedures, 
in some cases refl ecting diffi culty in traveling to the study center or confl icts with school 
schedules. Nearly half of the patients in our study completed their assigned treatment 
phase, either 1 year (n = 2) or 2 years (n = 1), thus demonstrating that adherence in this 
population is achievable. The reasons for discontinuations for the remaining 4 patients 
were related to injection-site reactions, fl u-like symptoms, or elevated liver enzymes, which 
highlight potential concerns that may also affect compliance. Clinicians who are treating 
the pediatric population with HoFH should be aware of potential issues with adherence to 
therapy and should employ techniques and counseling to counter nonadherence. 

CONCLUSIONS

In this subanalysis of the pediatric patients from a large HoFH RCT with an OLE, mipomersen 
lowered LDL-C, apo B, and Lp(a) concentrations in patients who were already on the 
maximally tolerated dose of statin and/or ezetimibe and a low-fat diet. The safety profi le 
for mipomersen in this study was consistent with those seen in other phase 3 clinical trials. 
Mipomersen represents a potential new additional treatment option for pediatric patients 
with HoFH.

PERSPECTIVES

Competency in medical knowledge
Mipomersen (marketed as Kynamro®) is indicated for use in the United States and other 
countries as an adjunct to lipid-lowering medications and modifi ed diet to reduce LDL-C, apo 
B–100, TC, and non-HDL-C concentrations in adult patients with HoFH. This retrospective 
subanalysis of the 7 pediatric patients in a large phase 3 study involving patients with HoFH 
supports the use of mipomersen in this population.

Translational outlook
Larger studies are needed to confi rm the effi cacy and safety of mipomersen in pediatric 
patients with HoFH.
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SUMMARY

This thesis focuses on the management of pediatric familial hypercholesterolemia and 
aims to identify additional cardiovascular risk factors, to assess the safety and effi cacy 
of novel treatment options in children with heterozygous or homozygous familial 
hypercholesterolemia (FH) and to evaluate the consequences of long-term statin therapy 
initiated in childhood. 

The general introduction, chapter 1, provides a historic overview of the increasing knowledge 
gained in the past century on familial hypercholesterolemia. Part I serves to highlight the 
current management of hypercholesterolemia in children. Chapter 2 is a review of literature 
that describes the different causes of pediatric hypercholesterolemia and discusses two 
screening strategies to identify children at risk. Once those children are identifi ed the fi rst 
step in treatment is lifestyle adjustment. In addition, pediatric guidelines recommend the 
initiation of pharmacological treatment from the age of 8 years onwards, if cholesterol levels 
remain elevated despite adequate dietary adjustments. Drugs of fi rst choice are statins and 
have proven to be safe and effective in terms of lowering LDL-cholesterol (LDL-C) levels 
and improving surrogate markers of cardiovascular disease (CVD) in several short-term 
clinical trials. In chapter 3 the most recent studies on the early onset of atherosclerosis in 
children with FH and novel treatment options are summarized. 

In the search for additional cardiovascular risk factors the hypothesis that the offspring from 
hypercholesterolemic mothers might have an increased cardiovascular risk due to exposure 
to increased cholesterol levels in utero is further evaluated in part II. In Chapter 4 we report 
the results of a study comparing lipid profi les as well as carotid intima media thickness (IMT), 
a well validated predictor of future cardiovascular events, of the offspring of FH mothers 
with the offspring of FH fathers. Altogether, 3353 subjects were included and no differences 
could be demonstrated between the offspring of FH mothers or FH fathers. In Chapter 5 these 
analyses are repeated in a larger cohort of 20,005 subjects and extended with the incidence 
of cardiovascular events. The results of this study showed that both offspring affected with FH 
and offspring without FH from FH mothers exhibited a lower risk of cardiovascular events 
compared to any offspring from FH fathers. 

In part III we present the safety and effi cacy of novel treatment options in children with 
heterozygous FH. These studied enrolled children as young as six years old, two years 
younger than currently recommended by several guidelines. The results of the CHARON 
study are described in chapter 6. This study aimed to investigate the effi cacy, tolerability, 
and safety of rosuvastatin, currently the most potent statin, over two years in 197 children 
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aged 6–17 years with heterozygous FH. At three months, the mean percentage reductions 
in LDL-C were 41, 41 and 35%, in patients aged 6–9, 10–13, and 14–17 years, respectively 
(P < 0.001 for all three age groups vs. baseline) and was sustained over two years treatment 
without any untoward safety concerns. In a sub-study of the CHARON study, reported in 
chapter 7, the effect of the two-year treatment of rosuvastatin on carotid IMT in FH children 
is compared to a control group of their unaffected and thus untreated siblings. The results 
revealed a signifi cant difference in carotid IMT found at baseline between the FH children 
and their siblings that substantially diminished after two years, indicating that rosuvastatin 
treatment in FH children slowed the progression of carotid atherosclerosis. In chapter 8 the 
results of the PASCAL study are described. This study assessed the safety and lipid lowering 
effi cacy of pitavastatin, a relatively novel statin, in 106 hyperlipidemic children aged 6-17 
years in a 12 week randomized controlled trial, followed by an open label study of 52 
weeks. Pitavastatin 1 mg, 2 mg and 4 mg once daily lowered LDL-C by 23.5%, 30.1% and 
39.3%, respectively, and there were no clinically signifi cant differences in safety profi les 
between the treatment groups. In chapter 9 the role of secretory phospholipase A2 (sPLA2) 
enzymes that are thought to contribute to atherosclerosis is explored in a cohort of 187 
FH children treated for two years with pravastatin or placebo. Our results indicated that 
sPLA2-IIA mass and sPLA2 activity were not signifi cantly associated with any baseline 
characteristics including carotid IMT. Furthermore, treatment with pravastatin did not 
reduce sPLA2-IIA mass or sPLA2 activity levels, as compared to placebo. 

Once initiated, statin therapy is a life-long therapy for FH patients. Concerns have been 
raised that starting statins in childhood might interfere with normal growth and maturation. 
Additionally, the question remains whether long-term statin treatment indeed is effective in 
terms of prevention of cardiovascular events. These issues are addressed in part IV where 
several sub-studies of the AfterTen study are described. The AfterTen study aimed to assess the 
long-term effi cacy and safety of childhood initiated statin therapy and followed up a cohort 
of 214 FH children until young adulthood. In chapter 10 the consequences of statins on the 
incidence of cardiovascular events are determined. After ten years of statin treatment, none 
of the young adult FH subjects had experienced any cardiovascular 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 was near 90% in the parental FH group and 100% in the young 
adult FH group. Furthermore, the safety of long-term statin therapy is addressed in chapter 
11. A history of any side effects was reported by 19.5% of the young adult FH patients 
and mainly consisted of muscle complaints and gastrointestinal symptoms. Three patients 
(1.5%) discontinued statin therapy due to side effects. Rhabdomyolysis or other serious 
adverse events (SAE’s) were not reported. In fact, 169 (82.4%) of 205 patients remained on 
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statin treatment and 78.7% were adherent. In addition, after ten years of statin treatment, 
testosterone, estradiol, LH and FSH concentrations in young adult FH subjects are within 
the reference interval and comparable to a control group of their unaffected siblings, as 
described in chapter 12.

In part V we evaluate the safety and effi cacy of current and novel treatment options in 
children with homozygous FH. Homozygous FH, the far more severe form of FH, is a very 
rare disorder characterized by severely increased LDL-C levels that lead to an extremely 
high risk of death in early adulthood due to CVD. Initial pharmacological therapy consists 
of treatment with statins and should be instituted as early as possible, preferably during the 
fi rst year of life or immediately after diagnosis. Chapter 13 reviews the role of rosuvastatin 
in homozygous pediatric FH. Although even the most potent statins moderately reduce 
LDL-C levels in homozygous FH, statins are essential in the treatment of these patients, 
especially for very young children and patients for whom additional measures are not 
available. Despite limited clinical study data, rosuvastatin might be a promising therapeutic 
for this young patient group according to its favorable effi cacy and safety profi le in pediatric 
heterozygous FH. Finally, in chapter 14, we report the results of a novel agent, mipomersen, 
an antisense oligonucleotide that lowers LDL-C levels by the inhibition of the synthesis of 
apolipoprotein B (apo B) and has been proven effective in adult homozygous FH. The 3 
pediatric patients receiving mipomersen in this randomized controlled trial experienced 
mean reductions from baseline of 42.7% and 46.1% for LDL-C and apo B, respectively, 
and therefore this might be an additional treatment option in pediatric homozygous FH. 

CLINICAL IMPLICATIONS

The work presented in this thesis comprises different aspects of the management of pediatric 
familial hypercholesterolemia and based on these results several clinical implications can 
be made. 

Additional cardiovascular risk factors
The widely held hypothesis that maternal hypercholesterolemia during pregnancy is 
pathogenic and thus results in increased risk of cardiovascular disease in the offspring 
was not confi rmed in our studies. In fact, the offspring of FH mothers exhibited a lower 
risk of cardiovascular events compared to the offspring from FH fathers, irrespective of 
their own FH mutation carriership. Therefore, maternal hypercholesterolemia does not 
seem to increase the already existing cardiovascular risk in the FH offspring. In current 
clinical practice statins are contra-indicated in pregnancy and our results do not support 
reconsideration of this issue.
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Novel treatment options
Children with FH have greater mean carotid IMT values as compared to controls before 
the age of 8 years, several years earlier than previously thought. This fi nding underlines 
the need of childhood initiation of cholesterol lowering therapy in these patients, because 
treatment should preferably be started before atherosclerosis is detectable. Recent trials 
with rosuvastatin and pitavastatin, the most potent statins, have enrolled children from 6 
years onwards to establish the effi cacy and safety even at a young age. Reduction in serum 
lipids in these trials was comparable to adult studies, without any untoward safety concerns. 
Additionally, two years of rosuvastatin in FH children resulted in a slowed progression of 
carotid IMT, which would cause a signifi cant reduction of the future cardiovascular risk and 
might advocate initiation of statins at a younger age than currently recommended. 

Although statins are effective in reducing the progression of carotid IMT values, their 
LDL-C lowering capacity in terms of reaching LDL-C goals has not consistently been 
demonstrated. Current guidelines recommend an LDL-C target of <3.5 mmol/L in children. 

In the CHARON study, a slight majority (58%) of children overall achieved the more 
restrictive LDL-C goal of <3.36 mmol/L with rosuvastatin treatment. This leaves room for 
improvement with more stringent lipid lowering therapy in these subjects. Several novel 
therapeutic strategies for LDL-C lowering, such as PSCK9 monoclonal antibodies and 
cholesterol ester transport protein (CETP) inhibitors, have been developed and are currently 
investigated in adults and might be promising agents for children with FH as well. 

Consequences of long-term statin treatment
In chapter 10 we showed that statins might be effective in the prevention of very 
premature cardiovascular disease by comparing the incidence of cardiovascular events 
in young adults with FH who initiated statin treatment in childhood with their affected 
parents who started treatment in their mid-thirties. To answer the question whether long-
term and childhood initiated statin therapy is justifi ed to prevent cardiovascular events, a 
randomized controlled trail should be performed in which FH children are randomized to 
statin treatment or placebo and followed for life. Apart from the feasibility of such a trial, 
it is currently considered unethical to withhold statins from FH patients; therefore our ten-
year follow up study should be extended with at least another ten years and include more 
advanced cardiovascular imaging techniques to assess the cardiovascular risk.

We did however show that long-term statin treatment did not reveal any major side 
effects and only a fair minority (1.5%) had stopped taking statins due to side effects. Together 
with the presence of similar hormone levels in the group of young FH adults and a control 
group of unaffected siblings, these results further strengthen the safety of long-term statin 
use. 



Summary and future implications

215

15

CONCLUSION

Taken together, this thesis emphasizes the importance of early initiation of lipid-lowering 
therapy in pediatric FH and further establishes the pivotal role of statins in the prevention 
of cardiovascular events. To improve the current knowledge and thus the management of 
pediatric FH, longer follow-up studies of children with FH are required and as they will 
become older, we will get wiser. 
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NEDERLANDSE SAMENVATTING

In dit proefschrift worden verschillende nieuwe aspecten van de behandeling van 
kinderen met familiaire hypercholesterolemie (afgekort tot FH) besproken. Het doel van dit 
proefschrift is ten eerste om additionele cardiovasculaire risicofactoren voor deze patiënten 
te onderzoeken. Daarnaast worden de veiligheid en effectiviteit van nieuwe behandelingen 
voor kinderen met zowel de heterozygote als ook de veel ernstigere homozygote vorm 
van FH geëvalueerd. Tenslotte worden ook de gevolgen van langdurig statinegebruik 
beschreven.

Hoofdstuk 1 geeft een historisch overzicht over de toenemende kennis die in de loop 
der jaren over FH is verkregen. Daarna volgt in Deel I een beschrijving van de huidige 
behandeling van hypercholesterolemie bij kinderen met in hoofdstuk 2 een samenvatting 
van de bestaande literatuur over de verschillende oorzaken van hypercholesterolemie 
bij kinderen en manieren om aangedane kinderen op te sporen. De eerste stap in de 
behandeling van kinderen met hypercholesterolemie is aanpassing van de leefstijl middels 
dieet en meer intensieve lichaamsbeweging. Wanneer deze aanpassingen het cholesterol 
onvoldoende doen dalen, wordt volgens de huidige richtlijnen geadviseerd om kinderen 
vanaf de leeftijd van 8 jaar medicamenteus te behandelen met statines. Statines zijn de 
laatste jaren zeer effectief gebleken in zowel het verlagen van cholesterolwaarden als in 
het verbeteren van surrogaatmarkers van aderverkalking, het voorstadium van hart- en 
vaatziekten (HVZ). In hoofdstuk 3 volgt een weergave van zeer recente studies, waaruit 
blijkt dat de eerste tekenen van aderverkalking bij kinderen met FH al op zeer jonge leeftijd 
aanwezig zijn. Daarnaast wordt een overzicht van de nieuwste behandelingsmogelijkheden 
voor deze jonge patiënten gegeven.

Eerdere studies in volwassen patiënten hebben aangetoond dat, naast een hypercholes-
terolemie, verscheidene andere risicofactoren kunnen bijdragen aan een verhoogd risico 
op HVZ. 

In deel II onderzoeken we de hypothese dat blootstelling van de foetus aan hoge 
cholesterolwaarden tijdens de zwangerschap leidt tot een verhoogd cardiovasculair risico 
later in het leven. In hoofdstuk 4 vergelijken we de vaatwanddikte van de halsslagader 
(de zogenaamde intima-media dikte (IMT)) van nakomelingen van moeders met FH (die 
dus blootgesteld waren aan een verhoogd cholesterol voor de geboorte) met die van 
nakomelingen van moeders zonder FH (die niet waren blootgesteld aan een verhoogd 
cholesterol voor de geboorte). IMT is een maat voor vroege aderverkalking. Hoe dikker 
de IMT, hoe meer aderverkalking en hoe hoger het risico op HVZ later in het leven. Uit 
deze studie, die gegevens van 3353 personen bevatte, bleek dat er geen verschil was in 
cholesterolwaarden of IMT tussen nakomelingen van moeders met of zonder FH. Deze 
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analyses werden herhaald in een groter cohort met 20.005 personen en de resultaten 
werden uitgebreid met het daadwerkelijk voorkomen van HVZ in hoofdstuk 5. Deze 
resultaten laten zien dat nakomelingen van FH moeders juist een lager cardiovasculair 
risico hebben in vergelijking met nakomelingen van vaders met FH.

Deel III omvat verschillende studies die de veiligheid en effectiviteit van nieuwe medicatie 
voor kinderen met de heterozygote vorm van FH onderzoeken. Voor deze studies werden 
kinderen vanaf de leeftijd van 6 jaar geïncludeerd. Dat is 2 jaar jonger dan wanneer volgens 
de huidige richtlijnen met statines gestart zou moeten worden. Hoofdstuk 6 beschrijft de 
resultaten van de CHARON studie naar de veiligheid en effectiviteit van rosuvastatine, 
een zeer krachtige statine. In totaal werden 197 kinderen in de leeftijd van 6 tot 17 
jaar geïncludeerd en gedurende 2 jaar met rosuvastatine behandeld. Na drie maanden 
behandeling daalde het LDL-cholesterol (LDL-C) signifi cant met 41% in de jongste groep 
(6-9 jaar), met 41% in de middelste groep (10-13 jaar) en met 35% in de oudste groep (14-
17 jaar). Na twee jaar behandeling bleef het cholesterol in gelijke mate verlaagd en waren 
er geen ernstige bijwerkingen. Als onderdeel van de CHARON studie werd in hoofdstuk 7 
ook het effect van behandeling met rosuvastatine op de IMT van de halsslagader bepaald. 
Bij aanvang van de studie was de IMT van kinderen met FH signifi cant dikker dan de IMT 
van broertjes en zusjes die zelf geen FH hebben. Na twee jaar behandeling was het verschil 
in IMT niet meer signifi cant tussen de twee groepen. Dit geeft aan dat behandeling met 
statines bij kinderen met FH het proces van aderverkalking vertraagt en daarmee het risico 
op latere HVZ verlaagt. Hoofdstuk 8 rapporteert de PASCAL studie, die de veiligheid en 
effectiviteit van pitavastatine, een nieuw soort statine, onderzocht in een groep van 106 
kinderen in de leeftijd van 6-17 jaar. Uit deze studie blijkt dat pitavastatine 1mg, 2 mg of 4 
mg het LDL-C signifi cant verlaagt met respectievelijk 23.5%, 30.1% en 39.3%. Hoofdstuk 9 
beschrijft tenslotte het effect van behandeling met pravastatine op secretory phospholipase 
A2 (sPLA2) enzymen, die mogelijk een rol spelen in het ontstaan van aderverkalking. Een 
cohort van 187 kinderen met FH werd gedurende 2 jaar met pravastatine of placebo 
behandeld, waarbij in die periode frequent de massa en activiteit van het enzym sPLA2 
gemeten werd. De resultaten geven aan dat er geen verschil werd gemeten in massa en 
activiteit van sPLA2 tussen de pravastatine- en placebogroep. Daarnaast bleek sPLA2 ook 
niet geassocieerd met IMT of andere baseline gegevens.

Het is belangrijk om ons te realiseren dat behandeling met statines voor FH patiënten in 
principe levenslang is. Er zijn op dit moment nog geen studies die het effect van op de 
kinderleeftijd gestarte therapie kunnen evalueren op harde eindpunten, zoals het doormaken 
van HVZ of overlijden. Daarnaast zijn er zorgen geuit dat behandeling met statines vanaf 
jonge leeftijd de normale groei en ontwikkeling van kinderen zou beïnvloeden. Deze 
aspecten van statine therapie worden belicht in deel IV waar de AfterTen studie wordt 
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besproken, een studie naar de veiligheid en effectiviteit van langdurig statinegebruik dat 
gestart werd op de kinderleeftijd. Voor deze studie werden 214 inmiddels jongvolwassenen 
met FH benaderd die meer dan 10 jaar geleden als kind begonnen waren met statines 
in een placebo gecontroleerde studie in het AMC. In hoofdstuk 10 wordt het effect van 
langdurige behandeling met statines op de incidentie van HVZ geëvalueerd. Tien jaar na 
het starten van de behandeling had nog geen van de jongvolwassenen een vorm van HVZ 
doorgemaakt. We vergeleken deze gegevens met data van hun 156 aangedane ouders, die 
dezelfde mutatie hebben, maar waarvoor in hun jonge jaren nog geen statines beschikbaar 
waren. In hetzelfde tijdsinterval van de eerste 30 jaar van hun leven blijkt de cumulatieve 
event-free survival bijna 90% te zijn in de groep FH ouders, in vergelijking met 100% event-
free survival onder de jongvolwassenen met FH. In hoofdstuk 11 wordt dieper in gegaan 
op het langdurig medicatiegebruik van de jongvolwassen FH patiënten. Bijwerkingen, met 
name bestaande uit spierklachten en gastro-intestinale symptomen, werden gerapporteerd 
door 19.5% van de jongvolwassenen. Drie van 205 patiënten (1.5%) gaven aan dat ze 
vanwege bijwerkingen gestopt waren met hun medicatie. Ernstige bijwerkingen zoals 
rhabdomyolyse werden niet vermeld. Daarnaast bleek dat 169 van de 205 (82,4%) FH 
patiënten nog steeds cholesterolverlagende medicatie gebruikt en dat 78.7% een goede 
therapietrouw had. Tenslotte beschrijven we in hoofdstuk 12 dat de hormoonbepalingen 
testosteron, oestradiol, LH en FSH niet verschillen tussen de langdurig behandelde 
jongvolwassen FH patiënten en hun niet aangedane broers en zussen.

Deel V richt zich op de veiligheid en effectiviteit van huidige en nieuwe behandelmogelijk-
heden voor kinderen met homozygoot FH. Homozygoot FH is de zeer zeldzame vorm van 
FH, waarbij zeer hoge cholesterolwaarden een sterk verhoogd risico geven op overlijden 
op jonge leeftijd als gevolg van HVZ. Medicamenteuze behandeling van kinderen met 
homozygoot FH wordt gestart met statines en bij voorkeur in het eerste levensjaar of 
meteen wanneer de aandoening gediagnosticeerd wordt. Hoofdstuk 13 is een review over 
de rol van rosuvastatine in de behandeling van kinderen met homozygoot FH. Alhoewel 
bekend is dat statines bij patiënten met homozygoot FH slechts een geringe daling van het 
cholesterol geven, is dit wel een essentiële behandeling voor met name jonge kinderen 
en kinderen waarvoor andere therapeutische mogelijkheden niet beschikbaar zijn. Gezien 
de bewezen effectiviteit en het gunstige bijwerkingsprofi el van rosuvastatine bij kinderen 
met de heterozygote vorm, kan dit medicijn een goede optie zijn voor de behandeling 
van kinderen met homozygoot FH. Tenslotte beschrijven we in hoofdstuk 14 de resultaten 
van een studie met mipomersen, een nieuwe methode voor het verlagen van LDL-C door 
middel van de inhibitie van apolipoproteine B. In een dubbelblind gerandomiseerde studie 
werden 7 homozygote kinderen geïncludeerd, waarvan 3 mipomersen kregen toegediend 
en daarmee een LDL-C daling van 42.7% en daling in apolipoproteine B van 46.1% 
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behaalden. Daarmee kan mipomersen potentieel een belangrijke rol gaan spelen in de 
behandeling van homozygoot FH. 

Dit proefschrift sluit af met hoofdstuk 15, een Engelse samenvatting en een overzicht van de 
implicaties van dit proefschrift voor de klinische praktijk.

IMPLICATIES VOOR DE KLINISCHE PRAKTIJK

Dit proefschrift omvat verschillende aspecten van de behandeling van kinderen met 
familiaire hypercholesterolemie. De resultaten van dit proefschrift kunnen dan ook 
verschillende implicaties hebben voor de dagelijkse klinische praktijk. 

Additionele cardiovasculaire risicofactoren
De hypothese dat maternale hypercholesterolemie tijdens de zwangerschap leidt tot een 
verhoogd cardiovasculair risico voor het nageslacht als gevolg van toegenomen intra-
uteriene blootstelling aan cholesterol werd niet bevestigd in onze studies. In tegendeel, 
onafhankelijk van hun eigen FH dragerschap, bleken kinderen van moeders met FH juist 
minder cardiovasculaire events te hebben doorgemaakt in vergelijking met kinderen van 
vaders met FH. Maternale hypercholesterolemie is dan ook geen additionele cardiovasculaire 
risicofactor voor kinderen met FH. Op dit moment zijn statines gecontra-indiceerd in de 
zwangerschap vanwege het mogelijke teratogene effect, een beleid dat op basis van onze 
resultaten niet herzien hoeft te worden. 

Nieuwe behandelmogelijkheden
In vergelijking met niet-aangedane kinderen hebben kinderen met FH een dikkere IMT van 
de halsslagader vanaf de leeftijd van 8 jaar, jaren eerder dan voorheen werd gedacht. 

Dit betekent dat het proces van aderverkalking zijn oorsprong heeft op zeer jonge leeftijd, 
wat vroegtijdige initiatie van behandeling met statines bij deze kinderen rechtvaardigt. In 
recente studies met rosuvastatine en pitavastatine zijn kinderen vanaf de leeftijd van 6 jaar 
geïncludeerd. Uit de resultaten van beide studies blijkt dat rosuvastatine en pitavastatine 
bij kinderen even effectief en veilig zijn als eerder aangetoond bij volwassenen. Daarnaast 
bleek uit de rosuvastatine studie dat behandeling gedurende 2 jaar resulteert in verminderde 
toename van de IMT van de halsslagader. Dit betekent dat behandeling met rosuvastatine 
het proces van aderverkalking bij kinderen met FH vertraagt en daarmee hun risico op 
latere HVZ verlaagt. Het is zeer wel mogelijk dat er in de toekomst op jongere leeftijd met 
statines gestart gaat worden dan volgens de huidige richtlijnen geadviseerd wordt.

Alhoewel statines bewezen effectief zijn in het verlagen van cholesterol en de afname 
van IMT progressie, behaalt een groot deel van de kinderen, ondanks behandeling, de 
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gestelde LDL-C streefwaarden nog niet. Op dit moment wordt een LDL-C van < 3.5 mmol/L 
nagestreefd voor kinderen ouder dan 10 jaar. In de CHARON studie werd door 58% van 
de kinderen een LDL-C < 3.36 behaald ondanks behandeling met rosuvastatine. Dit geeft 
aan dat er behoefte is aan nieuwe cholesterolverlagende medicatie. Verscheidene nieuwe 
cholesterolverlagende therapieën worden op dit moment bij volwassenen onderzocht. 
Veelbelovende cholesterolverlagende medicijnen zijn monoclonale antilichamen tegen het 
enzym proprotein convertase subtilisin kexin 9 (PCSK9) en cholesterol ester transport protein 
(CETP) inhibitors, die mogelijk binnenkort ook een rol gaan spelen in de behandeling van 
kinderen met FH.  

Consequenties van langdurige behandeling met statines
In hoofdstuk 10 hebben we laten zien dat statines mogelijk effectief zijn in de preventie 
van zeer premature HVZ. Deze conclusie komt voort uit de vergelijking van de incidentie 
van HVZ tussen ouders met FH, voor wie in hun jeugd nog een statines beschikbaar waren, 
en hun aangedane kinderen die vanaf de kinderleeftijd behandeld werden. Om de vraag 
te beantwoorden of langdurig statinegebruik inderdaad HVZ voorkomt, zou idealiter een 
dubbelblind gerandomiseerde studie uitgevoerd moeten worden waarin kinderen statines 
ofwel placebo krijgen en tot aan hun overlijden gevolgd worden. Aangezien dit naast 
onethisch ook een praktisch bijna uitvoerbare studie zou zijn, zou onze huidige follow-up 
studie in de toekomst vervolg moeten krijgen, waarin meer geavanceerde cardiovasculaire 
beeldvorming gedaan moet worden om een beter beeld te krijgen van het cardiovasculaire 
risico in deze groep.

Middels de lange-termijnstudie hebben we laten zien dat er geen ernstige bijwerkingen 
zijn als gevolg van langdurig statinegebruik en dat slechts 1.5% van de jongvolwassenen 
gestopt is met hun statines als gevolg van bijwerkingen. Daarnaast bleken hormoonwaarden 
niet verschillend tussen de langdurig behandelde jongvolwassen FH patiënten en hun niet 
aangedane broers en zussen. Deze bevindingen bevestigen dat statines ook bij langdurig 
gebruik veilig lijken te zijn.

CONCLUSIE

Dit proefschrift benadrukt het belang van het vroegtijdig starten van cholesterol verlagende 
therapie bij kinderen met FH en versterkt de belangrijke rol die statines spelen in de 
preventie van hart- en vaatziekten. Om de huidige kennis uit te breiden en daarmee de 
behandeling van kinderen met FH te optimaliseren, zullen langere follow-up studies nodig 
zijn.

As they will become older, we will get wiser. 
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BEDANKT…

.. aan iedereen die de afgelopen jaren op welke manier dan ook heeft bijgedragen aan mijn 
onderzoek, alleen had ik het nooit voor elkaar gekregen. Een aantal hiervan wil ik graag 
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of die ik heb leren kennen op de polikliniek. Dank voor jullie vertrouwen om deel te 
nemen, persoonlijke verhalen over leven met FH en vrolijke noot op de donderdagochtend.

Mijn promotoren, prof. dr. J.J.P. Kastelein en prof. dr. F.A. Wijburg. 
Beste John, bedankt voor de vrijheid en de mogelijkheden die je me gegeven hebt om dit 
onderzoek te doen, maar vooral dat je me op het juiste moment vertrouwen gaf en altijd 
bereid was om mee te denken of beslissingen te nemen om in de goede richting verder te 
gaan. 
Beste Frits, alhoewel niet dagelijks betrokken bij mijn promotie, was je op de achtergrond 
wel altijd bereikbaar en geïnteresseerd in zowel mijn onderzoek als verdere carrière. 
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erg uit naar onze verdere samenwerking tijdens de rest van mijn opleiding in het AMC.

Mijn copromotoren, dr. B.A. Hutten en dr. A. Wiegman.
Beste Barbara, alhoewel niet altijd erkend, heb jij enorm veel tijd en energie in alle artikelen 
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enthousiasme voor wetenschappelijk onderzoek. Prof. dr. Stroes, beste Erik, tijdens mijn 
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van goede presentaties en het schrijven van mooie stukken. Het is zo veel meer geworden 
dan dat, bedankt voor deze kans. Prof. dr. Middeldorp, beste Saskia, bedankt voor de fi jne 
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samenwerking in de Pascal studie. Dr. Hovingh, beste Kees, dank dat de deur altijd open 
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komende jaren, ik neem aan dat onze Italiaanse oma je voldoende inspiratie heeft gegeven!
Lieve Inge, Josien, Fleur, Paulien, Joyce, Carlijne en Sophie; op de piste, op de bar of op de 
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Jouw interesse, humor en vaak nuchtere kijk zijn nog steeds heel waardevol. 
Lieve An, dank voor de gezelligheid, betrokkenheid en fantastische reis naar Indonesië. De 
Bastille wacht al veel te lang op ons, wanneer gaan we?

Lieve Sophie, ik heb echt veel bewondering voor alles wat je op wetenschappelijk vlak in de 
afgelopen jaren hebt neergezet en geniet van je voorliefde om alle soorten buitenschoolse 
activiteiten op F4 te stimuleren. Toch jammer dat de vissen het niet overleefd hebben. Lieve 
Paramoens, bedankt dat je altijd klaar staat om mee te denken en me af en toe net het zetje 
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arts-assistent voelde een beetje als thuiskomen. In het bijzonder alle leden van de vakgroep 
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Addenda

232



Portfolio

233

A

PORTFOLIO

Name PhD student: JAM Braamskamp
PhD period: July 2011- December 2014

1. PhD training
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Clinical Epidemiology, 2013  (1.0)
Practical Biostatistics, 2013  (1.1)
Scientifi c writing in English, 2012  (1.5)
Oral presentation in English, 2012  (0.8)
World of Science, 2011  (0.7)
Good clinical practice (BROK), 2011  (0.9)
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Masterclass Amsterdam Kindersymposium, Amsterdam, 2014  (0.5)
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Weekly department journal club, dept of Vascular Medicine, AMC, Amsterdam (1.0)
Weekly department education, dept of Vascular Medicine, AMC, Amsterdam  (1.0)
Monthly literature debate, dept of Vascular Medicine, AMC, Amsterdam  (1.0)

Oral presentations
Pitavastatin at adult doses in children between 6 and 17 years at high 
cardiovascular risk 

International Symposium on Atherosclerosis, Amsterdam, 2015  (0.5)
Effect of rosuvastatin therapy on cIMT in children with FH: fi ndings of 
CHARON study

European Atherosclerosis Society Congress, Madrid, 2014  (0.5)
Survival of FH patients treated ten years with statins compared to their 
affected parents 

Masterclass Amsterdam Kindersymposium, Amsterdam, 2014  (0.5)
Familiaire Hypercholesterolemie: ernstig onderschat!

NVK congres, Veldhoven, 2013  (0.5)
Ten years of statin therapy initiated in childhood: tolerability and adherence 
of FH patients

Europediatrics, Glasgow, 2013  (0.5)
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Poster presentations
Effi cacy and safety of rosuvastatin therapy for children and adolescents 
with familial hypercholesterolemia: results from the CHARON study. 

European Atherosclerosis Society Congress, Madrid, 2014 (moderated poster) (0.5)
Survival of FH patients treated for ten years with statins compared to the affected 
parents 

Amsterdam Kindersymposium, Amsterdam, 2014 (0.5)
American Heart Association Scientifi c Sessions, Dallas, 2013 (moderated poster)  (0.5)

Statin therapy and secretory phospholipase A2 in children with heterozygous FH
European Atherosclerosis Society Congress, Lyon, 2013 (0.5)

Ten years of statin therapy initiated in childhood: tolerability and adherence of 
FH patients

European Atherosclerosis Society Congress, Lyon, 2013 (0.5) 
1st international conference on FH in children, Athene, 2012 (0.5) 
International Symposium on Atherosclerosis, Sydney, 2012  (0.5)

Conferences
Lipidology in Pediatrics, Vicoforte, 2015 (1.0)
International Symposium on Atherosclerosis, Amsterdam, 2015 (0.8)
Boerhaave nascholing Kindergeneeskunde LUMC, Leiden, 2015(0.3)
Nascholing familiaire hypercholesterolemie voor kinderartsen, AMC, Amsterdam, 
2013  (0.3)
European Atherosclerosis Society Congress, Madrid, 2014  (0.8)
Amsterdam Kindersymposium, 2013 and 2014  (0.3)
American Heart Association scientifi c sessions, Dallas, 2013  (0.8)
Europediatrics, Glasgow, 2013 (0.8)
European Atherosclerosis Society Congress, Lyon, 2013  (0.8)
Annual Meeting of the Scottish MCN for Inherited Metabolic Diseases, Stirling, 2013  (0.3)
1st international conference on FH in children, Athene, 2012  (0.5)
NVK congress, Veldhoven, 2012 – 2014  (1.0)
Nascholing familiaire hypercholesterolemie voor kinderartsen, Amsterdam, 2012  (0.3)
International Symposium on Atherosclerosis, Sydney, 2012  (0.8)
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2. Teaching
Lecturing
Trial evidences

Lipidology in Pediatrics, Vicoforte, 2015  (0.5)
Lipidenstoornissen bij obesitas: de rol van statins

Boerhaave nascholing Kindergeneeskunde LUMC, Leiden, 2015  (0.5)
Klinische trial update

Nascholing kinderartsen, AMC, Amsterdam, 2014 (0.5)
Teaching course on Atherosclerosis 

Hogeschool InHolland, Haarlem, 2013-2014 (1.0)
Keynote lecture: Hyperlipidemia in childhood

Annual Meeting of Scottish MCN for Inherited Metabolic Diseases, Stirling, 
2013 (0.5)

AfterTen study: 10 jaar ervaring met statines bij kinderen
FH kindersymposium, Amsterdam, 2012  (0.5)

Tutoring
Master thesis of a medical student  (1.0)

Other
Weekly offi ce hours at outpatient pediatric lipid clinic, EKZ/AMC, Amsterdam
Consultant coagulation, lipid disorders and hypertension, dpt of Vascular Medicine, 

AMC, Amsterdam
Board Member Jonge Onderzoekers Kindergeneeskunde (JOK), EKZ/AMC, Amsterdam
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