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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. Hypercholes-
terolemia in children can be caused by a hereditary disorder or
can be secondary to other diseases or drugs. In order to prevent
CVD later in life, children with hypercholesterolemia should be
identified and treated as early as possible. Currently, several
different screening strategies have been developed, using either
universal screening or case finding to search for children at risk.
Once those children are identified, the first step in treatment is
lifestyle adjustment. If cholesterol levels remain elevated, the
drugs of first choice are statins. Other pharmacological options
are ezetimibe or bile acid sequestrants. These agents have all
proven to be safe and effective in lowering low-density lipo-
protein cholesterol levels and improving surrogate markers of
CVD. However, there is a need for long-term follow-up studies
to answer the question as to whether it is safe to initiate treat-
ment at a young age to prevent CVD later in life.

1 Hypercholesterolemia and Cardiovascular Risk

Cardiovascular disease (CVD) is the most prominent cause
of morbidity and mortality in our society. A key risk factor
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for the development of atherosclerotic cardiovascular dis-
ease is the presence of hypercholesterolemia. Although
CVD is generally not manifest until adulthood, the process
of atherosclerosis initiates early in life. This was first
documented during the Korean War, when autopsy studies
demonstrated direct evidence of coronary atherosclerosis in
soldiers with a mean age of 22 years [l]. Subsequent
pathological studies have shown that the severity of ath-
erosclerotic lesions in children and young adults increases
with the number of pre-existing cardiovascular risk factors,
such as hypercholesterolemia, smoking, and a high body
mass index (BMI) [2, 3]. Indirect evidence for the devel-
opment of early atherosclerosis was found in non-invasive
imaging studies in children with familial hypercholester-
olemia (FH). Impaired flow-mediated dilatation (FMD) of
the brachial artery and increased intimal medial 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]. Alto-
gether, these findings have led to the hypothesis that early
diagnosis and treatment of hypercholesterolemia in child-
hood is required to reduce the burden of CVD Iater 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.

2 Hypercholesterolemia in Childhood
2.1 Autosomal-Dominant Hypercholesterolemia
Autosomal-dominant hypercholesterolemia (ADH) is

characterized by severely increased low-density lipoprotein
cholesterol (LDL-C) levels and premature coronary artery
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disease (in men aged <55 years and in women aged <60
years). In the vast majority, ADH is due to mutations in the
LDL receptor (LDLR) gene. The associated impairment in
the 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 muta-
tions in the proprotein convertase subtilisin/kexin type 9
(PCSK9) gene [7, 8].

The prevalence of heterozygous ADH has been reported
as being 1 in 500; however, recent data from our group
have revealed that the prevalence of ADH in The Nether-
lands is close to 1:200. Other populations with much higher
numbers are the French Canadian (1:270), Lebanese
(1:171), and South African populations (1:70) [9, 10].
Individuals with two defective alleles, either homozygous
or compound heterozygous (two different mutations on
each allele) are rare, occurring in 1:1,000,000. In The
Netherlands, we found almost 50 homozygous or com-
pound heterozygous 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 of
CVD in patients with heterozygous ADH was greater
than 50 % in men by the age of 50 years and at least
30 % in women by the age of 60 years [11]. There has
been a decline in CVD event rates in recent years, in
part due to lifestyle changes and treatment of other
CVD risk factors, such as hypertension and diabetes.
Homozygous individuals can experience serious car-
diovascular events as early as in childhood, but mostly
in their twenties [6, 12].

2.2 Familial Combined Hyperlipidemia

Familial combined hyperlipidemia (FCH) is a commonly
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 inter-person variability [13]. Furthermore,
clinical features of FCH frequently overlap with features of
diabetes mellitus type 2 and metabolic syndrome; there-
fore, the diagnosis is often missed [14]. In clinical practice,
individuals at risk can be identified by increased apoB and
triglyceride levels in combination with a family history
of premature CVD [15]. Most subjects with FCH have
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elevated apoB levels, decreased high-density lipoprotein
cholesterol (HDL-C) levels, and the 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 hyperapo-
lipoprotein B is present [17].

2.3 Autosomal-Recessive Hypercholesterolemia

Autosomal-recessive hypercholesterolemia (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 clear-
ance 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
and less severe, and respond better to lipid-lowering ther-
apy [18].

2.4 Sitosterolemia

Sitosterolemia, also known as phytosterolemia, is a very
rare autosomal-recessive inherited disorder. It is charac-
terized by increased plasma concentrations of plant sterols,
such as sitosterol and campesterol, with a chemical struc-
ture that resembles that of cholesterol. Sitosterolemia
results from mutations in either ABCG5 or ABCGS genes,
encoding for ABC transporter proteins, expressed at the
apical membrane of intestinal mucosa cells and hepato-
cytes. Defects in transporters impair plant sterol excretion
from enterocytes and hepatocytes, resulting in accumula-
tion 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].

2.5 Secondary Hypercholesterolemia

Secondary hypercholesterolemia includes lipid abnormali-
ties due to chronic diseases or drugs. Of the secondary lipid
disorders, obesity is of particular concern. As the preva-
lence of obesity is rapidly increasing, so does the preva-
lence 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 levels
of HDL-C and elevated levels of triglycerides and non-
HDL-C.
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3 Screening for Hypercholesterolemia
3.1 Screening Strategies

Screening for lipid disorders in children is based on the
rationale that early identification and control of pediatric
dyslipidemia will reduce the risk and severity of CVD in
adulthood. Two different screening approaches are selec-
tive screening, aimed at searching specifically for ADH,
and universal screening, aimed at identifying any dyslipi-
demia in childhood.

Most European and the Australasian pediatric 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 a 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 pro-
gram has been used to identify patients at risk of ADH. The
index patient is first diagnosed through clinical criteria,
followed by a DNA test to confirm the pathological
mutation. Screening for the same mutation is undertaken in
first-degree relatives to identify new cases. Subsequently,
cascade screening continues to screen more distant rela-
tives by using the inheritance pattern across the pedigree.
This program has proven to be highly effective in identi-
fying patients with ADH, has reduced the age at which the
disease is diagnosed, and has significantly increased the
proportion of patients using cholesterol-lowering therapy
[24, 25]. However, follow-up of children diagnosed with
ADH merits further attention, since only a majority of the
children, but not all, have been seen by medical providers
[26]. Although cascade screening has been very successful
in The Netherlands, this strategy may not be cost effective
in larger countries where families are small and geo-
graphically 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 pub-
lished. These guidelines, sponsored by the National Heart,
Lung, and Blood Institute (NHLBI) and endorsed by the
American Academy of Pediatrics (AAP), comprise several
aspects of cardiovascular health in childhood and adoles-
cence, and recommend 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 identified,
universal screening has also generated some controversy.
In 2007, the US Preventive Services Task Force stated that
the evidence is insufficient to recommend for or against
population-wide screening for lipid disorders in childhood
[28]. Evaluation of any screening program involves
weighing benefits against harm and costs. Until today, no
long-term studies have evaluated the effects 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 the NHLBI [29].
Serious concerns have also been raised about false posi-
tives (children with dyslipidemia who will not develop any
premature coronary heart disease) and the possibility that
those children will be treated for the rest of their lives with
statins, with no appreciable benefit [30, 31].

The NHLBI guidelines also advocate 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 atheroscle-
rotic risk factors (hypertension, elevated BMI, significant
tobacco smoke exposure) or with an underlying primary
disease associated with increased risk of CVD should be
screened for dyslipidemia. According to the NHBLI
guidelines, this selective screening should be performed
from the age of 2 years onward [27].

Taking all of this information into account, 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 into 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 could be
sent to the family physician for adequate follow-up
and referral to a specialized lipid clinic at the age of
8 years. Furthermore, this information could be used to
perform ‘reverse’ cascade screening by testing the parents
for ADH.

3.2 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 tri-
glycerides (TG) in order to calculate LDL-C, according to
the Friedewald equation. Many laboratories nowadays
determine LDL-C levels directly, without using the
Friedewald equation, which makes fasting less important.
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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 profiles should be measured at least twice at
intervals of between 2 weeks and 3 months. If the initial
test is a fasting lipid profile, this should similarly be
repeated at least once and averaged to determine the need
for treatment [27].

3.3 Age at Screening

Total cholesterol levels remain quite constant from the age
of 2 years up to puberty, where levels tend to decrease
because of rapid growth and sexual maturation [32, 33]. A
recent meta-analysis showed that cholesterol levels dis-
criminate best between children with and without FH at the
ages of 1-9 years [32]. Considering treatment for children
with hypercholesterolemia, dietary interventions are not
recommended before the age of 2 years, and pharmaco-
logical treatment should not initiated before the age of
8 years. Therefore, screening for childhood hypercholes-
terolemia 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 first screening between the
ages of 9 and 11 years and the second screening between
the ages of 17 and 21 years.

4 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 smoking. For
optimal compliance, the whole family should be involved.

The Cardiovascular Health Integrated Lifestyle Diet
(CHILD-1) is the recommended first diet for all children at
elevated cardiovascular risk from the age of 2 years [27]. It
recommends low saturated fat (<10 %) and low cholesterol
(<300 mg/day) intake, with sufficient 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 identified
hypercholesterolemia, a more aggressive dietary approach
(CHILD-2) is necessary [27]. This diet limits the saturated
fat intake to less than 7 % of total daily calories and cho-
lesterol intake to less than 200 mg/day. These guidelines
should be followed by the entire family. Few data are
available on the effectiveness of these diets in children, but
they appear to improve cholesterol levels. More
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importantly, they do not interfere with normal growth and
development [34, 35]. Additional dietary supplementation
with plant stanols and sterols, water-soluble fiber, soy
protein or omega 3 fatty acids might enhance the reduction
of LDL-C. However, most studies in children are small;
therefore, more studies are warranted before general rec-
ommendations can be made.

Although data in children are limited, increased physical
activity and a reduction in sedentary behavior might
improve fasting lipid profiles and even lower the risk of
CVD [36, 37]. Furthermore, there is strong evidence that
increased physical activity has a positive influence on other
cardiovascular risk factors, such as blood pressure, BMI,
and glucose levels. The NHBLI guidelines recommend
moderate to vigorous activity for 1 h/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 h 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 inflammation, and vascular dysfunction [38].

5 Pharmacological Treatment

Dietary interventions and increased physical activity are
rarely sufficient in children with hereditary hypercholes-
terolemia. If cholesterol levels are not significantly reduced
after 6 months of a suitable lifestyle, pharmacological
treatment should be considered (Table 1). NHLBI guide-
lines recommend initiation of statin therapy for children
from the age of 10 years on the following conditions:

e if LDL-C is >190 mg/dL;

e or if LDL-C remains at 160-189 mg/dL after 6 months
of diet in the presence of a family history of early heart
disease in a first-degree relative, or at least one high-
level risk factor/condition, or at least two moderate risk
factors/conditions;

e or if LDL-Cis >130-159 mg/dL with at least two
high-level risk factors/conditions or at least one high-
level risk factor/condition together with two moderate-
level risk factors/conditions.

In children aged 8 and 9 years, 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 profiles obtained at least 2 weeks but no more
than 3 months apart.
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Table 1 Hereditary hypercholesterolemia in children: main biochemical features and treatment

Name

Biochemical features

Treatment

Autosomal-dominant hypercholesterolemia

HoADH: LDL-C 11

Familial combined hyperlipidemia

Autosomal-recessive hypercholesterolemia
Sitosterolemia

Plasma camposterol 11

HeADH LDL-C 1

TC 1/TG 1/HDL-C |
apoB 1/sd LDL-C present
LDL-C 11

Plasma sitosterol 11

Lifestyle adjustment

Lipid-lowering therapy; usually statins
Lipid-lowering therapy; usually statins
LDL apheresis

Lifestyle adjustment

Consider statins or fibrates

Statins

Dietary intervention

Ezetimibe

apoB apolipoprotein B, HeADH heterozygous autosomal-dominant hypercholesterolemia, HoADH homozygous autosomal-dominant hyper-
cholesterolemia, HDL-C high-density lipoprotein cholesterol, LDL low-density lipoprotein, LDL-C low-density lipoprotein cholesterol, sd small

dense, TC total cholesterol, 7G triglycerides

Table 2 Risk factors and risk conditions according to National Heart,
Lung, and Blood Institute guidelines [27]

High-level risk factors

Hypertension requiring drug therapy

Current cigarette smoking

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-stage renal disease/post-renal
transplantation

Kawasaki disease with current aneurysm
Moderate-risk conditions

Kawasaki disease with regressed coronary aneurysm

Chronic inflammatory disease

HIV infection

Nephrotic syndrome

BMI body mass index, DM diabetes mellitus type 1, DM?2 diabetes
mellitus type 2, HDL-C high-density lipoprotein cholesterol, HIV
human immunodeficiency virus

When initiation of statin therapy is required, children
should be referred to either a lipid clinic or a pediatrician
who is used to treating hypercholesterolemia. The children,
as well as the parents, should be adequately informed of the
background, consequences, and treatment of their condi-
tion. Several lipid clinics in The Netherlands have started
specialized outpatient clinics for FH, where at the same
time parents are seen by the lipidologist and children are
seen by the pediatrician. Afterwards, the whole family

visits the dietician. In this way, all affected family mem-
bers are screened once a year.

5.1 Statins

Statins are currently the pharmacological agents of first
choice in children with hypercholesterolemia (Table 3).
Statins work by inhibiting the enzyme hydroxymethyl-
glutaryl coenzyme A reductase (HMG CoA reductase)
needed for 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 proven effective in
reducing both LDL-C levels and the incidence of coronary
and other vascular events [39, 40]. Several pediatric studies
have shown statins to be equally effective as in adults, well
tolerated, and safe with regard to adverse events, growth, or
sexual development [41]. Vascular endothelial function
and IMT of the carotid artery, both markers of early ath-
erosclerosis, were also improved in children with FH
treated with statins, compared with untreated peers [4, 5].

Several different statins are currently available for use 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 onward and for pravastatin 20 mg from the age of
8 years onward. A randomized, placebo-controlled trial of
pitavastatin is currently being conducted and has enrolled
children from the age of 6 years onward. Adverse events
are infrequent in childhood but can include muscle cramps,
gastrointestinal complaints, an increase in liver transami-
nase levels, and rhabdomyolysis. Rhabdomyolysis is
extremely rare but may be induced by drug interactions,
especially with concomitant use of cyclosporine, erythro-
mycin, or gemfibrozil. Furthermore, the use of statins
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Table 3 Pharmacological treatment for hypercholesterolemia

Type of drug Mechanism of action Major effects Indication
HMG CoA reductase inhibitor (statin) Inhibition of hepatic cholesterol synthesis; | LDL-C ADH
| TG ARH
Upregulation of hepatic LDL receptors 1T HDL-C
Cholesterol absorption inhibitor (ezetimibe)  Inhibition of intestinal cholesterol absorption | LDL-C ADH
ARH
Sitosterolemia
Bile acid sequestrant Binding of bile acids | LDL-C ADH
Interruption of enterohepatic circulation 1 HDL-C
1 TG
Upregulation of LDL receptors
Fibric acid derivate (fibrate) Largely unclear Variable effects on LDL-C ~ FCH
1 HDL-C
| TG
Nicotinic acid (niacin) Largely unclear | LDL-C Not suitable
| TG
1 HDL-C

ADH autosomal-dominant hypercholesterolemia, ARH autosomal-recessive hypercholesterolemia, FCH familial combined hyperlipidemia,
HDL-C high-density lipoprotein cholesterol, HMG CoA hydroxymethylglutaryl coenzyme A, LDL low-density lipoprotein, LDL-C low-density

lipoprotein cholesterol, TG triglycerides

should be interrupted during pregnancy because of fear of
possible fetal harm, which has been described in several
case series [42]. A recent systematic review suggested that
statins are unlikely to be teratogenic [43]. However, large
trials assessing the transplacental passage, benefits, and
safety of statins during pregnancy are lacking.

Before initiating treatment with statins, a baseline fast-
ing lipid panel, creatine kinase (CK), and liver transami-
nases should be measured. The treatment goal is an LDL-C
level less than 130 mg/dL. Cholesterol levels should be
rechecked after 4 weeks and, if necessary, the medication
dose can be doubled and laboratory work should be repe-
ated again after 4 weeks. If target LDL-C levels are still
not achieved, the dose may be further increased, or another
agent may be added [27]. In the first year of treatment, the
fasted lipid panel and liver transaminases should be mon-
itored every 3—4 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 moni-
tored periodically after the introduction of statins [27]. If
CK levels exceed ten times the upper limit of normal or if
liver transaminase levels exceed three times the normal
levels, treatment 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
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ascribing it to statin use. Ideally, increased physical activity
should be avoided for 1-2 days prior to testing.

All taken together, several clinical trials in children with
hypercholesterolemia have shown that statins are remark-
ably safe, well tolerated, and effective in lowering cho-
lesterol levels. These were, however, short-term studies. In
the longest follow-up study of 4.5 years, Rodenburg et al.
reported that early initiation of statin therapy in children
with FH delayed the progression of carotid IMT. There
were no serious adverse events reported during follow-up,
and normal growth and sexual maturation were not affected
[44]. Long-term studies are needed to establish whether
early initiation of statin therapy in children is justified in
order to prevent cardiovascular events.

5.2 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].
These agents bind bile acids in the intestine, resulting in
interruption of the reabsorption of bile acids. As a conse-
quence, the formation of bile acids from intrahepatic cho-
lesterol is increased, thereby reducing the intracellular
cholesterol concentration. This triggers upregulation 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
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and tolerability, due to gastro-intestinal upset and gritty
texture [45].

Recently, a novel second-generation BAS, colesevelam,
was evaluated in children [46, 47]. Because of its greater
affinity for bile salts, it can be used in a lower dosage, is
associated with less unpleasant side effects, and therefore
achieves better adherence to treatment. Besides tablets,
colesevelam has recently become available as powder for
oral suspension and may 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.

5.3 Ezetimibe

Ezetimibe lowers cholesterol by preventing intestinal
absorption of dietary and biliary cholesterol. Its mechanism
of action may involve Niemann-Pick C1 like 1 (NPCLI1L1)
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 ezetimibe is mostly used in combination with
statin therapy [48, 49].

A small number of short-term studies have investigated
the efficacy and tolerability of ezetimibe in children with
hypercholesterolemia. Either alone or in addition to sim-
vastatin, it appears to effectively lower LDL-C in young
patients, without any significant side effects [50, 51].
However, the clinical benefits of either ezetimibe mono-
therapy 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 sitosterol-
emia, ezetimibe is the agent of first choice. Ezetimibe
10 mg is registered by the FDA for pediatric use from the
age of 10 years onward.

5.4 Other Agents

Fibric acid derivates increase HDL cholesterol and
decrease triglyceride levels. Although there are limited
pediatric data on the use of fibrates, they may be useful in
children with elevated triglycerides and an associated risk
of pancreatitis [27]. In general, fibrates are well tolerated,
and their 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 lowering of both LDL-C and
triglyceride concentrations and an increase in HDL-C.
Compliance with niacin is poor because of its frequent
adverse effects, such as flushing, headache, and rash.

Because of those adverse effects, niacin is not recom-
mended for routine pediatric use.

5.5 Novel Agents

Acrecent study in The Netherlands in 1,249 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 suggested that only a small pro-
portion of patients with FH reached LDL-C targets recom-
mended by current guidelines, mainly because they were not
treated with the highest dosages of statins, they 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 being
investigated in adults. PSCK9 monoclonal antibodies
reduce levels of PCSKO9, a protease that leads to degrada-
tion of LDL receptors and thus increases LDL-C levels.
Published phase II data have shown that these monoclonal
antibodies, used as monotherapy or added to statins, are
effective and well tolerated at 3 months [53, 54]. Larger
and much longer phase III 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 in HDL-C and a
decrease in LDL-C. Although a clinical trial with torcet-
rapib was terminated early because of potential off-target
effects on blood pressure, it did not rule out the cardio-
protective effect of CETP inhibition [12]. Therefore, two
other CETP inhibitors, anacetrapib and evacetrapib, are
currently being evaluated in phase III clinical trials. Both
agents have shown beneficial effects by increasing HDL-C
and decreasing LDL-C concentrations, but long-term out-
come trials are eagerly awaited.

Apolipoprotein B is essential for the production of very
low-density lipoprotein cholesterol (VLDL-C; the precur-
sor of LDL-C) and for the clearance of cholesterol.
Treatment with mipomersen, an oligonucleotide antisense
inhibitor directed against apoB messenger RNA, resulted in
an additional LDL-C reduction of 25-36 % in patients with
homozygous FH or severe heterozygous FH who were
already receiving high doses of lipid-lowering therapy [55,
56]. Reported adverse events were injection site reactions
and an increase in the fat content of the liver. The FDA has
approved mipomersen as an orphan drug for use in patients
with homozygous FH.
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Microsomal triglyceride transfer protein (MTP) plays an
important role in the formation of apoB-containing lipo-
proteins in hepatocytes and intestinal enterocytes. Lomi-
tapide is an oral MTP inhibitor and has demonstrated
substantial LDL-C reductions in patients with homozygous
FH treated with aggressive lipid-lowering therapy [57].
Gastrointestinal symptoms and elevations in transaminases
were the most commonly reported adverse events. Recently,
lomitapide has been approved by both the FDA and EMA as
an orphan drug for use in homozygous FH patients.

5.6 LDL Apheresis

Generally, in patients with homozygous ADH or severe
heterozygous ADH, statins have only modest effects 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 sulfate or
polyacrylamide membrane of this filter. By this technique,
LDL-C levels can be effectively reduced by more than
60 % immediately after apheresis [58]. This reduction,
however, is temporary, with a rapid rebound of LDL-C
over the days following treatment, and the treatment should
therefore be performed once weekly [58].

Data on LDL-A in children are limited. Several case
reports and case series of children aged 617 years treated
with LDL-A have shown that this treatment is remarkably
safe, and those children who have been treated the longest
have shown normal growth and development [59-61].

6 Conclusions

Altogether, in recent decades, we have gained much more
insight in the role of hypercholesterolemia in the devel-
opment of atherosclerosis and subsequent cardiovascular
disease. Different screening strategies are used to identify
children with hypercholesterolemia who are at risk of
premature cardiovascular events. Treatment of hypercho-
lesterolemia starts at a young age with adjustment of life-
style, 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 justified
in order to prevent cardiovascular events later in life. Follow-
up of individuals who have initiated statin therapy in child-
hood will help us to find those answers.
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