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Abstract

Atherosclerosis begins in childhood. Fatty streaks, the earliest precursor of atherosclerotic lesions, have been found in the
coronary arteries of children of 2 years of age. Hypercholesterolaemia is a risk factor for coronary artery disease.
Hypercholesterolaemia can be either primary, when it is characteristic of the main disease, or secondary when it occurs as a
result of either a disease process or drug treatment. Given the risk of vascular disease, including myocardial infarction (MI),
cerebrovascular accidents (CVA, also known as strokes), peripheral vascular disease (PVD) and ruptured aortic aneurysm, which
may follow atherosclerosis, it is important to prevent or slow the early development of atherosclerotic lesions. This prevention
necessitates the control of key risk factors such hypercholesterolaemia, dyslipidaemia, hypertension etc. However, at what point
this prevention ought to occur, and in what form, is uncertain. Using pharmacological primary prevention for hypercholesterol-
aemia in the paediatric population is controversial. In an adult patient, hypercholesterolaemia warrants the initiation of a statin.
Statins, also known as hydroxymethylglutaryl co-enzyme A inhibitors (or HMG-CoA inhibitors) act by altering cholesterol
metabolism. In the paediatric population, the clinical course of vascular disease and the effect of altering this clinical course are
less certain. This article reviews the published literature on hypercholesterolaemia in children and the use of statins as a treatment
for dyslipidaemia in children. The US National Cholesterol Expert Panel on Integrated Guidelines for Cardiovascular Health and
Risk Reduction in Children and Adolescents 2012 guidelines (NCEP guidelines) regarding the recognition and treatment of
childhood dyslipidaemia are reviewed.
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Introduction

Atherosclerosis begins in childhood [1-3]. Fatty streaks, the
earliest precursor of atherosclerotic lesions, have been found
in the coronary arteries of children as young as 2 years [4].
Hypercholesterolaemia is a risk factor for coronary artery dis-
ease. Hypercholesterolaemia can be either primary, when it is
characteristic of the main disease, or secondary when it occurs
as a result of either a disease process or drug treatment.
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Given the risk of vascular disease, including myocardial
infarction (MI), cerebrovascular accidents (CVA), peripheral
vascular disease (PVD) and ruptured aortic aneurysm, any or
all of which may follow atherosclerosis, it is important to
prevent or slow the early development of atherosclerotic le-
sions. This prevention necessitates the control of key risk fac-
tors such as hypercholesterolaemia, dyslipidaemia, hyperten-
sion etc. However, when and how this prevention should oc-
cur are uncertain.

Using pharmacological primary prevention for hypercholester-
olaemia in the paediatric population is controversial. In an adult
patient, the course of action is clear. Hypercholesterolaemia war-
rants the initiation of a statin [5]. Statins, also known as
hydroxymethylglutaryl co-enzyme A inhibitors (or HMG-CoA
inhibitors) act by altering cholesterol metabolism. In children,
the clinical course of vascular disease and the potential effects
of altering this clinical course are less certain.

This article reviews the published literature on hyper-
cholesterolaemia in children and the use of statins as a
treatment for dyslipidaemia in children. The US National
Cholesterol Expert Panel on Integrated Guidelines for
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Cardiovascular Health and Risk Reduction in Children and
Adolescents 2012 guidelines (NCEP guidelines) regarding
the recognition and treatment of childhood dyslipidaemia
are reviewed.

Materials and methods

In June 2014, a literature review was conducted using Medline
and Pubmed. Search terms included ‘hypercholesterolemia’,
‘paediatrics’, ‘statins’, ‘atherosclerosis’, ‘cholesterol reduc-
tion’, ‘childhood vascular disease’, ‘paediatric obesity’, ‘dys-
lipidemia’, ‘hypertriglyceridemia’, and ‘cholesterol’. To in-
crease the sensitivity of the search, the search strategy was
not limited to manuscripts about children; but this review pa-
per is. Citation searching and snowball searching were also
performed. The research objective was to assess the available
literature on hypercholesterolaemia and the use of statins in
the paediatric population.

Results

Two hundred articles were retrieved and reviewed for inclu-
sion; 52 were excluded as they did not contain information
relevant to the research objective. The 2012 guidelines re-
leased by the US Expert Panel on Integrated Guidelines for
Cardiovascular Health and Risk Reduction in Children and
Adolescents regarding the recognition and treatment of child-
hood dyslipidaemia were also reviewed for this discussion.
The remaining articles form the basis of this review.

Discussion
Atherosclerosis in childhood

Atherosclerosis is a complex process in which lipids and in-
flammatory mediators cause the formation of fatty streaks
which progress to plaque formation. The plaque is at risk of
rupture and thrombus formation which increases the risk of
MI and ischaemic CVA.

Atherosclerosis has its origins in childhood [1-3]. This was
first asserted by Holman who claimed atherosclerosis was a
‘paediatric problem’ [6]. Several studies since then validate
this claim, including the P-Day Study (Pathobiological
Determinants of Atherosclerosis in Youth) [2] and the
Bogalusa Heart Study [3]. In the P-Day study, post-mortem
studies revealed that cardiovascular risk factors such as hyper-
cholesterolaemia and smoking were associated with the size of
fatty streaks and plaques in youth [7]. The Bogalusa Heart
Study examined the coronary arteries and the aortas of 35
young autopsied subjects, and found a positive association
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between fatty streaks and low-density lipoprotein cholesterol
(LDL-c) and a negative association with high-density lipopro-
tein cholesterol (HDL-c) [3]. Fatty streaks, the earliest precur-
sor of atherosclerosis, have been found in the coronary arteries
of children of 2 years of age [1]. In the Bogalusa study, the
prevalence of fatty streaks and fibrous plaques were 50 and
8% respectively during childhood, and 69 and 85% respec-
tively, during young adulthood [1]. These results describe the
childhood origins of the first stages of atherosclerosis.

Risk factors for atherosclerosis in childhood include
obesity, hypertension, dyslipidaemia, family history of car-
diovascular disease, smoking and hyperglycaemia [8].
Atherosclerosis in a young person is more likely in the
presence of elevated total and LDL cholesterol, elevated
BMI and systolic and diastolic hypertension [1, 2].
However, children in whom the atherosclerotic process
has already begun are usually asymptomatic [9]. The
Muscatine Study demonstrated that increased total choles-
terol levels in childhood were associated with increased
carotid intimal-medial thickness (CIMT) in adults aged
33-42 years of age [10]. CIMT is a surrogate marker of
the atherosclerotic process. However, the severity of ath-
erosclerosis correlates with the duration of hypercholester-
olaemia; therefore, early initiation of a statin in a child with
familial hypercholesterolaemia (FH) may help to prevent
atherosclerosis [11].

The detection of atherosclerosis in children is difficult, as
the final stages including MI and CVA rarely manifest in
childhood. Also, its detection should ideally be non-invasive.
Thus, surrogate markers for measuring atherosclerosis have
been developed. These include endothelial dysfunction stud-
ies, which measure flow-mediated dilation (FMD), and thick-
ening of the vessel walls, by measuring vessel IMT. Carotid
artery IMT predicts MI, CVA and aneurysm [12]. Increased
IMT is found in children with FH and in children with a
parental history of premature cardiovascular disease [13].
Other non-invasive measures of atherosclerosis include pulse
wave velocity (PWV) which estimates arterial stiffness, com-
puted tomography (CT) which quantifies calcium deposits in
the coronary arteries, and magnetic resonance imaging (MRI)
which measures atheromatous plaques [14]. Of these, CT is
not ideal for use in children due to the risk of exposure to
ionising radiation. MRI allows examination of the cardiovas-
cular structures and plaques without radiation exposure.

The above surrogate measures of atherosclerosis are not
frequently clinically accessible in a typical hospital, usually
requiring dedicated expensive equipment and a dedicated lab-
oratory or space and trained personnel. Increasingly, efforts
are being made to develop tests that are of more clinical utility.
One example is the use of peripheral arterial tonometry (PAT,
© Itamar Medical, Israel) to measure endothelial dysfunction,
one of the early and potentially reversible steps in the natural
history of atherosclerosis.
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Primary hyperlipidaemia in children

Hyperlipidaemia may be primary, when it occurs as a main
feature of the primary disease causing hyperlipidaemia, or
secondary, when it occurs as a consequence of a related
disease, disorder or treatment [15]. Primary hyperlipidae-
mia occurs in children with a genetic predisposition; con-
ditions include heterozygous or homozygous FH (HeFH or
HoFH), familial hypertriglyceridaemia, familial combined
hyperlipidaemia (FCH) and dysbetalipoproteinaemia. FH
and FCH are the most common in paediatric practice
[16]. Of these, FH forms the body of research into child-
hood primary dyslipidaemia with HoFH being less com-
mon and presenting with a more severe phenotype and at a
younger age than HeFH.

FH is characterised by increased total cholesterol (TC) and
increased LDL-c, while triglycerides (TG) and HDL-c are
typically normal [16]. FH also has an inflammatory compo-
nent, in addition to dyslipidaemia [17]. FH comprises HeFH
and HoFH. HeFH has a prevalence of 1 in 500 people [18].
HoFH has a prevalence of one per million people [19]. Both
HeFH and HoFH are autosomal dominant. Mortality is 100
times higher in FH patients between 20 and 39 years as com-
pared to the normal population [20].

HoFH is caused by mutations to both LDL receptor alleles,
and results in elevated plasma LDL-c from birth, cutaneous or
tendinous xanthomata, and overt cardiovascular disease early
in childhood [20]. HoFH is so severe, that untreated carriers
rarely survive past their second decade of life [20]. Total cho-
lesterol concentrations in HoFH range between 18.1 and
31 mmol/L [19]. HoFH is treated with high-dose statins,
LDL-c apheresis and liver transplantation.

HeFH is characterised by total cholesterol 6.98—
12.93 mmol/L [18] and LDL-c in excess of 5.5 mmol/L
[21]. Total cholesterol and LDL-c in HeFH are usually twice
the normal level [22, 23]. This dyslipidaemia causes prema-
ture cardiovascular disease, with 50% of men and 25% of
women developing a cardiovascular event by the age of
50 years [16]. As a result of this risk, those with HeFH are
candidates for the early initiation of statin therapy. Unlike
HoFH, patients with HeFH do not usually exhibit clinical
signs of hypercholesterolaemia in childhood or adolescence.
However, children with HeFH have thicker carotid and aortic
IMT [24, 25]. Adolescents with HeFH have significant arterial
wall thickening and the rate of progression of atherosclerosis
is greater than in those without HeFH [9, 26].

Secondary hyperlipidaemia

Secondary hyperlipidaemia, i.e. hyperlipidaemia which oc-
curs as a result of a disease, disorder or treatment, has in-
creased in recent years. Causes of secondary hyperlipidaemia
in childhood include obesity, diabetes mellitus, chronic kidney

disease, hypothyroidism, liver failure, nephrotic syndrome
and connective tissue disease [15, 27]. Drugs which cause a
secondary hyperlipidaemia include glucocorticoids, retinoids,
beta blockers and anti-retroviral therapies [15].

There has been a dramatic rise in secondary dyslipidaemia
related to childhood obesity. In US epidemiological studies,
childhood obesity has a prevalence of 20-30% [16, 28]. The
dyslipidaemia associated with obesity is characterised by
hypertriglyceridaemia and decreasing HDL-c [15, 28, 29].
There is a strong association between childhood obesity and
the metabolic syndrome (dyslipidaemia, hypertension and in-
sulin resistance), all of which result in atherosclerosis [28].
Childhood obesity is associated with the risk of cardiovascular
disease in adulthood [30].

Obesity-related dyslipidaemia is best treated in the first in-
stance by lifestyle changes such as low-fat diet and exercise [31].

NCEP guidelines 2012

Guidelines relating to childhood hyperlipidaemia and the risk
of cardiovascular disease were released by the National
Cholesterol Education Program Expert Panel in 2012
(NCEP) [32]. The guidelines stress the early identification of
children with dyslipidaemia using universal screening, and the
importance of assessing serum lipid profiles. To this end, ac-
ceptable, borderline and high values for each of the cholesterol
types have been compiled [32].

A positive family history refers to a cardiovascular event, such
as myocardial infarction, angina, CVA, coronary artery bypass
graft (CABG), stent or angioplasty, in a first degree relative <
55 years if male and < 65 years if female [32]. If LDL-c elevation
persists at > 130 mg/dL (3.36 mmol/L), referral to a lipid special-
ist for addition of second lipid-lowering therapy is required.
High-level risk factors include hypertension, current cigarette
smoker, BMI > 97th centile and presence of high-risk conditions
such as diabetes mellitus, chronic kidney disease and
postorthoptic heart transplant. Moderate-level risk factors include
hypertension not requiring drug therapy, BMI between 95th and
97th centile, HDL-C <40 mg/dL (1.03 mmol/L) and the pres-
ence of moderate risk conditions such as Kawasaki disease, SLE,
HIV and nephrotic syndrome [32].

Initiation of pharmacological therapy should be based on
the average of at least two fasting lipid profiles obtained
2 weeks to 3 months apart [32]. The goal of therapy in child-
hood and adolescence is LDL-c below the 95th centile (<
130 mg/dL or 3.36 mmol/L). The guidelines advise that in
children < 10 years old, statin therapy should be limited to
those with a severe primary hyperlipidaemia, a high-risk con-
dition or evidence of cardiovascular disease and must be ini-
tiated by a lipid specialist. For children aged 89 years, statin
therapy may be considered if the LDL-c remains > 190 mg/dL
(4.9 mmol/L) after a trial of lifestyle management, and in the
presence of a family history of premature cardiovascular
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events, a high-level risk factor or at least two moderate-level
risk factors [32] (Tables 1 and 2) (Figs. 1).

Conversion mg/dL to mmol/L: cholesterol is mg/dL %
0.0259 = mmol/L and triglycerides is mg/dL x 0.0113.

Screening for hyperlipidaemia in childhood

The NCEP guidelines recommend universal screening of chil-
dren aged 9-11 years old and again at 17-21 years old with a
non-fasting lipid screen [32]. Previously, targeted screening of
those children at increased risk of cardiovascular disease was
recommended [33]. However, some studies demonstrated that
the AAP targeted screening criteria lacked sensitivity. In one
such study, dyslipidaemia requiring pharmacologic treatment
was more common among children who did not meet screen-
ing criteria than among those who did [34]. In another study of
678 children, the sensitivity of the 2008 AAP screening guide-
lines was found to be 54-66% [35]. Targeted screening may
lack sensitivity due to the factors required to establish in-
creased cardiovascular risk, i.e. family history, and parental
serum cholesterol level. Family history may be unknown in
some cases, whereas parental cholesterol may not have been
checked [14]. There is a concern that universal screening will
carry a heavy economic burden, and may cause unnecessary
parental anxiety [36].

An ideal screening test is valid, sensitive, specific, sim-
ple and safe. It must also be acceptable to the population
that it is intended to screen [37]. Screening children for

Table 1  Plasma lipid value ranges for children and adolescents (NCEP
guidelines)

Plasma lipid value ranges for children and adolescents (NCEP guidelines)

Category Acceptable Borderline High

TC <170 mg/dL 170-199 mg/dL >200 mg/dL
<(4.39 mmol/L) (4.39-5.16 mmol/L) >(5.17 mmol/L)

LDL-C <110 mg/dL 110-129 mg/dL >130 mg/dL

<(2.84 mmol/L) (2.84-3.35 mmol/L) >(3.36 mmol/L)

Non-HDL-C <120 mg/dL 120-144 mg/dL >145 mg/dL
<(3.10 mmol/L) (3.10-3.73 mmol/L) >(3.74 mmol/L)

ApoB <90 mg/dL 90-109 mg/dL >110 mg/dL
TG
0-9 years <75 mg/dL 75-99 mg/dL >100 mg/dL

<(0.84 mmol/L) (0.84-1.11 mmol/L) >(1.12 mmol/L)

10-19 years <90 mg/dL 90-129 mg/dL >130 mg/dL
<(1.01 mmol/L) (1.01-1.45 mmol/L) >(1.46 mmol/L)

HDL-C >45 mg/dL 40-45 mg/dL <40 mg/dL
>(1.16 mmol/L) (1.03-1.16 mmol/L) < (1.03 mmol/L)
ApoA-1 > 120 mg/dL 115-120 mg/dL <115 mg/dL

Adapted from Expert Panel on Integrated Guidelines for Cardiovascular
Health and Risk Reduction in Children and Adolescents. NHLBI (2012)
[32]

@ Springer

dyslipidaemia, whether targeted or universal, is controver-
sial. Some authors assert that there is no evidence that treat-
ment of dyslipidaemias in childhood will prevent cardio-
vascular events later [16]. Universal screening will reveal
children with dyslipidaemia due to modifiable lifestyle fac-
tors, which perhaps should not be treated pharmacological-
ly. However, there are studies which demonstrate that
treating hyperlipidaemia early in life delays progression
of atherosclerosis [11, 38]. One aspect of screening is to
rule out secondary causes of dyslipidaecmia, e.g. diabetes
mellitus, hypothyroidism and renal failure [14]. Certainly,
conditions such as FH confer an increased risk of cardio-
vascular disease. Since the atherosclerotic process begins
early in life, on balance, many authors concur with the
expert consensus [32] that early universal screening is jus-
tified. However, given the economic implications of uni-
versal screening, and its as yet uncertain benefit, it may be
more sensible to improve the targeted screening process in
the first instance.

A recent survey of family medicine practitioners, paedia-
tricians and general practitioners (n =548) confirmed that
while 74% of respondents believed that lipid screening and
treatment would reduce future cardiovascular risk, 34% per-
formed no screening, 50% screened selectively and only 16%
performed universal screening [39]. The reasons cited for fail-
ing to screen were uneasiness addressing lipid disorders
(43%), and unfamiliarity with screening guidelines (31%).
Of interest, 57% of respondents were opposed to the use of
lipid-lowering medication in children [39]. The reasons be-
hind this opposition were not explored during the study; how-
ever, the authors propose that the debate in the medical and lay
media surrounding the use of statins in children may have
contributed.

Interpreting cholesterol assays in children

Cholesterol levels are age- and maturation-dependent; there-
fore, it is important to screen for hypercholesterolaemia at the
optimal time in childhood [40]. Total cholesterol levels are
lower in the prenatal and early postnatal period, and both the
total cholesterol and LDL-c begin to rise rapidly from the first
week after birth before levelling at the age of 2 years [41].
Levels remain stable until puberty, when LDL-c decreases by
approximately 15% [42]. Thus, the NCEP Expert Panel rec-
ommends 9-11 years as the optimal period to assess lipids in
childhood [32]. This age range (911 years) avoids confound-
ing the cholesterol results because of pubertal lipid instability,
while also being the best reflection of adult lipid levels [14].
NICE (National Institute for Clinical Excellence) recom-
mends screening before the age of 10 years because after this
point LDL-C variation is too great [43].

When interpreting cholesterol assays gender and ethnicity
should also be considered. Females have higher total cholesterol,
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Table 2 Recommendations for lipid screening (NCEP guidelines)

Recommendations for lipid screening

Age

Recommendation

Birth—
2 years
2-8 years

9-11 years

12-16 years

17-21 years

No lipid screening

No routine lipid screening

However, measure fasting lipid profile (FLP) x2 if

* Parent, grandparent, aunt, uncle or sibling with MI, angina, stroke, CABG, stent at <55 years in males, < 65 years in females.
* Parent with TC >240 mg/dL (6.21 mmol/L) or known dyslipidaemia

* Child has diabetes, hypertension, BMI > 95th%ile or smokes cigarettes

* Child has a moderate- or high-risk medical condition

Universal lipid screening recommended

Non-fasting lipid profile—calculate non-HDL-C

* Non-HDL-C > 145 mg/dL (3.75 mmol/L), HDL < 40 mg/dL (1.03 mmol/L)=>FLP x 2.

Fasting lipid profile:

* LDL-C > 130 mg/dL (3.36 mmol/L), non-HDL-C > 145 mg/dL (3.75 mmol/L)

* HDL-C <40 mg/dL (1.03 mmol/L), TG > 100 mg/dL (1.13 mmol/L) if < 10 years; > 130 mg/dL (1.47 mmol/L) if > 10 years=drepeat
fasting lipid profile after 2 weeks but within 3 months

No routine screening

However, measure fasting lipid profile x2 if new knowledge of

* Parent, grandparent, aunt/uncle or sibling with MI, angina, stroke, CABG/stent/angioplasty, sudden death at <55 years in males, <
65 years in females

* Parent with TC >240 mg/dL (6.21 mmol/L) or known dyslipidaemia

« Patient has diabetes, hypertension, BMI > 85th%ile or smokes cigarettes

* Patient has a moderate- or high-risk medical condition

Universal screening once in this time period

Adapted from Expert Panel on Integrated Guidelines for Cardiovascular Health and Risk Reduction in Children and Adolescents. (NHLBI) 2012 [32]

LDL-c and HDL-c than males [40]. Regarding ethnicity, black
children have higher HDL-c, lower triglycerides and higher total
cholesterol than white and Hispanic children [44, 45].

Treatment options for paediatric dyslipidaemia: diet

Dietary modification and the introduction of exercise must be
the cornerstone of paediatric dyslipidaemia management,
whether or not pharmacological therapy must also be

Fig. 1 When to initiate statin
therapy based on LDL-C.
Adapted from Expert Panel on
Integrated Guidelines for
Cardiovascular Health and Risk
Reduction in Children and
Adolescents. NHLBI (2012) [32]

instituted. Dietary changes instituted in childhood are more
successful if the entire family adheres to the new diet [15].
Particularly in paediatric medicine, family-based therapy is
essential to effect dietary and lifestyle changes. The
Cardiovascular Health Integrated Lifestyle Diet (CHILD 1)
is the first stage in dietary change for children with
dyslipidaemia, excess weight, obesity and risk factor cluster-
ing [32]. CHILD 1 is also the recommended diet for children
with a positive family history of premature cardiovascular

LDL-C >190mg/dL (4.9mmol/L) after 6 months trial of lifestyle management for
children >10 years old

LDL-C > 160-189mg/dL (4.13-4.88mmol/L) plus a positive family history or
one high level risk factor or two or more moderate level risk factors, after 6
months trial of lifestyle management for children >10 years old

LDL-C 2130-159mg/dL (3.36-4.11mmol/L) plus two high level risk factors or one
high level and two moderate risk factors or clinical cardiovascular disease, after 6
months trial of lifestyle management for children >10 years old
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disease, dyslipidaemia, obesity, primary hypertension, diabe-
tes or exposure to smoking in the home [32]. The diet recom-
mends that in children with hypercholesterolaemia, intake of
total fat can be safely limited to 30% of total calories, saturated
fat intake limited to 7—10% of calories and dietary cholesterol
limited to 300 mg/day (7.75 mmol/L) [32]. In children < 1 year
old, dietary fat ought not to be restricted as fats are important
in infancy for brain and cognitive development [32].

A healthy diet ought to be recommended for all children
with dyslipidaemia regardless of the aetiology of their condi-
tion. However, children with secondary hyperlipidacmia can
be expected to benefit more from a healthy diet than can chil-
dren with primary hyperlipidaemia. In particular, children
with HeFH and HoFH will inevitably require statin therapy
in addition to lifestyle changes. Notwithstanding, dietary and
lifestyle changes in a family-based setting are the cornerstone
of treatment of paediatric dyslipidaemias.

Treatment options for paediatric dyslipidaemia:
statins

Statins: method of action

Statins, or 3-hydroxy-3-methyl co-enzyme A (HMG-CoA)
reductase inhibitors, inhibit HMG-CoA, the rate-limiting step
in endogenous cholesterol synthesis. This results in decreased
intracellular cholesterol levels, and in the up-regulation of
LDL-c receptors, resulting in increased LDL-c clearance from
the circulation.

Statins: efficacy

Statins are efficient at reducing LDL-c in children with FH.
The LDL-c reduction achieved by statins in children ranges
from 21 to 39% [46], which varies by dose and agent used. A
Cochrane review conducted in 2010, of 897 children with
HeFH, concluded that statins reduce LDL-c by an average
of 30% [47].

In addition to lowering LDL-c, statin therapy has been
shown to improve the surrogate markers of atherosclerosis,
flow-mediated dilation and intimal-medial thickness. In one
study, after 28 weeks treatment with simvastatin, FMD im-
proved by 4% in the children with HeFH, compared with
placebo-treated healthy controls [48]. Statins also improve
carotid intimal-medial thickness. Wiegman et al., in a study
of 214 children with HeFH, demonstrated that after 2 years of
therapy with pravastatin, CIMT reduced by 2%, compared
with a 1% reduction in the untreated control group [9, 26].
A follow-up study demonstrated that early initiation of statin
therapy resulted in smaller increases in CIMT, thus the authors
concluded that early initiation of statin treatment delays the
progression of CIMT in adolescents and young adults [11].
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Statins side effect profile

In adults, the most common side effects associated with statins
are increased hepatic transaminase levels, elevations in crea-
tine kinase, rhabdomyolysis and potential teratogenicity [4].
These side effects may be seen in the paediatric population
also [14]. For example, elevations in alanine aminotransferase
and/or aspartate aminotransferase have been reported in 1-5%
of children who were treated with simvastatin or atorvastatin
[48, 49]. However, adverse effects such as increased hepatic
transaminase levels and myopathy are rare in the paediatric
population [14]. In most studies on the use of statins in chil-
dren with FH, good tolerance of statins is reported in the
statin-treated groups [18, 40].

Statins: safety

There are concerns about the safety of statins in the paediatric
population. Concerns include the lack of long-term studies to
evaluate the life-time effects of initiating statins during child-
hood; the longest controlled trial is only 2 years long [26].
Also at issue is whether inhibiting cholesterol synthesis at
critical periods during childhood development may have ad-
verse consequences. The steroid hormones (adrenal and go-
nadal) depend on cholesterol for synthesis. Therefore, there is
a concern that statin therapy during childhood and adoles-
cence may affect cholesterol-dependent production of steroid
hormones in the gonads and adrenal glands [4]. Puberty may
be affected by statin therapy, theoretically at least, because
cholesterol is required for synthesis of all the sex steroid hor-
mones [15]. However, Wiegman et al. found no evidence of
puberty being affected in their randomised control trial of
children with FH [26]. De Ferranti et al. point out that starting
statin therapy at 8 years of age, when the brain and other organ
systems are in a dynamic stage of development, may affect the
central nervous system, immune function, hormones, energy
metabolism or other systems in unanticipated ways [30]. An
observational study of 185 Pravastatin treated children with
FH demonstrated no signs of early maturation or delayed pu-
berty [50]. There are additional concerns regarding the use of
statins in adolescent girls, with potential effects on pituitary
hormones (luteinising hormone, LH, and follicle stimulating
hormone, FSH), menstrual cycle length and physical develop-
ment [51]. Cholesterol is a precursor of the adrenal (DHEAS
and cortisol) and gonadal (estradiol) hormones. Statin treat-
ment may result in decreased production of these hormones by
inhibiting the rate-limiting enzyme involved in cholesterol
production. However, in a 24-week study during which ado-
lescent girls with FH were treated with Lovastatin, there were
no adverse effects recorded [51].

Several studies have demonstrated the safety of statins for use
in childhood in the short term, up to 2 years [11, 26, 48, 50-52].
A meta-analysis of six studies (n=798; 12 to 104 weeks of
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treatment) evaluating the safety and effectiveness of statins in
children with FH found no statistically significant increases in
adverse events compared with placebo [46]. There were no
growth issues, side effects, muscle effects or liver toxicity [46].
In a study which assessed the use of statins in 214 children with
FH, there was no effect on growth, development, adrenal or
gonadal hormones [26]. This study was subject to follow-up
giving a total treatment length of 4.5 years; no serious laboratory
adverse events were reported, and statin treatment had no unto-
ward effects on sexual maturation [11]. A Cochrane review
summarised that statins are not associated with clinically signif-
icant changes in growth, maturation, liver enzymes, serum cre-
atine kinase or myopathy [47]. However, the Cochrane review
did not speak to the long-term safety of statins when initiated in
childhood, as the studies thus far have had a short duration, with
all lasting less than 2 years.

Statins: use in FH

The NCEP Expert Panel advise statins as first-line therapy for
HeFH and HoFH, after initial measures such as diet and exer-
cise [32]. However, the NCEP also acknowledges that dietary
measures alone are unlikely to achieve sufficient LDL-c re-
duction in primary hyperlipidaemia [32]. Statin treatment
should be started at > 8 years old but, in HoFH, treatment
may be initiated at earlier ages [14]. The treatment goal of
statin therapy in paediatric FH patients is a > 50% reduction
in LDL cholesterol or LDL cholesterol <130 mg/dL
(3.36 mmol/L) [14]. More aggressive LDL-c targets should
be considered for those with additional CVD risk factors. The
initiation of statin therapy in children should be carried out in
consultation with a lipid specialist [32]. Although statins may
be effective in HoFH patients, most will require the addition of
LDL apheresis, or liver transplantation [14].

The use of statins in pre-pubertal children is recommended
only in the most severe cases of primary hyperlipidaemia [53].
The American Heart Association recommends commencing
statins after the age of 10 years and Tanner II puberty in males,
or after 10 years and the onset of menses in female patients
[54]. Although several studies of statin treatment to date have
not demonstrated any effect on puberty [26, 50], it may be
appropriate to delay initiating statin treatment until the onset
of puberty if possible. This demonstrates that normal puberty
can occur in that individual patient.

Statin use in children must be monitored for muscle and
liver toxicity through assessment of hepatic transaminases and
creatine kinase [32]. In addition, female adolescents receiving
statin therapy must be counselled about the possible teratoge-
nicity of the drug and receive contraception advice if indicat-
ed. Although, O’Gorman et al. advise caution when prescrib-
ing the oral contraceptive pill (OCP), as it is contraindicated in
hypertriglyceridaemia and may be pro-thrombotic in FH [15].

Statins: use in secondary hyperlipidaemia

Obese children with the dyslipidaemic phenotype of elevated
triglycerides and low HDL-c comprise the majority of chil-
dren with lipid abnormalities [4]. However, the majority of
studies on the use of statins in the paediatric population have
focused on children with HeFH. The data taken from those
studies on children with primary hyperlipidaemia may not be
representative of the children with secondary hyperlipidaemia,
which has a different actiology. Thus, some authors advise
caution in extrapolating information from these studies in or-
der to treat secondary dyslipidaemia [4, 15]. For example,
O’Gorman et al. state that dietary changes may be of more
benefit to children with obesity-related dyslipidaemia than to
those with primary hyperlipidaemia, and that lower doses of
statins may be required as a result [15]. A balanced caloric
intake with a diet rich in wholegrains, fish, fruit, vegetables
and low-fat dairy and low in added-sugar and salt may im-
prove the cholesterol profile in a child with obesity-related
hyperlipidaemia, and ought to be the first treatment attempted.
Only when dietary and lifestyle changes have failed should
treatment with statins be considered in this cohort [15].
Children with primary hyperlipidaemia may see less improve-
ment in their cholesterol profile following the adoption of a
healthy diet because primary hyperlipidaemia has a distinct
aetiology in which the LDL-c receptor alleles are mutated
and this leads to elevated plamsa LDL-c.

The NCEP Expert Panel guidelines focus primarily on chil-
dren with primary hyperlipidaemia. Kennedy et al. assert that
because the majority of childhood dyslipidaemias are now due
to secondary hyperlipidaemia, the guidelines no longer apply
to the majority of at-risk children [4]. One author takes issue
with using statins to treat childhood dyslipidaemia caused by
modifiable lifestyle factors, and poses the scenario of ever
stronger adult drugs being used to treat childhood obesity
and its complications, e.g. beta blockers, diuretics, aspirin
and insulin [30]. Certainly, unless children with obesity-
related secondary hyperlipidaemia incorporate a healthy diet
and exercise into their lives, they will remain at risk of cardio-
vascular disease in adulthood regardless of statin therapy be-
gun in childhood.

Treatment options for paediatric dyslipidaemia: other
pharmacological agents

Bile acid-binding sequestrants

Bile acid-binding sequestrants work by binding the cholester-
ol in bile acids in the intestinal lumen, which prevents its
reuptake into the blood. Bile acid-binding sequestrants were
originally the first-line agent for hypercholesterolaemia but
they were supplanted by statins. The NCEP Expert Panel
guidelines now advise that bile acid-binding sequestrants be
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used in combination with a statin for patients who fail to meet
LDL-c target levels with either medication alone [32]. There is
no increase in adverse effects when both are used together,
while the efficacy of both agents in combination appears to be
additive [32]. Bile acid-binding sequestrants are not ideal for
use in the paediatric population due to their side effect profile
which includes gastrointestinal effects, namely abdominal
pain nausea and constipation [4, 14, 15, 40].

Cholesterol absorption inhibitors

Ezetimibe, a cholesterol absorption inhibitor, is currently ap-
proved for the treatment of FH in children > 10 years of age
[4]. Ezetimibe selectively inhibits cholesterol at the intestinal
brush border, but does not affect absorption of triglycerides or
the fat-soluble vitamins [15]. Although Ezetimibe has been
shown to decrease LDL-c by up to 20% [55], there is no
evidence that it decreases cardiovascular disease [4]. The
ENHANCE study, which trialled Ezetimibe and Simvastatin
in combination versus Simvastatin alone in adults with FH,
demonstrated that Ezetimibe failed to improve CIMT over a 2-
year period, despite achieving reductions in LDL-c and C-
reactive protein (CRP) [55]. CIMT was used as a surrogate
marker to assess the progression of atherosclerosis. The
ENHANCE study demonstrated that Ezetimibe does lower
LDL-c, whether it prevents progression of atherosclerosis is
now unclear. The NCEP Expert Panel guidelines state that
cholesterol absorption inhibitors must be instituted only in
consultation with a lipid specialist [32]. Given the uncertainty
about whether the use of Ezetimibe confers any cardiovascular
benefit in a cohort with familial hypercholesterolaemia, it may
be sensible to await a randomised trial which explores its
efficacy in children with familial hypercholesterolaemia.

Niacin and fibrates

Niacin, a hydrophilic B-complex vitamin, works by decreas-
ing hepatic production of very low-density lipoprotein
(VLDL). Due to its serious side effects, poor tolerance and
lack of safety data in paediatric patients, niacin therapy is
usually reserved for children with HoFH or elevated
lipoprotein-A levels [4]. Side effects of niacin include flush-
ing, impaired glucose tolerance, liver failure, hyperuricaemia
and myopathy [15, 40]. The NCEP Expert Panel guidelines
state that niacin must be instituted only in consultation with a
lipid specialist [32].

Fibrates work by inhibiting the synthesis and increasing the
clearance of the VLDL apolipoprotein B, which then leads to
a decrease in VLDL production. They also inhibit peripheral
lipolysis and decrease hepatic extraction of free fatty acids,
which reduces hepatic triglyceride production [40]. Fibrates
are useful for reducing triglycerides and increasing HDL-c.
Their effect on LDL-c is variable [4]. Their primary use is in
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treating primary hypertriglyceridaemia. The fibrates have a
similar side effect profile to statins, with rhabdomyolysis
and myopathy increasing in incidence when statins and
fibrates are used in combination [40]. The NCEP Expert
Panel guidelines state that fibrates must be instituted only in
consultation with a lipid specialist [32].

Conclusion

There is clear evidence that atherosclerosis begins in child-
hood, with the deposition of cholesterol and the formation of
fatty streaks in the carotid and coronary arteries.
Hypercholesterolaemia is a key factor in the atherosclerotic
process. Atherosclerosis may result in thrombotic plaque rup-
ture causing MI, CVA, peripheral vascular disease or aortic
aneurysm rupture. Given the risk of these cardiovascular
events occurring, it is of vital importance to control risk factors
such as hyperlipidaemia.

In order to diagnose and treat childhood hyperlipidaemia,
the NCEP Expert Panel guidelines have recommended uni-
versal cholesterol screening for all children between the ages
of9 and 11 years. Once diagnosed, control of dyslipidaemia in
childhood must begin with lifestyle intervention including a
healthy low-fat diet and exercise. This may be followed by the
initiation of pharmacological therapy, of which statins are
first-line. However, the control of hyperlipidaemia using statin
therapy has been dogged by controversy. Most authors accept
the necessity of the use of statins in treating children with
primary hyperlipidaemia, namely HeFH and HoFH.
However, this consensus is absent on the issue of treating
secondary hypercholesterolaemia caused by modifiable life-
style factors such as obesity.

There are concerns that statin therapy may interfere with
normal growth, development and puberty. There have been sev-
eral short-term studies that demonstrate both the safety and ef-
ficacy of statins in the paediatric population. Long-term follow-
up is lacking in the paediatric population. With the recommen-
dation for universal screening in childhood, and the possibility
that more children with dyslipidaemia will come to light as a
result, it is time to conduct a randomised control trial on the
safety and efficacy of statins to discover if there are any long-
term effects to initiating statin treatment in childhood.

Ongoing studies are required in order to fully understand
the indications, risks and benefits to the use of statins in child-
hood dyslipidaemia.
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