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Childhood dyslipidemia is on the rise and increasingly being recognized as an important risk factor for adult
cardiovascular disease. Due to a heightened awareness surrounding this problem, the American Academy
of Pediatrics published a clinical report concerning prevention, screening, diagnosis, and treatment of dys-
lipidemia in children. Of concern among practitioners is when to initiate pharmacologic therapy and which
medications are safe and appropriate in children. The report addresses this concern by suggesting that
pharmacologic management begin only in pediatric patients with substantially elevated LDL levels. Since
statins are the drugs of choice among adult patients with elevated LDL levels, it would be appropriate to
evaluate their outcome in pediatric patients. To evaluate the efficacy and safety of statins for the treatment
of pediatric dyslipidemia, a comprehensive search was performed of the MEDLINE database and Interna-
tional Pharmaceutical Abstracts as well as references from additional review articles. The manufacturer was
contacted for data regarding a newly approved statin. Fourteen trials were identified, eight of which were
randomized, controlled trials involving greater than 50 patients with primary or familial hypercholesterolemia.
Overall, the studies showed that statins are effective at lowering LDL levels (reduction from baseline: 17%
to 50%) and are fairly well tolerated, with headache, gastrointestinal distress, and myalgia being the most
common adverse effects. Statins were found to be an efficacious option for the management of familial
hypercholesterolemia of childhood. However, concerns regarding long term safety and efficacy have not
been established, and data in patients with secondary lipid disorders is lacking.
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INTRODUCTION

The use of pharmacologic therapy in children
with dyslipidemia is a topic surrounded by
controversy. A published clinical report from the
American Academy of Pediatrics (AAP) attempts
to clarify practitioners” questions on this topic.!
This 2008 clinical report, Lipid Screening and Car-
diovascular Health in Childhood, replaces the 1998
policy statement from the AAP on cholesterol in
childhood and provides recommendations on the
prevention, screening, diagnosis, and treatment
of dyslipidemia in children.

There is growing evidence to suggest that the
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development of atherosclerotic cardiovascular
disease (CVD) begins early in life, even in child-
hood.>® The Bogalusa Heart Study found that

ABBREVIATIONS AAP, American Academy of Pediatrics;
AE, adverse events; AHA, American Heart Association;
Apo, apolipoprotein; ApoA1, apolipoprotein A1;
ApoB, apolipoprotein B; BMI, body mass index; CK,
creatine kinase; CVD, cardiovascular disease; FH, familial
hypercholesterolemia; HDL, high-density lipoprotein;
HeFH, heterozygous familial hypercholesterolemia;
HMG-CoA, 3-hydroxy-3-methyl-glutaryl coenzyme A; IMT,
intima-media thickness; LDL, low-density lipoprotein;
NCEP, National Cholesterol Education Program; TC, total
cholesterol; TG, triglyceride; ULN, upper limit of normal

50% of children and 85% of young adults had
fatty streaks.? In addition, the prevalence of fi-
brous plaques considerably increased from 8% to
69% from childhood to young adulthood.*® The
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Table 1. Classification of Cholesterol Levels in Children

Category Total Cholesterol LDL Cholesterol HDL Cholesterol Triglycerides
(mg/dL)’ (mg/dL)’ (mg/dL)? (mg/dL)?
Acceptable <170 <110 =235 <150
Borderline 170-199 110-129
High =200 > 130

Data from NCEP Expert Panel on Blood Cholesterol Levels in Children and Adolescents” and American Heart Association®

extent of changes were significantly correlated
to a rise in total cholesterol (TC), low-density
lipoprotein (LDL) cholesterol, triglycerides (TG),
blood pressure, and body mass index (BMI) and
increased with multiple risk factors.>® By the
age of two years, serum lipid concentrations
are already at the levels of young adults.® This
knowledge accompanied by a rise in obesity, type
2 diabetes, and hypertension in older children
and adults, caused the AAP to issue goals of
“improving lipid and lipoprotein concentrations
during childhood and adolescence to lower the
lifelong risk of CVD.”

RECOMMENDATIONS: SCREENING,
EVALUATION, AND MANAGEMENT OF
CHILDREN WITH DYSLIPIDEMIA

No clear consensus exists regarding pediatric
screening for lipid disorders. One recommenda-
tion from the National Cholesterol Education
Program (NCEP) of the National Heart, Lung,
and Blood Institute,” published in 1992, was
adopted by the AAP.! This approach strives to
identify children and adolescents who are at
risk for CVD in adulthood. Healthcare provid-
ers should begin the first screening of specific
groups of children after two years of age, but no
later than 10 years of age.! According to the AAP
clinical report, children and adolescents who
should be screened include those with a positive
family history of premature CVD (premature
CVD: < 55 years of age for men; < 65 years of
age for women) or dyslipidemia or those with
unknown family histories." The clinical report
also recommended that screening should occur
in pediatric patients who have other CVD risk
factors including overweight (BMI > 85" per-
centile and < 95™ percentile), obesity (BMI > 95*
percentile), hypertension (blood pressure > 95
percentile), cigarette smoking, or diabetes mel-
litus.! The recommended method for screening is

a fasting lipid profile performed during regular
clinic visits."' If the lipid profile is normal, repeat
testing in 3-5 years is recommended.' The 2003
American Heart Association (AHA) guidelines
also recommended to screen children older than
2 years with a family history of dyslipidemia or
premature CVD.®However, if the family history
is unknown, patients should be assessed if risk
factors are present. A 2007 AHA scientific state-
ment suggested that overweight or obese patients
also warrant screening.’

The AHA also endorses the NCEP on Blood
Cholesterol in Children and Adolescents pub-
lished in 1992.8 NCEP provides current clas-
sification of cholesterol levels (TC and LDL) in
children ages 2 to 18 years (Table 1).” The AHA
developed HDL and triglyceride (TG) goals®
(Table 1) and recommended that a lipid panel
should be obtained three times with results aver-
aged for comparison against acceptable levels.?

Treatment of dyslipidemia in children is simi-
lar to treatment in adults in that it involves both
lifestyle interventions as well as possible phar-
macologic therapy. Lifestyle modifications such
as diet and exercise should be recommended
in all patients who are at risk of CVD.!* Weight
management should be considered the primary
treatment in children who are overweight or
obese and those who have an elevated TG con-
centration or a low HDL concentration.! NCEP
recommends that diet therapy be utilized for 6
months to 1 year prior to the addition of phar-
macological treatment.? The AAP states phar-
macologic intervention should be considered
only in pediatric patients with substantially
elevated LDL concentrations.! The AAP recom-
mends that patients < 8 years of age should be
treated pharmacologically when they present
with persistent LDL concentrations > 500 mg/
dL, which are generally present in patients with
the homozygous form of familial hypercholester-
olemia (FH).! For patients > 8 years old, Table 2
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Table 2. Pharmacological Treatment of Dyslipidemia in Children > 8 Years of Age with Elevated LDL

AAP'

No CVD Risk Factors
Treat when LDL >190 mg/dL despite diet therapy

Family history of premature heart disease or > 2 additional
CVD risk factors present

Treat when LDL > 160 mg/dL despite diet therapy

Diabetes
Consider treatment when LDL > 130mg/dL

* Diet therapy recommended for all high risk groups

AHA?

No CVD Risk Factors
Treat when LDL > 190 mg/dL

Risk factors present (blood pressure elevation, diabetes,
obesity, strong family history of premature CVD)

Treat when LDL > 160 mg/dL

*Lifestyle modifications recommended for all patients if
LDL > goal

Data from Daniels, et al. and Newman, et al.?

lists the AAP recommendations for treatment of
elevated LDL levels in children.! In patients with
a strong family history of CVD, particularly with
the presence of other risk factors such as obesity,
diabetes mellitus, and metabolic syndrome, LDL
targets of 130 mg/dL or even 110 mg/dL may be
reasonable.! In all other pediatric patients with
elevated LDL concentrations, the initial goal is to
lower LDL concentrations to < 160 mg/dL.! The
AHA recommends similar treatment thresholds
(Table 2).8! The AHA also states that treatment
of TGs may be considered if > 400 mg/dL. The
NCEP recommends that treatment with pharma-
cological therapy not be initiated until children
are at least 10 years of age (after menarche for
females) and a 6- to 12-month trial with diet
therapy.” The minimal LDL goal is < 130 mg/dL
with ideal goal being < 110 mg/dL.”

Treatment options include bile-acid seques-
trants and statins.® Data regarding cholesterol-
absorption inhibitors in children are beginning
to emerge. This review will focus on the use of
statins in the pediatric population.

FAMILIAL HYPERCHOLESTEROLEMIA

Most studies concerning the use of statins in
children focus on pediatric patients with FH.
Mutations in the LDL receptor produce FH.
These mutations can be manifested in several
different forms: decreased production of the
receptor, impaired binding of the receptor to
LDL, or problems with LDL internalization.'*"
Ultimately, the mutations lead to elevated LDL
levels. Patients with FH have approximately 50%

of normal LDL receptor function, which results
in twice the plasma concentrations of LDL and
TC.! Two forms of FH exist- the homozygous
and heterozygous forms.!’ Patients selected for
pediatric trials generally have the heterozygous
form of FH.

Heterozygous FH (HeFH), which affects ap-
proximately 1/500 people worldwide, is one
of the most common single gene disorders.'
Pediatric patients with HeFH have TC levels of
approximately 300 + 60 mg/dL and LDLlevels of
approximately 240 + 60 mg/dL." These patients
usually have normal TG levels." The diagnosis of
HeFH is primarily based on TC and LDL levels
in the FH range in the child, as well as in one
parent and approximately 50% of the siblings."
LDL receptor assessment is not required for di-
agnosis. Children with HeFH may also present
with tendon xanthomas, which are often recog-
nized on the Achilles tendons or digit extensor
tendons on the dorsum of the hands. Patients
with the homozygous form have extremely el-
evated hypercholesterolemia (TC > 600 mg/dL)
and are at risk of myocardial infarctions during
childhood.??

The genetic abnormality of HeFH is strongly
associated with an increased risk for premature
atherosclerotic cardiovascular disease.’* HeFH
should therefore be taken seriously by healthcare
providers. Children with FH should be treated
according to the recommendations in order to
lower their LDL levels with the ultimate goal
of reducing the risk of atherosclerotic disease.
Due to the genetic alteration in LDL receptors,
children with FH may not respond as well to diet
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therapy and require pharmacological treatment
with medications prior to an adequate trial of
lifestyle changes.

OVERVIEW OF STATINS

Statins, or 3-hydroxy-3-methyl-glutaryl coen-
zyme A (HMG-CoA) reductase inhibitors, are one
of the most widely prescribed medication classes
in the United States.'? Statins have been shown to
be effective at reducing coronary morbidity and
mortality in high-risk adults.? Depending on the
patient baseline values and the dose used, these
medications result in cholesterol reductions of
20%-50% below baseline.! Due to their history of
efficacy in adults, statins are one of the first-line
medications considered for use in the pediatric
population with dyslipidemia.

Statins competitively inhibit HMG-CoA re-
ductase, which is the rate-limiting enzyme for
endogenous synthesis of cholesterol. Thus, by
inhibiting this enzyme, the statins reduce plasma
concentrations of TC and LDL. To a lesser extent
statins reduce apolipoprotein B (ApoB) and TG
and increase HDL levels. Due to the reduction in
LDL concentrations, statins also cause upregula-
tion of LDL receptors, resulting in an increased
LDL clearance from the circulation.

Currently available statins, in order of earliest
approval date, are lovastatin (1987), pravastatin
(1991), simvastatin (1991), fluvastatin (1993),
atorvastatin (1996), rosuvastatin (2003), and
pitavastatin (2009)."*' Statins that are obtainable
in a generic version are lovastatin (immediate-
release version only), pravastatin, and simvas-
tatin. Pravastatin has FDA approval for children
age > 8 years with HeFH. Lovastatin, simvastatin,
fluvastatin, atorvastatin, and rosuvastatin have
been approved for children >10 years with HeFH.
Starting doses vary per product. Pitavastatin was
approved for adults with primary hyperlipid-
emia and mixed dyslipidemias in August of 2009
by the FDA.* The use of pitavastatin in children
has not been studied.

Currently, only limited dosage forms of
statins are available. All statins are available
in tablet formulations.”® Simvastatin is offered
as a disintegrating oral tablet, which may be of
use in the pediatric population. Lovastatin and
fluvastatin are offered in an extended-release
form, and these forms should not be crushed or
chewed by patients. In addition to tablet form,

fluvastatin comes in a capsule which, accord-
ing to the manufacturer, should not be opened.
None of the statins are available in a liquid form.
Manufacturers may consider the development
of this dosage form if statin use increases in the
pediatric population.

In the adult population, statins generally seem
to be well-tolerated. Common mild adverse ef-
fects include headache, myalgias, and gastroin-
testinal symptoms (abdominal pain, dyspepsia,
diarrhea, constipation). With continued use of
the statin, these symptoms usually disappear.
Rarer adverse effects that are more concerning
include increases in hepatic transaminases and
myopathy. Elevations in transaminases to > 3
times the upper limit of normal may occur in 1%
to 1.5% of patients. These elevations may return
tonormal with continued therapy and will return
tonormal if the statin is discontinued. No cases of
hepatic failure with statins have been reported.'®

Skeletal muscle toxicity with statins is a more
concerning issue. Uncomplicated myalgia
(muscle aches, soreness, or weakness) has been
described with all drugs in this class. Myopathy,
which includes myalgia and an increase in serum
CK (creatine kinase) > 10 times the upper limit of
normal, occurs in approximately 0.1% to 1% of pa-
tients using statins. Myopathy may even present
as thabdomyolysis, with or without acute renal
failure secondary to myoglobinuria. Fatalities
have occurred but are rare. Myopathy can also be
increased with concomitant use of other medica-
tions causing drug interactions. Routine CK moni-
toring is unnecessary, but if patients present with
unexplained muscle symptoms, an assessment
of the CK is warranted. If the CK is elevated, the
statin should be withdrawn until the CK returns
to normal. Statin therapy can be restarted once
symptoms disappear and should preferably be
commenced with a different statin.’***

Cholesterol is an important factor for growth
and development in children. It is found in cell
membranes and tissues throughout the body.
Lipids play a key role in brain development, es-
pecially during the adolescent and young adult
years when integration of signal processing and
neurodevelopment occurs.'® Neurological safety
data should not be extrapolated from adults and
applied to children. Cholesterol also synthesizes
steroid hormones and bile acids in the body. Al-
though statins primarily use the liver for their site
of action, a few statins are lipophilic in nature and
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cross the blood brain barrier (e.g., simvastatin
and lovastatin). Concerns exist utilizing statins
for long term therapy when it is unknown if the
child’s central nervous system, energy function,
growth and sexual hormones could be altered by
statin use at such a young age.

One final important note on the utility of statins
in pediatric patients involves the use of these
drugs in adolescent girls. Cholesterol, and other
components involved in its production, is essen-
tial to fetal development. Because statins have the
ability to decrease the synthesis of cholesterol,
they are contraindicated during pregnancy and
in breastfeeding. As young girls who are placed
on statin therapy will at some point become
fertile, it is important for healthcare providers
and caregivers to recognize that birth control
should be utilized in females. Statins should be
discontinued at once in any patient who becomes
pregnant.”

CLINICAL EVIDENCE FOR THE USE OF
STATINS IN CHILDREN

To evaluate the efficacy and safety of statins for
the treatment of pediatric dyslipidemia, a com-
prehensive search of the MEDLINE database and
International Pharmaceutical Abstracts, as well
as references from additional review articles, was
performed. The literature search yielded 13 trials
concerning the use of statins in pediatric popula-
tions (Table 3), seven of which were randomized
clinical trials involving greater than 50 patients
and will be further detailed.””* During revision
of this manuscript, rosuvastatin was approved
for use in children and thus, the manufacturer
was contacted for data.

Lovastatin

The best designed trials currently available for
use of statins in the pediatric population involve
lovastatin, most likely due to the fact that lov-
astatin was the first statin to be marketed. The
most recent trial studying the efficacy and safety
of lovastatin in children focused on a female
population. This trial was multi-centered and
involved 54 postmenarchal girls between the
ages of 10 to 17 years with FH."” The trial dura-
tion was 6 months. After a 4-week diet/placebo
run-in period, patients were randomized to one
of two groups. Group 1 received lovastatin 20
mg/day for 4 weeks followed by lovastatin 40

mg/day for 20 weeks. Group 2 received placebo
for 24 weeks. Patients were told to follow an AHA
Step I or similar diet for the duration of the study.

The primary objective of this trial was to com-
pare the LDL cholesterol-lowering efficacy of
lovastatin versus placebo.”” Upon completion,
the lovastatin arm showed a reduction in LDL
(from baseline) of 27% versus a 5% increase in
the placebo arm (p<0.001). Secondary measures
included a 22% reduction of TC and 23% reduc-
tion of ApoB levels (p<0.001) with lovastatin. A
23% decrease in TG, 6.7% decrease in VLDL, and
2.5% increase in HDL levels were seen but were
not statistically significant.

Safety measures which the study evaluated
included vital signs, growth, hormonal assess-
ment, changes in serum chemistries, and general
adverse events (AEs). There were no clinically
significant changes in vital signs or growth be-
tween the two groups, except for a decrease in
systolic blood pressure in the placebo group: 110
mmHg at baseline vs. 104 mmHg at 24 weeks
(p<0.05). There were also no clinically significant
changes in plasma luteinizing hormone, follicle
stimulating hormone, estradiol, or menstrual
cycle length in the two groups. Critical eleva-
tions in liver and muscle enzymes (AST or ALT
>3 times upper limit of normal [ULN], CK 5-10
times ULN) were not observed during the study.
No patients developed hepatitis, myopathy, or
rhabdomyolysis. The types and incidence of AEs
reported were similar between the two groups.
AEs reported were considered by the study inves-
tigators to be ‘mild to moderate in intensity and
unlikely related to study medication.” The most
common AEs were upper respiratory tract infec-
tion, pharyngitis, and headache. Due to the small
study size, it was difficult to draw conclusions
regarding the AEs experienced between groups.

Another trial concerning lovastatin usage in
young patients focused on the male population.
This trial studied 132 patients between the ages
of 10 to 17 years with FH for 12 months."® It also
investigated safety measures such as growth and
sexual development. Patients received placebo
for 4 weeks prior to study initiation and were
then randomized to either active treatment or
placebo. In the active treatment arm, lovastatin
was started at a dosage of 10 mg/day for 8 weeks
and increased at 8-week intervals to 20 and 40
mg/day, respectively. During the next 24 weeks,
subjects in the active treatment arm received 40
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Table 3. Summary of pediatric studies involving the statins

Author Study Population Statin Comparator Treatment Outcome Results  p-value*
Design N, sex (age) (Daily Duration
Dose) (monthis])
Clauss' R, DB, 54 F Lovastatin Placebo 6 TC 1 22% <0.001
PG MC  (10-17yn (20 mg x LDL L27% <0.001
HeFH 4wk, then
40 mg) ApoB 123% <0.001
HDL T 2.5% NS
TG 1 23% NS
Stein'® R,DB,MC 132 M Lovastatin Placebo 12 TC 113%-21%  <0.001
(10-17yn) 10 mg x 8 LDL L17%27%  <0.001
HeFH wk, then 20
x 8wk, then HDL T 1%-4% NS
40 x 32 wk TG 1 4%-8% NS
Lambert'® R, DB, 69 M Lovastatin None 2 TC 1 17%-29%  <0.0001
PG, MC (£17yr) Four arms: LDL 121%36%  <0.0001
HeFH 10, 20, 30,
40 mg ApoB 1 19%-28%  <0.0001
HDL T 7% (mean) See text
ApoA1 T 4% (mean) See text
Hedman®  OL 30 M/F Pravastatin None 12-24  TC 119%-29% NR
(4-18yr) Initial: 10 LDL 1 25%-34%
HeFH mg; 60 mg
maximum HDL T2%-17%
TG 1 4%-46%
Wiegman?' R, DB 214 M/F Pravastatin ~ Placebo 24 A from -0.010 mm 0.02
(8-18yr) <14 yr: 20 baseline in
HeFH mg mean
>14 yr: 40 carotid IMT
mg
Knipscheer? R, DB 72 M/F Pravastatin ~ Placebo 3 TCt 118%-25%  <0.05
(8-16yr)  Fourarms: LDL 123%-33%  <0.05
HeFH 5,10,20mg,
or placebo HDL T4%-11% NS
TG T 2%-7% NS
VLDL 1 18%-25%  <0.05
ApoB 118%-27%  <0.05
Ferreira?® oL 36 M/F Simvastatin 18 healthy 1 FMD 1 7.66% 0.001
(6-18yr) 10 mg controls e 129% <0.001
HeFH
LDL 1 37% <0.001
HDL 1 8% 0.028
ApoB 1 36% <0.001
TG 1 6% NS
VLDL 17% NS
Dirisamer* OL 20 M/F Simvastatin None 12 LDL 1 25-36% <0.01
(10-17 yr) Initial: 5-10 TC 119-299% <0.001
HeFH mg
Max: 20 mg HDL L11-T3% NS
TG 113-21% NS
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JPPT

Table 3. Summary of pediatric studies involving the statins (cont.)

LS Eiland, et al

Author Study Population Statin Comparator Treatment Outcome Results p-value*
Design N, sex (age) (Daily Duration
Dose) (month[s])
de Jongh® R, DB, PG, 173 M/F Simvastatin ~ Placebo 12 TC 131% <0.001
e -7y 10 gy 2 @ LDL L41% <0.0071
HeFH wk,
then 20 mg VLDL 121% <0.001
x 8 Wk, HDL T3% NS
then 40 mg 3
" TG 1 9% <0.05
ApoB 4 34% <0.001
ApoA1 T10% NS
deJongh* R 50 M/F + Simvastatin ~ Placebo 7 FMD T3.9% 0.05
19 healthy Initial: 10 TC 130% <0.0001
controls mg
(9-18yr) Max: 40 mg LDL 1 40% <0.0001
HeFH HDL T5% NS
TG L17% <0.002
Stefanutti?Z C 16 M/F Simvastatin ~ AHA diet 12 TC 1 24% <0.01
(4-12yn  10mg (step 1D LDL 1 29% <0.01
HeFH
Van der OL, SA 84 M/F Fluvastatin None 24 LDL 1 34% NR
Graaf® (10-16 yr) 20 mg x 6 TC 127% NR
HeFH wk,
then 40 mg HDL T5% NR
x 6 wk, TG $13% NR
then could
Tto 80 mg ApoB 1 25% NR
McCrindle®* R, DB, MC, 187 M/F Atorvas- Placebo 6.5 LDL 1 40% <0.001
OL (10-17 yr) tatin TC 131% <0.001
HeFH Initial: 10
mg HDL T 3% 0.02
Max: 20 mg TG 4 12% 0.03
ApoB 1 34% <0.001
Avis3° R, DB, MC 176 M/F Rosuvas- Placebo 3 LDL 139%-50% <0.001
(10-17y)  tatin TC 130%-39%  <0.001
HeFH Four arms:
5,10,20 mg HDL T5%10% NS
or TG 113%-16% NS
placebo ApoB 132%41%  <0.001

ApoA1, apolipoprotein A1; ApoB, apolipoprotein B; CS, clinical study; DB, double-blind; F, female; FMD; flow-mediated dilatation; HDL,
high-density lipoprotein; HeFH, heterozygous familial hypercholesterolemia; IMT, intima-media thickness; LDL, low-density lipoprotein;
M, male; MC, multi-center; NR, not reported; NS, not significant; OL, open-label; PG, parallel group; R, randomized; SA, single-arm; TC, total
cholesterol; TG, triglyceride; VLDL, very low-density lipoprotein; Wk, weeks

* For comparisons of statin vs placebo or, if no comparator was used, for final results vs. baseline.

1 All results shown are for 20-mg group.

mg/day of lovastatin, while those in the placebo  significant reductions in LDL at all dosages com-
group continued to receive placebo. All patients  pared to placebo (-17%, -24%, -27% at dosages
were instructed to follow an AHA pediatric diet.  of 10, 20, and 40 mg/day respectively; p<0.001).

The primary efficacy outcome measure for this Continued therapy with the lovastatin 40 mg/
trial was LDL."® At 24 weeks, lovastatin produced ~ day dosage (from 24 to 48 weeks) reduced LDL
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25% versus placebo (p<0.001).

Growth and sexual maturation were assessed
by height, weight, Tanner staging and testicular
volume. No difference was found between lovas-
tatin and placebo (p=0.85 and p=0.33 for 24 and
48 weeks, respectively). As for other important
safety parameters, no patient experienced a clini-
cally significant increase in transaminases (>3
times ULN) or CK (>10 times ULN). Other AEs
were minor, and no significant difference existed
between the placebo and lovastatin groups. It is
important to note that this study was underpow-
ered to detect a significant difference in safety
parameters.

One of the first of studies to evaluate the ef-
ficacy and safety of lovastatin also focused on a
male population. This double-blind trial studied
69 male patients aged 17 years and younger with
FH." Participants received a placebo for 4 weeks
after which they were randomized to active treat-
ment with one of four doses of lovastatin (10, 20,
30, or 40 mg/ day) or placebo for 8 weeks. Patients
also followed a lipid-lowering diet throughout
the trial. Plasma lipid and apolipoprotein (Apo)
concentrations were evaluated every 2 weeks.

Compared to placebo, all lovastatin doses sig-
nificantly reduced TC (-17% to -29%), LDL (-21%
to-36%), and ApoB (-19% to -28%) concentrations
(p< 0.0001 for all).” A dose-dependent response
was identified for LDL and TC changes as the 40-
mg dose was superior to 10 mg and 20 mg; yet,
no difference was seen between the 40 mg and
30 mg regimens. The results also demonstrated
amean increase in HDL of 7% and a 4% increase
in apolipoprotein A1l (ApoAl) concentrations.
However, this tendency was not dose-related and
was statistically significant only for the 10 mg/
day (HDL and ApoAl) and the 30 mg/day group
(HDL). Improvements in levels were observed
at 2 weeks into the study, with maximum effects
seen at 4-6 weeks.

Safety was also assessed and, according to
the authors, lovastatin was well-tolerated by
patients. None of the patients dropped out or
prematurely withdrew from the study due to any
significant AEs. No serious clinical adverse ex-
periences were reported. Minor clinical adverse
reactions included fatigue, heartburn, jaundice,
muscle cramps, chest pain, headache, and flu-
like symptoms, none of which were proven to be
related to drug therapy. Three patients had major
(> 3 times ULN) increases in CK with no symp-

toms, and CK values spontaneously returned to
normal without altering drug therapy. No patient
had marked elevations (> 2 times ULN) in serum
transaminases.

Pravastatin

The next statin to be introduced to the market
after lovastatin was pravastatin. A more recent,
well-designed trial regarding pravastatin was
published in 2004.%! This is one of the trials with
the longest duration. Utilizing the largest study
population to date, 214 male and female children
between the ages of 8 to 18 years with FH were
included. Children were randomized to receive
either pravastatin or placebo; those < 14 years of
age received half a tablet (equal to 20 mg pravas-
tatin), and those > 14 years of age received one
tablet (40 mg pravastatin) daily in the evening.
Prior to study initiation, participants were re-
quired to follow three months of a fat-restricted
diet. The patients were then instructed to con-
tinue this diet and to maintain regular physical
activity during the trial.

Unlike the previous trials mentioned, the pri-
mary efficacy outcome of this trial was carotid
intima-media thickness (IMT).?! Carotid IMT,
a surrogate marker of atherosclerotic vessel
wall change, has been shown to be sensitive to
intervention. Strong evidence exists suggesting
that changes in arterial wall IMT are predictive
of cardiovascular outcome. Lipid levels were
also examined. At the end of the trial, the mean
carotid IMT was decreased by 0.010 mm in the
pravastatin-treated groups (p=0.04), whereas
there was a trend toward an increase of the mean
carotid IMT in the placebo group (+0.005 mm;
p=0.28). There was a significant difference in the
overall change in carotid IMT between the two
groups (p=0.02). There was also a significant
reduction in mean LDL levels with pravastatin
compared to placebo (-24.1% versus +0.3%;
p<0.001). It should be noted that the study was
powered only to detect significant differences in
mean carotid IMT levels.

For safety analysis, this study examined
growth, muscle and liver enzymes, endocrine
function parameters (including corticotropin,
cortisol, dehydroepiandrosterone sulfate(DHEA-
S), follicle stimulating hormone, luteinizing
hormone, testosterone, etc.), Tanner staging
systems, onset of menses, and testicular volume.
No differences between the two groups were
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observed, although the authors note concern
that some of the safety outcomes may have been
underpowered.

During the authors’ discussion of this trial, they
comment on the applicability of the trial’s results
to patients without FH. The authors state that
IMT is part of the pathophysiological pathway
to onset of premature cardiovascular disease in
patients with FH and is therefore likely a strong
marker of future risk in this specific patient
population. Based on this knowledge, the au-
thors suggest that the IMT findings and efficacy
of pravastatin treatment in this study should be
limited to children with FH.

The second largest double-blind, random-
ized, placebo-controlled trial involving the use
of pravastatin in pediatric patients took place
in 1995.2 This trial involved 72 male and female
children between the ages of 8 to 16 years with
FH. After an 8-week diet and placebo run-in
period, patients were randomized to one of four
treatment arms: daily pravastatin 5, 10, or 20
mg, or placebo. The study lasted for a period
of 12 weeks. Patients were required to follow a
low-fat, low-cholesterol diet as specified by the
study authors.

Efficacy parameters included plasma TC, LDL,
VLDL, HDL, ApoB and TG.? At the end of the
trial, plasma TC, LDL, VLDL, and ApoB levels
were significantly decreased in all pravastatin
groups (p<0.05). A dose-dependent response was
seen with pravastatin in regard to TC and LDL
reductions. Plasma HDL and TG levels did not
change significantly from baseline in any of the
treatment groups.

Safety measures included AEs and laboratory
safety measurements. AEs reported were all mild
innature and included headache, gastrointestinal
distress, and one report of myalgia. Headaches
resolved within 1-3 days without treatment.
These AEs were equally distributed among the
four treatment groups. There was no significant
change in laboratory safety measures (thyroid-
stimulating hormone, adrenocorticotropic hor-
mone, cortisol, CK, and liver enzymes) in any of
the groups from baseline.

Simvastatin

There are two additional well-designed trials to
date looking at the use of simvastatin in pediatric
patients. One of these trials is a multi-centered,
double-blind study evaluating the efficacy and

safety of simvastatin in 173 male and female
children between the ages of 10 to 17 years with
FH.» Patients underwent a 4-week diet/placebo
run-in period and were then randomized to
simvastatin or placebo at a ratio of 3:2. During
the first 24 weeks, simvastatin was initiated at
10 mg/day and titrated at 8-week intervals to
20 mg/day and then 40 mg/day. Following that
time period, patients continued to receive simv-
astatin (40 mg/day) or placebo, according to their
randomization, for another 24 weeks.

Similar to other trials, the efficacy outcomes
of this trial were changes in lipid levels from
baseline compared to placebo.” At the end of 48
weeks, the simvastatin-treated patients showed
statistically significant reductions in LDL, TC,
ApoB, VLDL, and TG levels. Increases in HDL
and ApoAl were not significant at 48 weeks.
High sensitivity C-reactive protein was also
monitored at weeks 24 and 48, with no differ-
ence found.

Safety analyses included drug-related clinical
AEs, drug-related laboratory AEs, and changes
from baseline values for parameters related to
growth and sexual maturation. There were no
statistically significant differences in the number
of drug-related clinical or laboratory AEs expe-
rienced by placebo versus simvastatin groups.
The most frequent clinical AEs reported in-
cluded abdominal pain, headache, and myalgia;
none of these were serious. One child receiving
simvastatin (10 mg) discontinued the drug, but
this was related to development of infectious
mononucleosis (not drug-related). Laboratory
AEs included increased AST/ALT and increased
CK. Two children experienced a one-time level >
3 times ULN of AST and/or ALT. One child had
a CK level > 10 times ULN due to concomitant
use with erythromycin, but was asymptomatic.
Levels returned to normal after the antibiotic
course. Two other children had asymptomatic CK
> 5 times ULN that resolved without a change
in therapy upon repeat testing. In addition, no
children withdrew from the study because of
laboratory AEs. No significant changes from
baseline were identified in growth, Tanner stages,
or adrenal, gonadal, or pituitary hormones. There
was a small yet significant decrease in DHEA-S
in the group treated with simvastatin compared
to placebo. However, the authors noted that the
absolute differences were probably too minute
to be of clinical relevance.
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Atorvastatin

One trial evaluated the use of atorvastatin in
children. This was a multi-centered, double-
blind, open-label extension study involving 187
male and female children, aged 10 to 17 years,
with FH or severe hypercholesterolemia.” Inclu-
sion criteria were LDL > 190mg/dl or > 160 mg/
dL with positive family history of FH or prema-
ture CVD; TG < 400mg/dL; and Tanner stage 1I
development. Subjects were randomly assigned
in a 3:1 ratio to receive 26 weeks of atorvastatin
(10 mg/day) or placebo. In patients who did not
achieve LDL levels of 130 mg/dL at week 4, the
dose of atorvastatin could be increased to 20 mg/
day. After 26 weeks, all subjects who completed
the double-blind phase were eligible to continue
treatment with open-label atorvastatin (10 mg/
day) for another 26 weeks.

The primary efficacy endpoint in this trial
was the percent change in LDL from baseline to
week 26.% The reduction of mean LDL (39.6%),
TC (31.4%), TG (12%) and ApoB (34%) in the
atorvastatin group was significantly greater than
the placebo group (p<0.001). The increase in HDL
(2.8%) was also statistically significant.

According to the authors, atorvastatin was
well-tolerated. There were no significant differ-
ences between groups in treatment-related AEs
in either the double-blind or open-label phase.
Also, no statistically significant differences in
laboratory parameters were found between
groups. A few patients treated with atorvastatin
had AST and ALT elevations (two patients had
AST elevation > 3 times ULN; one patient had
ALT elevation > 3 times ULN); however, none
of the patients dropped out of the study or had
a dose alteration due to these elevations. There
was no significant impact on sexual development
by atorvastatin as Tanner staging at week 26 was
similar between groups.

Rosuvastatin

Rosuvastatin was approved in 2009 based
upon the data from a 12-week, double-blind,
multi-center study in 176 children, ages 10-17
years.* Inclusion criteria were LDL > 190 mg/dL
for patients with no risk factors or > 160 mg/dL
with positive family history of premature CVD or
2 or more risk factors. Patients also had to have
secondary sexual developmental signs (Tanner
stage of a least I and females at least 1 year post
menarche). Patients were randomized to receive

rosuvastatin 5 mg, 10 mg, 20 mg or placebo daily.

Mean changes in the LDL, TC, and ApoB levels
were statistically significant versus placebo for
all three doses, (p<0.001).*° There was a dose-
dependent response seen with rosuvastatin in
this intention-to-treat analysis. There was no
significant change in HDL levels. At the end of
the 12 weeks, 12% of the 5-mg group and 41% of
the 10-mg and 20-mg groups reached LDL goals
of <110 mg/dL.

Safety was assessed and overall rosuvastatin
was well tolerated. The most common AEs in the
trial were headache, nasopharyngitis, influenza,
myalgia, and nausea. Two patients discontinued
the medication, one due to blurry vision and one
to menorrhagia. CK > 10 times ULN were seen
more commonly with rosuvastatin (n=4) than
placebo (n=0). Two patients each were in the 10-
mg and 20-mg group.

After the 12 week trial, a 40 week open-label
dose titration phase continued.® All 173 patients
received either 5 mg (n=26), 10 mg (n=25), or 20
mg (n=122) of rosuvastatin. Seventy-one per-
cent of the patients were titrated to 20 mg with
41% achieving an LDL goal of <110 mg/dl. An
LDL of <130 mg/dL was attained in 68% of all
patients. Four patients discontinued treatment
due to fatigue (n=1), vesicular rash progressing
to cellulitis (n=1), and nausea (n=2). During the
entire study, nine patients experienced myalgia
and two had myopathy due to weight lifting or
sports, but no patients stopped drug use due to
this effect. No AEs regarding hepatic, skeletal
muscle or renal function were noted. In addition,
no changes were identified in growth or sexual
development for the entire study. The data from
this study has only been provided in abstract
poster form; thus, further analysis of the study
is warranted when fully published.

DISCUSSION

Trials to date studying the use of statins in
the pediatric population have been limited to
patients with FH. However, children with this
disorder have lipid levels that mirror those seen
in children with other forms of dyslipidemia:
primarily elevated LDL and TC levels. Thus
the efficacy of statins in this specific population
may be reproducible in other pediatric patients;
however, clinical trials in non-FH patients are
warranted. According to the AAP clinical report,
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initiating pharmacologic therapy should occur
only in pediatric patients with a substantially
elevated LDL level. The majority of the trials
in this review focuses on the effect of statins on
LDL and thus may be useful in other pediatric
patients with elevated LDL cholesterol. As noted
from these trials in children with FH, statins are
efficacious at lowering LDL and TC levels. In
the more strongly designed studies, reduction in
LDL from baseline ranged from 17% to 50% and
reductions in TC ranged from 13% to 39%. The
efficacy of reducing LDL and TC levels with statin
therapy is consistent across all trials explored in
this review. Effects of statins on other lipid levels,
such as HDL and TG, are not as consistent, so re-
sults are not as easily extrapolated to all pediatric
populations. Patients without FH should focus
on lifestyle modifications first prior to relying on
a medication to improve their cholesterol levels.
Short-term safety results are encouraging,
although they are not as intensely analyzed.
Through all of the trials, the use of statins seemed
tobe well tolerated. AEs that did occur were mild
and included primarily headache, gastrointesti-
nal distress, and myalgia. Very few patients had
significant elevations in AST/ALT or CK. In pa-
tients that did experience these elevations, none
were symptomatic or caused patients to drop out
of their respective trials. The most symptomatic
patients with skeletal muscle concerns were seen
in the rosuvastatin study, but the discontinuation
of the drug was not required. Changes in vital
signs and growth were not assessed in all studies.
In trials which assessed these parameters, there
were no clinically significant changes seen.
Although the trials presented above are useful
in the determination of statin efficacy and safety
in children, limitations are present and deserve
to be mentioned. The greatest limitation of these
trials is that they are in children with FH and do
not include children with secondary dyslipid-
emias. They also do not include data on the use
of ‘high dose’ statins as commonly used in adults.
In addition, the FDA has only approved statin
use for children with HeFH. This is something
to be considered in the design of future trials;
however, as mentioned above, patients with FH
do have lipid levels that closely mirror those
of children with secondary dyslipidemias. The
AAP pharmacological recommendations are for
children with elevated LDL levels; AAP does not
specifically focus on or limit treatment to those

with FH. Another limitation of these trials relates
to the size of the populations studied. All of the
trials detailed were randomized clinical trials that
involved greater than 50 patients. However, the
largest number of patients in a single trial was
214.2' This number of patients, although large in
comparison to other trials, is unlikely to be large
enough to adequately generalize to all children
who present with some form of dyslipidemia.
Long term efficacy data is also not available, so
it can only be hypothesized that treating dys-
lipidemia in children will prevent or decrease
cardiovascular events at an older age.

Two other limitations of the trials relate to
the assessment of the safety of statins in pediatric
populations. Several of the trials were underpow-
ered to detect a significant difference in safety
parameters. Therefore, conclusions made about
the safety of statins may be limited and long-term
safety is unknown at this time. The longest dura-
tion of any single trial was 24 months. In order
to assess the long-term safety of statin use in the
pediatric population, especially on parameters
such as growth and development, the study du-
ration would need to be extended beyond two
years. In addition, growth and sexual develop-
ment outcomes when used in children younger
than 10 years of age need to be considered.

For further studies to be performed on this
topic, authors should aim to include pediatric
patients with secondary forms of dyslipidemia
and begin examining combination therapies in
children. Several of these types of trials are enroll-
ing patients and a few have been completed, but
results are not yet available.***! There should also
be a focus on obtaining larger patient popula-
tions substantially powered to assess safety and
trials should be of adequate duration in order to
document the long-term safety of statin therapy.
In addition, initiating statin therapy early versus
later in young adulthood should be compared to
examine clinical outcomes such as cardiovascular
events. Carotid IMT may also be considered in
clinical outcomes.

CONCLUSION

There is a growing body of evidence suggesting
that the process of atherosclerotic disease may
begin in childhood. Because the early asymp-
tomatic precursors of this disease may increase
risk of CVD in adulthood, it is becoming more
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imperative for clinicians to provide solutions to
childhood dyslipidemia. The AAP appropriately
acknowledged in its most recent clinical report
that treatment of dyslipidemia in children, as in
adults, should usually begin with lifestyle modi-
fications. However, some children may present
with substantially elevated LDL concentrations
that will not respond to lifestyle modifications
alone. In these children, as the report recom-
mends, drug therapy must be considered.

After analysis of the present body of literature
on statin use in pediatric patients, this drug class
has proven to be effective at lowering LDL and
TClevels and also appears to be fairly well toler-
ated for the short-term period. Statins are there-
fore currently an appropriate choice for use in FH
as outlined by the clinical report and possibly for
other childhood dyslipidemias with elevated TC
and LDL levels after lifestyle modifications have
been unsuccessful. However, appropriate moni-
toring of drug AEs and growth and development
should occur in all patients.
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