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Abstract t
Background d
Childrenn with familial hypercholesterolemia (FH) have endothelial dysfunction
andd increased carotid intima-media thickness (IMT) as heralds of the premature
atheroscleroticc disease they will suffer later in life. Although intervention in the
causall pathway of this disorder has been available for over a decade, the longtermm efficacy and safety of cholesterol-lowering medication has not been
evaluatedd in children.

Methods s
Wee performed a randomized, double-blind, placebo-controlled, two-year trial
off daily treatment with pravastatin 20 - 40 mg in 214 FH children, aged between
88 and 18 years. The primary efficacy outcome was defined as the change from
baselinee in mean carotid IMT over t w o years, whereas the principal safety
outcomee was measurement of growth, maturation and hormone levels over
t w oo years as well as changes of levels of muscle and liver enzymes.

Results s
Comparedd to baseline, carotid IMT showed regression on pravastatin (A IMT: 0.0100

0.048 mm), whereas progression was observed in the placebo group

(AA IMT: +0.005
(0.0144

0.044 mm). The change of IMT between the t w o groups

0.046 mm) differed significantly (p=0.019). No differences were

observedd for growth or endocrine function parameters, Tanner staging scores
(genitals/breastss and pubic hair), and onset of menses or in testicular volume
betweenn the t w o groups.

Conclusions s
Twoo years of pravastatin induced a significant regression of carotid atherosclerosis
inn FH children with no adverse effects on growth, sexual maturation, hormone
levels,, liver or muscle tissue.
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Introduction n
Familiall hypercholesterolemia (FH) is the paradigm of the established relationship
betweenn increased low-density lipoprotein cholesterol (LDL-C) and cardiovascular
disease.122 This monogenic disorder is characterized by exposure to severely elevated
LDL-CC levels from birth onwards.34 Endothelial function, measured as flow-mediated
dilatationn of the brachial artery, is already impaired in prepubertal children with FH.5
Inn addition to these early functional changes, accumulation of LDL-C in FH children
deterioratess the vascular morphology and gives rise to an increased intima-media
thicknesss (IMT) of the carotid arteries.6-8 As a sequel to these observations, myocardial
ischemiaa and coronary artery stenoses have been documented in young adults with
thiss disorder.910 The sequence of events in these untreated children is likely to proceed
fromm endothelial dysfunction to increased arterial wall thickness and finally to clinically
importantt coronary stenoses often in a time span of less than three decades.
Uponn diagnosis, adult FH patients are prescribed lifelong treatment with inhibitors
off hydroxymethylglutarylco-enzyme A-reductase (statins), but postponing statin
treatmentt until adulthood might allow the development of significant arterial lesions
inn young FH patients. Accordingly, early initiation of statin treatment in FH children
mightt be advantageous, but unfortunately, studies of such treatment have so far
onlyy addressed short-term tolerability and safety.1115
Carotidd IMT represents the combined intima and media thickness of the arterial
walll and numerous studies have shown that this surrogate marker of atherosclerotic
vessell wall change is sensitive to risk intervention and constitutes a reliable indicator
off clinical outcomes.1618
Givenn the effects of statins on endogenous cholesterol biosynthesis, the danger
mightt arise that growth and sexual development are negatively influenced by longtermm exposure to these drugs in children. We therefore performed a placebo controlled,
randomized,, clinical trial with pravastatin in 8 to 18 year old FH children and we used
carotidd IMT to measure efficacy outcome and growth and maturation to assess the
safetyy of long-term exposure to such medication.

Methods s
Patients s
Childrenn were eligible when they met the following criteria: one parent with a definite
clinicall or molecular diagnosis of FH, age between 8 and 18 years; two fasting samples
withh LDL-C levels above or equal to 4.0 mmol/l and triglyceride levels below 4.0 mmol/
I;; adequate contraception in sexually active girls and no drug treatment for their FH.
Reasonss for exclusion were homozygous FH, hypothyroidism and abnormal levels of
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musclee or liver enzymes. The study protocol was approved by the Institutional Review
Board.. Written informed consent was obtained from all children and their parents.

Studyy design
Thee study, a prospective, randomized, double-blind, placebo-controlled trial in children
withh heterozygous FH, recruited subjects between 1998 and 2000 at the Academic
Medicall Center, Amsterdam, The Netherlands. All children were instructed to continue
aa fat restricted diet and to maintain habitual physical activity during the trial. Consenting
FHH children were randomly assigned to receive either pravastatin or placebo. In the
activee treatment group, children younger than 14 years of age received 20 mg
pravastatin,, whereas those 14 years and older received 40 mg pravastatin daily. Study
drugg compliance was monitored by tablet counting.

Primaryy Efficacy Outcome: Intima-Media Thickness
Thee primary efficacy outcome of this study was defined as the change from baseline
inn mean carotid IMT between the pravastatin and placebo groups at two years of
follow-up.. Mean carotid IMT was defined as the mean IMT of the right and left
commonn carotid (CCA), the carotid bulb (BULB) and the internal carotid (ICA) far wall
segments.. All B-mode ultrasound examinations were performed by a single experienced
sonographer.. IMT measurements were performed at entry and after one and two
yearss of follow-up.
Ann Acuson 128XP/10v (Acuson Corporation, Mountain View, CA) ultrasound
instrumentt equipped with a 5-10 MHz L7 (Acuson L7) and Extended Frequency
softwaree was used. The left and right far walls of the carotid artery segments were
imagedd in a standardized magnification ( 2 x 2 cm). The sonographer saved a video
stilll image of each segment as a 4:1 compressed JPEG file (SONY DKR-700P video still
imagee recorder). The digital images were analyzed off-line by one image analyst. For
imagee analysis, e-track software was used, as previously published.19 For a given
segment,, IMT was defined as the average of the right and left IMT measurements. If
onn either side a segment was missing, IMT was defined as the value of the remaining
segment:: if both left and right side values were unavailable, the IMT value was
consideredd missing for that segment and in that situation also the mean carotid IMT
wass considered missing.

Lipidss and Lipoproteins
Bloodd samples for measurement of lipids and lipoproteins were collected after at
leastt a 12 hour overnight at the same timepoints as for liver and muscle enzymes.
Lipids,, lipoproteins, apolipoprotein A1 and B, and lipopotein(a) levels were measured
withh standard (automated) methods. LDL-C levels were calculated using the Friedewald
equation.200 Mutations in the LDL-receptor gene were detected as previously described.21
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Principall Safety Outcome
Too measure deleterious effects on maturation and/or growth, we measured the levels
off sex steroids, gonadotropins and parameters of the pituitary-adrenal axis at baseline
andd at one and two years. Secondly, measurements of the children's height, weight,
bodyy surface area,22 Tanner staging (genitals/breasts and pubic hair), menarche and
testicularr volume were obtained at the same time points to assess adverse effects of
pravastatinn on growth and development. To detect potential side effects on muscle
andd liver, hepatic enzymes; alanine aminotransferase (ALAT) and aspartate
aminotransferasee (ASAT), and creatine phosphokinase (CPK) as well as muscle
complaintss were assessed at baseline, at three month intervals the first year and at 6
monthh intervals the second year.

Samplee size calculation
Priorr to the trial, replicate ultrasound measurements were performed in 20 FH children
andd 20 unaffected siblings. The standard deviation (or) of the means of the differences
off the paired repeated combined carotid IMT measurements was 0.045 mm (oFH and
oSIBB were similar). A sample size N for an effect size A and the o- was calculated
accordingg to N=2[(Za+Z(3)o-/A]2. We set the two-sided a (type 1 error) at 0.05 and
thee p (type II error) at 0.1 (power 90%). Based on these assumptions the sample for
ann effect size of 0.02 mm IMT was two groups of approx. 100 children.

Statisticall Analyses
Differencess in IMT between the treatment groups in terms of change from baseline
afterr 24 months were analyzed with analysis of covariance (ANCOVA), in which the
independentt variables were treatment group and baseline IMT. In addition, several
multivariatee models were built to explore the effect of age, gender and interaction
terms.. Treatment differences in change from baseline after 24 months in terms of
lipids,, lipoproteins, apolipoproteins and safety measurements (hormones, liver and
musclee enzymes, height, weight and testicular volume) were analyzed with ANCOVA,
adjustmentss were made for baseline values. Data with a skewed distribution were
firstt log-transformed. Occurrences of moderate elevations of ASAT, ALAT and CPK
duringg two years of treatment were compared with Fisher's exact test. Furthermore,
mixedd model ANOVA with (linear) time and treatment effects and their interaction
weree used to assess the rate of changes in ASAT, ALAT and CPK during follow-up.
Att baseline, mean values between the treatment groups were compared using a
t-test;; data with a skewed distribution were first log-transformed. Chi square tests
weree applied for comparing distributions of dichotomous data between the groups.
Analysess were interpreted at the two-sided significance level of 0.05. Statistical
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analysess were done with SAS (release 8.02, SAS Institute Ine, Cary, NC, USA).

Results s
Characteristicss of the FH Children
Betweenn 1998 and 2000, 274 consecutive and untreated children, whose initial LDLCC levels were above or equal to 4.0 mmol/l, were referred in case his/her parent was
diagnosedd with definite FH. Of these, 265 children were eligible according to the
inclusionn criteria, while in 9 children the second LDL-C level was below 4.0 mmol/l. In
444 cases parent, child or both declined participation, which left 221 potential study
participants.. Seven of these children had to be excluded for different reasons:
homozygouss FH (n=3), hypothyroidism (n=1), hypertriglyceridemia (n=1) and
persistentlyy elevated levels of muscle or liver enzymes (n=2).
Thus,, 214 children (100 boys and 114 girls) were randomized: 106 to pravastatin
andd 108 to placebo. The mean age was 13.0 years (range 8.0-18.5 years). In 201
childrenn (94%), the diagnosis of FH was confirmed by characterization of the mutation
inn the LDL receptor gene. Baseline characteristics were similar in the two study groups
withh respect to age, smoking frequency, systolic and diastolic blood pressure, gender
distribution,, and in girls, menarche (data not shown).
Tenn children (all girls: 5 on pravastatin and 5 on placebo) discontinued the study
prematurely,, because they withdrew consent. However, only three of them were lost

Figuree 1. Mean changes of intima-media thickness of carotid arterial wall segments after two years
inn the pravastatin and placebo treated children.
Pravastatinn (n= 104) G Placebo (n= 107)

Barss represent mean standard error; p-values were calculated with analysis of covariance (adjusted
forr baseline values); CCA=common carotid artery, BULB=carotid bulb, ICAHntemal carotid artery
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too follow-up ( t w o children in the treatment and one in the placebo group). Their
lipids,, IMT, and safety parameters were included in the primary efficacy outcome and
principall safety outcome as collected until discontinuation.

Primaryy Efficacy Outcome: Intima-Media Thickness
A tt baseline, the means of the separate carotid IMT segments (data not shown) as
welll as the combined IMT were similar in the pravastatin and placebo group (Table
1).. The IMT changes of the separate segments are summarized in figure 1. All three
segmentss of the carotid arterial wall showed a trend towards regression of IMT after
t w oo years of pravastatin, while these segments exhibited a trend towards progression
inn the placebo treated patients. The mean combined carotid IMT exhibited significant
regressionn after t w o years treatment w i t h pravastatin (A IMT: -0.010

0.048 mm)

comparedd to progression of the mean carotid IMT in the placebo group (A IMT:
+0.0055

0.044 mm). The change in carotid IMT (0.014

0.046 mm) differed

significantlyy between the t w o groups (p=0.019). Multivariate analyses showed that
neitherr gender nor age significantly influenced these results.
Changess in mean carotid IMT f r o m baseline between the t w o treatment groups
weree compared under the assumption that the children were independent. However,
inn some cases more than one child per family was included, and consequently, data

Tablee 1. Mean Changes from Baseline for Intima Media Thickness of Carotid Artery Segments and
Lipidss and Lipoproteins in the Two Study Groups after Two Years
Baseline e
Pravastatin n
n=106 6
MeanMean Carotid IMT (mm)
CCAA + BULB+ ICA
0.4977

0.055

Placebo o
n=108 8

0.4922

Changee from baseline
Pravastatin n
Placebo o
n=104 4
n=1077

0.045 -0.0100

8 0.0055

0.044

p-value

0.02

LipidsLipids (mmol/L)
Totall cholesterol
7.822
5
7.755
1
00
0.044
1 <0.0001
LDL-cholesterol l
6.17+1.38 8
6.133
0
-1.477
4
0.011 0.92 O.0001
HDL-cholesterol l
1.222 + 0.26
1.255
9
0.088 0.26
0.022 0.23
0.09
Triglycerides* *
0.799 [0.56,1.26] 0.72(0.52,1.02] ] -0.144 [-0.39,0.18] 0.01 [-0.23,0.25] 0.21
(Apo)Lipoproteins(Apo)Lipoproteins (g/L)
Lipoprotein(a)* *
0.133 [0.06,0.32] 0.122 [0.04,0.24] 0.011 [-0.00,0.05] 0.000 [-0.01,0.03] 0.09
Apolipoproteinn A1
1.044
4
55
0.055
4
0.011
2
0.03
Apolipoproteinn B100
1.422
5
1.400
6
-0.277 0.27
-0.000 0.22 O.0001
Valuess are given as means standard deviation, triglycerides and lipoprotein(a) are given as medians
andd interquartile range; CCA=common carotid artery; BULB=carotid bulb; ICA=internal carotid artery;
LDLHow-densityy lipoprotein; HDL=high-density lipoprotein
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Tablee 2. Safety Measurements in the Two Study Groupsatt Baseline and afterr Two Years
Baseline e
Pravastatin n
n=106 6

Placebo o
n=108 8

Changee from baseline
Placebo o
Pravastatin n
n=107 7
n=104 4

p-value e

PhysicalPhysical characteristics
Heightt (cm)
66
Weightt (kg)
49.11 15.5
BMII (kg/m2)
19.55
4
BSA(m2) )
1.444
1
Testicularr volume
4.0(2.0,13.8] ]

33
49.77
7
19.77
8
1.466 + 0.28
4.0(3.0,15.5] ]

66
8.00 5.8
1.33
6
0.166
0
2.3(1.0,13.8] ]

66
7.88
5
13*1.3 3
0.155 + 0.11
3.0(1.5,6.5] ]

0.94 4
0.83 3
0.58 8
0.87 7
0.95 5

LiverLiver and muscle enzymes
ASAT T
211 [16,27]
ALAT T
133 [12,18]
1000 [77,144]
CPK K

222 [17,26]
14(11,18] ]
1022 [75,145]

22 R,5]
00 [-4,4]
44 [-20,11]

22 [-2,5]
OJ-5,4] ]
-33 [-22,20]

0.24 4
0.18 8
0.68 8

0[-7,6] ]
10[-60,110] ]
0.77 [-0.1,1.5]
0.44 [-0.8,1.8]
0.11 [0.0,1.3]
-0.11 [-0.7,0.4]
01-0.07,0.09] ]
2.44 [0.0,8.9]

0.42 2
0.13 3
0.46 6
0.74 4
0.34 4
0.86 6
1.00 0
0.68 8

Hormones Hormones
277 [20,40]
ACTH H
288 [18,39]
11 [-9,11]
Cortisol l
240240 [180,340]2400 [190,310]
-100 [-70,60]
2.44 [1.5,3.7]
2.9(1.8,4.8] ]
0.6(0.0,1.4] ]
DHEAs s
0.22 [-0.5,1.4]
FSH H
1.8(1.0,3.6] ]
1.77 [0.6,3.8]
LH H
0.2(0.0,1.7] ]
0.55 [0.5,3.5]
1.11 [0.5,3.3]
2.00 [1.5,2.8]
2.11 [1.3,2.7]
TSH H
-0.33 [-0.7,0.4]
0.055 [0.05,0.14] 0.055 [0.05,0.16] 00 [-0.01,0.09]
17bestradioll (girls)
Testosteronn (boys)
1.4(0.4,16.0] ] 2.33 [0.4,17.5] 4.11 [0.0,11.3]

Valuess are given as means standard deviation or, in case of a skewed distribution as medians
andd interquartile ranges; BMI=body mass index; BSA=body surface area; ASAT=aspartate
aminotransferase;; ALAT=alanine aminotransferase; CPK=creatine phosphokinase; ACTH=
adrenocorticotroop-hormone;; DHEAs=dehydroepiandrosteron sulfate; FSH=follicle-stimulating
hormone;; LhHuteinizing hormone; TSH= thyroid-stimulating hormone

weree related t o a small extent. This could have resulted in a bias of the standard
errorss and p-values. Therefore, t h e data were also analyzed w i t h linear regression
analysiss adjusted for family number using generalized estimating equations (GEE) in
thee GENMOD procedure of SAS. Although the overall results differed marginally from
thee ANCOVA analysis, the difference in changes for the CCA segment between the
t w oo groups n o w became statistically significant (p-value changed from 0.061 into
0.038),, and the difference of the changes in the mean combined carotid IMT became
statisticallyy slightly more pronounced (p-value from 0.019 into 0.012).

Lipidd and Lipoprotein Levels
Ass expected, pravastatin significantly reduced mean LDL-C levels compared t o placebo
( - 2 4 . 1 %% versus + 0 . 3 % , respectively: p<0.0001; absolute differences are shown in
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Tablee 3. Tanner Stage Changes from Baseline to Two Years
Noo change in
classificationn level

Changedd >1
classificationn level

Between n
treatment t

nn

nn (%)

nn (%)

p-value e

Girls Girls
Pravastatin n
Placebo o

55 5
56 6

199 (35%)
222 (39%)

366 (65%)
34(61%) )

0.60 0

Boys Boys
Pravastatin n
Placebo o

49 9
50 0

222 (45%)
166 (32%)

277 (55%)
344 (68%)

AH AH
Pravastatin n
Placebo o

104 4
106 6

411 (35%)
388 (36%)

633 (61%)
688 (64%)

Treatmentt Group

-0.19 9

':: 0.59 9

--

Tablee 1), which was maintained over the two year study period (Table 1). In line with
this,, apolipoprotein B was also significantly decreased by pravastatin. HDL-C and
triglyceridee levels did not change significantly in the pravastatin treated children.
However,, a small but significant increase in apolipoprotein A1 was observed in the
pravastatinn treated children.

Safetyy and Tolerability
Thee height of the children increased similarly in the pravastatin and the placebo group
(7.99
5.7 and 7.8 + 6.1 cm, respectively). Weight increased 8.0
5.8 kg in the
pravastatinn group and 7.8 5.5 kg in the placebo group (Table 2). During the two
yearss of follow-up changes in testicular volume, change in Tanner staging scores and
menarchee were not different between the groups (Tables 2 and 3).
Alll endocrine function parameters at entry and after two years were similar
betweenn pravastatin and placebo groups (Table 2). At the end of the trial, no relevant
differencess with respect to changes from baseline were observed for either ASAT,
ALATT or CPK (Table 2). A more than three times elevation in levels of ASAT or ALAT,
andd a more than four times elevation in CPK occurred seldom and was equally
distributedd between the pravastatin and placebo groups. There was also no difference
betweenn the two groups with respect to the rate of changes of ASAT, ALAT or CPK
duringg follow-up. One child had an asymptomatic but extreme CPK elevation (16.400
U/L)) after 168 days of study therapy. Within one week after stopping the study drug,
CPKK fell to normal values and, thereafter, the study drug was reintroduced, and at
endd of trial, turned out to be placebo.
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Althoughh the sample size for this trial was based on the primary outcome (change
fromm baseline in mean carotid IMT after two years follow-up), the study was of sufficient
sizee to detect clinically relevant differences in a number of safety parameters between
thee two study groups.

Discussion n
Inn this randomized, double-blind, placebo-controlled study, we assessed the two-year
efficacyy and safety of pravastatin therapy in children with FH. In these children, the
severee hypercholesterolemia that results from this monogenic disorder constitutes
thee major determinant of atherosclerotic risk. We were able to show that statin
treatmentt in this pediatric FH population indeed improved the lipoprotein profile
towardss a more physiological situation and, consequently, we observed regression of
carotidd IMT. This shows that the increased arterial wall thickness progression found
inn FH children is reversible. Moreover, we extensively analyzed possible adverse events
andd untoward influences on growth and maturation of the children and none were
observedd with pravastatin.
Thee long-term tolerability of this drug in these children was excellent.
Discontinuationn of the study protocol was a rare event and equally distributed between
thee active medication and placebo groups. Severe adverse effects on liver and muscle
weree not observed and after two years the levels of the hepatic and muscle enzymes
didd not differ between the two groups. So far, only a few studies have evaluated
statinn treatment in FH children.1115 These studies showed promising short-term efficacy
andd reassuring safety in terms of changes of hepatic and muscle enzymes. In contrast,
ourr results are based on long-term follow-up and on safety measurement with a
muchh broader perspective. In particular, levels of DHEAS and Cortisol were unchanged
afterr two years of pravastatin, while a previous study using simvastatin did show mild
changess with HMG-CoA reductase inhibition.14
Severall methodological aspects of our study require comment. Since carotid IMT
progressionn in placebo treated children was less than expected, our study might have
actuallyy underestimated the efficacy of pravastatin in FH children. This attenuated
progressionn in the placebo group is likely the consequence of strict adherence to a
healthyy lifestyle including diet, sports and a very low frequency of cigarette smoking.
Furthermore,, we used carotid IMT as a surrogate marker of future vascular disease,
butt there is solid evidence that changes in arterial wall IMT are predictive for
cardiovascularr outcome. 1618
Too limit IMT measurement variability we have used a single ultrasound machine,
onee sonographer and a single reader. To reduce variability even further, image analysis
softwaree automatically investigated each IMT measurement and accounted for the
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videolinee interpolation of the ultrasound equipment. In addition, the double-blind
designn ensured that all study personnel was unaware of treatment allocation.
Nevertheless,, our findings cannot be extrapolated to children with an increased
atheroscleroticc risk as a result of disorders other than FH. In FH children, IMT likely
constitutess a strong marker of (future) risk because it is part of the pathophysiological
pathwayy from severe hypercholesterolemia to endothelial dysfunction, early
atherosclerosiss and premature onset of CVD. Our IMT findings and the observed
efficacyy of pravastatin treatment should therefore be restricted to children with FH.
Wee have devoted major efforts to include a representative FH population: consecutively
referredd patients; a molecularly heterogeneous group; a wide age range stretching
fromm prepuberty into adolescence and very limited exclusion criteria which resulted in
thee exclusion of only a small number from the eligible children. We feel, accordingly,
thatt our study results are valid for FH children in general.
Inn conclusion, two years of pravastatin induced regression of carotid atherosclerosis
inn FH children with no adverse effects on liver, muscle, growth or sexual maturation.
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