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Abstract t 

Background:: A multicenter, randomized, double blind, placebo controlled study 

wass conducted to evaluate die low-density lipoprotein cholesterol (LDL-C)-

loweringg efficacy, overall safety and tolerability and the influence on growth and 

pubertall  development of simvastatin in a large cohort of boys and girls with 

heterozygouss familial hypercholesterolemia (FH). 

Methodss and results: A total of 173 FH children (98 boys and 75 girls) were 

includedd in this study. After a 4-week diet/placebo run in, children with FH were 

randomizedd to either simvastatin or placebo in a ratio of 3:2. Simvastatin was 

startedd at 10mg/day and titrated at 8-week intervals to 20 and then 40mg/day. 

Duringg a 24-week extension period, patients continued to receive simvastatin 40 

mgg or placebo according to their assignment. After 48 weeks of simvastatin 

therapyy there were significant reductions of LDL-C (-41%), total cholesterol 

(TC;; -31%), Apolipoprotein (Apo) B (-34%), very low-density lipoprotein 

cholesteroll  (VLDL-C; -21%) and triglyceride (TG; -9%) levels. High-density 

lipoproteinn cholesterol (HDL-C) and Apo A-I levels were increased by 3.3% and 

10.4%,, respectively (not significant). No safety issues became evident. Except 

forr small decreases in dehydroepiandosterone sulfate (DHEAS) compared with 

placebo,, there were no significant changes from baseline in adrenal, gonadal and 

pituitaryy hormones in either treatment group. 

Conclusions:: Simvastatin significandy reduced LDL-C, TC, TG, VLDL- C and 

Apoo B levels and was well tolerated in children with FH. There was no evidence 

off  any adverse effect of simvastatin on growth and pubertal development. 

Therefore,, simvastatin at doses up to 40mg is a well tolerated and effective therapy 

forr FH children. 
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Introduction n 

Heterozygouss familial hypercholesterolemia (FH) is a frequent, inherited disorder 

off  lipoprotein metabolism caused by mutations in the low-density lipoprotein 

(LDL)) receptor gene *. Consequently, patients show symptoms of coronary heart 

diseasee (CHD) at a young age. In men with untreated FH, this risk CHD is 

approximatelyy 50% by the age of 50 years 2. 

Inn FH children, the disease is mostly asymptomatic \ However, even in the 

generall  population, autopsy reports of healthy children show atherosclerotic 

lesionss at young age 4; 5. In view of the aggressive nature of vascular disease in 

youngg adult FH patients, we can assume that these atherosclerotic changes begin 

inn early childhood6. Morphological7 and functional8 changes of the arteries can 

predictt future CHD and are present in hypercholesterolemic children, which 

underscoress the importance of aggressive and early treatment of dyslipidemia to 

preventt premature events in FH 9; ll} . 

Thee recommended therapy for FH children consists of dietary intervention, 

butt the long-term efficacy of such therapy in children is very poor n. The US 

Nationall  Cholesterol Education Program (NCEP) recommends drug therapy 

forr children above 10 years whose LDL-C remains elevated after diet therapy 12. 

Bilee acid sequestrants are considered the drugs of choice but the lipid-lowering 

efficacyy is modest and long-term compliance remains poor 13; ,4. 

Thee 3-hydroxy-3-methylglutaryl coenzyme A reductase inhibitors (statins) are 

effective,, safe, and well tolerated lipid-altering agents that have been proven to 

significantlyy reduce the incidence of CHD, stroke, and peripheral vascular disease 

inn adults 15; 16. Thus far, there have only been a few studies evaluating statins in 

childrenn 17~23, but these studies either were not randomized or controlled, included 

onlyy boys, had a modest sample size or were of short duration. The present 

studyy was designed to evaluate the LDL-C lowering efficacy of simvastatin in a 

largee cohort of both boys and girls with FH, to determine the overall safety and 

tolerabilityy of simvastatin and to assess the influence of simvastatin on growth 

andd pubertal development. 
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Methods s 

Studyy design 

Thiss was an international multi-center (n=9), double-blind, randomized, parallel 

studyy of 173 pediatric FH patients, (de Jongh, Clin Drug Invest, 2002). Entry 

criteriaa included children, 10-17 years of age, with LDL-C levels between 

4.1mmol/LL and 10.3mmol/L, and one parent with a confirmed diagnosis of 

heFH.. Children with homozygous FH, secondary hyperlipidemia were excluded. 

Boyss were in Tanner stage II or above and girls were post-menarchal for at least 

onee year prior to study start. The Institutional Review Boards of the participating 

centerss approved the protocol and written informed consent was obtained from 

alll  children and parents. 

Afterr a 4-week diet/placebo run-in period, children were randomized to active 

treatmentt or matching placebo in a ratio of 3:2 and stratified by gender. Simvastatin 

wass started at 10 mg/day and was increased at 8-week intervals to 20mg and then 

40mg/dayy for the remainder of the study (period 1) and for the 24 week extension 

(periodd 2). Visit were every 4 weeks. Menstrual cycle was monitored throughout the 

studyy period by recording the first day of the menstrual flow. Tanner staging based 

onn testicle size (boys) and breast size (girls) was used for pubertal development24;25. 

Laboratoryy methods 

Efficacyy measurements (total-cholesterol [TC], triglycerides [TG], LDL-C and high-

densityy lipoprotein cholesterol [HDL-C] ) and safety measurements (alanine 

aminotransferasee [ALT] and aspartate aminotransferase [AST]), and creatine kinase 

[CK])) were performed at every visit or every other visit (apolipoprotein [Apo] B 

andd A-l) . Discontinuation criteria included persistent >3-fold the upper limit of 

normall  (ULN) increases in ALT or AST, and > 10-fold the ULN for CK with or 

withoutt muscle symptoms or 5 to 10-fold increases in CK with symptoms. Adrenal 

hormoness (Cortisol and dehydroepiandosterone sulfate [DHEAS]), gonadal 

hormoness (estradiol for girls and testosterone for boys) and pituitary hormones 

(lutropinn [LH] and follicle-stimulating hormone [FSH] were also at regular intervals. 

Inn girls, beta human chorionic gonadotropin (P-hCG) was measured at every visit. 

Sampless for serum chemistry, hematology, urinalysis and hormones were 

analyzedd by Medical Research Laboratories (Highland Heights, Kentucky, USA) 

orr Clinical Research Laboratories (Zaventem, Belgium). Throughout the study, 

thee laboratories participated in, and remained certified by the National Heart 
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Lungg and Blood Institute, Centers for Disease Control Part II I program26. TC, 

TGG and HDL were analyzed as previously described 27,28. FSH, LH, estradiol, 

DHEASS and testosterone were measured by competitive radioimmunoassay using 

reagentt kits from Diagnostic Products Corporation, and Cortisol was measured 

byy a fluorescence polarization immunoassay on an Abbot TDX analyzer. 

Statisticall analysis 

Dataa were analyzed by an intention-to-treat approach, i.e., all patients who had a 

baselinee measurement and at least one post-drug measurement were included in 

thee analysis. Parametric (or appropriate nonparametric) analyses of variance 

(ANOVA)) were used to compare the treatment groups for efficacy and safety 

parameters.. The ANOVA model contained factors for treatment, center and gender. 

AA paired t-test or, if appropriate, Wilcoxon signed-rank test was used to test for 

percentt change (or absolute change where appropriate) from baseline within each 

treatmentt group. Prespecified adverse experiences were compared with respect to 

frequencyy of events between treatments using Fisher's Exact test. A p-value of less 

thann 0.05 was considered significant. 

Results s 

Patientss and baseline characteristics 

Off  223 children screened for eligibility, a total of 175 children were included in the 

study;; 69 were randomized to placebo and 106 to simvastatin (figure 1). Two children 

inn the placebo group were excluded from the intention to treat analysis due to loss 

off  follow-up and withdrawal of consent. The majority of randomized children 

weree boys (52%; placebo, 59%; simvastatin; table 1). At baseline the two treatment 

groupss were similar with regard to demographic characteristics, lipids and 

lipoproteins.. Mean TC and LDL-C were severely elevated in both groups, as can 

bee expected in FH. 
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Figuree 1. Study design and patient accounting 
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Tablee 1. Demographic and baseline characteristics 

Parameter r 

Male/female e 
Agee (years) 
BMII  (kg/m2) 

male e 
female e 

Systolicc blood pressure (mmHg) 

Diastolicc blood pressure 
TCC (mmol/L) 
LDL-CC (mmol/L) 

VLDL-CC (mmol/L) 
HDL-CC (mmol/L) 
TGG (mmol/L) 

Apoo A-I (mg/dl) 
Apoo B (mg/dl) 
hsCRPP (mg/L) 

(mmHg) ) 

Simvastatin n 
n=106 6 

63/43 3 
14.44 (2.1) 

20.88 (3.5) 
22.00 (3.8) 
118(14) ) 

65(9) ) 
7.000 (1.14) 
5.288 (1.08) 
0.477 [0.13-1.99] 

1.244 (0.23) 
0.888 [0.47-3.15] 
126.99 (18.9) 

179.99 (33.8) 
0.33 [0.02-25.5] 

Placebo o 
n=69 9 

36/33 3 
14.00 (2.1) 

21.99 (4.9) 

22.11 (3.8) 
119(16) ) 

66(9) ) 
7.222 (1.34) 
5.499 (1.27) 

0.500 [0.134.4 
1.222 (0.31) 
1.022 [0.44-3.6 

127.66 (26.5) 
186.33 (38.1) 
0.33 [-0.2-14.3] 

Al ll  values are means (SD) except for VLDL-C , TG and hsCRP which is given as medians [range]. 
BMI ;; body mass index, TC; total cholesterol, LDL-C; low-density lipoprotein cholesterol, HDL-C; 
high-densityy lipoprotein cholesterol, VLDL-C ; very low-density lipoprotein cholesterol.TG; 
triglycerides,, Apo A-I ; apolipoprotein A-I , Apo B; apolipoprotein B, hsCRP; high-sensitivity C-
reactivee protein 

Efficacyy of simvastatin 

Meann percent change from baseline for lipids, lipoproteins and high-sensitivity 

C-reactivee protein (hs-CRP) are shown in table 2 (all time points) and figure 2 

(weekk 48). Compared to placebo, simvastatin produced significant (p<0.001) 

reductionss in LDL-C at all time points. At 24 weeks, LDL-C levels were reduced 

38.4%% from 5.28 mmol/L at baseline to 3.24 mmol/L in the simvastatin group, 

comparedd to a 1.2% reduction in the placebo group (p<0.001, between groups). 

Similarly,, simvastatin reduced LDL-C by 40.7% from 5.28 mmol/L at baseline 

too 3.11 mmol/L at week 48 compared to a 0.3% increase in the placebo group 

(p<0.001).. TC, VLDL- C and ApoB were also significantly (p<0.001) reduced 

relativerelative to placebo at all time points. Significant reductions in TG were seen at 

weekk 8,16 and 48. HDL-C and Apo A-I were increased during all weeks; however, 

thesee increases were only significant relative to placebo at week 24 (p<0.05). No 

changess from baseline in hs-CRP were observed in either treatment group at 

weekk 24 or 48. 
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Tablee 2. Mean percent change from baseline for lipids and lipoproteins during 48 Weeks of 
simvastatinn therapy 

Simvastatin n 

Parameter r 

100 mg 

88 weeks 

Periodd 1. 

200 mg 

166 weeks 

400 mg 

244 weeks 

Periodd 2. 

400 mg 

488 weeks 

TCC (%) 

LDL- CC (%) 

VLDL- CC (%) 

HDL-CC (%) 

TGG (%) 

-23.99 (8.5)+ 

-31.4(10.5)+ + 

-11.8 8 

[-86.5-185.7]* * 

4.77 (12.6) 

-8.9 9 

[-56.3-77.0]* * 

ApoA-I(%)) 5.4(12.4) 

ApoBB (%) -28.8 (8.8)+ 

hs-CRPP (%) n.a 

-26.33 (10.3)+ 

-34.77 (12.3)+ 

-12.0 0 

[-74.2-221.4]+ + 

2.33 (14.0) 

-12.5 5 

[-56.9-149.7]* * 

3.44 (13.9) 

-31.2(11.3)+ + 

-28.33 (13.4)+ 

-38.44 (16.0) + 

-12.5 5 

[-88.7-228.6]* * 

4.99 (13.5)* 

-7.9 9 

[-74.1-92.5] ] 

7.22 (14.2)* 

-34.11 (13.5)+ 

-30.9(11.5)+ + 

-40.77 (39.2)+ 

-20.7 7 

[-91.9-335]+ + 

3.3(14.9) ) 

-8.7 7 

[-73.1-204.1]* * 

10.4(13.9) ) 

-34.2(14.0)+ + 

0.00 [-25.3-16.6] 0.0 [-25.4-53.6] 

Al ll  values are given as mean (SD) percent change from baseline, except for VLDL-C , TG and hs-
CRPP given as median [range] percent change from baseline. See table 1 for abbreviations, n.a; not 
available.. * p< 0.05 versus placebo, fp< 0.001 versus placebo 

Figuree 2. Effect of 48 weeks of Simvastatin (40mg) or placebo therapy on lipids and lipoproteins 
off  the FH children 

4-55 3.3 4.3f f 

-0.44 l ^ | 

-8.7 7 

10.4 4 

 simvastatin 
GG placebo 

-34.2* * 

TCC LDL-C VLDL-C HDL-C TG ApoA-I ApoB 

**  p < 0.001, j - p <0.05 versus placebo; bars represent mean and median (TG and VLDL-C) % 
changee from baseline 
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Placebo o 

100 mg 
88 weeks 

2.33 (9.4) 
1.88 (10.7) 
2.5 5 

[-66.7-280.0] ] 
2.22 (13.2) 
1.5 5 
[-54.2-77.8] ] 

3.55 (14.2) 
0.77 (12.1) 

n.a a 

Periodd 1. 

200 mg 
166 weeks 

0.22 (10.2) 
-1.77 (13.4) 
19.9 9 

[-70.6-266.7] ] 
1.99 (17.2) 
1.4 4 
[-71.6-98.5] ] 

0.33 (12.3) 
-2.11 (13.7) 

n.a a 

400 mg 
244 weeks 

-0.77 (9.5) 

-1.22 (11.0) 
13.8 8 

[-64.7-350.0] ] 
0.33 (15.5) 
-3.2 2 

[-56.2-179.5] ] 
2.44 (15.7) 
-2.7(13.6) ) 

0.00 [13.9-42.6] 

Periodd 2. 

400 mg 
488 weeks 

0.88 (9.6) 
0.33 (10.3) 
4.5 5 

[-90.5-161.5] ] 
-0.44 (14.8) 
4.3 3 

[-49.2-141.3] ] 
7.33 (17.6) 
0.1(11.5) ) 

0.00 [-9.1-33.0] 

Safetyy of simvastatin 

Off  the 175 children randomized in period 1, 6 (5.7%) in the simvastatin group 

comparedd to 3 (4.3%) in the placebo group reported one or more drug related 

clinicall  AE's (table 3). There were no serious AE's (life-threatening, causing 

disability,, requiring hospitalization) and the only discontinuation was a child on 

simvastatinn 10 mg who developed infectious mononucleosis (not drug-related). 

Off  the 144 children who started period two, 4 (4.7%) children in the simvastatin 

groupp compared with 2 (3.4%) in the placebo group reported one or more drug 

relatedd clinical AE's. None of the differences between the placebo and simvastatin 

groupp during period 1 and 2 reached statistical significance (table 3.). 

Onee or more laboratory AE's were reported by 9 children, 6 (5.7%) on 

simvastatinn and 3 (4.5%) on placebo, during period 1, and by 5 children, 4 (4.7%) 

onn simvastatin and 1 (1.7%) on placebo, during period 2. No serious laboratory 

AE'ss were reported, and none of the children discontinued the study due to 

laboratoryy AE's (Table 3.). Two children on simvastatin had a single >3x ULN 

increasess in AST and/or ALT. In one case, which was considered drug related 

butt not clinically significant by the investigator, a child experienced several (<3x 

ULN)) elevations during the extension as well as one >3x increase. Therapy was 
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interruptedd for a 10-day period and the child's levels returned to normal while 

stilll  on study drug. This patient discontinued the study at week 41 due to 

inadvertentt unblinding by the investigator. The other occurred in the child with 

infectiouss mononucleosis. One child on simvastatin who had concomitant 

administrationn of erythromycin, experienced an increase in CK >10x ULN 

withoutt muscle symptoms, which returns to normal following completion of 

thee antibiotics. Two children on simvastatin had an increase in CK >5x ULN. In 

bothh cases, CK levels returned to normal in repeat test and the patients completed 

thee study. 

Tablee 3. Clinical and laboratory adverse experiences (AE's) 

Drug-relatedd clinical 

adversee experiences*1 

Abdominall  pain 

Chestt pain 

Constipation n 

Flatulence e 

Weightt gain 

Myalgia a 

Headache e 

Sleepp disorder 

Coldd sore 

Pruritus s 

Periodd 1 (24 

Simvastatin n 

n=106 6 

6(5.7) ) 

22 (1.9) 

11 (0.9) 

0 0 

11 (0.9) 

0 0 

11 (0.9) 

22 (1.9) 

11 (0.9) 

0 0 

11 (0.9) 

weeks) ) 

Placebo o 

n=69 9 

33 (4.3) 

11 (1.4) 

0 0 

11 (1.4) 

0 0 

0 0 

0 0 

0 0 

0 0 

11 (1.4) 

0 0 

Periodd 2 (48 weeks) 

Simvastatin n 

n=86 6 

4(4.7) ) 

11 (1.2) 

0 0 

0 0 

0 0 

11 (1.2) 

11 (1.2) 

22 (2.3) 

0 0 

0 0 

0 0 

Placebo o 

n=58 8 

22 (3.4) 

0 0 

0 0 

0 0 

0 0 

0 0 

1(1.7) ) 

0 0 

0 0 

1(1.7) ) 

0 0 

Drug-relatedd laboratory 

adversee experiences* 

22 (1.9) 11 (1.5) 22 (2.3) 1(1.7) ) 

Increasedd ALT 

Increasedd AST 

Increasedd CK 

2(1.9) ) 

22 (1.9) 

0 0 

0 0 

0 0 

11 (1.5) 

11 (1.2) 

11 (1.2) 

11 (1.2) 

0 0 

0 0 

1(1.7) ) 

**  A patient may have 2 or more adverse experiences, the patient is counted only once in a category. 
Al ll  values are given as n umber (%). AE; adverse experience, ALT; alanine aminotransferase, AST; 
aspartatee aminotransferase, CK; creatine phosphokinase. None of the differences between placebo 
andd simvastatin groups in neither period 1 nor 2 reached statistical significance. 'Determined by the 
investigatorr to be possibly, probably or definitely drug-related. 
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Growthh and sexual maturation 

Baselinee and absolute change from baseline values for parameters related to growth 

andd sexual maturation during both treatment periods are shown in tables 4 and 

5.. No significant differences between simvastatin or placebo groups were observed 

withh regard to height, BMI and Cortisol levels (boys and girls); testicle size and 

testosteronee levels (boys); or menstrual cycle and estradiol levels (girls) (table 4). 

Smalll  but statistically significant between-group differences in the absolute change 

inn DHEAS levels were observed for both boys and girls at 24 and 48 weeks (table 

4).. An analysis of Tanner stage change from baseline showed that during both 

treatmentt periods there was a similar progression of the Tanner stages for both 

boyss and girls on simvastatin and placebo; no significant between-groups 

differencess were observed (table 5). 

AA large proportion of the LH and FSH measurements were below the detection 

limi tt for the assays used (76% for LH and 49% for FSH). The small number of 

childrenn available with both detectable baseline and treatment measurements limit 

thee ability to draw conclusions from these data. An exploratory analysis showed 

noo differences in the proportion of patients above and below the detectable 

limi tt with regard to FSH and LH between both treatments (p>0.200). 
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Tablee 4. Growth and sexual 1 
andd 48 Weeks 

Parameter r 

Boyss (n) 

Agee (years) 

Heightt (cm) 

BMII  (kg/m2) 

Testiclee size (cm3) 

Testosteronee (nmol/L) 

DHEASS (nmol/L) 

Girlss (n) 

Agee (years) 

Heightt (cm) 

BMII  (kg/m2) 

Menstruall  cycle (days) 

Estradioll  (pmol/L) 

DHEASS (nmol/L) 

-naturation:: baseline and absolute change from baseline 

Periodd 1 

Baseline e 

Simvastatin n 

63 3 

13.44 (2.2) 

1644 (14) 

21.00 (3.5) 

15.33 (9.1) 

10.8 8 

[0.1-28.8] ] 

3.33 [0.5-8.4] 

43 3 

14.77 (1.7) 

1677 (6) 

22.00 (3.8) 

311 [18-61] 

117.4 4 

[36.7-961.5] ] 

4.11 [0.8-10.1] 

Tablee 5. Tanner stage Changes from baseline to 

Treatmentt Group 

Female e 

Simvastatin n 

Placebo o 

Male e 

Simvastatin n 

Placebo o 

All l 

Simvastatin n 

Placebo o 

n n 

42 2 

31 1 

62 2 

33 3 

104 4 

64 4 

Changedd <0 

Classification n 

Level l 

366 (86%) 

288 (90%) 

500 (81%) 

277 (82%) 

866 (83%) 

555 (86%) 

Placebo o 

36 6 

13.99 (2.5) 

1677 (15) 

21.99 (4.9) 

15.11 (9.8) 

11.1 1 

[0.1-36.8] ] 

4.44 [0.5-11.9] 

33 3 

15.00 (1.4) 

1655 (8) 

22.22 (3.9) 

300 [23-107] 

146.8 8 

[14.7-741.3] ] 

3.33 [0.5-11.7] 

244 and 48 weeks. 

Change e 

Simvastatin n 

400 mg 

60 0 

2.66 (1.9) 

0.22 (0.8) 

1.33 (4.3) 

0.7 7 

[-10.8-13.9] ] 

-0.33 [-3.5-2.5]* 

41 1 

0.88 (0.8) 

0.33 (0.9) 

-33 [-33-17] 

66.1 1 

[-748.7-118.4] ] 

-0.33 [-4.4-3.5]* 

Baselinee to week 24 

Changedd >1 

Classification n 

Level l 

66 (14%) 

33 (10%) 

122 (19%) 

66 (18%) 

188 (17%) 

99 (14%) 

Between--

Treatment t 

p-value e 

0.724 4 

>0.999 9 

0.668 8 

valuess at 24 

att 24 weeks 

Placebo o 

35 5 

1.88 (1.1) 

0.00 (0.7) 

0.55 (3.7) 

1.4 4 

[-12.8-7.6] ] 

0.00 [-1.4-1.6] 

29 9 

0.66 (0.8) 

0.33 (0.9) 

-22 [-69-6] 

31.2 2 

[359.7-631.2] ] 

0.33 [-3.3-4.1] 
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Periodd 2 

Baseline e 

Simvastatin n 

48 8 

13.44 (2.2) 

1644 (14) 

21.55 (3.6) 

15.55 (9.1) 

9.0 0 

[0.1-28.8] ] 

3.55 [0.5-8.4] 

38 8 

14.88 (1.7) 

1677 (6) 

22.00 (3.8) 

311 [18-61] 

124.8 8 

[36.7-961.5] ] 

4.11 [0.8-10.1] 

Treatment t 

Female e 

Simvastatin n 

Placebo o 

Male e 

Simvastatin n 

Placebo o 

Al l l 

Simvastatin n 

Placebo o 

Placebo o 

32 2 

13.66 (2.4) 

1666 (15) 

21.33 (4.4) 

14.44 (9.8) 

11.1 1 

[0.1-36.8] ] 

3.88 [0.5-10.1] 

26 6 

14.99 (1.4) 

1655 (8) 

22.11 (3.8) 

300 [23-107] 

135.8 8 

[14.7-741.3] ] 

3.00 [0.5-11.7] 

jroupp n 

38 8 

26 6 

45 5 

30 0 

83 3 

56 6 

Change e 

Simvastatin n 

400 mg 

45 5 

5.00 (3.1) 

0.99 (1.0) 

2.00 (4.7) 

0.7 7 

[-9.11 17.7] 

0.00 [-3.3-2.5]* 

38 8 

0.99 (0.9) 

0.88 (0.9) 

-33 [-35-16] 

18.4 4 

[-844.1-469.8] ] 

0.00 [-3.5-2.7]* 

Simvastatin n 

att 48 weeks 

Placebo o 

30 0 

3.44 (2.1) 

0.77 (0.9) 

1.66 (4.9) 

1.4 4 

[-5.9-11.1] ] 

0.55 [-1.1-2.7] 

26 6 

0.99 (1.4) 

0.77 (0.8) 

-33 [-77-7] 

58.7 7 

[-297.3-822.1] ] 

1.11 [-1.4-3.5] 

Baselinee to week 48 

Changedd <0 

Classification n 

Level l 

299 (76%) 

211 (81%) 

333 (73%) 

199 (63%) 

622 (75%) 

400 (71%) 

Changedd >1 

Classification n 

Level l 

99 (24%) 

55 (19%) 

122 (27%) 

111 (37%) 

211 (25%) 

166 (29%) 

inn Children Study; results 

AUU values are given as 
meann (SD) except for 
testosterone,, estradiol, 
menstruall  cycle and 
DHEASS which are given 
ass median [range]. 
BMI ;; body mass index, 
DHEAS;; dehydroepi-
andosteronee sulfate. 
'pp < 0.05 versus placebo, 
tp<< 0.001 versus placebo. 

Between--

Treatment t 

p-value e 

0.765 5 

0.445 5 

0.699 9 
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Discussion n 

Thee results of this trial demonstrates that simvastatin beneficially modified the 

lipid/lipoproteinn profile of boys and girls with FH. Furthermore, simvastatin 

wass well tolerated and had no deleterious effects on growth or pubertal 

development. . 

Efficacyy of Simvastatin 

Thee children had baseline levels of TC, LDL-C, VLDL-C, TG and Apo B above 

thee 95th percentile for age and gender29. Relative to placebo, simvastatin therapy 

producedd large, significant reductions in TC (-31%), LDL-C (-41%) and Apo B 

(-34%)) after 48 weeks of simvastatin (10-40 mg). These results are comparable 

too those observed for adults with established CHDD in the Scandinavian Simvastatin 

Survivall  Study (4S) where TC and LDL-C were reduced by simvastatin (20-40 

mg)) on the order of 25 and 35%, respectively3I>. Modest increases in HDL-C and 

Apoo A-I and significant TG reductions were also seen in the present study 

confirmingg that simvastatin is an effective lipid-lowering agent in children and 

adolescentss with FH. 

Safetyy of simvastatin 

Theree was no evidence of safety issues during this study. There were no cases of 

myopathie,, and no significant differences were observed between the treatment 

groupss with regard to the number of clinical and laboratory AE's, drug related 

AE's,, or clinically meaningful elevations in hepatic transaminases (ALT, AST) 

andd CPK. 

Growthh and sexual maturation 

Developmentt as measured by clinical growth and Tanner staging was normal in 

thee active treatment group, and no significant between treatment group differences 

weree observed with respect to change from baseline in either testicular volume 

orr menstrual cycle length. Because cholesterol is a precursor of the adrenal 

hormones,, Cortisol and DHEAS, and the gonadal hormones, testosterone and 

estradiol,, inhibiting the rate-limiting enzyme (HMG-CoA reductase) in cholesterol 

synthesiss could have resulted in decreased production of these hormones. No 

differencess were evident with regard to the change from baseline for Cortisol; 

however,, DHEAS levels were sigrtificandy reduced relative to placebo in both 
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boyss and girls. These absolute differences were probably too small to be of any 

clinicall  relevance, as evidenced by an absence of growth or pubertal development 

abnormalities.. In two previous studies 19; 23, lovastatin produced small but 

significantt increases in DHEAS levels relative to placebo. Again, no clinical 

significancee was attributed to these effects on DHEAS. In the present study 

theree were no significant changes from baseline. These findings are consistent 

withh the data from studies evaluating the effect of long-term statin therapy on 

gonadall  and adrenal steroid production in adults3I;32. The hypothalamic feedback 

factorss (LH and FSH) for the gonadal hormones were difficult to evaluate because 

off  the great variability and large proportion of non-detectable plasma levels. 

However,, Tanner stage, testicular volume and menstrual cycle length exhibited 

thee normal pattern and simvastatin 40mg did not appear to have clinically 

meaningfull  effects on gonadal function in children and adolescent boys and girls. 

Statinn therapy in children and adolescents 

Onlyy a few studies have been conducted to date evaluating statin therapy in 

childrenn and adolescents. Stein and colleagues (1989) were the first to show a 

40%% reduction of LDL-C in FH children treated with lovastatin or simvastatin, 

butt this study was not controlled and only involved a small group of boys 33. In 

1992,, another small (n=32) and uncontrolled study with simvastatin showed a 

37%% LDL-C reduction and excellent tolerability17. Later, three other statin studies 

inn children or adolescents were reported ,9;20;23. In the first study, 72 FH children 

(66%% girls), age 10-16 years, were randomized to placebo or pravastatin 5,10, or 

200 mg20. After 12 weeks, LDL-C levels were reduced by 23%, 24%, and 33% in 

thee groups receiving pravastatin 5,10, and 20 mg, respectively. Short-term safety 

andd tolerability were excellent. The second study reported an uncontrolled study 

inn which boys were randomized to lovastatin 10, 20, 30, or 40 mg/day for 12 

weekss I9. LDL-C levels were reduced by 21% to 36% and lovastatin was again 

welll  tolerated with no serious adverse events. In the last study, 132 boys, between 

100 and 17 years of age were randomized to either lovastatin or placebo 23. 

Lovastatinn was started at 10 mg/day and the dosage was doubled every 8 weeks 

too a maximum of 40 mg/day. Mean LDL-C levels decreased significandy relative 

too placebo in all active treatment groups. 

Dataa on growth and hormonal status indicated no significant differences 

betweenn lovastatin and placebo in a 48 week time period. Although these studies 

showedd good efficacy of statins in children, they were short term, had a limited 
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samplee size, were mostly conducted in boys or did not provide extensive 

informationn about growth and development. 

Inn summary, simvastatin 40 mg was efficacious in treating children and adolescents 

withh FH and exhibited a safety and tolerability profile similar to that seen in adults. 

Inn addition, simvastatin did not negatively influence normal growth nor sexual 

maturationn in either boys or girls. Additionally, it should be emphasized that while 

statinn use during pregnancy and breastfeeding has not been evaluated, females 

shouldd take the necessary precautions to avoid pregnancy during statin therapy. 

Becausee atherosclerosis starts in early childhood in individuals with FH, aggressive 

lipid-loweringg is deemed necessary to prevent future CHD. Although long-term 

outcomee data on statin use in children are not available, simvastatin could maybe a 

usefull  tool to optimize treatment for FH children and adolescents, in whom the 

responsee to lifestyle intervention is often inadequate 
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