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Chapter 9 

Abstract 

We previously demonstrated that 2- year pravastatin treatment induced regression of 

carotid intima-media thickness (IMT) in children with familial hypercholesterolemia 

(FH). Subsequently, in this cohort we elucidated the predictors for carotid IMT in 

adolescence. After a mean 4.5 years of follow-up, multivariate analysis revealed that 

age on which statin use was initiated, baseline carotid IMT, male gender and duration 

of therapy were independent predictors for carotid IMT. These data indicate that 

early initiation of statin treatment delays the progression of carotid IMT in adolescents 

and young adults. Our study highlights for the first time that earlier initiation of statin 

therapy in FH children has a better potential to prevent premature atherosclerosis in 

adolescence. 
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Statin treatment in familial hypercholesterolemia 

Children with familial hypercholesterolemia (FH) are characterized by increased intima-

media thickness (IMT) and impaired endothelial function ' . As expected, elevated 

low-density lipoprotein cholesterol (LDL-C) levels are an important contributor to 

increased IMT in these children " and this raised level can be lowered efficiendy by 

H M G Co A reductase inhibitors (statins). We previously demonstrated in a randomized 

placebo controlled lipid lowering trial that two years of treatment induces a significant 

regression of atherosclerosis in these children FH, with no adverse effects on growth, 

sexual maturation, hormone levels, liver or muscle . Subsequently, we continued the 

follow-up of this cohort for over 4 years and assessed carotid IMT at regular intervals. 

These data have allowed us to elucidate predictors for carotid IMT in FH adolescents. 

Furthermore, we could evaluate the long term effects of statin treatment on sexual 

maturation and growth in these adolescents and young adults. 

All 214 patients, who initially participated in the controlled study, were eligible for the 

present study. At the end of the study pravastatin was prescribed to all children at a 

dose (20-40 mg) dependent on age and LDL-C levels. 

We obtained at a regular intervals, plasma lipids, sex steroids, gonadotropins and 

variables of the pituitary-adrenal hormones, Tanner staging, menarche or testicular 

volume, muscle and liver enzymes. 

A single sonographer performed carotid B-mode ultrasound examinations with an 

Acuson XP128 ultrasound machine equipped with an L75—10MHz transducer and 

extended frequency software (Acuson-Siemens, Mountainview, CA, USA). Images of 

the distal common, bulb, and internal far-wall carotid segments were saved as J P E G 

stills on minidiscs. The intima-media thickness was measured by one image analyst 

masked to all clinical information. Mean carotid IMT was defined as the mean of the 

right and left common carotid, the carotid bulb, and the internal carotid far wall 

segments. The last IMT assessment had to performed at least 4 years after initiation 

of the original study. 

Hormone values were evaluated bv a paediatric endocrinologist using reference values 

according to age and Tanner staging as used in the Academic Medical Centre, 

Amsterdam, The Netherlands. 
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The original study protocol was approved by the Institutional Review Board, and 

informed consent was obtained from all participants. 

The relation between mean carotid IMT at the end of follow-up and other laboratory 

and clinical variables was first explored univariately using linear regression analysis. 

Independent predictors were subsequently identified using multivariate models. 

Variables with a skewed distribution were log-trans formed. Statistical analyses were 

done with SPSS 11.5 for Windows software. 

From the original cohort of 214 children, 11 (5%) subjects were lost to follow-up 

(moved, n=10; died due to a motor cycle accident n = l ) and 7 (3%) subjects refused 

consent. Of the remaining 196 subjects, ten (5%) subjects did not use statins (pregnancy 

or lactating n=6; unknown reasons n=4) and these were excluded from the present 

analysis. Mean age of the 186 (49% male) included subjects was 18.2 + 3.1 years; 

mean duration of statin treatment was 4.5 [range 2.1 to 7.4] years. None of the subjects 

had cardiovascular complaints or a cardiovascular event during follow-up. 

The determinants of carotid IMT at follow-up and the results of the multivariate 

regression analyses are shown in Table 1. The following independent predictors for 

combined carotid IMT at the last follow-up were carotid IMT at initiation of statin 

treatment ((3=0.446 ± 0.088, p<0.001), age at initiation of statin treatment (P=0.003 

± 0.001, p=0.016), male gender ((3=0.027 ± 0.008, p=0.001) and duration of statin 

use ((3=0.001 ± 0.000, p<0.001). Although mean arterial blood pressure and HDL-

cholesterol levels, both at start of statin use, were significantly associated in the 

univariate analyses, these relationships were lost in the multivariate analyses. 

N o serious laboratory adverse events were reported during the study period and no 

discontinuations were observed. Two male subjects had an asymptomatic increase of 

creatinine phosphokinase (CK) levels more than 10 times the upper limit of normal 

(ULN). In both cases, patients participated in fitness programmes and CK levels returned 

to normal in repeat test while remaining on statin therapy. Four subjects complained of 

occasional myalgia, however not accompanied by elevated levels of CK. 

N o significant clinical deviations were observed in sex steroids, gonadotropins or any 

of the studied variables of the pituitary-adrenal axis. 
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Statin treatment in familial hypercholesterolemia 

Table 1: Determinants of Combined Carotid Artery 

Gender, male 
A g e (y) , 
BMI (kg/rn ) 
Mean arterial BP (mmHg) 
Combined 1MT (mm) 
Total cholesterol (mmol/L) 
LDL-cholesterol (mmol/L) 
HDL-cholesterol (mmol/L) 
Triglycerides (mmol/L) 
Statin use (months) 

Univariate 

Regression 
Coefficient 

-0.033 (0.009) 
0.003 (0.001) 
0.002 (0.001) 
0.001 (0.001) 
0.544 (0.088) 
0.005 (0.003) 
0.007 (0.004) 

-0.038 (0.014) 
0.016 (0.009) 
0.001 (0.000) 

Intima-Media Thickness in FH Adolescents 

p-value 

<0.001 
0.029 
0.132 
0.010 

<0.001 
0.143 
0.069 
0.008 
0.094 
0.005 

Multi\ 

Regression 
Coefficient 

-0.027 (0.008) 
0.003 (0.001) 

-
-

0.446 (0.088) 
-
-
-
-

0.001 (0.000) 

ariate 

p-value 

O.001 
0.016 

<0.001 

<0.001 

Values are parameters at the start of statin treatment, except for statin use. Values are given 
as regression coefficients (standard error). *Value is log- transformed. yr=year, BP= blood 
pressure, BM1= Body mass index. LDL = Low-density lipoprotein, HDL = High-density 
lipoprotein, BP= blood pressure, mean arterial blood pressure= (systolic blood pressure + 
2x diastolic blood pressure)/3 

In this longest follow-up study of statin therapy in childhood to date, we could 

demonstrate that after adjustment for potential confounders, age at which statin therapy 

was initiated showed to be an independent predictor for carotid artery IMT in young 

adults with FH. The primary goal of the active identification programmes in both the 

Netherlands and the U K is to ensure that lipid-lowering treatment will be initiated as 

early as possible 5 6. Our data support the concept that this initiation should occur 

already in childhood. These findings are further supported by the favourable safety 

outcomes, which indicate that this therapy had no untowards effects on sexual 

maturation or growth. In addition, side effects such as myopathy were rare. 

Some methodological aspects of our study require comment. After finishing the 

original 2-year trial, all children received open label pravastatin treatment, and both 

efficacy and safety outcomes could have been affected by confounding. However, 

variations in h o r m o n e levels, g rowth and sexual maturat ion were individually 

evaluated by a pediatric endocrinologist and compared to reference values according 

to age, gender and pubertal stage. 

The active identification of FH patients is gaining acceptance across Europe. This 

will undoubtedly lead to even increasing numbers of FH children coming under medical 

care. Our results are likely to be useful in the counseling at these young children and 
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Chapter 9 

their parents as well as in the motivation for compliance with drug therapy. Longer 

term follow-up treatment with more robust lipid-lowering therapy is now required to 

show that arterial wall morphology in FH individuals can be restored to normal and 

consequently CV risk obliterated. 
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