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Chapter 12 

Abstract 

Introduction: Elevated levels of low-density lipoprotein cholesterol (LDL-C) as well 

as small dense LDL are associated with a propensity towards cardiovascular disease 

(CVD). Children with familial hypercholesterolemia (FH), characterized by elevated 

LDL-C levels from birth onwards are at very high risk for premature CVD in adulthood. 

Whereas the efficacy of statin therapy for LDL-C is fully established, the effect of 

statin treatment on levels and size of lipoprotein particles is unequivocal. 

Methods: We examined lipoprotein particle concentrations as well as size by nuclear 

magnetic resonance (NMR) spectroscopy in 144 FH children and 45 unaffected siblings. 

In addition, we evaluated the effect of pravastatin (20-40 mg) and placebo on particle 

levels and size. 

Results: FH children had significantly higher levels of VLDL particles (115.8 + 38.0 

n m o l / L vs 51.0 ± 19.2 nmol/L;/KO.001), LDL particles (1726.7 ± 388.8 n m o l / L vs 

945.8 ± 189.2 nmol/L;^KO.001), as well as lower levels of H D L particles (23.2 ± 4.0 

u.mol/L vs 26.9 + 3.7 u.mol/L;^><0.001). Pravastatin treatment reduced mainly overall 

L D L particle numbers by 342.7 ± 55.0 n m o l / L (19.6%) as compared to placebo, but 

did not significantly affect levels of small, dense LDL particles. In addition, pravastatin 

increased VLDL size by 1.0 nm (95% CI 1.0-2.1 nm; p=0.028). 

Conclusion: Children with FH are not only characterized by severely elevated LDL-C 

levels, but also by increased numbers of LDL and VLDL particles. Treatment with 

pravastatin reduced LDL-C levels, but although VLDL particle levels were reduced by 

31.2%, small LDL particles remained elevated. These data underscores that statin 

therapy of modest efficacy does not fully restore lipoprotein abnormalities towards 

normal in F H children and might support more aggressive lipid-lowering therapy in 

this population. 
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Introduction 

Studies in adults have demonstrated that levels of small, dense low-density lipoproteins 

(LDL) as well as LDL particle numbers are associated with an increased risk for 
1 7 

cardiovascular disease (CVD) ' . Small dense LDL's have a lower affinity for the LDL 

receptor, which has untoward consequences for the atherogenicity of these particles. In 

particular, the increased plasma residence time can contribute to pro-atherogenic changes 

at the level of the endothelium ~. In addition, small dense LDL's have an increased 

susceptibility towards oxidative modification ' , a process that is directly linked to foam 

cell formation. Notably, the presence of small dense LDL is usually associated with 

other risk factors such as elevated levels of triglycerides (TG), reduced concentrations 

of high-density lipoprotein cholesterol (HDL-C) and insulin resistance . Children with 

familial hypercholesterolemia (FH) are characterized by elevated levels of plasma LDL 

cholesterol (LDL-C) due to mutations in the LDL receptor gene . These elevated levels 

of LDL-C are present from birth onwards and predispose for premature CVD later in 

life. It is unknown whether the concentration of LDL particles is also increased in these 

children. Also, no data are available with regards to precise lipoprotein profiling in FH-

children. Such knowledge on lipoprotein subclass and size might allow us to identify 

those children, in whom very early and aggressive lipid lowering treatment is warranted. 

Hydroxy-methyl-glutaryl Co-enzyme A (HMG-CoA) reductase inhibitors reduce lipid 

and lipoprotein levels and consequently CVD risk. The effect of these agents on 

lipoprotein subclasses and size has been evaluated in adult FH patients, but the results 

are equivocal. Some studies showed that statins increase LDL size and reduce small 

dense LDL levels ' while in contrast, other studies showed no effect of statins on 

these parameters " . Notwithstanding these conflicting results, all studies demonstrated 
8 10 1S 

a reduction of absolute LDL particle levels " ' . 

Although statins safely reduce LDL-C levels in children with FH , it is unknown to 

what extent statin treatment alters lipoprotein distribution. In the present study, we 

compared lipoprotein subclasses and size in children with FH and healthy siblings. In 

addition, we evaluated the effect of pravastatin treatment on these parameters. 
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Methods 

Study population and design 
We previously performed a double-blind, randomized, placebo-controlled trial to 

determine the 2-year efficacy and safety of pravastatin therapy in 214 children aged 

8-18 years with heterozygous FH . Briefly, children were eligible to participate in 

this study based on a documented LDL-receptor mutation or plasma levels above the 

95 percentile for age and gender in a family with a history of premature CVD in 

conjunction with hypercholesterolemia and tendon xanthomas. Children were not 

eligible when they were homozygous for FH or when they had a secondary cause for 

hypercholesterolemia . Consenting children were randomly assigned to receive placebo 

or pravastatin 20-40 mg. The dose depended on age, children younger than 14 years 

received 20 mg pravastatin whereas those aged 14 years or older received 40 mg 

pravastatin daily. Children were instructed to continue a low fat diet and to maintain 

habitual physical activity during the intervention period. In addition, relevant 

information was assembled for 80 unaffected siblings in whom FH was definitely 

excluded by D N A analysis. 

Samples from 144 FH children and 45 unaffected siblings obtained at baseline and 

after a 1-year intervention period were available for lipoprotein subclass analysis and 

these children comprise the current study population. 

Lipids and lipoproteins 
Venous blood samples were drawn after a fasting period of at least 12 hours. Plasma 

levels of cholesterol and triglycerides (TG) were determined by standardized enzymatic 

procedures (Boehringer, Mannheim, Germany) and high-density lipoprotein-cholesterol 

concentrations (HDL-C) in plasma was measured by an automated method (Roche 

Diagnostics, Basel, Switzerland). LDL-C levels were calculated using the Friedewald 

equation . Plasma samples for subsequent lipoprotein subclass analysis were stored 

at -80°C. 

Lipoprotein subclasses and particle sizes 
Lipoprotein subclass particle concentrations and mean lipoprotein particle size were 

measured by nuclear magnetic resonance (NMR) spectroscopy at LipoScience, Inc. 
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(Raleigh, N C , USA) as previously described ' and recently modified . In brief, the 

particle concentrations of lipoprotein subclasses of different size are derived from the 

measured amplitudes of the spectroscopicalfy distinct lipid methyl group NMR signals 

they emit. The concentrations of the following subclasses were measured: small LDL 

(18.0-21.2 nm), large LDL (21.2-23.0 nm), IDL (23.0-27.0 nm), and large H D L (8.8-

13.0 nm), medium H D L (8.2-8.8 nm), small H D L (7.3-8.2 nm), large VLDL (>60 nm), 

medium VLDL (35.0-60.0 nm), and small VLDL (27.0-35.0 nm). VLDL and LDL 

subclass particle concentrations are given in units of n m o l / L and those of H D L 

subclasses i n ^ m o l / L . Weighed-average lipoprotein particle sizes (nm) were calculated 

from the subclass levels and the diameters assigned to each subclass. 

The reproducibility of the NMR-measured lipoprotein particle parameters was 

determined by replicate analyses of plasma pools. CVs < 4 % were observed for total 

VLDL, LDL, and H D L particle concentrations, < 2 % for VLDL size, <0 .5% for 

LDL and H D L size, < 1 0 % for large, medium, and small VLDL subclasses, < 8 % for 

large and small LDL subclasses, and < 5 % for large and small H D L subclasses. CVs 

for the IDL (<20%) and medium H D L (<35%) subclasses were higher, in part due to 

their low concentrations. 

Statistical analysis 
In the FH group, mean values between the pravastatin group and the placebo group 

were compared using an independent t-test. Chi square tests were applied for comparing 

distributions of dichotomous data between these groups. Differences in baseline 

characteristics, lipids, particle concentrations of lipoprotein subclasses and particle 

sizes between FH children and healthy siblings were analyzed using linear or logistic 

regression analyses. Since some of these children were related, analyses were performed 

with generalized estimating equations (GEE) in the SAS procedure G E N M O D to 

account for correlations within families. The same procedure was used to investigate the 

association between particle concentrations of lipoprotein subclasses and particle sizes. In 

a stepwise multivariate analysis we adjusted for potential confounders. 

The effects of pravastatin on lipoprotein lipid levels as well as subclass particle concentrations 

and particle size were studied by comparing the difference in change between the pravastatin 

and the placebo group after 1-year treatment by analysis of covariance (ANCOVA), in 

which independent variables were treatment and baseline levels. 
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Variables with a skewed distribution were log-transformed before the analysis. A p-

level of 0.05 was considered statistically significant (two sided). Statistical analyses were 

done with the SAS package version 9.1 (SAS Institute Ine, Cary, NC, USA). 

Results 

Baseline characteristics 
F H children in the pravastatin group did not significantly differ from the placebo 

group with respect to baseline characteristics, except for triglyceride levels (0.78 [0.57-

1.29] vs 0.66 [0.45-0.90]; p=0.011). As compared to the original cohort, the 144 FH 

children from this current study population did not differ in terms of baseline 

characteristics (data not shown). Fur thermore , FH children did not differ from 

unaffected siblings with regard to baseline characteristics, except for lipids and 

lipoproteins (Table 1). 

Baseline NMR results in FH children versus unaffected siblings 
Children with FH had significantly higher concentrations of VLDL (115.6 ± 38.2 vs. 

51.0 ± 19.2 nmol /L; p<0.001) and LDL particles (1726.8 ± 391.3 vs. 945.8 ± 189.2 

Table 1. Characteristics of FH Children and Unaffected Siblings 

Age 
Gender 
BMI 
Mean arterial blood 
pressure 

Total cholesterol 
HDL-cholesterol 
LDL-cholesterol 
Triglycerides^ 

y 
% 
kg/m 

mmHg 

mmol/L 
mmol/L 
mmol/L 
mmol/L 

F H 
Pravastatin 

n = 6 8 

12.9 ± 2.9 
33 (45) 

19.8 ±3 .4 

77.8 ± 9.3 

7.85 ± 1.49 
1.23 ±0.28 
6.18 ± 1.46 

0.78 [0.57-1.29] 

Placebo 
n = 7 6 

13.0 ± 3.0 
40 (53) 

19.5 ± 3.6 

77.3 ± 8.4 

7.83 ± 1.19 
1.29 ±0.28 
6.19 ± 1.19 

0.66 [0.45-0.98] 

D-value 

0.821 
0.623 
0.630 

0.749 

0.931 
0.179 
0.964 
0.011 

Siblings 

n= 45 

13.3 ±2 .6 
23 (49) 

18.6 ±3 .7 

75.8 ± 7.9 

4.27 ± 0.65 
1.46 ±0.36 
2.49 ± 0.55 

0.54 [0.41-0.89] 

. 2 p-value 

0.237 
0.827 
0.212 

0.160 

O.OOl 
<0.001 

0.013 
0.007 

FH Familial Hypercholesterolemia, y years. BMI body mass index, HDL high density lipoprotein, 
LDL low density lipoprotein, Mean arterial blood pressure indicates (systolic blood pressure 
+ 2x diastolic blood pressure)/3. 'p-value for pravastatin versus placebo. 2p-value for FH versus 
siblings adjusted for family relations. f Values are given in median and interquartile range 
between brackets. 
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Table 2: Baseline Values of Lipoprotein Subclasses and Partiele Sizes of Children with FH and 
Unaffected Siblings 

VLDL Particles 
Large VLDL 
Medium VLDL* 
Small VLDL 

LDL Particles 
IDL 
Large LDL 
Small LDL 

HDL Particles 
Large HDL 
Medium HDL 
Small HDL 

Particle Size 
VLDL size* 
LDL size 
HDL size 

nmol/L 
nmol/L 
nmol/L 
nmol/L 
nmol/L 
nmol/L 
nmol/L 
nmol/L 
umol/L 
umol/L 
umol/L 
umol/L 

nm 
inn 
nm 

F H n = 144 

115.6 ±38.2 
0.6 [0.2-1.9] 

18.9 [8.5-35.0] 
89.8 ± 29.3 

1726.8 ±391.3 
24.6 [9.4-49.7] 
850.1 ± 254.5 
845.3 ± 397.8 

23.2 ± 4.0 
6.3 ± 2.9 

0.4 [0.0-1.8] 
15.5 ± 3.0 

40.4 [38.2-43.4] 
21.4 ± 0 . 5 
9.5 ± 0.4 

Siblings n= 48 

51.0 ± 19.2 
0.4 [0.2-1.4] 

17.4 [7.8-21.5] 
33.4 ± 14.4 

945.8 ± 189.2 
1.9 [0.0-10.2] 
419.0 ± 133.3 
521.4 ±222.0 

26.9 ± 3.7 
8.7 ± 2.5 

3.1 |1.5-4.8] 
14.9 ± 3.3 

47.6 [44.6-51.5] 
21.3 ± 0.5 
9.5 ± 0.4 

p value'1 

<0.001 
0.392 
0.100 

<0.001 
<0.001 
<0.001 
<0.001 
<0.001 
<0.001 
<0.001 
<0.001 

0.217 

<0.001 
0.044 
0.830 

Values are given as means ± standard deviation. Values are given as median and interquartile 
range between brackets, a p-value adjusted for family relations. FH familial 
hypercholesterolemia, VLDL very low-density lipoprotein, IDL intermediate low-density 
lipoprotein, LDL low-density lipoprotein, HDL high-density lipoprotein. 

nmol /L ; p<0.001) and lower concentrations of H D L particles (23.2 ± 4.0 vs. 26.9 ± 

3.7 fXmol/L; p<0.001) (Table 2). The increased levels of VLDL particles were entirely 

due to an increase of small V L D L particles, whereas increased LDL particle levels 

were due to higher numbers of both large and small LDL particles. The decreased 

levels of H D L particles were caused by a decrease of large and medium HDL. Overall 

VLDL size was significantly smaller (40.4 [38.2-43.4] vs. 47.6 [44.6-51.5] nm; p<0.001) 

in children with FH whereas LDL size (21.4 ± 0.5 vs. 21.3 ± 0.5 nm; p=0.044) was 

larger. H D L size did not significantly differ between the groups. 

Effect of pravastatin 
In line with the two-year effect of pravastatin on LDL-C , one-year pravastatin 

treatment decreased LDL-C by 23.6% as compared to placebo. Pravastatin also 

significantly decreased VLDL particle levels by 35.8 nmol /L (31.2%) (95% CI: -46.6 

to -25.0 nmol /L; p<0.001) as compared to placebo (Table 3). This decrease was mainly 

due to a decrease in medium and small VLDL. Pravastatin reduced LDL particle 

numbers by 342.3 n m o l / L (19.6%) (95% CI: -451.4 to -234.0 nmol /L ; p O . 0 0 1 ) as 
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Table 3: Baseline and One Year Treatment Values of Lipoprotein Subclasses and Particle Sizes 
in FH Children 

Placebo n=76 Pravastatin n=68 

Baseline Mean Change Baseline Mean Change p-value^ 

VLDL Particles 
Large VLDL* 
Medium VLDL* 
Small VLDL 

LDL Particles 
IDL* 
Large LDL 
Small LDL 

HDL Particles 
Large HDL 
Medium HDL* 
Small HDL 

Particle size 
VLDL* 
LDL 
HDL 

112.7 ±35.8 
0.6 [0.2-1.7] 

13.9 [7.1-32.0] 
90.4 ± 27.9 

1676.9 ±307.1 
25.1 [8.7-43.2] 
882.3 ± 240.7 
765.5 ±341.9 

23.6 ± 4.4 
6.5 ± 3.0 

0.6 [0.0-1.7] 
15.7 ±3.3 

40.2 [37.8-42.8] 
21.5 ±0.5 
9.6 ± 0.4 

-1.6 ±32.0 
-0.1 ± 2.3 
1.8 ±20.6 
-3.3 ±21.3 

67.8 ± 354.0 
-9.4 ± 32.1 

61.0 ± 177.2 
16.3 ± 387.4 

0.4 ± 3.3 
0.3 ± 2.2 
-0.2 ± 2.1 
0.4 ± 3.1 

0.70 ± 4.98 
0.05 ± 0.45 
-0.02 ± 0.31 

118.8 ±70.7 
0.7 [0.2-2.0] 

23.5 [9.5-39.3] 
89.2 ± 31.1 

1782.6 ±463.9 
23.9 [10.1-54.1] 
814.2 ± 266.3 
934.5 ± 437.7 

22.9 ± 3.4 
6.1 ± 2.7 

0.4(0.0-1.8] 
15.4 ±2.6 

41.2 [38.3-43.9] 
21.3 ±0.5 
9.5 ± 0.4 

-37.5 ± 33.2 
-0.77 ± 3.6 
-9.5 ± 20.3 
-27.3 ± 25.6 

-274.9 ± 299.2 
-6.4 ± 30.1 

-128.5 ±209.7 
-140.0 ± 334.1 

2.6 ± 3.3 
1.3 ±2.0 
0.9 ± 2.3 
0.4 ± 3.0 

1.49 ±6.81 
0.03 ± 0.46 
-0.04 ± 0.28 

<0.001 
0.621 
0.011 

<0.001 
<0.001 

0.151 
<0.001 

0.152 
<0.001 

0.006 
0.001 
0.850 

0.028 
0.136 
0.455 

Values are given as means ± standard deviation. * Values are given as median and interquartile 
ranges between brackets t p-value for difference between groups. VLDL very low-density 
lipoprotein, LDL low-density lipoprotein, IDL intermediate density lipoprotein, HDL high 
density lipoprotein. LDL and VLDL particle concentrations are expressed in mmol/L, HDL 
particles concentrations are expressed in /xmol/L and particle sizes are expressed in nm. 

compared to placebo. Although pravastatin reduced all LDL subclass concentrations, 

only large LDL particle concentrations were significantly reduced by 189.7 nmol /L 

(95% CI: -253.2 to -125.1 nmol/L; p<0.001). Small dense LDL levels were not affected. 

In contrast, pravastatin significantly increased H D L particle levels by 2.2 (J,mol/L (12.5 %) 

(95% CI: 1.1 to 3.3 |0.mol/L; p <0.001) as well as large H D L particles by 1.1 | imol /L 

(34.3 %) (95% CI: 0.9 to 1.7 \lxnol/L; p=0.006) and medium H D L by 1.1 | !mol/L (200 %) 

(95% CI: 0.4 to 1.9 ^Imol/L; p=0.001). Pravastatin significantly increased VLDL size by 

1.0 nm (4.6 %) (95%CI: 1.0 to 2.1 nm; p=0.028) as compared to placebo. 

Discussion 

Children with FH are not only characterized by an increased number of LDL particles, 

but also by increased numbers of VLDL particles as well as decreased numbers of 
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HDL particle. Whereas pravastatin reduces LDL particles bv 19.6%, the atherogenic 

fraction of small LDL particles remained clearly elevated. Finally, pravastatin also 

lowered VLDL particle levels and increased H D L particle levels. 

To our knowledge, this study is the first to show that children with FH are characterized 

by, besides elevated LDL-C, additional atherogenic changes in lipoprotein distribution 

as well as in size. The numbers of both large and small LDL particles were considerably 

higher in FH children than their unaffected siblings. In addition, they had higher 

levels of small VLDL particles, presumably cholesterol-enriched, in face of normal 

T G levels (Table 1). Since high levels of small VLDL and IDL are associated with an 

increased risk of angiographic progression and clinical events of CAD , these small 

VLDL might contribute significantly to the atherogenic potential in these children. 

Pravastatin significantly decreased LDL particle numbers as well as VLDL particles, 

and it increased H D L particles and VLDL size. The decrease in VLDL particles might 

also be responsible for the increase of H D L particles rather than for the decrease in 

triglyceride levels ; T G levels were not affected in this study . The decrease in LDL 

particles mostly followed a significant decrease in large LDL, and to a much lesser 

extent small dense LDL particles. These data in FH children correspond to two studies 

in adults with pravastatin, which showed no effect on small dense LDL concentrations 

' . In contrast, atorvastatin and simvastatin therapy did affect LDL size and caused 

a decrease of small dense LDL ' ' " . These discrepancies might be explained by use 

of different statins, varying patient groups and different techniques to detect lipoprotein 

subclasses and size. The fact that atorvastatin did reduce small dense LDL in adults could 

imply that more aggressive lipid-lowering is essential. Also, other agents that reduce small 

dense I X)L 3' ' and VLDL particles in adults include fibric acid derivates '" . Shifts 

from smaller to larger LDL particles have been observed in hyper-triglyceridemic subjects 

treated with such compounds " . Hence, it could be worthwhile to investigate the use 

of fibrates to lower small dense LDL as well as large V L D L in hypercholesterolemic 

children. However, data on the use of fibrates in children are scarce and long-term 
• i l 

safety has not been established (reviewed in ). Alternatively, the addition of ezetimibe, 

a cholesterol absorption inhibitor to statin therapy might be considered. However, also 

no data are available on this combination therapy and thus clinical studies are needed 
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to evaluate whether such therapy would improve atherogenic profiles in FH children. 

We could also demonstrate that pravastatin significantly increased H D L particle 

concentrations in our study. The latter is compatible with a direct effect of pravastatin 
32 

on the activity or concentration of cholesterylester: transferprotein (CETP) " . Since 

statins inhibit cholesterol biosynthesis, they may also as a consequence reduce hepatic 

CETP expression "' through a reduction of intracellular oxysterol concentrations. 

This in turn will inhibit transcriptional activation of the CETP gene by Liver X Receptor 

(LXR) . Although Cheung et «/reported that pravastatin did not change CETP mass 

in adult patients with primary hypercholesterolemia , unpublished data from our 

group do show that three-month pravastatin treatment did decrease CETP mass by 

more than 12% in children with FH as compared to placebo. 

Several methodological issues of this study require comment. First, this study was a 

post-hoc analysis that was not predefined. Also, blood samples were not available for 

all study subjects, which might have resulted in selection bias. However, the baseline 

characteristics of our cohort were comparable to those of the initial study population. 

Finally, the use of frozen samples could theoretically have affected our results. Since 
1 1 - 3 

our findings are similar to those reported in adult studies ' , the latter is unlikely. 

In summary, we conclude that children with FH are characterized by higher concentrations 

of LDL and VLDL particle numbers with concomitantly lower H D L particle numbers. 

Whereas pravastatin significantly reduced total LDL particles in FH children, the number 

of small LDL particles was not reduced significandy. Overall, these data lend further 

support to more aggressive or even combination lipid-lowering therapy in childhood 

F H in order to prevent premature coronary artery disease later in life. 
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