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Introductionn and outline of this thesis

Introduction n
Familiall hypercholesterolemia (FH) is an autosomal co-dominant inherited metabolic
disorderr that predisposes to early onset of atherosclerosis.1 In the Netherlands, the
estimatedd prevalence of heterozygous FH is 1:400.2 The underlying defect is a mutated
low-densityy lipoprotein <LDL) receptor, which results in elevated plasma LDL cholesterol
levels.33 The disorder is molecularly heterogeneous: over 800 sequence variations in
thee LDL receptor gene have been described that can be divided into six functional
classes.4"66 On physical examination, adult patients may have characteristic xanthomas
onn the Achilles' tendons and the extensor tendons of hands and feet. Children with
heterozygouss FH usually do not display these clinical signs, although they have increased
plasmaa cholesterol levels from birth onwards. FH has virtually full penetrance. After
diagnosis,, adult FH patients are treated lifelong with (3-hydroxy-p-methylglutaryl
coenzymee A reductase inhibitors (statins).

Shouldd we detect heterozygous FH in children?
Childrenn with homozygous FH are not studied in the present thesis. Homozygotes
aree rare and they suffer from a much more severe disorder leading to juvenile onset
off cardiovascular disease and premature death.1 Moreover, they are often resistant
too treatment with statins. Of course they need to be detected as soon as possible and
aggressivelyy treated thereafter.
Thee clinical sequelae of heterozygous FH are expressed during adulthood as an
increasedd risk of cardiovascular disease that causes excess mortality.7-11 Statin treatment
off FH adults leads to a clear inhibition of the progression of the vascular damage.12
Althoughh statin treatment could be considered as intervention in the causal pathway
off heterozygous FH, it does not completely restore the arterial wall. In line with this
observation,, the findings of a large follow-up study in the United Kingdom suggest
thatt statin treatment of heterozygous FH adults does not normalize their cardiovascular
diseasee risk.13 In prepubertal children with heterozygous FH, endothelial function is
alreadyy impaired.14 In addition to early functional changes, accumulation of LDL
cholesteroll deteriorates the vascular morphology and this associates with an increased
intima-mediaa thickness (IMT) of the carotid arteries.1517 In line with these observations,
myocardiall ischemia and coronary artery stenoses have been documented in young
adultss with this disorder.1819 Hence, postponing statin treatment until adulthood might
alloww the development of significant arterial lesions in young FH patients. Accordingly,
earlyy initiation of statin treatment in children with FH might be advantageous, but
unfortunately,, studies of such treatment have only addressed short-term tolerability
andd safety.20'23 The significance of diagnosing heterozygous FH in children clearly
dependss on the severity of atherogenesis and the long-term safety of statins.
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Howw should we detect FH in children?
Eachh child of a parent with heterozygous FH has 0.5 probability of inheriting the
disorder.. Among these parents, the diagnosis FH could be based on gender- and agespecificc 95 ,h percentiles of LDL (and total) cholesterol levels. However, a considerable
numberr of false-negative and false-positive diagnoses might be expected as shown
amongg adults in families with FH.24 Moreover, variable expression of FH over time, as
welll as the frequent occurrence of hypercholesterolemia in our general population
causedd by other disorders could increase the number of false diagnoses in children.
FHH is a monogenic disorder with high penetrance. Nonetheless, large variation of the
clinicall consequences has been observed among carriers of LDL receptor mutations.252*5
Likely,, unknown additional familial risk factors for cardiovascular disease determine
thee burden from the disorder.2527 28 Identification of these additional risk factors could
improvee the detection of children with FH who are at particularly high risk of early
atherosclerosis.. Individual regimens may then be applied to prevent early onset of
atherosclerosiss in children with FH.

Outlinee of this thesis
Inn chapter 2, the clinical data are described of a very large cohort of children with FH.
Thiss chapter gives all the characteristics with regard to physical stigmata and lipoprotein
abnormalitiess of childhood FH. Among the children, the risk factors and their relation
withh cardiovascular disease in the families are assessed. The latter could be of practical
clinicall relevance, since it might allow the timely identification of the children with FH
whoo are at highest risk of future cardiovascular disease.
Inn chapter 3, the lipoprotein profile is further refined to the apolipoprotein E genotype.
Wee analyzed the effect of the apolipoprotein E alleles on the lipoproteins in 450
unrelatedd children with FH and 154 affected sib-pairs.
Thee future risk of cardiovascular disease of a child with FH may be at least partly based
onn the nature of the particular LDL receptor mutation. Chapter 4 reports the genetic
heterogeneityy at the LDL receptor locus in the large cohort of children with FH in
relationn to clinical parameters and the parental risk of cardiovascular disease.
Inn order to assess the atherosclerotic burden and preatherosclerotic arterial wall
abnormalitiess in children with FH a non-invasive technique could be of great importance.
Thee measurement of the arterial wall IMT of the carotid and femoral arteries by B-mode
ultrasoundd has developed into such a technique. Chapter 5 introduces this technique
too children and provides data on standardization and validation of carotid IMT. In chapter
66 we compared children with FH to their normolipidemic siblings. We assessed at what
agee morphological arterial wall changes in mean carotid IMT can be observed in children
withh FH and determined which factors contribute to this process.
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However,, the indication t o diagnose FH and assess the risk of cardiovascular disease
inn children clearly depends on the availability of effective and safe treatment. In
heterozygouss FH, treatment w i t h statins is an intervention in the causal pathway.
Long-termm use of this medication has only been studied in adults. Before w e could
studyy statin therapy in children w i t h FH, we had to perform a pharmacokinetic study
off pravastatin in this age category. Chapter 7 reports this study. Thereafter, w e set
o u tt to analyze the consequences of statin therapy in childhood FH on a large number
off laboratory parameters and on carotid IMT. In an a d d e n d u m , the effect is estimated
off the pravastatin on inflammatory markers as neopterin and U.CRP. As final proof
thatt statins decrease the atherosclerotic burden in children w i t h FH, w e studied the
two-yearr efficacy of this drug towards carotid IMT. W e describe the results of this
randomized,, double-blind, placebo-controlled trial in chapter 8.
Thee last part of the present thesis is a summary that describes almost a ten-year
periodd of clinical research into childhood FH.
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Abstract t
Background d
Elevatedd LDL cholesterol (LDL-C) levels in childhood predict cardiovascular disease
(CVD)) later in life. Familial hypercholesterolemia (FH) represents the paradigm
off this relation.
Methodss and Results
Thee objectives of this study were to (1) establish the LDL-C level that provides
thee most accurate diagnosis of FH in children from families with known FH and
(2)) assess whether lipoprotein variation in these children is associated with
prematuree CVD in relatives. Foremost, however, it was our objective to identify
childrenn with FH who are at high risk and in need of early intervention. A total
off 1034 consecutive children from FH kindreds were investigated. First, LDL-C
levelss > 3.50 mmol/L had a 0.98 post-test probability (95% CI, 0.96 tot 0.99) of
predictingg the presence of an LDL receptor mutation. Second, children with FH
inn the highest LDL-C fertile (> 6.23 mmol/L) had a 1.7-times higher incidence
(95%% CI, 1.24 to 2.36) of having a parent with FH suffering from premature
CVDD (p=0.001). In addition, such a parent was found 1.8 times more often
(95%% CI, 1.20 to 2.59) among children with FH having HDL-C < 1.00 mmol/L
(p=0.004).. Last, children with FH whose lipoprotein (a) was > 300 mg/L had a
1.55 times higher incidence (95% CI, 0.99 to 2.13) of having a parent with FH
sufferingg from premature CVD (p=0.05).
Conclusions s
InIn FH families, LDL-C levels allow accurate diagnosis of FH in childhood. Moreover,
increasedd LDL-C and lipoprotein(a) and decreased HDL-C levels in children identify
FHH kindreds with the highest CVD risk.

Familyy History and Cardiovascular Risk in Familial Hypercholesterolemia

Introduction n
Thee incidence of familial hypercholesterolemia (FH) among Dutch children is 1 in
everyy 400 births1 and a plethora of mutations in the LDL receptor gene underlie this
disorderr in our country.2 In children with FH, increased LDL cholesterol (LDL-C)
deterioratess endothelial function at very young age. 34 Along with these functional
changes,, accumulation of cholesteryl esters changes the vascular morphology and
thee intima-media-thickness of peripheral arteries increases more rapidly in children
withh FH.56
Thesee findings support the notion of taking preventive measures when children are
youngg instead of waiting until FH heterozygotes reach adulthood. In particular, it has
beenn suggested that lifestyle changes in these children can influence plasma LDL-C7
Thee largest and longest placebo controlled trial with statin therapy showed excellent
safetyy and efficacy in children with FH.8 These results suggest that children with FH
receivee significant benefit from lifestyle modification as well as from pharmacological
interventionn to reduce the burden of increased LDL-C.
Analysess of mortality rates show a large variation of the consequences of FH9-10,
specifically,, the risk of atherosclerosis varies significantly between families. 10
Identificationn of children who have severely increased familial risk of cardiovascular
diseasee (CVD) could assist in the selection of targeted intervention. In the present
study,, we performed analyses in a paediatric FH cohort of unparallelled size. First, we
soughtt to determine specific LDL-C levels for the most accurate diagnosis of FH in
thesee children. Subsequently, we addressed whether or not lipoprotein variation was
associatedd with the occurrence of CVD in relatives. Foremost, however, our objective
wass to identify children with FH at high risk of CVD and in need of early intervention.

Methods s
Studyy Population
Betweenn July 1989 and July 2001, 1034 children from parents with a diagnosis of
heterozygouss FH were referred to our Paediatric Lipid Clinic. A diagnosis of
heterozygouss FH in the parent was based on (1) a documented LDL receptor mutation
orr (2) plasma LDL-C levels above the 95th percentile for age and gender in a family
withh a history of premature CVD in conjunction with (3) tendon xanthomata. The
studyy protocol was approved by our review board, and analyses were performed
withh informed consent of the children and both parents.

Laboratoryy Analysis
Plasmaa total cholesterol, HDL-C, and triglycerides (TG) were determined with the use
off commercially available kits (Boehringer Mannheim). LDL-C concentrations were

17 7

Chapterr 2

calculatedd by means of the Friedewald formula. Apolipoproteins A1 and B100 were
determinedd on a Behring nephelometer (BN100, Behring). Lipoprotein(a) [Lp(a)]
concentrationss were determined with the use of the Apo-Tek ELISA (Organon Teknika).
Mutationss in the LDL-receptor gene were assessed by conventional sequencing of
thee coding regions, as previously published.11

Statisticall Analysis
Too select the LDL-C level that minimizes the proportion of false-negatives and falsepositivess values, a receiver operating characteristic (ROC) curve was constructed
accordingg to Altman and Bland.12 The diagnostic value of a given LDL-C level was
analyzedd by considering pretest and post-test probabilities and was expressed as the
post-testt likelihood of having FH (odds). ANOVA and x2 analysis were used to compare
subgroups.. Statistical testing of TG and Lp(a) was performed after logarithmic
transformation.. To study the relation between the lipid and lipoprotein levels and
familyy history, children with FH were divided into 3 groups: (1) those with a family
historyy of premature CVD in first-degree relatives, (2) those with such a history family
historyy in second- or third -degree relatives, and (3) those without such a history in
anyy relative. Trends were analysed by multiple linear regression with concomitant
inclusionn of covariables. Relative risks were analyzed by Cox regression, and cumulative
event-freee survival was illustrated with the Kaplan-Meier method. Statistical significance
wass assessed at the 5% level of probability.

Results s
Diagnosiss of Familial Hypercholesterolemia
AA total of 1034 children from 591 families with a certain diagnosis of heterozygous
FHH were seen in our clinic. Until this time, a molecular diagnosis was obtained in 806
children:: 6 homozygotesand 611 FH heterozygotes, whereas 189 brothers and sisters
didd not carry that specific LDL receptor gene mutation. Seventy-four different mutations
weree found in the 611 heterozygous children with FH.
Forr these 611 heterozygotes and their 189 normal siblings, ROC curves of plasma
LDL-C,, age- and gender-specific LDL-C percentiles and apoB levels are shown in figure
1.. The largest area was found under the curve of plasma LDL- C. The best LDL-C value
forr the diagnosis of FH in children in these families was 3.50 mmol/L (135 mg/dl).
Levelss below this concentration were found in only 4.3% of children with a mutated
LDLL receptor {false-negative; 95% CI, 2.6 to 6.1 %). In contrast, children with LDL-C >
3.500 mmol/L (135 mg/dl) had 0.98 (95% CI, 0.96 to 0.99) post-test probability of
FH.. It is important to note that this ROC curve and LDL-C cutoff is only valid against
thee background of a family investigation with a definite diagnosis of FH established.
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Thesee data do not apply to the general population or to children with other
dyslipidemias.. The remaining children numbered 228 from families in which an LDL
receptorr gene mutation has not yet been identified (they are still in the cue for
sequencing).. However, when we apply the cutoff LDL-C level of 3.50 mmol/L (135
mg/dl),, to these remaining children, 131 of them will have a 98% chance of having
heterozygouss FH. (Figure 1)
Thiss brings the total of heterozygous children with FH to 611 (DNA diagnosis)
pluss 131 (LDL-C level and parental diagnosis) which equals 742 children. According
too the ROC analysis, the expected number of false-positive diagnoses is therefore <3
childrenn (95% CI, 1 to 5) of these 742.
Inn contrast, a total of 286 siblings (189 with DNA diagnosis and 97 according to LDLCC levels) were normolipidemic. This ratio is not the expected 0.5 probability in
autosomall dominant inheritance. The reason for this is that siblings with very low
levelss of LDL-C were often not referred to our centre.
However,, for the exact comparison between FH heterozygotes and children without
FH,, we have used the 189 normolipidemic siblings, because they are, by molecular
means,, certainly non-FH (Table 1).

Generall Characteristics
Onee the basis on the above-mentioned diagnostic criteria, 742 children (397 girls and
3455 boys) from 508 families were heterozygous for FH (Table 1). Their mean age was
111 years (range 2 to19 years). Typical physical characteristics of FH (xanthomas,
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xanthelasmas,, or arcus comealis) were only found in 35 children (5%; 9 5 % C,: 3% to
7%).. Of the children w i t h FH, 85% were on a fat- restricted diet. A total of 47 (6%;
9 5 %% CI, 5% t o 8%) children were cigarette smokers. Age, heigth and body mass index
(BMI)) were not significantly different between the children w i t h and those w i t h o u t FH.
Tablee 1. Characteristics of heterozygous FH children and non-affected siblings.
FHH
Parameter r

)
(n=742)
n

Genderr (m/f)
Mensess (n,%)
Fatt restricted diet (n,%)
Smokingg (n,%)
Stigmataa (n,%)
BMII (kg/m 2 ,range)

11.0 0 2.0-18.7 7
345/397 7
144 4 36.3% %
625 5
84.9% %
47 7
6.3% %
4.8% %
35 5
18.5 5 12.241.1 1

Totall cholesterol (mmol/l)
LDLL cholesterol (mmol/l)
HDLL cholesterol (mmol/l)
Totall / HDL cholesterol
Triglyceridess (mmol/l)
Lipoprotein(a)) (mg/l)
Apolipoproteinn A1 (g/l)
Apolipoproteinn B100 (g/l)

7.26 6
5.62 2
1.25 5
6.09 9
0.73 3
119 9
1.27 7
1.59 9

A g ee (y.range)

Siblings

66
66
11
77
[0.53-1.03] ]
[50-294] ]
11
22

p-value e

( i f f=189) )

11.0 0 3.1-19.4 4
96/93 3
29 9
31.2% %

18.0 0 12.9-29.9 9

0.98 8
0.29 9
0.35 5
n.a. .
0.35 5
n.a. .
0.09 9

55
4.30 0
55
2.55 5
1.42 2
22
66
3.17 7
0.66 6 [0.44-0.89] ]
85 5
[33-273] ]
22
1.37 7
11
0.83 3

O.001 1
<0.001 1
O.001 1
O.001 1
0.001 1
0.05* *
O.001 1
<0.001 1

-88

4.5% %

--

BMI=bodyy mass index, LDLHow-density lipoprotein, HDL=high-density lipoprotein. Values are given
ass means standard error of the mean, * except for triglycerides and lipoprotein(a) which are
givenn as medians interquartile range and statistical testing after logarithmic transformation.

Ass expected, children w i t h FH had severely increased LDL-C and decreased HDL-C levels
comparedd w i t h nonaffected siblings. (Table 1) LDL-C and apoB-100 levels were highly
correlatedd (r=0.95; p O . 0 0 1 ) as were HDL-C and apoA1 levels (r=0.76; p<0.001). Girls
w i t hh FH had mean LDL-C of 5.80 mmol/L (95% CI, 5.64 to 5.96 mmol/L) versus 5.42
mmol/LL ( 9 5 % CI, 5.27 t o 5.57 mmol/L; p=0.001) for boys w i t h FH. The median TG
levell in girls w i t h FH was 0.76 mmol/L (interquartile range (IR): 0.59 to1.06 mmol/L)
versuss 0.67 m m o l / L (IR, 0.49 t o 0.97 mmol/L) in boys (after logarithmic transformation
p<0.001.. Mean BMI, 18.8 kg/m 2 , was significantly higher in girls w i t h FH (95% CI,
18.44 to 19.2 kg/m 2 ) than the 18.1 k g / m 2 in boys w i t h FH (95% CI, 17.8 tot 18.4 k g / m 2 ;
p=0.005).. No significant differences were found with regard
betweenn girls and boys.
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Lifestylee and plasma lipoprotein levels
Heterozygouss children with FH (742) grouped by LDL-C tertiles had similar distributions
off age, diet, smoking and BMI (data not shown). Also, LDL-C levels of children with
FHH not on a diet versus children w i t h FH on a diet were similar.
HDL-CC < 1.00 m m o l / L was f o u n d in 132 children. They had a similar distribution of
age,, gender, and smokers compared w i t h 610 children w i t h FH w i t h normal HDL-C
levelss (data not shown). However, in the low HDL-C group, 7 9 % were on a fatrestrictedd diet compared with 8 6 % in the normal HDL-C group (x 2 =4.93, d f = 1 ; p=0.03).
Inn addition, the mean BMI of children w i t h FH w i t h low HDL-C was 19.3 k g / m 2 (95%
CI,, 18.5 to 20.0 kg/m 2 ) versus 18.3 k g / m 2 ( 9 5 % CI, 18.1 to 18.6 k g / m 2 ; p=0.007) in
thee normal HDL-C group. The median TG level of the low HDL-C group was 0.99
m m o l / LL (IR, 0.70 t o 1.33 mmol/L) versus 0.69 m m o l / L (IR, 0.51 t o 0.94 mmol/L) in
thee normal HDL-C group (after logarithmic transformation, p O . 0 0 1 ) .
Adjustmentt for age and gender did not change the diagnostic value of LDL-C levels
ass shown in the ROC curve, and no influence of age on lipoproteins became evident
inn our cohort of children w i t h FH.
Parameterss such as diet, BMI, plasma TG, and HDL-C were correlated. Therefore, w e
analyzedd these relations w i t h different logistic regression models w i t h subsequent
inclusionn of diet and BMI and of diet, BMI, and plasma TG. Diet and BMI were weakly
correlatedd (R—0.11, p=0.005). In the regression model, diet did not change the
influencee of BMI on HDL-C levels (data not shown). However, TG levels included in
thee model showed a strong inverse relation w i t h HDL-C levels (OR, 0.25: 9 5 % CI,

Tablee 2. Relationships between HDL cholesterol above 1.00 mmol/l, diet, BMI and plasma
triglyceridess in heterozygous FH children.

Determinants s

Oddss Ratio

95%% CI

p-value e

Diet t
BMI I
Triglycerides s

1.71 1
0.93 3
0.25 5

1.06-2.76 6
0.89-0.98 8
0.16-0.38 8

0.03 3
0.006 6
O.001 1

Modell 1:
Diet t
BMI I

1.63 3
0.94 4

1.00-2.65 5
0.89-0.99 9

0.05 5
0.01 1

Modell 2:
Diet t
BMI I
Triglycerides s

1.49 9
1.01 1
0.25 5

0.90-2.48 8
0.96-1.07 7
0.16-0.39 9

0.12 2
0.67 7
<0.001 1

Logisticc regression analyses were performed with single, two, and three co-variables, respectively.
CI=confidencee interval, BMI=body mass index.
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0.166 t o 0.39; p O . 0 0 1 ) and fully explained the effect of BMI on HDL-C (OR, 1.01,
9 5 %% CI, 0.96 to 1.07; p=0.7) and partly that of diet (OR, 1.49, 9 5 % CI, 0.90 t o 2.48;
p=0.1).. (Table 2)
Inn brief, children w i t h FH with lower HDL-C levels were heavier and had higher TG
levels.. In contrast, LDL-C levels were mostly independent of lifestyle characteristics or
anthropomorphicc measures.

Familyy History of Premature CVD
Thee analyses of the relation between premature CVD and lipoprotein levels in children
weree restricted t o one child per family (508 index children w i t h FH). Their general
characteristics,, including lipids and lipoproteins, are shown in Table 3. A positive family
historyy for premature CVD in first-degree relatives was found in 155 (31%) children. A
totall of 290 (57%) children had a positive family history of premature CVD in a secondand/orr third-degree relative. No family history of premature CVD was found in 63
(12%)) children. Gender and age of the index children was equally distributed among
thesee three groups. Strikingly, children (1) with premature CVD among first-degree
relatives,, (2) w i t h premature CVD among second-degree relatives, and, (3) without
prematuree CVD in any relative showed, respectively, higher, intermediate, and lower LDL
levelss (p fortrend =0.002). ApoB100 levels showed a similar trend (p fortrend =0.01). (table 3)

Tablee 3. Lipoproteins of FH index children according to premature CVD in relatives.
1stt Degree relatives 2ndd Degree relatives Noo such
withh premature CVD withh premature CVD relatives s
(n=290) )
(n=63) )
(n-155) )
Agee (y)
Genderr (m/f)

11.0(3.2-18.0) )
66/89 9

10.9(2.0-18.7) )
126/164 4

11.6(3.3-18.2) )
29/34 4

0.35 5
0.90 0

Totall cholesterol (mmol/l)
LDLL cholesterol (mmol/l)
HDLL cholesterol (mmol/l)
Triglyceridess (mmol/l)
Lipoprotein(a)) (mg/l)
Apolipoproteinn A1 (g/l)
Apolipoproteinn B100 (g/l)

7.555 + 0.13
5.900
3
1.255
2
0.800 [0.60-1.09]
1144 [40-376]
1.288
2
1.655 + 0.04

7.322
9
5.677 0.09
1.266
2
0.76(0.53-1.04] ]
1011 [44-247]
1.277
1
1.622 + 0.03

6.799
7
5.099
8
1.333
4
0.72(0.53-1.08] ]
135(46-343] ]
1.366
3
1.455
5

0.005 5
0.002 2
0.12 2
0.16* *
0.31* *
0.03 3
0.01 1

Statisticall testing was performed with multiple linear regression. All analyses with and without
adjustmentt for gender and age yielded similar results. Additional adjustment for triglyceride
concentration,, diet, or cigarette smoking did not change the results on HDL and apolipoprotein
A 1 .. Values are given as means
standard error of the mean, * except for triglycerides and
lipoprotein(a)) which are given as medians interquartile range and statistical testing after logarithmic
transformation. .
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LDLL and HDL Cholesterol of the Index Child in Relation to CVD
inn the Parent with FH
Inn support of these findings, children with FH with LDL-C levels > 6.23 mmol/L (the
highestt tertile) were 1.7 times more likely (95% CI, 1.24 to 2.36; p=0.001) to have
aa parent with FH with premature onset of CVD than those with LDL-C <6.23 mmol/
L.. This analysis is shown in Figure 2; parents of children with these high LDL-C levels
hadd shorter event-free survival than parents of children with lower LDL-C levels (log
rank== 10.35; df = 1; p = 0.001).

Figuree 2. Event free
survivall among FH
parents.. The data
representt Kaplan-Meier
estimatess according to
LDL-CC levels of their
children.. The event free
survivall was significantly
betterr in the parents of
childrenn who had LDL-C
levelss < 6.23 mmol/l
(logranktestt p-0.001).
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Whenn adjusted for parental gender and calendar period with Cox regression
analysis,, children with FH with HDL-C levels <1.00 mmol/L were 1.8 times more likely
(95%% CI, 1.20 to 2.59; p=0.004) to have a parent with FH with premature onset of
CVDD (Figure 3). In agreement with the Cox regression analysis, parents of children
withh low HDL-C levels had shorter event-free survival compared with parents of children
withh normal HDL-C levels (log rank = 3.93; df = 1; p = 0.048). Moreover, adjusted
forr parental gender and calendar period, the upper quartile of children with FH
whosee Lp(a) was > 300 mg/Lwere 1.5 times more likely (95% CI, 0.00 to 2.13) to
havee a parent with FH with premature CVD compared with the other quartiles with
loww Lp(a) levels (p=0.05).
Inn conclusion, these data indicate that both severely elevated LDL-C and Lp(a) levels
andd decreased HDL-C levels point to a subgroup of FH families exposed to severe
CVDD risk.
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Discussion n
Inn this large cohort of FH families, we showed that LDL-C levels <3.50 mmol/L (135
mg/dL)) are only found in 4.3% of children with a mutation in the LDL-receptor gene.
Elevatedd LDL-C levels in childhood suggest a diagnosis of classic FH, and in seminal
studiess by the NIH group, it was shown that this diagnosis could be made on the basis
off cord blood LDL-C levels13. However, the same authors also showed that cholesterol
levelss overlap to a certain extent between affected and normal children.14 The
demonstrationn of a defect in the LDL receptor gene is more accurate for the diagnosis
off FH than an LDL-C measurement, but DNA sequencing is only available to a limited
numberr of physicians, and our data support the use of an LDL-C cutoff level at minimal
losss of specificity and sensitivity. However, it should be stated explicitly that the ROC
curvess and LDL-C cutoff levels in our study only apply to families in which the diagnosis
off FH is certain. They cannot be extrapolated to other dyslipidemias or to the general
population. .
Wee could also show, as has been known in the past three decades, that these children
havee severely elevated total cholesterol, LDL-C and apoB levels, in conjunction with
decreasedd HDL-C and apoA1 levels. In the early 1970s, Kwiterovich and colleagues13
establishedd by investigating cord blood that HDL-C levels were significantly lower in
childrenn with FH than in nonaffected siblings. This finding was subsequently confirmed
inn older children with FH by the same authors.14 The reason(s) for low HDL-C in
heterozygouss FH have not been fully elucidated. They could be related to increased
very-low-densityy lipoprotein synthesis as seen in FH15 or due to the fact that
intermediate-densityy lipoprotein, also cleared by the LDL receptor, accumulates in
thiss disorder. These metabolic alterations of TG-rich lipoproteins could cause increased
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cholesteryll ester transfer protein (CETP) activity, with subsequent depletion of
cholesteroll in the HDL particle, as has indeed been suggested by Imazu and
colleagues.16 6
Kineticc studies have suggested both increased fractional catabolic rate and decreased
synthesiss of HDL-apoAl.17 Schaefer and colleagues18 suggested that deficiency of the
LDLL receptor leads to an increased pool size of apoE, which in turn could lead to
apoE-enrichedd HDL particles and subsequent increased clearance of these particles in
FH. .
Takenn together, increased CETP activity in conjunction with increased HDL-C clearance
couldd be hypothesized to underlie the lower HDL-C levels in children with FH.
LDL-CC levels showed a wide range in our cohort. In healthy twin children, the
variationn of cholesterol levels was attributed for 24% to genetic influences and for a
stunningg 76% to environmental influences.19 This is in sharp contrast to our findings;
age,, diet, BMI and smoking were essentially similar across all LDL tertiles in children
withh FH. The loss of half of LDL receptor function might be an overriding force and
mayy overwhelm any subtle environmental or other genetic influence on LDL-C levels,
ass was shown previously for apoE genotype and diet in relation to FH.2021
Att the present time, the recommended therapeutic regimen for children with FH
iss restricted to bile acid-binding resins, which are only slightly more effective than diet
alone2226.. In contrast, Stein and colleagues8 reported on the long-term efficacy and
safetyy of lovastatin in children and adolescents with FH, showing excellent tolerability
andd lack of serious side-effects in this age cohort.
However,, not all children with FH have the dire consequences of accelerated
atherosclerosiss but, in fact, may have a normal life expectancy.910 In our opinion, targeted
interventionn of children with FH should take family history and notably the severity of
parentall coronary disease into account. Event-free survival of the affected parent with
FHH showed in our study a strong relation with both LDL-C and HDL-C levels in children.
Indeed,, a positive family history is a strong and independent risk factor for both genders,
andd its effect is synergistic with other CVD risk factors as well, also for individuals
withoutt FH.27 In addition, children with FH with Lp(a) levels >300 mg/L more often had
aa parent with FH with premature CVD than those with lower Lp(a) levels.
Ourr observations suggest that a high familial risk of CVD may be identified in a
childd with FH before it becomes family history by analyzing its lipid profile.
Inn conclusion, when the diagnosis of FH is certain in the family, simple measurement
off the most important lipoproteins, LDL-C, HDL-C and Lp(a), allows an accurate
diagnosiss of FH in childhood and leads to identification of FH families with the highest
riskk of CVD. It would therefore follow to study efficacy and safety of long-term statin
usee in children with FH with a family history of premature CVD.
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Abstract t
Childrenn with Familial Hypercholesterolemia (FH) exhibit substantial variance of
LDLL cholesterol. In previous studies, family members of children with FH were
included,, which may have influenced results. To avoid such bias, we studied
phenotypee in 450 unrelated children with FH and in 154 affected sib-pairs. In
knownn families with classical FH, diagnosis was based on plasma LDL cholesterol
abovee the age- and gender-specific 95 th percentile.
Girlss had 0.47

5 mmol/L higher LDL cholesterol, compared with boys

(p=0.002).. Also in girls, HDL cholesterol increased by 0.07

0.03 mmol/L per

55 y (p fortrend =0.005); this age effect was not observed in boys. The distribution
off apolipoprotein (apo)E genotypes was not significantly different between
probands,, their paired affected siblings, or a Dutch control population. Carriers
withh or without one e4 allele had similar LDL and HDL cholesterol levels. Within
thee affected sib-pairs, the e4 allele explained 72.4% of the variance of HDL
cholesteroll levels (-0.15 mmol/L, 95% confidence interval -0.24 to -0.05,
p=0.003).. The effect of apoE4 on HDL cholesterol differed with an analysis
basedd on probands or on affected sib-pairs. The affected sib-pair model used
adjustmentt for shared environment, type of LDL receptor gene mutation, and a
proportionn of additional genetic factors and may, therefore, be more accurate
inn estimating effects of risk factors on complex traits.
Wee conclude that the E4 allele was associated with lower HDL cholesterol
levelss in an affected sib-pair analysis, which strongly suggests that apoE4
influencess HDL cholesterol levels in FH children. Moreover, the strong association
suggestss that apoE4 carries an additional disadvantage for FH children.
Abbreviations s
a p o ,, apolipoprotein
B M I ,, body mass index
FH,, familial hypercholesterolemia
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Introduction n
FHH is an autosomal dominant disorder, strongly predisposing for premature coronary
disease.11 In the Netherlands, heterozygous FH has a prevalence of approximately one
inn 400 individuals, making it one of the most common inherited disorders of
metabolism.22 Inherited defects in the gene coding for the LDL receptor constitute the
molecularr basis for FH.3 As a result, LDL cholesterol is insufficiently taken up by its
receptorr and, subsequently, plasma LDL cholesterol levels are elevated.3
Inn most FH patients, there is excessive deposition of cholesterol esters in the
intimaa of the vasculature, leading to accelerated atherosclerosis and premature
coronaryy artery disease. Although the clinical sequelae of atherosclerosis usually ensue
inn adult life, atherogenesis begins in early childhood. A significant positive correlation
existss in childhood between serum LDL cholesterol and the extent of atherosclerosis
inn the coronary arteries and the aorta.4 Moreover, in adolescence a strong relationship
iss observed between elevated cholesterol levels and the risk of subsequent coronary
diseasee later in life.5
However,, among children with FH a substantial variation in LDL cholesterol levels
existss and was reported to be associated with age, gender, BMI, diet and (apo) E
phenotype.66 This suggests that the clinical phenotype in FH children may be influenced
byy a host of environmental and genetic factors.
Polymorphismss at the apoE locus are among the major factors affecting the
variabilityy of serum lipid levels in normal populations.7 Three common alleles, e2, E3,
andd e4, code for three protein isoforms, apo E2, E3 and E4, resulting in six major
phenotypes.8100 The e4 allele is associated with high, and the e2 allele with lower
totall and LDL cholesterol levels.1119 Furthermore, the e2 allele has been associated
withh decreased cholesterol absorption,20 which then leads to increased cholesterol
synthesiss and up-regulation of the LDL receptor proteins.21-22 Therefore, variation at
thee apoE gene locus influences LDL cholesterol metabolism and has been suggested
too account for as much as 14% of the genetically determined variation in total serum
cholesterol.723 3
However,, in most previous studies in FH children, siblings were included and this
selectionn on familial factors may have biased the analyses of the influences of additional
factors.. Therefore, we studied the clinical and biochemical phenotype in strictly
unrelatedd FH children and in affected sib-pairs to estimate the contribution of age,
gender,, BMI and apoE genotype to LDL and HDL cholesterol levels in these subjects.
Heree we report the results of our studies.
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Methods s
Patients s
AA total of 450 children, 206 boys and 244 girls, were recruited from unrelated
consecutivee families. The FH parents had presented with the classical symptoms of
FHH (fasting plasma LDL cholesterol > 4.9 mmol/L, and a personal or family history of
tendonn xanthomas and/or premature coronary artery disease).24 In addition to vertical
transmissionn from the FH parent, the diagnostic criteria in the children were based on
fastingg plasma LDL cholesterol above the age-and gender-specific 95 th percentiles.2526
Att present, the diagnosis of FH could be confirmed by molecular methods in 84% of
thee 450 unrelated probands. Sixty-nine different types of mutation were found in
thesee 378 children [61 (16%) carried the frequent Dutch mutation N543H+2393del9,
andd 58 (15%) carried another frequent Dutch mutation 1359-1 (G->A)]. Children
homozygouss for FH were excluded. None of the children had diabetes mellitus, kidney,
liverr or thyroid disease. At the time of sampling the children did not use any medication
knownn to influence lipid metabolism, except 13 girls who used oral contraceptives.
Thee study protocol was approved by the Institutional Review Board of the Academic
Medicall Centre. DNA analysis was performed after informed consent was obtained.

Affectedd sib-pairs
Dataa were available of affected siblings (a brother or sister) of 154 index children.
Outt of the affected siblings of one particular family, we selected the second child
thatt visited our outpatient Paediatric Lipid Clinic or by a random method (random
numberss table) when more siblings visited the clinic together. The analyses were
performedd on the index child and one affected sibling only (154 concordant pairs). In
1466 (95%) sib-pairs an LDL receptor gene defect could be demonstrated. In affected
sib-pairr analyses, the relatives were matched for the specific mutation in the LDL
receptorr gene, generation, and familial or environmental factors. In a matched multiple
linearr regression mode), the effect of the e4 allele on the mean concentration of LDL
andd HDL cholesterol was estimated after adjustment for the difference in age, gender
andd BMI within each affected sib-pair.

Controls s
AA control population of 2018 randomly selected 35-y-old Dutch males was used for
comparisonn of the apoE allele frequencies. This group has been described in detail
elsewhere.27 7

Biochemistry y
Bloodd samples were collected after at least a 12 h overnight fast. Plasma levels of
cholesteroll and triglycerides were determined by standardized enzymatic procedures
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(Rochee Molecular Biochemicals, Mannheim, Germany) and HDL cholesterol in serum
wass measured by an automated method using polyethylene-glycol-modified enzymes
andd sulfated a-cyclodextrin (P-800 clinical chemistry analyzer, Roche Diagnostics, Basel,
Switzerland).288 LDL cholesterol levels were calculated using the Friedewald equation.29
ApoA11 and apoB concentrations were assayed by an immuno-rate-nephelometric
procedureprocedure using a polyclonal goat-anti-human antiserum and were calibrated on World
Healthh Organization proposed international reference samples.3031 ApoE genotypes
weree identified by characteristic visible bands after amplification by PCR, restriction
endonucleasee digestion and electrophoresis on 5% agarose gel, as described before.32

Statisticall analyses
Thee statistical analyses were performed by using SPSSWIN 10.0 (SPSS Inc. Chicago,
IL,, USA). Chi-square statistics were applied to test for Hardy-Weinberg equilibrium
andd to compare the apoE allele frequencies of the FH children with the Dutch control
population.. Lipoprotein levels are presented as mean SEM in millimole per liter. The
effectss of age, gender, BMI and apoE allele on the lipid profile were estimated
simultaneouslyy in a multiple linear regression analyses.
Thesee effects were also estimated in affected sib-pairs by using a matched multiple
linearr regression model. The effects of differences in age, gender, BMI, and apoE allele
onn the differences in lipoprotein levels within the pairs were estimated simultaneously.
Thesee differences in age, gender, BMI and apoE allele were not mutually related and
weree included concomitantly into the regression analyses. The determinant 'gender'
wass scored: - 1 when the index was a girl and the sibling a boy (38 pairs), 0 (identical
gender,, 84 pairs), or 1 (index a boy and sibling a girl, 32 pairs). In this way, adjustment
forr the exact differences in gender within the pairs was made.

Results s
Generall characteristics
AA total of 450 consecutive, unrelated children with FH were recruited from one outpatient
pediatricc lipid clinic. The 206 boys and 244 girls had a mean age of 10.8 y, [for boys,
mediann age, 10.8 y (range, 2.0 -18.7 y); for girls, median age, 10.6 y (range, 3.0 - 18.2
y);; p = 1,0]. Twenty-seven children (6 %) had already started smoking before their first
visitt The girls had a mean BMI ( SEM) of 18.7 0.3 kg/m 2 (median BMI, 17.9 kg/m 2 ;
rangee 12.6-41.1 kg/m2) and the boys of 18.3 0.2 kg/m 2 (median, 17.5 kg/m 2 ; range
13.11 - 30.2 kg/m2) (p=0.2). Twenty-four children (5.5 %) had palpable xanthomas. In
811 out of 244 girls (33 %) menarche had occurred and 13 of them were using oral
contraceptives. .
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Lipoproteinss in 450 unrelated probands
Girlss had a significantly higher plasma LDL cholesterol (5.99 0.10 mmol/L) compared
withh boys (5.54
0 mmol/L; p=0.002). This difference did not change after
adjustmentt for age and carrier status of at least one e4 allele (0.47 0.15 mmol/L;
p=0.002).. Even considering the wide range of ages among the unrelated children,
wee did not observe any influence of age on LDL cholesterol levels with or without
adjustmentt for gender and e4 carrier status (-0.05 0.10 mmol/L per 5 y; pfortrend=0.6).
BMII and age were correlated (r partia =0.57; p<0.001) and had in similar models
comparablee effects on LDL cholesterol levels (data not shown).
Thee levels of HDL cholesterol were similar in boys and girls (both were 1.25 +
0.022 mmol/L; p=1.0). In the entire group of children, the mean HDL cholesterol level
showedd no tendency over age (0.03 0.02 mmol/L per 5 y; Pfortrend=0.1). We repeated
thiss analysis in boys and girls separately. In girls, HDL cholesterol increased with 0.07
0.03 mmol/L per 5 y (pfor trend=0.005), whereas such an effect of age was not
observedd in boys. In a multiple regression model, menarche, oral contraceptives, and
smokingg did not explain the variation of HDL cholesterol in girls. An association was
observedd between triglyceride and HDL cholesterol levels, as expected. Additional
adjustmentt for the triglyceride concentration did not change the results of the
multivariatee analyses.
Noo differences were observed in apoE genotype distribution (x2=7.198, df=5; p=0.2)
orr allele frequencies (x 2 =4.091, df=2; p=0.1) between the children and a sample of
20188 Dutch males (Table 1). The results were similar after exclusion of the 13 apoE2
homozygotess from the Dutch control group. ApoE genotypes of the children and control
subjectss were in Hardy-Weinberg equilibrium (x 2< 4.551, df=3; p>0.2).

Tablee 1. ApoE genotype and e allele frequencies
Genotype e

E4E4 4
E4E3 3
E4E2 2
E3E3 3
E3E2 2
E2E2 2
Allele e
e2 2
s3 3
E4 4

34 4

FHH children
n-450 0
12 2
135 5
10 0
243 3
50 0
00

Dutchh controls
n-2018 8
59 9
512 2
45 5
1128 8
261 1
13 3

p-Value e

N.S. .

Frequency y

Frequency y

p-Value e

0.067 7
0.746 6
0.188 8

0.082 2
0.750 0
0.167 7

N.S. .

Thee Apolipoprotein s4 Allele Confers Additional Risk in Children with FH
Carrierss of the different apoE genotypes had similar fasting serum LDL cholesterol
levelss as shown in Table 2. Moreover, the carriers of an e4 allele had similar LDL and
HDLL cholesterol levels to those of the carriers of other alleles (Table 2A). Adjustment
forr age, gender, and BMI did not change these results (data not shown).
ApoAll and apoB100 levels were available in 391 of the 450 unrelated children
withh FH. In table 2B, the concentrations are shown according to apoE genotype and
thee presence of an s4 allele. The apoB levels were lower in e2 allele carriers. After
exclusionn of the e4s2 carriers, the children with e4 alleles had similar apoB levels
comparedd to the children without E4 alleles.
Tablee 2a. Mean serum LDL and HDL cholesterol concentrations of 450 unrelated FH children
accordingg to apoE genotype or the presence of the s4 allele
E4E4 4
n-12 2
LDLL (mmol/L) 5.177
HDLL (mmol/L) 1.311

E4E3 3
n=135 5
6 5.888
8 1.255

E4E2 2
n=10 0
2 5.400
3 1.211

0.28 5.844
8 1.255

84 4
n=147 7

• ''

LDLL (mmol/L)
HDLL (mmol/L)

E3E2 2
n=50 0

E3E3 3
n=243 3

0 5.477
2 1.277

p-Value e

0.23
3

nonn e4
n-293 3

5.877
2
1.255 + 0.02

5.788
1.255

Valuess are unadjusted mean serum concentrations
(n=10)) were excluded from the analyses.

0.2 2
09 9
p-Value e

0.09
2

0.8 8
1.0 0

SEM; patients with the apo E4E2 genotype

Tablee 2b. Mean serum apolipoprotein Al and B100 concentrations of 391 of the 450 FH children
accordingg to apoE genotype or the presence of the e4 allele.
E4E4 4
n-10 0
apoAA (g/L)
apoBB (g/L)

1.244
1.544

E4E2 2
n-9 9

E4E3 3
n-114 4

2 1.300
3 1.399

5 1.277
0 1.700
84 4

n=124 4
apoAA (g/L)
apoBB (g/L)

1.277
1.688

0.02
0.03

Valuess are unadjusted mean serum concentrations
(n=9)) were excluded from the analyses.

E3E3 3
n=213 3

0.06 1.277
7 1.644

E3E2 2
n=45 5
2 1.322
3 1.500

none4 4
n=258 8
1.288
1.622

p-Value e

3
6

0.7 7
0.02 2
p-Value e

1
3

0.6 6
0.1 1

SEM; patients with the apo E4E2 genotype
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Lipoproteinss in 154 affected sib-pairs
Thee contribution of the s4 allele t o the variation of LDL and HDL cholesterol levels
withinn the affected sib-pairs was estimated using a matched multiple linear regression
modell w i t h adjustment for the differences in age or BMI, and gender. Because the
affectedd siblings shared environment and an identical mutation in the LDL receptor
genee w i t h their probands, additional genetic factors are likely to explain the difference
inn LDL cholesterol levels. The presence of the s4 allele did not contribute to the
observedd differences in LDL cholesterol levels (mean difference 0.16 m m o l / L ; 9 5 %
CI,, -0.33 t o 0.64 m m o l / L ; p=0.2) within the affected pairs. The finding that apoB
levelss were lower in probands with an e2 allele could not be confirmed in the sib-pairs
(-0.177 + 0.12 g/L, p=0.2), which supports our findings on LDL cholesterol levels. In
thee sib-pair analysis, w e also did not find an effect of the presence of an E 4 allele on
apoBB levels (0.003

0.01 g/L, p>0.9).

Strikingly,, the presence of the e4 allele explained 7 2 . 4 % of the variance in HDL
cholesteroll levels (-0.15 mmol/L, 9 5 % CI - 0 . 2 4 t o -0.05; p=0.003) (Table 3). In a
similarr model w i t h identical results, differences in BMI significantly explained 14.5%
off the variation of the mean paired differences in HDL cholesterol levels. Part of this
mayy be attributed t o an effect of differences in age, because the differences in age
andd BMI were correlated (r partia =0.59; p O . 0 0 1 ) . In agreement w i t h our findings on
HDLL cholesterol levels, the e4 allele was associated w i t h lower apoAl concentrations
amongg the sib-pairs (-0.12

0.04 g/L, p=0.002).

Thee distribution of the apoE genotypes was not significantly different between
thee probands, their paired affected siblings, and the Dutch control population.
Nonetheless,, the affected siblings were not in Hardy-Weinberg equilibrium illustrating
thee dependency of this second sample coming from the same families (x 2 =8.365,
df=3;; p=0.04).

Tablee 3. Variance of mean paired differences in HDL cholesterol levels as explained by specific
determinants. .
Determinantt
s44 allele
Agee
Genderr
Unexplainedd

HDL difference
-0.15
-0.01
-0.03
0.01

(-0.24 to-0.05)
(-0.03 to -0.002)
(-0.10 to 0.04)
(-O.04 to 0.06)

%

p-Value

72.4
7.2
14.7
5.7

0,003
0.02
N.S.
N.S.

Valuess for HDL cholesterol are given as means in millimole per liter with 95% confidence interval in
parentheses.. (The negative value of the differencee in HDL cholesterol as a result of differences in
e44 carrier status within the pairs is the result of a larger number of relatives with the s4 allele
comparedd with the probands).
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Discussion n
Wee studied a large cohort of unrelated FH children with a wide age range and no
concomitantt disorders. The apoE genotype distribution and allele frequencies of our
cohortt did not differ from the general Dutch population and were in Hardy-Weinberg
equilibrium.277 With these conditions met, it became possible to assess the impact of
thee apoE genotype on lipids and lipoproteins in these children.
Inn a wide range of populations, both adults and children, it has been convincingly
demonstratedd that the e4 allele is associated with both increased LDL cholesterol and
apoB,, whereas the opposite is true for the e2 allele. 273338
Wee could not, however, demonstrate a statistically significant effect of the e4
allelee on LDL cholesterol, HDL cholesterol, or triglycerides in our carefully recruited
andd unrelated pediatric FH cohort. Only the apoB levels were lower in e2 allele carriers.
Ourr observations in these FH children suggest that the apoE genotypes have
littlee influence on their lipid profiles. This is in contrast with normocholesterolemic
children,, whose e4 alleles are associated with increased levels of LDL cholesterol.3941
Thee variation of LDL cholesterol levels in healthy individuals is to a certain extent
determinedd by the affinity of the different apoE isoforms for the LDL receptor. It is
likelyy that in heterozygous FH, with 50 % of LDL receptor activity, and LDL cholesterol
levelss twice the normal value, the subtle effects of apoE isoforms are nullified. A
similarr effect is seen with variation in other genes affecting LDL cholesterol levels,
suchh as cholesteryl ester transfer protein and microsomal triglyceride transfer protein.42
Att young age, the presence of a LDL receptor gene mutation likely overrules other
factorss and influences the variation of LDL cholesterol levels in terms of a major gene.
Ourr findings are similar to those in adults with FH, in whom the apoE phenotype has
noo influence on the lipid profile.4344 In adults, the type of mutation in the LDL receptor
genee contributes to the variation of LDL and HDL cholesterol levels; moreover, it
determiness to a large extent the occurrence of tendon xanthomas.45 In our series of
unrelatedd FH children, such mutation-related effects may have diminished the
possibilitiess to quantify the contribution of the apoE genotype.
Besidess these LDL locus effects, environmental factors may also contribute to the
variationn of the lipid profiles in FH children similar to normocholesterolemic children.39
Therefore,, we also performed analyses in pairs of affected siblings. All affected siblings
sharedd their environment and carried an identical mutation in the LDL receptor gene.
Ass a result of matching these relatives, the effect of additional genetic factors to the
variationn of LDL and HDL cholesterol levels can be estimated independent of
environmentt and type of LDL receptor gene mutation. In this model, the e4 allele did
nott explain variation of the LDL cholesterol levels, nor could the finding of lower
apoBB levels in e2 allele carriers be confirmed in the sib-pairs. However, carriers of an
e44 allele had lower HDL cholesterol levels and this allele explained > 50% of the
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differencee in HDL cholesterol levels within the affected pairs. The effect of the e4
allelee on HDL cholesterol has therefore been underestimated in our series of unrelated
children.. This is probably a consequence of the contribution of the type of LDL receptor
genee mutation to the variation of the HDL trait.45 In adults with FH, low HDL cholesterol
levelss associate with coronary artery disease.46 An E4 allele may therefore confer a
seriouss disadvantage for FH children.
Moreover,, a recent intriguing study showed that an e4 allele may have an
untowardd effect in survivors of myocardial infarction independent of lipoprotein levels.47
Thee strength of the present study is that the influence of the e4 allele on the lipid
profilee was analyzed in both a series of probands and affected sib-pairs. As explained
above,, earlier studies contained both probands and relatives and, therefore, the
findingss may have been influenced by familial factors. These familial factors could
consistt of the mutation type in the LDL receptor gene, additional genetic factors, and
environmentall factors. Our analysis of a series of probands was relatively independent
off such additional familial factors com pa red with the earlier studies. However, similar
too these earlier studies, it may be biased by the type of mutation in the LDL receptor
gene.. The analysis of the affected sib-pairs avoids such bias by matching for the
haplotypee of the LDL receptor locus. In addition to matching based on the molecular
defectt in the LDL receptor locus, this analysis also adjusts for shared environment and
sharedd genome. In the matched regression model, we further adjusted for differences
inn age, gender, and BMI to reduce the variance within the matched pairs caused by
otherr sources than the apoE locus. The combination of analyses, in the present study,
showss that the analysis of index cases is relatively insensitive to the influences of the
apoEE locus, whereas the affected sib-pair analysis allowed us to detect a remarkable
lowerr concentration of HDL cholesterol in carriers of the e4 allele compared with
otherr alleles. Additional adjustment for differences in triglyceride levels did not change
thee results. In agreement with our findings on HDL levels, the e4 allele was associated
withh lower apoAl levels among the sib-pairs.
Inn conclusion, the e4 allele did not cause variance of fasting LDL cholesterol level
inn children with FH. The carriers of this allele had significantly lower HDL cholesterol
levelss compared with the carriers of the other alleles. These effects were studied free
fromm influences of the mutation type in the LDL receptor gene and other familial factors.
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Abstract t
Objective e
Inn children with familial hypercholesterolemia (FH), the effect of the type of
low-densityy lipoprotein (LDL) receptor mutation on lipoprotein metabolism is
probablyy more accurately analyzed than in adults, as a result of less environmental
influencess and late onset of additional lipid disorders. In a large pediatric FH
cohort,, free from selection for cardiovascular disease (CVD), we estimated the
influencee of LDL receptor genotype on the lipoprotein metabolism. In addition,
wee investigated whether or not the parental risk of CVD was related to the type
off mutation.

Methodss and Results
Inn our ongoing national screening program, we apply standard molecular
techniquess for the identification of LDL receptor mutations in families FH. A
totall of 75 different LDL receptor mutations were identified in 645 children
withh heterozygous FH. Null alleles were associated with significantly more
elevatedd LDL cholesterol levels compared with receptor-defective mutations.
Thee parental CVD risk was not significantly different between carriers of null
alleless and receptor-defective mutations (RR, 1.22; 95% CI, 0.76 to 1.95; P=0.4).
Thee specific N543H/2393del9 mutation resulted in a less atherogenic lipid profile
withh significantly less increased LDL cholesterol and triglyceride levels and a
tendencyy to higher HDL cholesterol levels. Moreover, the parents with the
N543H/2393del99 mutation had less often CVD relative to parents with other
mutationss (RR, 0.39; 95% CI, 0.20 to 0.77; P=0.008).
Conclusions s
Ourr findings suggest that some specific LDL receptor mutations may be expressed
ass mild FH and cause less CVD. However, the large variation of LDL cholesterol
levelss between carriers of receptor-negative mutations and receptor-defective
mutationss is not clinically relevant. Moreover, so far unidentified, familial factors
underliee the difference of lipoproteins that may contribute to the burden of the
disorder. .
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Introduction n
Familiall hypercholesterolemia (FH) is a common autosomal, dominant disorder caused
byy mutations in the low-density lipoprotein (LDL) receptor gene. FH is characterized
byy elevated plasma LDL cholesterol levels, tendinous xanthomas, and premature
cardiovascularr disease (CVD).1 Despite the monogenic nature of the disease,
heterozygouss FH shows large variability in phenotypic expression dependent on both
environmentall and genetic factors.2 At present, more than 800 sequence variations
inn the LDL receptor gene have been identified,3 and the residual functional LDL receptor
activityy varies considerably between the different types of mutations.4
Previouss studies in heterozygous FH assessed whether the variation of the residual
LDLL receptor function influenced plasma lipoproteins and cardiovascular risk. However,
thesee studies yielded conflicting results.514 Additional familial risk factors clearly
influencee the clinical expression of FH.215 Moreover, FH families referred to lipid clinics
oftenn express additional lipid disorders.16 Recently, we performed an analysis of a
largee series of families and observed that differences between types of mutations
mayy be based on few mutations that give rise to a milder phenotype.8 In children, the
effectt of the LDL receptor mutation type on the lipid profile may be more
straightforwardd than in adults as a result of a more homogeneous environment and
latee onset of additional lipid disorders. Therefore, FH children may be more suited to
analyzee the effect of the heterogeneity at the LDL receptor locus. In a founder
population,, the associations between three mutations and lipoprotein concentrations
inn FH children confirmed the findings in their adult relatives.917 The present study is
performedd without such selection on specific mutations.
Inn the present study, we estimated the effect of the nature of the LDL receptor
mutationn on lipoprotein metabolism in a large pediatric cohort and assessed its
influencee on the CVD risk of the parents with FH.

Methods s
Studyy Population
Betweenn July 1989 and January 2003, a total of 859 children with FH were referred
too the pediatric Lipid Clinic at the Academic Medical Center in Amsterdam from all
regionss of the Netherlands. Heterozygous FH was diagnosed in the parent according
too the following criteria: (1) a documented LDL receptor gene mutation or (2) plasma
LDLL cholesterol concentrations above the 95th percentile for age and gender, together
withh a positive family history of premature CVD and (3) the presence of tendinous
xanthomas.. At present, in our ongoing molecular screening program a LDL receptor
mutationn was identified in 655 children. A total of 3 true homozygotes were detected
andd they were excluded from the present study as well as 7 compound heterozygotes.
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Thee lipoprotein analyses were performed, after exclusion of 52 children on lipid
loweringg medication, in 593 children. This group consisted of 239 unrelated children
andd 354 children out of 157 sibships. A total of 72 sibships shared ancestors in 35
pedigrees.. The parental risk of CVD was analyzed in 436 affected parents of index
childrenn {the first child of a sibship that visited our lipid clinic).
CVDD in the parents was defined as: (1) angina pectoris confirmed with
electocardiographicc exercise testing, (2) > 70% stenosis on coronary angiography,
(3)(3) myocardial infarction assessed by electrocardiography, or a deep and wide Qwavee as an electrocardiographic manifestation of an old infarction, or CPK-MB
monitoringg during the acute phase, (4) coronary bypass or percutaneous transluminal
coronaryy angiography, and (5) stroke. CVD before the age of 60 years was considered
prematuree CVD.
Thee study protocol was approved by the Institutional Review Board, and informed
consentt was obtained from all children and parents.

Typee of LDL receptor mutation
Thee phenotypic expression of LDL receptor mutations is analyzed by comparing lipid
profiless between carriers of different types of mutations. Mutations can be divided
intoo six classes based on their phenotypic effects on the protein. The mutation groups
forr our primary analyses were based on their functional class as reported in the
literature:: (1) the receptor-negative mutations or null alleles group contained of all
classs 1 mutations, class 2A mutations, early stop-codons, and nonsense mutations,
althoughh the latter had often undetermined residual function; (2) the receptor-defective
mutationss group contained class 2B to class 6 mutations; (3) the undeterminedreceptor-activityy mutations group contained all remaining mutations with
undeterminedd mutational class. Secondary analyses were performed on seven
individuall mutations that were frequently identified among the children.

Laboratoryy Methods
Fastingg plasma concentrations of total cholesterol, triglycerides, and high density
lipoproteinn (HDL) cholesterol were measured, using commercially available kids
(Boehringer,, Mannheim, Germany). LDL cholesterol concentrations were calculated
byy the Friedewald formula.18 All children had plasma triglyceride concentration below
4,55 mmol/L (398 mg/dL). Apolipoprotein A1 and apolipoprotein B100 were
determinedd on a Behring nephelometer, BN 100 (Behring, Marburg, Germany).
Lipoproteinn (a) [Lp(a)] concentrations were measured using the Apo-Tek ELISA
(Organonn Teknika, Rockville MD, USA). Mutational analyses were performed with
thee use of polymerase chain reaction and restriction enzyme analysis as described
previously.19 9
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Statisticall Analysis
Alll data were analyzed using SPSS software (version 10.0, SPSS) and S-PLUS 2000
software.. Differences between groups were tested with Students' t-test for continuous
data.. The effect of the nature of the mutation on lipoproteins was estimated in a
linearr mixed effects model including random familial effects and adjusted for age
andd gender. A separate analysis was performed restricted to the index children.
Moreover,, a sibpair analysis was performed to compare each index child with one
siblingg using the paired t-test. A total of 127 sibships consisted of two children, the
remainingg 30 sibships contained at least three children. In the latter, one affected
siblingg was randomly selected for the sibpair analysis. Continuous data were compared
amongg specific LDL receptor mutations with one-way ANOVA. Statistical testing of
triglyceridess and Lp(a) levels was performed after logarithmic transformation.
Thee parental risk of CVD in carriers of receptor-negative mutations, receptordefectivee mutations, and the N543H/2393del9 mutation were directly compared
withh Cox regression and cumulative event-free survival was analyzed with the KaplanMeierr method. The parental date of birth was used in the Cox regression to adjust for
differencess in life expectacy over calender periods, and adjustment for parental gender
andd family was made. Statistical significance was assessed at the 5% level of probability.

Results s
LDLL Receptor Gene Mutations in FH Children
Thee identified LDL receptor gene mutations are listed in Addendum I. A total of 75
differentt mutations were detected in 645 children with heterozygous FH from 383
apparentlyy unrelated families. We found 186 children with 19 receptor-negative
mutations,, 372 children with 26 receptor-defective mutations, and 87 children with
300 mutations with undetermined residual function of the mutated receptor. Moreover,
wee detected seven different mutations in substantial numbers of children: the double
mutationn N543H/2393del9 was found in 141 children; two splice site defects at
positionss 1359-1 and 313+1 or 2 were detected in 106 and 64 children, respectively;
thee deletion of 2,5 kb at exon 7 and 8 is a large rearrangement and was found in 26
children;; two missense mutations, V408M, E207K, and one nonsense mutation, W23X
weree present in 38, 3 1 , and 28 children, respectively.

Lipoproteins s
AA total of 52 FH children were on lipid lowering medication and were excluded from
thee analysis of lipoproteins. The characteristics and lipid profiles according to the
typee of LDL receptor mutation of the remaining 593 FH children are presented in
Tablee 1. The mean age was 10.6 years and similar distributed in the three groups.
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Tablee 1. Characteristics of FH children with receptor-negative mutations, receptor-defective
mutations,, and mutations with undetermined receptor activity
Parameter r

Undetermined d Receptor-negative e Receptor-defective e p-valuet t
receptorr activity
mutations s
mutations* *
(n=80) )
(n=341) )
(n-172) )

Age,, y (range)
Gender,, m / f
TCC (mmol/L)
LDL-CC (mmol/L)
HDL-CC (mmol/L)
TC/HDL-C C
TGG (mmol/L)
Apoo A-l (g/L)
ApoB100(g/L) )
Lipoproteinn (a) (mg/L)

10.4(3.0-18.5) )
38/42 2
7.822
7
6.277
6
1.211
3
6.655 + 0.18
0.733 + 0.04
1.233
3
1.777
5
1844
6

10.6(1.4-19.9) )
79/93 3
8.044
1
6.400
1
1.266
2
6.655
5
0.822 1 0.03
1.266
2
1.755
3
1966 19

10.6(1.4-19.3) )
170/171 1
6.866 0.08
5.233
7
1.299
2
5.577 0.09
0.744 0.02
1.266
1
1.477
2
22

1.0 0
0.4 4
O.001 1
O.001 1
0.7* *
<0.001 1
0.03§ §
1.0 0
<0.001 1
0.6§ §

TC=totall cholesterol, LDLHow-density lipoprotein, HDL=high-density lipoprotein, Apo A-l=apolipoprotein
A-l,, Apo B100=apolipoprotein B100, values are given as means standard error of the mean (SEM).
Wee observed similar distributions of smoking, BMI, and stigmata (data not shown) in the three
mutationall groups. *The 5 nonsense mutations that were classified as null alleles had simular
distributionss of baseline characteristics compared with receptor-negative mutations (data not shown).
tComparisonn between receptor-negative and receptor-defective mutations. ^Statistical analysis
adjustedd for individual serum triglyceride levels did not change the result (data not shown). §Statistical
testingg after logaritmic transformation.

Tablee 2. Characteristics of 7 most frequent mutations
Parameter r

N543H// 2393del9
defective e
(n=139) )

Age,, y (range)
10.4(1.4-19.3) )
Gender,, m / f
811 / 5 8
TCC (mmol/L)
6.044 0.09
LDL-CC (mmol/L)
4.411 0.08
HDL-CC (mmol/L)
1.333
2
TC/HDL-C C
4.733
0
TGG (mmol/L)
0.666 0.03
Apoo A-l (g/L)
1.288
2
Apoo B100 (g/L)
1.233
2
Lipoproteinn (a) (mg/L)
1855
8

313+1/2 2
defective e
(n-53) )

V408M M
defective e
(n-35) )

E207K K
defective e
(n-27) )

11.0(4.5-17.9) )
211 / 3 2
7.555
9
5.900
8
1.300 0.04
6.022 0.20
0.766 0.05
1.255 + 0.03
1.688
5
1477 25

11.7(2.0-16.6) )
18/17 7
7.466 0.20
5.944
9
1.177
5
6.700
8
0.799 1 0.06
1.200
4
1.711
5
2088 42

10.0(4.1-18.0) )
13// 14
7.733 0.23
6.177
2
1.244
5
6.555
7
0.766 0.07
1.222
2
1.700
7
1655
8

TC=totall cholesterol, LDLHow-density lipoprotein, HDL=high-density lipoprotein, Apo A-l=apolipoprotein
A-l,, Apo B100=apolipoprotein B100, of the mean, values are given as means standard error of the
meann (SEM). "Comparison between N543H/2393del9 mutation and other mutations. ^Statistical
analysiss after additional adjustment for individual serum triglyceride (data not shown).^Statistical
testingg after logaritmic transformation.
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Thee 172 children with receptor-negative mutations had a significantly more elevated
meann LDL cholesterol level (difference ( SEM), 1.16 0.13 mmol/L; P<0.001) and
higherr mean level of triglyceride (difference, 0.08 0.04 mmol/L; P=0.04) compared
too the 341 children with receptor-defective mutations. The carriers of mutations with
undeterminedd receptor activity had intermediate mean LDL cholesterol and triglyceride
levels.. The mean HDL cholesterol levels were similar in the three groups.
Thee analysis restricted to index children showed similar relations between the
lipoproteinss and the LDL receptor genotype (data not shown). The sibpair analysis
showedd no statistical difference in characteristics and lipoprotein levels between index
childrenn and their affected siblings: the mean difference in LDL cholesterol was 0.02
11 mmol/L; P=0.9. In Figure 1, a comparison of the mean LDL cholesterol levels
iss shown between the groups of mutation types and between the seven specific
mutationss adjusted for age, gender, and specific family ties. The mean LDL cholesterol
levell in carriers of receptor-negative mutations was 6.43 0.23 mmol/L and this was
significantlyy more elevated than 5.23 0.36 mmol/L in the carriers of receptor-defective
mutationss (PO.001).
Tablee 2 shows lipid profiles of the seven most frequent mutations. The carriers of
thee N543H/2393del9 mutation had significantly less increased mean levels of LDL
cholesteroll (difference, 1.76 0.12 mmol/L; PO.001) and mean triglyceride levels
(difference,, 0.1
0.04 mmol/L; PO.001) and showed a tendency towards higher
HDLL cholesterol levels (difference, 0.08 0.03 mmol/L; P=0.09) compared to carriers
off other mutations. In line with our unadjusted results, the carriers of the N543H/

2,55 kb deletion
defective e
(n-22) )

1359-1 1
negative e
(n=100) )

W23X X
negative e
(n-28) )

p-value* *

10.2(2.5-18.0) )
6/16 6
8.144
3
6.544
0
44
33
0.988
2
1.233
4
1.844 0.08
2277 40

10.5(1.4-19.9) )
50/50 0
7.822
5
6.211
5
1.266 + 0.03
6.477 + 0.19
0.788 0.04
1.244
2
1.700
5
1600
1

11.3(3.2-18.0) )
10/18 8
8.244
5
6.511
6
1.277
4
6.766 0.34
0.944 0.09
1.311
3
1.855
9
2100
0

0.4 4
0.009 9
<0.001 1
O.001 1
0.09T T
<0.001 1
O.0011 +
0.08T T
<0.001 1
0A$ 0A$
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Figuree 1. Mean LDL cholesterol according t o type of LDL receptor mutations adjusted for age and
gender. .
88

ll

77

<<
TT
—— 6
]3 3

T

II

||

1
1
II I

II

rr

;.••

*== 4

N543H//
313+1/2
2393del99

V408M

E207K

2,5 kb
deletion

1359-1

W23X

receptorr
negativee

receptor defective
defective N543H/
2393del9 9
excL L

** Significant (PO.001) difference between carriers of the N543H/2393del9 mutation and carriers
off other mutations. * * Significant (P<0.001) difference between carriers of receptor-negative and
receptor-defectivee mutations with and without the N543H/2393del9 mutation

Tablee 3. Receptor-negative mutations versus receptor-defective mutations without the N543H/
2393del99 mutation
Parameterr

Age,, y (range)
Gender,, m / f
TCC (mmol/L)
LDL-CC (mmol/L)
HDL-CC (mmol/L)
TC/HDL-C C
TGG (mmol/L)
Apoo A-l (g/L)
ApoB100(g/L) )
Lipoproteinn (a) (mg/L)

Receptor-negative
mutationss
(n-172))

Receptor-defective
mutations
(n=202)

p-value

10.6(1.4-19.9) )
79/93 3
8.044
1
6.400 + 0.11
1.266
2
6.655
5
0.822 0.03
1.266
1
1.755
3
1966
9

10.8(2.0-18.0) )
89/113 3
7.433
0
5.800 0.09
1.277
2
6.144
2
0.800 0.03
1.255
1
1.644
3
1822
5

0.7 7
0.7 7
<0.001 1
O.001 1
1.0* *
0.007 7
0.6t t
0.5 5
0.01 1
0.5| |

TC=totall cholesterol, LDLHow-density lipoprotein, HDL=high-density lipoprotein, Apo A-l=apolipoprotein
A-l,, ApoB100=apolipoprotein B100, of the mean, values are given as means standard error of the
meann (SEM). *Adjustment for individual serum triglyceride levels did not change the result (data not
shown).. IStatistical testing after logaritmic transformation
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2393del99 mutation had significantly less increased mean LDL cholesterol levels
comparedd with carriers of other alleles (4.41
0.37 versus 6.17
0.13 mmol/L;
P<0.001).. Therefore, we compared the lipoproteins between receptor-negative
mutationss and receptor-defective mutations after exclusion of the carriers of the
N543H/2393del99 mutation (Table 3). Nonetheless, the difference in mean LDL
cholesteroll level between receptor-negative mutations and receptor-defective
mutationss remained significant (difference, 0.60
4 mmol/L; PO.001), even after
includingg familial factors and adjustment for age, gender, and specific family ties
(difference,, 0.62 0.14 mmol/L; PO.001).

Parentall History of CVD
Wee restricted the analyses of the relation between the nature of the mutation and
parentall history of premature CVD to 436 index children with FH. The number of
eventss in FH parents was 38 in 5341 personyears for receptor-negative mutations, 44
inn 6519 personyears for receptor-defective mutations (N543H/2393del9 mutation
excluded),, 24 in 2651 personyears for mutations with undetermined residual function,
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Figuree 2. Kaplan-Meier curves for CVD free survival among parents with different types of LDL
receptorr mutations. CVD free survival was significant better in the N543H/2393del9 mutation
comparedd with receptor-defective and receptor-negative mutations (log rank test, P=0.02).
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andd 12 in 3852 personyears for the N543H/2393del9 mutation. After exclusion of
thee carriers of the N543H/2393del9 mutation CVD risk was 1.22 of parents with
receptor-negativee mutations relative to receptor-defective mutations (95% CI, 0.761.95;; P=0.4). Strikingly, parents with the N543H/2393del9 mutation had significantly
lesss often CVD than the parents with other mutations (RR, 0.39; 95% CI, 0.20 to
0.78;; P=0.008). In Figure 2, Kaplan-Meier curves show the CVD-f ree survival of parents
withh receptor-negative mutations, receptor-defective mutations, and the N543H/
del2393del99 mutation.

Discussion n
Inn this pediatric FH cohort, we identified a large array of LDL receptor mutations.
Childrenn with receptor-negative mutations had significantly more elevated LDL
cholesteroll levels compared to children with receptor-defective mutations. Nonetheless,
thee CVD risk of the parents with these receptor-negative mutations was not significantly
increasedd relative to the parents with receptor-defective mutations. The N543H/
2393del99 mutation resulted in a less atherogenic lipoprotein disorder with significantly
lesss increased LDL cholesterol and triglyceride levels, and a tendency towards higher
HDLL cholesterol levels. The parents with this mutation clearly had less increased risk
off CVD.
Thee present genotype-phenotype analysis was restricted to children. As a result,
wee could estimate the effect of the type of LDL receptor mutation on lipoprotein
metabolismm against a relatively homogenous environmental background and before
onsett of additional lipid disorders. FH families referred to lipid clinics often express
suchh additional lipid disorders.16 Moreover, environmental and familial factors clearly
influencee lipid metabolism. 8 Therefore, the effect of LDL receptor genotype on
lipoproteinss is probably more accurately analyzed in children than in adults. Although
FHH children may be more suited to perform genotype-phenotype analyses, only one
studyy with genetically confirmed FH children has been performed.' 7 However, these
childrenn were selected on specific founder mutations and the findings might have
beenn influenced by additional familial factors. The present study was performed in a
largee pediatric cohort without selection on specific LDL receptor mutations. In addition,
wee have estimated the parental risk of CVD, because we have recently found that
moree severely increased LDL cholesterol levels and more decreased HDL cholesterol
levelss could identify the FH children at the highest risk for CVD.20 Strikingly, we did
findd a more deteriorated lipid profile in children with receptor-negative mutations but
thesee mutations could not explain our previous observations. In the present study, FH
hadd been identified in an adult relative before children were referred to our lipid
clinic.. Hence, the index children in our cohort cannot be probably not regarded as
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probands.. This is in line with our affected sibpair analysis that showed no difference
inn lipoprotein levels between index children and their affected siblings. Selection on
familiess with severely increased risk of CVD could explain why we did not observe an
effectt of the nature of the LDL receptor mutation on the parental CVD risk. However,
thee high frequency of the N543H/2393del9 mutation suggests that this type of
selectionn did not occur.
AA limitation of the present study and of genotype-phenotype analyses in FH in
generall is the relatively large group of mutations with unknown functional class and
residuall receptor function. To compare lipoproteins and CVD risk between LDL receptor
mutations,, we divided the mutations into a receptor-negative group, a receptordefectivee group, and a remaining group with undetermined receptor activity. These
groupss were based on the functional class or specific properties of a mutation as
reportedd in the literature. This classification has been used in several other studies
andd results in well-defined groups. However, a disadvantage is the exclusion of a
relativelyy large group of mutations from the analyses. Especially in our FH population,
withh a marked heterogeneity of LDL receptor mutations and consequently a large
numberr of mutations with undetermined receptor function, a substantial group of
mutationss was excluded. As expected, these mutations had an intermediate mean
LDLL cholesterol level, which suggests the presence of both receptor-negative and
receptor-defectivee mutations. Some receptor-defective mutations have very low residual
functionn of the mutated protein. Difficulties in the interpretation of the functional
assessmentt restrained us to move these mutations to the receptor-negative group.
Moreover,, we wanted to prevent selection of cases in one of the groups based on an
arbitraryy cutoff value. Nonetheless, this policy might have decreased the contrast
betweenn our receptor-negative and receptor-defective group. Therefore, we repeated
thee analyses in a subgroup (see addendum) after classification into receptor-negative
andd receptor-defective mutations based on the LDL receptor activity (<5% for receptornegativee and >5% for receptor-defective). The analyses based on this classification
yieldedd similar results (data not shown).
Severall studies assessed whether mutational heterogeneity in the LDL receptor
locuss influenced the lipid profile among adult FH patients. In line with most reports,
wee found that carriers of null alleles had significantly more elevated LDL cholesterol
levelss than carriers of receptor-defective mutations." 91013 Our results are in agreement
withh the only previous study in FH children that showed significantly lower LDL
cholesteroll levels in carriers of a receptor-defective mutation compared to carriers of
twoo null alleles.10
Moree discrepancies have been reported in the relation between the nature of the
LDLL receptor mutation and risk of CVD.5810"12 However, only one study was performed
afterr exclusion of the probands to avoid selection on CVD.8 In this particular study,
wee found no difference in CVD risk between carriers of null and other alleles. Moreover,
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w ee have also analyzed the mortality in untreated pedigrees after exclusion of the
probands. 22 A l t h o u g h the carriers o f receptor-negative mutations had much more
severelyy deteriorated lipid profiles, they had an identical mortality risk relative to the
carrierss of receptor-defective mutations.
Thee most c o m m o n mutation w a s the N543H/2393del9 m u t a t i o n , which is a
combinationn of a missense mutation in exon 11 and a deletion of 9 base pairs in exon
177 linked on the same allele. The relative mild phenotype w i t h regards t o lipid profile
andd CVD risk of the N543H/2393del9 mutation confirms our findings in adults w i t h
thiss mutation as well as those in Spanish carriers. 821 Apparently, some specific LDL
receptorr mutations may be expressed as mild FH.
Inn conclusion, the children with receptor-negative mutations had a more severely
deterioratedd lipid profile b u t these mutations were not associated w i t h a more
increasedd familial CVD risk. Compared t o the other mutations, the N543H/2393del9
mutationn has a milder phenotype w i t h regards to the lipid profile and the familial
CVDD risk.
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Effectt of LDL receptor mutations on childhood lipid profile and parental risk of CVD
Addendumm I LDL receptor gene mutations in heterozygous FH children
Locationn

Exonn 1

Mutation

M-21V V
M-21L L

W23X X
A295 5
Intronn 2 191-2 2
Exonn 3 R60C C
Intronn 3 313+1/2 2
314-1 1
Exonn 4 C134G G
C146X X
C152W W
C163R R
646delTG G
652delGGT T
D200G G
C201X X
D203V V
D206E E
E207K K
Exonn 5 E219X X
C234R R
D245E E
C249X X
Exonn 6 K273E E
S285L L
C292Y Y
Exonn 7 G314V V
C317G G
G322S S
R329X X
C331W W
Intronn 7 1061-8 8
D333G G
Exonn 8 I334V V
E336K K
C356Y Y
C371X X
Exonn 9 A378D D
R395W W
N407K K
V408M M
A410T T
D412Y Y
V415A A
W422C C
I430T T

Exonn 2

Effect

Translationn initiation
signall deleted
Translationn initiation
signall deleted
Trp-Stopp at 23
Ala—Serr at 29
3'-splicee acceptor signal
Arg—Cyss at 60
5'-splicee donor signal
3'-splicee acceptor signal
Cys-Glyy at 134
Cys-Stopatt 146
Cys-Trpat519 9
Cys—Argg at 163
Stopp at 195
Glyatt 197 deleted
Asp-Glyy at 200
Cys—Stopp at 201
Asp-Vall at 203
Asp—Gluu at 206
Glu—Lyss at 207
Glu—Stopp at 219
Cys—Argg at 234
Asp—Gluu at 245
Cys-»Stopp at 249
Lys-Gluu at 273
Ser—Leuu at 285
Cys—Tyrr at 292
Gly-Valat314 4
Cys—Glyatt 317
Gly-Serr at 322
Arg-Stopp at 329
Cys—Trpp at 331
3'-splicee acceptor signal
Asp—Glyy at 333
lie-Vall at 334
Glu-Lyss at 336
Gly-Tyrr at 356
Cys-Stopat371 1
Ala-Aspp at 378
Arg-Trpp at 395
Asn—Lyss at 407
Val-Mett at 408
Ala-Thrat410 0
Asp—Tyrr at 412
Val-Alaa at 415
Trp-Cyss at 422
lie—Thrr at 430

Type

Ref.

Activity

Class

Receptor
protein n

n

missense e 19] ]

11

negative e

44

missense e 22] ] <2% %

11

negative e

44

nonsense e 4] ]
2-5% % 1 1
3/6 6
missense e 23] ]
splicing g 19] ]
missense e 19] ]
splicing g 24] ] 20% %
splicing g 19] ]
15-30% %2B B
missense e 4] ]
11
nonsense e 6] ]
missense e 19] ]
missense e 19] ]
11
frameshift t 19] ]
frameshift t 4] ] <2% % 2B B
missense e 4] ] <2% % 28 8
11
nonsense e 3] ]
missense e 19] ]
5-11 5% 28 8
missense e 4] ]
<2% % 2B B
missense e 4] ]
11
nonsense e Novel l
missense e 19] ]
15-30% %2B B
missense e 4] ]
11
nonsense e Novel l
missense e 19] ]
2-5% % 2B B
missense e 4] ]
missense e 19] ]
missense e 19] ]
missense e 19] ]
15-30% %2B/5 5
missense e 4] ]
11
nonsense e 19] ]
2B B
missense e 25] ] 9% %
splicing g 19] ]
15-30% %2B/5 5
missense e 4] ]
missense e 19] ]
2B/5 5
missense e 4] ]
missense e 19] ]
nonsense e [22] ] <2% % 1 1
3-jun n
missense e 23] ]
missense e 19] ]
missense e 19] ]
<2% % 5 5
missense e 4] ]
5-11 5% 5 5
missense e 4] ]
missense e 19] ]
3-jun n
missense e 23] ]
5-11 5% 2B/5 5
missense e 4] ]
missense e 19] ]

negative e 28 8
defective e 2 2
unknown n 10 0
unknown n 1 1
defective e 64 4
unknown n 3 3
defective e 1 1
negative e 11 1
unknown n 2 2
unknown n 15 5
negative e 1 1
defective e 3 3
defective e 1 1
negative e 1 1
unknown n 2 2
defective e 1 1
defective e 31 1
negative e 2 2
unknown n 1 1
defective e 1 1
negative e 1 1
unknown n 1 1
defective e 15 5
unknown n 2 2
unknown n 3 3
unknown n 2 2
defective e 1 1
negative e 6 6
defective e 1 1
unknown n 2 2
defective e 4 4
unknown n 1 1
defective e 1 1
unknown n 1 1
negative e 7 7
defective e 3 3
unknown n 2 2
unknown n 1 1
defective e 38 8
defective e 4 4
unknown n 3 3
defective e 3 3
defective e 1 1
unknown n 1 1
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Location n Mutation n

Effect t

Intronn 9 1358+1 1
5'-splicee donor signal
1359-1 1
3'-splicee acceptor signal
Exonn 10 W462R R
Trp—Argg at 462
1480def121bp p Stopp at 486
1486delGG G Stopp at 513
Exonn 11 G525V V
Gly-Vall at 525
G528D D
Gly—Aspp at 528
Exonn 12 W556R R
Trp—Argg at 556
Stopp at 643
1759delA A
Gly-Gluat571 1
G571E E
I577L L
lie-Leuu at 577
L590F F
Leu—Phee at 590
Exonn 13 R612C C
Arg—Cyss at 612
Exonn 14 2032del12 2
Dell Gln-Tyr-Leu-Cys at
657-660 0
P664L L
Pro-Leuu at 664
P664T T
Pro—Thrr at 664
Cys—Serr at 690
C6905 5
Exonn 1 5 2204ins13 3
Stopp at 715
Exonn 16 2343del5 5
Stopp at 765
Intronn 16 2389+1 1
5'-splicee donor signal
3'-splicee acceptor signal
2390-2 2
Exonn 17 2411insG G
Stopp at 795
V806I I
Val—Hee at 806
Double e K290R/ /
Lys—Argg at 290/
mutationsmutations C292WCys—Trpp at 292
N543H/ /
Asn-Hiss at 543/
2393del9bp p Dell Leu-Val-Phe at
778-780 0
Largee rearrangements s
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Deletionn of 2.5kb
Insertionn of 10kb
Insertionn of 4,4kb
Insertionn of 4kb

Type e

Ref. . Activity y Class s Receptor r
protein n

splicing g [19] ]
splicing g [6] ]
missense e [26] ]
frameshift t Novel l
frameshift t [19] ]
missense e Novel l
missense e [4] ] <2% %
missense e [19] ]
frameshift t [19] ]
missense e [4] ]
5-11 5%
missense e [19] ]
missense e [23] ]
missense e [23] ]
frameshift t [19] ]

11
2B/5 5
11
11
2A A
11
55
2A A
3/6 6

missense e [4] ]
15-30% %2B B
missense e [19] ]
missense e [19] ]
frameshift t Novel l
11
frameshift t [19] ]
11
splicing g [19] ]
splicing g [24] ] <2% % 5 5
11
frameshift t [19] ]
missense e [4] ]
15-30% %4A A
[19] ]
[19] ] 25% %

nn

unknown n 3 3
negative e106 6
defective e 1 1
negative e 4 4
negative e 2 2
unknown n 2 2
negative e 2 2
unknown n 1 1
negative e 1 1
defective e 6 6
unknown n 1 1
negative e 1 1
defective e 1 1
unknown n 4 4
defective e 17 7
unknown n 1 1
unknown n 3 3
negative e 1 1
negative e 2 2
unknown n 4 4
defective e 2 2
negative e 2 2
defective e 3 3
unknown n 3 3

2B B

defective e141 1

2-5% % 3/5 5
[4] ]
[19] ]
[19] ]
novel l

defective e 26 6
unknown n 9 9
unknown n 2 2
unknown n 1 1

C h a p t e rr

Thee measurement of arterial wall thickness
ass a surrogate marker for atherosclerosis

Ericc de Groot1, G Kees Hovingh1, Albert Wiegman2, Patrick Duriez3,
Andriess J Smit4, Jean-Charles Fruchart3 and John JP Kastelein1
departmentt of Vascular Medicine and Pediatrics, Academic Medical Center,
Universityy of Amsterdam, The Netherlands
3
Départementt de Recherche sur les Lipoproteines et l'Athérosclérose, Institut
Pasteurr de Lille, Inserm U545 et de Faculté de Pharmacie, Université du Droit et
dee la Santé de Lille , Lille, France
departmentt of Internal Medicine, University Hospital, Groningen,
Thee Netherlands

Circulationn (in press)

Chapterr 5

Summary y
Atherosclerosiss is a protracted disease process of the arterial wall with onset
decadess prior to its clinical manifestations. To understand the determinants of
thee process and develop therapeutic approaches requires a lifelong follow-up if
clinicall endpoint data are used. This approach needs extensive time and resources.
Thereforee validated surrogate markers for atherosclerosis that can efficiently
identifyy and describe populations at cardiovascular risk and investigate therapeutic
regimenss have drawn increasing attention. In this paper the preconditions for
validatedd surrogate markers of atherosclerosis and why B-mode ultrasound
intima-mediaa thickness measurements meet these requirements are identified.
InIn that context epidemiological studies and atherosclerosis regression trials are
described.. Moreover, an ultrasound imaging and image analysis protocol is
presentedd to accentuate the need for standardization within and throughout
studiess if intima-media thickness measurements are used for modelling of arterial
walll changes.
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Introduction n
Atherosclerosiss is a generalized process of the arterial wall, which may progress or
regress,, depending on a plethora of factors.1-6 This condition, therefore, is a dynamic
processs and as such characterized by arterial wall remodelling, that may go unnoticed
forr a lifetime, but may also present as acute vascular disease and become clinically
manifest.22 Since atherosclerosis progression requires decades epidemiological studies
andd intervention trials with clinical endpoints require long time follow-up, participation
off large populations, or both. These requirements have to be met in order to provide
dataa from which valid conclusions about the determinants of disease or the efficacy
off a therapeutic intervention can be drawn. 7 As a consequence, such studies consume
preciouss time and financial resources.8 To overcome these challenges surrogate markers
aree currently the focus of intense attention.8 Such markers might be used to investigate
determinantss of atherosclerosis at an early stage of the process and can, subsequently,
assesss disease modifiers of atherosclerosis progression, such as life-style and
pharmacologicall interventions. Criteria for the validity of such markers as a substitute
forr clinical endpoints have been proposed by Boissel and co-workers.9 These colleagues
stipulatedd three conditions for the ascertainment of validity. First, a surrogate marker
shouldd be more sensitive and more readily available (sensitivity and availability) than
thee clinical endpoint. Also, the surrogate marker should be easy to evaluate
(convenient),, preferably by non-invasive means. Second, the causal relationship
betweenn the surrogate marker and the clinical endpoint (proximity) should be
establishedd on the basis of both epidemiological, pathophysiological and clinical studies.
Thiss entails that it is a prerequisite that patients with and without vascular disease
exhibitt differences in surrogate marker measurements (specificity). Third and last, in
interventionn studies, anticipated clinical benefits (assessment of benefit) should be
deduciblee from the observed changes in the surrogate marker. The latter argument
impliess that it is not just cost and time that favours the development of surrogate
markers.. Validated surrogate markers enable the assessment of promising new drugs
inn a relatively short period of time at relatively low cost compared to clinical outcome
measuress and thus obviate the need to await the outcome of trials driven by clinical
events.100 Moreover, the strength of a surrogate marker is enhanced by the fact that
itt may yield pathophysiological information at an early stage of the disease process.
Surrogatee markers, therefore, have an inherent value of their own. 9 Early surrogate
markerss have originated from techniques available for the clinical assessment of
patientss with vascular disease, such as angiography and Doppler ultrasound. These
techniquess have significant clinical relevance but they do not provide useful information
onn the early stages of arterial wall thickening prior to lesion formation. Doppler
ultrasoundd can only identify a stenosis in case of a 40-50% lumen area reduction,1'
andd angiography can only visualize luminal changes in the very late stages of the
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diseasee process. Furthermore, both techniques are inadequate in light of the Glagov
effectt of initial arterial wall remodeling in the course of atherosclerosis progression.12J3
Inn contrast, B-mode ultrasound imaging technology has evolved to such an extent
thatt the walls of superficial arteries can be imaged non-invasively, in real-time and at
highh resolution. Unlike angiography, or 'luminology', ultrasound imaging can visualize
thee arterial wall itself in every stage of atherosclerosis, from 'normal' to complete
arteriall occlusion. Arterial wall thickness can therefore be measured as a continuous
variablee from childhood into old age, in patients as well as in healthy controls.14
Studiess that evaluated the origin of the lumen-intima and the media-adventitia
ultrasoundd interfaces in relation to carotid and femoral far wall arterial histology,
demonstratedd that the distance between these interfaces reflects the intima-media
complex.. Consequently, this distance is referred to as intima-media thickness or IMT.1516
Sincee B-mode ultrasound is non-invasive, these IMT measurements can be used in
observationall studies in healthy populations as well as in atherosclerosis regression
trials,, to assess medication efficacy.16 Here we present a short overview on these
observationall studies1622 and intervention studies23'27 as well as the B-mode ultrasound
imagingg protocol as it is presently validated and standardized at our center. The need
forr standardization of IMT measurements in imaging trials is illustrated with recent
dataa of patients with familial hypercholesterolemia and unaffected controls.

Observationall studies and intervention trials involving IMT measurements
IMTIMT measurements in observational studies
Ass mentioned before, B-mode intima-media thickness measurements allow for the
investigationn of determinants of atherosclerotic disease in the general population.
Twoo examples of such large follow-up studies are the Rotterdam Study1719 and the
Atherosclerosiss Risk in Communities Study (ARIC).2023 The Rotterdam Study is a singlecenterr prospective follow-up study of a cohort of 8000 individuals over the age of 55,
livingg in a suburb of Rotterdam.1719 The objective of this study was to identify the
determinantss of the progression of atherosclerosis of the carotid arterial wall. In the
Rotterdamm project these ultrasound studies provided solid evidence that IMT
measurementss may indeed be used as an indicator of generalized atherosclerosis.17
Studyy results provided associations between carotid IMT and stroke, angina pectoris,
myocardiall infarction, intermittent claudication and essential hypertension.1819 In the
Atherosclerosiss Risk in Communities Study (ARIC),2023 a study in 15,800 American
adults,, high resolution B-mode ultrasound was shown to be able to assess all stages
off atherosclerosis. In ARIC, the procedure showed a high level of reproducibility, was
inexpensivee and was established as a noninvasive independent predictor of coronary
arteryy disease. Specifically, a seemingly small increase of 0.2mm in mean carotid IMT
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wass shown to increase the relative risk for myocardial infarction and stroke with 33
andd 28%, respectively.
IMTIMT measurements in clinical trials
B-modee intima-media thickness measurements are also used to demonstrate the
efficacyy of lipid and blood pressure lowering drugs. The 4-year Cholesterol Lowering
Atherosclerosiss Study (CLAS)24 assessed the effects of colestipol-niacin therapy in
menn with previous coronary by-pass surgery and showed statistically significant
treatmentt effects after 2 and 4 years of therapy (p-value <0.0001). The Asymptomatic
Carotidd Artery Progression Study (ACAPS)25 was a 3-year trial in which a daily dosage
off 20 to 40 mg of lovastatin was investigated in asymptomatic men and women
betweenn 40 and 79 years of age with early carotid atherosclerosis. In this study
lovastatin,, compared to placebo, modified the combined IMT of 12 carotid artery
walll segments (p<0.001). The Kuopio Atherosclerosis Prevention Study (KAPS)26
investigatedd the 3-year efficacy of pravastatin in hypercholesterolemic men between
444 and 65 years of age. In this trial, the primary outcome measure (combined IMT of
44 carotid arterial wall segments) showed near significance (p=0.06) and a highly
significantt effect on combined (right and left) common carotid IMT <p=0.002). In the
Regressionn Growth Evaluation Statin Study (REGRESS)2728 40mg pravastatin was
assessedd in men with angiographically proven coronary artery disease and a total
cholesteroll between 4 and 8 mmol/L. In this 2-year atherosclerosis regression trial
thee efficacy of pravastatin was demonstrated by coronary angiography27 and by Bmodee ultrasound of the peripheral arteries.28 Interestingly, the ultrasound component
off REGRESS was highly significant <p<0.0001) in only 255 patients. A significance at
thiss level was not obtained in any of the coronary angiographic parameters of 885
patientss of the REGRESS cohort. These findings underline the usefulness of noninvasivee ultrasound as a research tool in intervention trials; a field that was until
recentlyy dominated by coronary artery lumen measurements. In the 2-year ASAP
trial299 the effects of atorvastatin 80mg and 40mg simvastatin QD were investigated
inn 325 patients with familial hypercholesterolemia (FH). In this trial aggressive
cholesteroll lowering with statins was more effective than conventional statin treatment.
Specifically,, the study showed an actual decrease in carotid IMT in the most aggressively
treatedd group ( 51 % LDL-cholesterol lowering) whereas the less aggressive treatment
( 4 1 % LDL-C lowering) only showed inhibition of atherosclerosis progression. The
outcomee of the recent 1-year ARBITER study30 in 161 patients with cardiovascular
diseasee is in line with our ASAP findings. To investigate whether lowering LDL-c below
thee National Cholesterol Education Program (NCEP) II criterion for secondary prevention
off 10Omg/dL would further reduce the burden of atherosclerotic disease, the effects
off atorvastatin 80mg and pravastatin 40mg on carotid IMT were compared.
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Atorvastatinn reduced LDL-c by 4 9 % t o

; pravastatin w i t h 2 7 % t o

LL In the pravastatin group IMT stabilized; in the atorvastatin group
thee IMT decreased and showed atherosclerosis regression (p=0.03). Possibly, further
LDL-cc lowering, even beyond present guidelines, has a favourable effect on arterial
wallss and consequently the occurrence of future cardiovascular disease.

IMTT as a validated endpoint for atherosclerotic vascular disease
Consideringg all of the above, intima-media thickness (IMT) measurements acquired
byy means of B-mode ultrasound imaging of carotid and femoral arterial walls meet all
validityy criteria of a surrogate marker. Moreover, B-mode ultrasound can provide
dataa on peripheral arterial wall thickness in all stages of atherosclerosis. As was shown
inn prospective epidemiological studies already a modest increase of IMT substantially
increasess the relative risk for myocardial infarction and stroke. IMT measurements
havee also shown the benefit of cholesterol lowering and anti-hypertensive compounds.
Inn particular, in one of these studies (the REGRESS trial) 27 - 28 it was observed that
statinss have an impact on coronary lumen, IMT of carotid and femoral arteries and
clinicall cardiovascular events in a similar direction. Therefore, IMT has now been
acceptedd by most as a validated surrogate marker for atherosclerosic vascular disease.
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Figuree 1. A 2x2cm B-mode ultrasound digital still image of the common carotid artery and its
adjacentt structures as depicted by a 5-10MHz linear array transducer. The white triangle on top is
thee sternocleidomastoid muscle; the black triangle over the common carotid is the jugular vein.
Thee common carotid near and far arterial walls are clearly shown. The common carotid segment is
definedd as the arterial wall proximal (to the right) of the carotid dilatation (small white arrow). The
lumen-intimaa and the media-adventitia interfaces.
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AA standardized B-mode ultrasound imaging and image analysis protocol
Too fully exploit the potential of ultrasound imaging in atherosclerosis research, ideally,
standardizedd and strictly implemented imaging protocols should be used both in
observationall studies a n d in applied clinical research. The ultrasound protocol
summarizedd below has been successfully applied in such studies and in atherosclerosis
regressionn trials. The dynamic changes in the process of atherosclerosis, whether due
too genetic or environmental factors or due t o lipid lowering by drug treatment, were
enteredd into a model. In our view, standardization of image acquisition provides
complementaryy observational and trial data. In observational studies and lipid lowering
interventionn trials hundreds of subjects may be included, often in multi-center settings.
Consequently,, large numbers of images are generated. This necessitates a protocol
thatt has been designed for efficiency of image acquisition and image analysis. In this
B-modee ultrasound protocol, the common carotid, the carotid bulb, the internal carotid,
thee common femoral and the superficial femoral arterial far wall segments are scanned
bilaterally.. Acuson 128XP ultrasound instruments (Acuson, Moutainview, CA, USA)
equippedd w i t h 5-10MHz linear array broadband L7 transducers and Extended
Frequencyy (EF) software are used. A standard view of 2 by 2 centimeters is imaged.
Imagess are saved as 4:1 compressed JPEG files.31-32 These image files are approximately
150kk each; a file size that can be easily transferred over the internet (Figure 1). Image
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Figuree 2. The ultrasound digital still images are imported as 4:1 compressed JPEG files into a
dedicatedd software program (etrack). In the image a region of interest is identified by the reader.
Thee IMT of this particular arterial far wall is 0.621 0.065 mm (Courtesy Dr W.J. Stok, MD and Dr
J.M.. Karemaker MD PhD, Departments of Vascular Medicine and Physiology, Academic Medical
Centre,, Amsterdam, The Netherlands).
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acquisitionn and image analyses have been digitized according to DICOM standards.33
Thiss approach allows for high quality ultrasound image capture,34 the ability to control
measurementss from image acquisition to manuscript writing, and conform with and
anticipatee on regulatory guidelines for drug trials using image based measurements
ass endpoints. In clinical research, image analyses are performed in the controlled
environmentt of an ultrasound core laboratory, where validated hardware and software
shouldd be used. The associated off-line measurement is illustrated in Figure 2. Output
off the image analysis consists of a textfile with demographic, quality assessment and
measurementt data as well as an associated 7k sized control JPEG image file which
showss how the measurement was done (Figure 3). Standardized image acquisition is
aa key issue in arterial wall imaging studies. The use of digital imaging techniques and
thee internet allows for a more user friendly study environment. This can be illustrated
byy data comparing patient populations known to be at a high risk for cardiovascular
diseasee and unaffected healthy people at low risk.

Standardizedd IMT measurements in those at high cardiovascular risk
Thee ultrasound protocol described above was used to investigate carotid and femoral
IMTT in patients with FH and unaffected siblings. FH is a common autosomal dominant
disorderr of lipoprotein metabolism, affecting approximately 1 in 400 individuals in
thee Netherlands.35 Patients have elevated levels of low-density lipoprotein cholesterol
(LDL-C)) due to mutations in the LDL-receptor gene. As a result of the excessively high
LDL-CC levels FH-patients are at very high risk for premature cardiovascular disease
(CVD).366 Presently, CVD risk due to FH can only be reduced by lipid-lowering agents.
Thiss need for lipid lowering therapy and the age that treatment should be started is
ann important question for parents with an FH child.
Tablee 1. Clinical and Biochemical Characteristics of Unaffected Controls and FH subjects
Populationn samples
NN
Gender,, Male/Female
Agee (SD), years
Totall Cholesterol, mmol/l
LDL-C,, mmol/L
HDL-C,, mmol/L
Triglycerides,, mmol/L
IMT(SD),, mm

Adolescents s
Controls s
44 4
22/22 2
14.9(2.8) )

Mid-Aged d
Controls s
26 6
11/15 5
34.5(9.6) )

Seniors, ,
Controls s
48 8
24/24 4
67.4(4.6) )

4.2(0.7) )
2.5(0.6) )
1.4(0.3) )
0.8(0.3) )
0.53(0.03) )

4.8(1.8) )
2.7(0.9) )
1.5(0.4) )
1.3(0.4) )
0.59(0.07) )

5.9(1.1) )
3.9(1.1) )
1.3(0.4) )
1.7(0.24) )
0.77(0.12) )

Majorr demographic and lipid characteristics of three unaffected groups and three groups with familial
hypercholesterolemiaa (FH). IMT's were calculated as the population means of the per subject combined
andd averaged carotid and femoral IMT measurements. IMT=lntima-Media Thickness, LDLHow-density
lipoprotein,, HDL=high-density lipoprotein, C=cholesterol, SD=Standard Deviation
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Figuree 3. The software program provides IMT data as well as an associated control JPEG image of
7KK with every arterial wall thickness measurement. These images allow for sonography and image
analysiss quality control and quality assurance issues.
Too estimate atherosclerosis progression from childhood into seniority in controls and in
FHH subjects, we used cross-sectional standardized IMT measurements in six unaffected
andd affected age groups. Since measurements were standardized we could extrapolate
atherosclerosiss progression estimates from these cross-sectional data for each of the
groupss and, consecutively, for the combined groups as a whole. This approach does
nott obviate the need for longitudinal studies and clinical endpoint data, but it does
circumventt the need to perform lifelong studies to describe vascular wall changes and

Adolescents s
FH H
44 4
23/21 1
14.8(2.8) )

Youngg Adult
FH H
23 3
12/11 1
28.5(8.8) )

Olderr Adult
FH H
248 8
128/120 0
48.1(8.8) )

7.8(1.9) )
6.1(1.8) )
1.2(0.3) )
1.0(0.3) )
0.55(0.05) )

7.5(1.8) )
5.5(1.7) )
1.3(0.4) )
1.6(0.6) )
0.65(0.08) )

9.6(1.9) )
7.6(1.9) )
1.2(0.3) )
1.9(0.9) )
0.86(0.18) )
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substantiatess the need for preventive measures in those at high cardiovascular risk.
Thee clinical and demographic characteristics of the FH subjects and controls are given
inn Table 1. Carotid and femoral IMT was measured in all subjects and combined to a
perr subject average. First, for each dataset characteristics of arterial walls w i t h age
andd vascular risk w e r e investigated. In children at the age of 10 mean combined
carotidd and femoral IMT of FH and controls was similar (both

:

p>0.15).. Then, the IMT measurements were extended till the age of 76 to estimate
atherosclerosiss progression from childhood into old age. For the scatter of each dataset
Lowesss splines were used (Figure 4 , black dotted lines). These splines consequently
indicatedd a similar linear IMT increase w i t h age in all of the six populations. Second,
thee data of FH (0.79
(0.633

0.20 mm, range 0.45 -1.53 mm) and unaffected populations

4 m m , 0.48 -1.14 mm) were pooled into t w o datasets. The FH group

consistedd of 315 subjects (age range 11-67 years; LDL-C 7.2

8 mmol/L); the control

groupp consisted of 118 unaffected subjects (age range 11-76 years; LDL-C 3.1
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Figuree 4. Arterial wall thickness progression estimates in individuals heterozygous for FH (LDL-C
7.22 2.0 mmol/L, 0.79 0.20, range 0.45-1.53 mm) and healthy controls (LDL-C 3.4 0.8 mmol/
L;; 0.63
, 0.48-1.14 mm, blue dots). For the pooled FH and the pooled control data (blue line)
IMTT increase was estimated by linear regression (with respective 95% Cl's in grey lines). On average,
healthyy controls reach an IMT of approximately 0.8mm at age 80, where FH-subjects reach this
valuee (and, if untreated, often their first cardiovascular symptoms) around the age of 40.
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mmol/L).. We then applied an overall linear regression analysis to estimate IMT increase
withh age between groups and found that IMT increase with age was at least twice as
largee in FH as in controls (0.009 and 0.004 mm/year). The mean differential IMT change
betweenn FH and controls was 0.005 mm/year {p<0.001)(Figure 4).

Discussion n
Thesee observations led us to estimate that on average an healthy individual reaches
ann IMT of 0.78 mm at the age of 76 years. In FH individuals this IMT is already
reachedd at the age of 37 years. Moreover, as can be observed from the scatterplots
off Figure 4, although statistically correct, linear regression is a poor representation of
thee chaos (and the accompanying symptoms of disease) of arterial walls that emerges
oncee an arterial wall thickness of approximately 0.8 mm is reached. In our opinion, it
iss precisely that stage of arterial wall chaos that should be. Our analyses indicate
rapidd atherosclerosis progression in FH individuals and are in line with the fact that
CADD will manifest before the age of 50 in many FH individuals. This IMT graph therefore
nott only illustrates the opportunity to study effective new drugs in populations such
ass FH, but also shows the need for primary prevention in young individuals with the
disorder.. The short time slot available for disease prevention in FH individuals
emphasizess the need to modify atherosclerosis progression at a very early time point
inn life.
Intima-mediaa thickness (IMT) measurements can accurately describe the process of
arteriall wall changes due to atherosclerosis from coherence to chaos as a continuous
in-vivoin-vivo variable. IMT measurements can provide information on apparently healthy
andd at risk populations. Also, IMT measurements can provide data on efficacy of
novell lipid modifying medications. It may therefore be concluded that IMT
measurementss are a validated surrogate endpoint for atherosclerosis and vascular
diseasee risk. Lastly, if IMT outcome is to be used as an argument in discussions on
whetherr or not to apply preventive measures in presumed at risk populations, and,
whetherr the results of therapeutic response of drugs in populations are valid, the
strengthh of the argument is better supported if the IMT measurements are performed
inn a standardized environment.
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Abstract t
Backgroundd and Rationale
Familiall Hypercholesterolemia {FH) patients suffer from severe coronary artery
diseasee (CAD). Myocardial ischemia is often observed in early adulthood in
thesee individuals. Therefore, a crucial remaining question regarding this disorder
iss whether lipid lowering therapy should be restricted to adult patients or already
initiatedd in childhood.
Objectives s
Wee assessed at what age morphological arterial wall changes can be observed
inn FH children and determined which factors contribute to this process.
Methods s
First,, a cross-sectional study of a large cohort of heterozygous FH children and
unaffectedd siblings was performed using B-mode ultrasound assessment of the
carotidd arterial wall. Second, independent predictors of carotid wall thickness
weree identified with multivariate regression analysis.
Results s
Meann carotid IMT in FH children (n=201) was significantly greater than in controls
(n=80);; 0.494

0.051 vs 0.472

0.049 mm; p=0.002. These cross-sectional

dataa suggest at least a 5-fold more rapid progression during childhood in FH
childrenn versus their normolipidemic siblings: 0.005 versus <0.001 mm/year.
Thee different progression rates in FH children led to a statistically significant
IMTT deviation from normal around the age of 12 years. Multivariate analysis
revealedd LDL-C, age, gender as strong and independent predictors of IMT.
Relevancee and Conclusion
Thee structure of the arterial wall starts to deviate from normal in FH children
welll before puberty. Age, gender, but most important, LDL-C levels contribute
too this process. Elevated LDL-C levels can be lowered efficiently by statin therapy
andd therefore, clinical studies are urgently needed to investigate long-term safety
andd efficacy of lipid lowering medication in FH children.

74 4

Arteriall Intima-Media Thickness in Childhood

Introduction n
Althoughh the clinical sequelae of atherosclerosis manifest in adult life, atherogenesis
startss in early childhood. M In particular, prospective studies have shown a strong
associationn between elevated low-density lipoprotein cholesterol (LDL-C) levels in young
adultss and the risk of subsequent coronary artery disease (CAD) later in life. 58 Familial
hypercholesterolemiaa (FH) is the paradigm of this relationship between LDL-C and
CAD.. This is underlined by the presence of myocardial ischemia and even angiographic
coronaryy artery stenoses in asymptomatic young FH adults.910
Non-invasivee methods are available that can reliably assess intima-media thickness
(IMT)) of the arterial wall with high resolution B-mode ultra-sound.1113 Increased carotid
IMTT is correlated with the presence of cardiovascular risk factors.14"17 In particular,
adultss with FH were shown to have significantly increased IMT of the carotid and
femorall arteries compared with normocholesterolemic controls.18 In a few small studies,
pathologicall carotid scans were also observed in a proportion off younger FH patients.19
211
Therefore, we hypothesized that carotid IMT might serve as a surrogate marker
thatt would represent the atherosclerotic burden in FH children and might assist in the
decisionn whether or not to initiate lipid lowering therapy in this high risk group, as
wass recently stressed in a special report from the Task Force on Research in Pediatric
Cardiovascularr Disease.22
Inn the present study, we compared carotid IMT between FH children and controls
byy assessing a large paediatric FH cohort and matched normolipidemic siblings.
Moreover,, we estimated the influence of age, gender, LDL-C and other characteristics
onn this arterial wall parameter and report the results here.

Materiall and methods
Familiall Hypercholesterolemia Heterozygotes and Unaffected Siblings
Eligiblee were all consecutive children between 8 and 18 years, referred to our outpatient
clinicc over a two year period, who had one parent with a definite molecular diagnosis
off heterozygous FH.23 Siblings in whom FH was definitely excluded by DNA analysis
servedd as controls. The study protocol was approved by the Institutional Review Board
andd analyses were performed with informed consent of both the children and their
parents. .

Biochemistry y
Venouss blood samples were collected from all children after a 12 hours overnight
fast.. Plasma levels of total cholesterol (TC), triglycerides (TG), high-density lipoproteincholesteroll (HDL-C), LDL-C and apolipoproteins were determined as previously
published.2427 7
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Alll B-mode ultrasound examinations were performed by one well-trained sonographer
(J.G.),, and were read by one independent image analyst blinded to all information on
thee child. The within sonographer measurement variability was calculated based on
repeatedd IMT measurements in 20 children. Time between first and second
measurementt was at least 3 days. The standard deviation of the means of the difference
off the paired repeated carotid IMT measurements was 0.04 mm. An Acuson 128XP/
10vv (Acuson Corporation, Mountain View, CA) ultrasound instrument equipped with
aa 7 MHz Linear Array transducer (Acuson L7) and 5-10 MHz Extended Frequency (EF)
softwaree was used. Separate IMT measurements were obtained at both the left and
thee right side for 3 individual segments, i.e., the common carotid artery (CCA), the
carotidd bulb (BULB), and the internal carotid artery <ICA). The posterior (far) wall was
magnifiedd at highest possible resolution; eg. Regional Expansion Selection 2x2cm
(RES2)) and acoustically focussed upon. All procedures were previously published.28

Statisticall analyses
Differencess in baseline parameters between groups (cases and controls or males and
females)) were evaluated with logistic regression analysis adjusted for family using
generalizedd estimating equations (GEE) in SAS procedure GENMOD. Variables with a
skewedd distribution were log-transformed. The same SAS procedure was used to
explore,, first univariately, the relation between mean carotid IMT and baseline variables
usingg linear regression analysis corrected for family. Independent predictors were
identifiedd using multivariate models following stepwise backward selection. We also
performedd a classical sib-pair analysis on 69 available sib-pairs. Each case was
preferentiallyy matched with an unaffected sibling of identical gender and the smallest
availablee difference in age. For statistical analyses the SAS package (release 8.02 SAS
Institutee Ine, Cary, NC, USA) was used.

Results s
Generall characteristics
Fromm 148 families with definite FH, all 281 children between 8 and 18 years were
recruited;; of these, 201 FH children with a molecular diagnosis (definite mutation in
thee LDL-receptor gene) and their 80 unaffected (established by molecular means)
siblingss were studied. As shown in table 1, FH children and unaffected siblings were
welll matched for age, gender, smoking, body mass index (BMI) and blood pressure.

Lipidss and lipoproteins
Ass expected, FH children had severely increased LDL-C and decreased HDL-C levels

76 6

Arteriall Intima-Media Thickness in Childhood
comparedd to unaffected siblings. In line, the levels of apoB were also severely elevated
inn FH children, while the levels of apo Al were reduced. FH girls had similar mean LDLCC levels as boys (p=0.30), whereas TG levels in FH girls were slightly higher (p=0.05).
HDL-CC levels were not significantly different between FH girls and boys.
idd their unaffected siblings
Tablee 1. Characteristics of hete'ozygouss FH children ar

Age,Age, yr [range]
Male,Male, n (%)
Smoking,Smoking, n (%)
Bodyy Mass Index (kg/m2)
Male e
Female e
Bloodd pressure (mm Hg)
Systolic c
Diastolic c
Plasmaa lipoproteins
Totall cholesterol (mmol/L)
LDL-cholesteroll (mmol/L)
HDL-cholesteroll (mmol/L)
Triglyceridess (mmol/L)
Lipoproteinn (a) (g/L)
Plasmaa Apolipoproteins
Apolipoproteinn A1 (g/L)
Apolipoproteinn B100 (g/L)
Carotidd IMT (mm)
CCAA + BULB + ICA

FHH children
(n=201) )

Unaffectedd siblings
(n=80) )

p-value e

13.0(8.0-18.5] ]
988 (49%)
23(11%) )

12.99 [8.0-18.9]
400 (50%)
9(11%) )

0.8 8
0.8 8
1.0 0

18.66
20.11

0
3.7

110.9++ 12.5
61.22
6

7.800
5
6.177
1
1.255
7
0.733 [0.54-1.05]
1200 [46-261]

1.055
1.400

0.4944

4
1

0.051

18.44
19.77

8
0

0.7 7
0.6 6

109.55
62.44

11.8
8.4

0.7 7
0.3 3

4.300 + 0.68
2.499
7
1.466
5
0.633 [0.50-1.05]
811 [43-238]

1.411
0.811

0.4722

5
9

0.049

O.0001 1
O.0001 1
<0.0001 1
0.3 3
0.3 3

<0.0001 1
<0.0001 1

0.002 2

Valuess are mean standard deviation, except for triglycerides and lipoprotein (a) given as median
[interquartilee range], statistical analyses for TG and Lp(a) after log conversion; LDLHow-density
lipoprotein,, HDL=high-density lipoprotein, CCA=common carotid artery, BULB=carotid bulb; ICAHntemal
carotidd artery; Carotid IMT = average IMT of combined CCA + BULB + ICA far wall segments.

IMT T
Thee mean combined IMT (CCA plus BULB plus ICA) was 0.494 + 0.051 mm in FH
children,, compared to 0.472 0.049 mm in the unaffected siblings (p=0.002) (Table
1).. This finding remained highly significant after adjustment for family history of
prematuree CVD, HDL-C or TG in a multivariate model. Within the present cohort, 69
sib-pairss were available for analysis; results showed that the mean difference of the
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carotidd IMT between FH children and their unaffected siblings was 0.022 mm (95%
CII 0.005 to 0.031 mm, p=0.006), which constitutes a similar outcome as obtained
forr the whole study cohort. Adjustments for differences in the distributions of age
andd gender within the pairs in a matched multiple regression model did not change
thesee results. When the difference between FH children and unaffected siblings in
termss of carotid IMT (A IMT) is plotted against age (Figure 1), it is clear that when FH
childrenn have reached 18 years, IMT differs very significantly from unaffected siblings,
suggestingg a strikingly more rapid IMT progression during childhood (0.005 mm/yr),
possiblyy 5 times more rapid than in controls (O.001 mm/yr). In addition, it might be
deducedd from this figure that carotid IMT in FH starts to deviate from normal long
beforee puberty, and that a statistically significant difference between FH and controls
iss reached around the age of 12.
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Figuree 1 Difference in mean carotid intima-media thickness (A IMT: thick line) and 95% confidence
intervall (CI: thin lines) between FH children and unaffected siblings plotted versus age, adjusted
forr family relations.

Contributorss to IMT
Thee effect of the individual baseline variables on carotid IMT and the results of
thee multivariate analyses for the entire group are given in table 2. Age, LDL-C, and
weree identified as independent predictors of carotid IMT. Although HDL-C levels
reachedd significance in univariate analysis, this was lost in multivariate analysis. Analyses
weree performed separately in boys and girls: LDL-C and age were the main contributors
too IMT differences in boys, and only LDL-C in girls (data not shown). In analyses
restrictedd to FH children, age was significantly associated with IMT increase (0.005
mm/year;; 95% CI 0.0033 to 0.008: p<0.0001). Moreover, FH boys had a significantly
thickerr mean carotid artery wall than girls (0.017 mm; 95% CI 0.003 to 0.031: p=0.02).
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Tablee 2. Determinants of carotid IMT of FH children and unaffected siblings
Multivariate e

Univariate e
Regression n
coefficientt (se)

p-value e

0.0035(0.0011) ) 0.002 2
Agee (y)
0.0116(0.0060) ) 0.05 5
Malee gender
0.00522 (0.0014) 0.0003 3
LDL-cholesteroll (mmol/L)
-0.0237(0.0116) ) 0.04 4
HDL-cholesteroll (mmol/L)
-0.00255 (0.0077)
Triglycerides s
0.7 7
Meann arterial pressure (mmHg) 0.00022 (0.0004)
0.6 6
Bodyy Mass Index (kg/m2)
0.0018(0.0011) ) 0.08 8
Prematuree CVD in first degree
0.0102(0.0077) )
0.2 2

Regression n
coefficientt (se)

p-value e

0.0038(0.0011) ) 0.0007 7
0.01488 (0.0062) 0.02 2
0.00522 (0.0014) 0.0002 2

------

------

LDLHow-densityy lipoprotein; HDL=high-density lipoprotein; CVD=cardiovascular disease; se=standard
error;; triglycerides are log-transformed; Mean arterial bloodpressure = (systolic blood pressure +
2xx diastolic bloodpressure)/3.

Discussion n
Wee have studied a large cohort of children with a definite molecular diagnosis of FH
andd their unaffected siblings. As expected, FH children were characterized by severely
increasedd total and LDL-C levels, while HDL-C levels were decreased, similar to
observationss made three decades ago.29 In contrast, novel and striking findings were
thatt carotid arterial wall IMT was already significantly greater in these FH children
thann in unaffected siblings, which suggests that this surrogate marker for vascular
diseasee exhibits a more rapid progression during childhood. Moreover, and importantly,
wee could show that LDL-C, age and gender contributed significantly to carotid IMT
progressionn in childhood.
Highh resolution B-mode ultrasonography provides an accurate non-invasive
measurementt of carotid IMT and is widely used as an indicator for subclinical
atheroscleroticc arterial wall changes. Several studies have shown significant associations
betweenn carotid IMT and cardiovascular events.3033 In the present study, measurements
off IMT revealed that, even at young age, FH children have atherosclerotic arterial wall
abnormalities. .
Furthermore,, LDL-C was a prominent contributor to the carotid IMT in our paediatric
cohort.. This highlights the pivotal role of this lipoprotein for the development of
prematuree vascular disease. Herein lies the importance of our observations. When FH
heterozygotess have reached adulthood, their atherosclerotic burden may have increased
significantlyy as the result of a single factor, elevated LDL-C.As a consequence, in FH a
nearlyy 100-fold increase in CAD risk has been observed in the age group between 20
andd 40 years.34-35Therefore, it now remains to be determined at what age lipid lowering
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interventionn needs to be initiated before vascular lesions become inevitable and what
thee consequences of such therapy are in terms of safety and efficacy.
Thee strength of our study is partly based on a cohort of unparalleled size, in which
aa molecular diagnosis of FH was made and from a meticulous IMT procedure. The
combinationn of a single sonographer, a single reader and high-resolution digital image
acquisitionn and image analysis equipment produced very accurate measurements.
AA possible limitation of our study includes the "prospective" interpretation of
cross-sectionall data. However, in patients who inherited a disorder with expression
fromm birth onwards it is unlikely that prospective follow-up and case control studies
yieldd different results, especially in children in whom additional exposure to
environmentall risk factors is likely small.
Moreover,, we were able to confirm the results of our multivariate analysis with a
classicall sib-pair analysis. This particular study design was chosen to analyse the effect
off the mutated LDL receptor on lipoprotein levels and on the carotid IMT without
additionall environmental influences.
Anotherr possible limitation is that our data might not apply to other FH cohorts
duee to clinical sampling or referral bias, lack of genetic heterogeneity and nonrepresentativee life-style characteristics or environment. This is highly unlikely, however,
becausee our FH children were referred from different regions, the Dutch population
iss molecularly very heterogeneous36 and life-style and diets are similar to most western
societies. .
Inn conclusion, the mean carotid IMT was significantly greater in FH children than in
theirr normocholesterolemic siblings, and age and LDL-C levels were important
contributorss to this surrogate marker of CAD. Clinical research in these individuals
shouldd focus on the treatment of this disorder, initiated possibly before puberty in
orderr to preserve normal arterial wall composition in FH children who are at such
highh risk for future premature CAD.
Prof.dr.Prof.dr. J.J.P. Kastelein is an established investigator of the Netherlands Heart
FoundationFoundation (grantnr: 2000D039).
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Abstract t
Background d
Familiall hypercholesterolemia (FH) leads to premature atherosclerosis and can
causee early death. Treatment with HMG-CoA reductase inhibitors in adults is very
effectivee in coronary artery disease prevention, resulting in a considerable morbidity
andd mortality reduction. However, the majority of events cannot be avoided.
Treatmentt with these compounds should therefore probably be started before
adulthood.. Pharmacokinetic data on these drugs in children are lacking, which
makess it difficult to devise a rational dosing scheme for children.
Methods s
AA two-week, multiple dose, pharmacokinetic (PK) study has been carried out with
pravastatinn in 24 children with familial hypercholesterolemia aged 8 to 16 years.
Halff off these children were prepubertal. All children received 20 mg of pravastatin
oncee daily and a plasma-concentration versus time curve was performed on day
14.. Nine blood samples were taken during ten hours after dosing. Pharmacokinetic
curvess for each individual were constructed using non-parametric methods, yielding
AUC,, C
''

, and t „ . Cholesterol lowering was observed on day 14 and 6 weeks

max'

V;

3

'

afterr start of pravastatin. We compared the data of these children to previously
publishedd studies in adults.
Results s
Pravastatinn was well tolerated. The Cmax in prepubertal children (52.1 + (SEM) 7.8
ng.ml"1}} differed non significantly, (p=0.09), from the Cmax in adolescents (31.7
8.44 ng.ml 1 ) and neither did AUC in prepubertal children (91.3
differr significantly from AUC in adolescents (69.3
thee same for both groups: 2.5

11.5 ng.hr.mh1)

16.5 ng.hr.ml'). The t was

0.3 hr.

AA 27 % LDL-C reduction from baseline was achieved at day 14. An inversed
correlationn was found between Cmax and age. No significant correlation was found
betweenn weight, height, body surface area or gender, and the PK or effect
parameters.. There was no relationship between any PK parameter and cholesterol
lowering.. PK parameters and effect size were not different from previous studies
inn adults.

Relevancee and Conclusion
Basedd on our findings there are no reasons to treat children with FH between
agess of 8 and 16 with dosage regimens that are different from those in adults.
However,, for prepubertal children half the advised starting dose for adults may
bee sufficient.
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Introduction n
Pravastatinn is one of the beta-hydroxy-beta-methylglutarykoenzyme A (HMG Co A)
reductasee inhibitors, widely used in the management of hypercholesterolemia. As a
memberr of the statin family, pravastatin exerts its mechanism of action by competitive
inhibitionn of HMG-CoA reductase, the key enzyme regulating the cholesterol biosynthesis
inn the liver. This leads to an upregulated production of LDL receptors as well as a
decreasedd cholesterol biosynthesis with as a result a lowering of LDL cholesterol (LDLC).. The pharmacokinetics of pravastatin and interactions with various drugs have been
extensivelyy studied in healthy adults and in patients with hypercholesterolemia.1"8
Afterr oral administration, pravastatin is rapidly absorbed with the time to reach
maximall concentration (tmax) of approximately one hour; oral bioavailability is estimated
too be IS0/),1 based on the comparison between serum concentration after oral dose
administrationn and intravenous dosing. The amount of pravastatin (parent compound
andd metabolites) recovered in urine and faeces after oral dosing suggests that the
loww bioavailability can partly be attributed to incomplete absorption and partly to a
firstt pass-effect.1 The incomplete absorption might be explained by the hydrophilic
propertiess of pravastatin.9 The occurrence of the first pass-effect is supported by a
muchh lower time-averaged fraction of total radioactivity in plasma corresponding to
intactt pravastatin after oral than after intravenous administration.1 Unlike other statins,
pravastatinn metabolites are mainly produced by non-enzymatic acid-catalyzed
isomerisationn in the stomach before absorption (this mechanism is thus strictly speaking
nott a 'first-pass effect'). A much smaller fraction is formed by cytochrome P450dependentt metabolism in the liver and the intestinal cell. Therefore no clinically
importantt pharmacokinetic interaction exists between pravastatin and common CYP3A
inhibitors. 478 8
Thee tmax is delayed by the administration of food, suggesting that absorption
occurss mainly in the upper intestinal tract.5 Also, the AUC was considerably higher
afterr duodenal infusion than after intrajejunal or intraileal infusion, which strengthens
thiss conclusion.10 After absorption, 43 to 54 % of pravastatin is protein bound. 16 A
steadyy state volume of distribution of 0.46 L/kg has been determined. 1 Intact
pravastatinn and its metabolites are mainly cleared from the systemic circulation through
bothh renal and non-renal routes: in healthy adults, renal and non-renal routes of
eliminationn account for 47 and 53 %, respectively.1
Preventionn of atherosclerosis in FH is most likely successful if started early in life,
possiblyy before adulthood. There is, however, a scarcity of data on the treatment of
childrenn with statins. The safety, tolerability and efficacy of pravastatin was previously
evaluatedd in a 12-week, short term double-blind, randomized and placebo-controlled
studyy involving 72 children with heterozygous FH. Pravastatin was well tolerated,
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andd total cholesterol and LDL-C were significantly reduced from baseline in all
pravastatinn groups.11 Treatment of children with FH seems feasible, although several
questionss remain unanswered. Most drugs are used in children without adequate
age-definedd dose recommendations. The American Congress has enacted during the
lastt few years several laws that empower the United States Food and Drug
Administrationn (FDA) to propagate a rule demanding pediatric data from drug
manufacturers.1214.. No data on the pharmacokinetics of pravastatin in children are
currentlyy available. In order to formulate a rational dosing regimen for children with
FH,, the disposition characteristics of pravastatin have to be studied in the age group
inn which the drug will be used. Although most kinetic studies in adults are done in
healthyy subjects it can be and often is argued that such studies in children should be
donee in patients who can benefit from the drug under study.15 Factors that might be
off influence are age, body surface area, gender and pubertal development stage. We
thereforee designed a PK study of pravastatin for a group of children with familial
hypercholesterolemiaa that differed across these characteristics.

Methods s
Patients s
Eligiblee were 24 consecutive children between 8 and 16 years, referred to our
outpatientt clinic over a half year period, who had a molecular diagnosis of heterozygous
FH,166 and a LDL-C above or equal to 4.0 mmol/L. The study protocol was approved by
thee Institutional Review Board and all study interventions were performed with
informedd consent of both the children and their parents. Inclusion criteria were good
generall health, no evidence of any organ dysfunction now or in the past, normal
physicall and laboratory examinations (except for their lipid profile), no history of
allergiess and no use of any drugs in the 30 days prior to enrollment. Girls of child
bearingg potential had to have a negative serum urine pregnancy test within 24 hours
priorr to start of study medication.

Studyy design
Thiss was a single center, open-label, non-randomized, steady state PK study.
Childrenn were assigned to group A (prepubertal) or B (pubertal), at least half of them
too be assigned to group A. All children followed a fat restricted diet. Subjects received
pravastatinn 20 mg (tablets supplied by Bristol-Myers Squibb, Princeton, NJ, USA) once
dailyy 30 minutes after breakfast with 250 ml of water for 13 consecutive days. On
thee morning of day 14, subjects returned to the clinic. Thirty minutes after completion
off a regular breakfast, an oral dose of 20 mg pravastatin was administered. Serial
bloodd samples were collected prior to (0 hr) and for 10 hours after dosing at 0.5, 1,
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2,, 3,4, 6,8, and 10 hours. To assess safety and tolerability clinical evaluations including
monitoringg of vital signs, clinical laboratory tests, and physical exams were performed
beforee and after dosing.
Immediatelyy after collection, the blood samples were placed into chipped ice to
alloww clotting to occur. Each sample was then centrifuged for 15 minutes at 1000 *
gg at 5 C. The separated serum was stored frozen below
C until analyses. After
ann overnight fast, at baseline, day 14 and 6 weeks after starting medication, total
cholesterol,, HDL cholesterol and triglyceridess were measured with routine laboratory
methodss in the AMC department of clinical chemistry; from these values LDL-C was
calculated.17 7

Analyticall methods
Serumm samples were assayed for pravastatin content at PharmaLytics, Inc., Saskatoon,
Canada,, by a validated LC/MS/MS method.18 Spiked analytical quality control samples
(QCs)) were analyzed along with the study samples in order to assess the accuracy and
precisionn of each analytical run. The following acceptance criteria for the analyses were
appliedd to each analytical run: (a) the predicted concentrations of at least three-fourth
off all calibration standards were to be within 15% ( 20% for the lowest concentration
inn the standard curve) of their respective nominal concentrations; (b) at least one replicate
off the lowest concentration in the standard curve was to be within
20% of the
nominall concentration for that level to qualify as the lower limit of quantitation (LLQ),
otherwisee the next level standard was subjected to the same test and the LLQ raised
accordingly;; (c) the predicted concentrations of at least two-thirds of all analytical QC
sampless were to be within 15% of their individual nominal concentrations, with at
leastt one QC sample at each level meeting the acceptance criteria.

Pharmacokineticc analyses
Thee serum concentration-time data for pravastatin were analyzed by a noncompartmentall method. The peak serum concentration, Cmax, and the time to reach the peak
concentration,, tmax, were obtained from the experimental observations. The slope (ë)
off the terminal phase of the serum concentration-time profile was determined by the
methodd of least squares (log-linear regression of at least three data points). The
apparentt terminal half-life, tw was estimated as In2/X,. The area under the serum
concentration-timee curve from time 0 to time of last measurable concentration, AUC(0T),, was determined by summing the areas from time zero to the time of last measured
concentration,, calculated by using conventional trapezoidal methods. To compare
thee PK parameters in our children to those in adults, we scanned the literature for
studiess in which PK parameters of pravastatin were obtained after at least three daily
dosess of 20 mg.5*19 For statistical comparisons the two-tailed t-test for unpaired data
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wass used.

Cholesteroll lowering
Cholesteroll lowering on pravastatin was expressed as a mean change f r o m baseline,
inn m m o l / l as well as in percentage. These values were then correlated w i t h , the
previouslyy obtained PK parameters.

Results s
Patientt demographics
Twenty-fourr children (9 boys, 15 girls) entered and completed the study. A total of
122 subjects were prepubertal (Tanner stage = 1), whereas 12 young adolescents

Tablee 1. Baseline Characteristics of the Two Study Groups

Prepubertall children
(nn = 12)

Youngg adolescents
(nn = 12)

9.44 [8.2-10.1]
12/0 0
6/6 6
32.99
8
22
1.11
1

13.11 [10.5-15.8]
10/2 2
3/9 9
54.33 3.2
1633 3
1.66
2

Age,, y [range]
Race,, white / asian
Gender,, m / f
Weightt (kg)
Heightt (cm)
Bodyy Surface Area (m2)

Weight,, height and BSA are given as mean + SEM
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Figuree 1. The peak serum concentration, Cmax, of pravastatin in children with FH plotted versus age
(Lowesss splines in red)
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weree included. The demographic characteristics are listed in table 1.
Noo serious adverse events were reported during the study period and pravastatin
wass well tolerated in all subjects.

Pharmacokinetics s
Plasmaa drug concentration versus time data of all subjects were described using
aa non-compartment model. The Cmax in prepubertal children (52.1 + standard error of
thee mean (SEM) 7.8 ng.ml') differ significantly from non significantly from the Cmax in
youngg adolescents (31.7 8.4 ng.ml 1 ; p=0.09), and neither did AUC in prepubertal
childrenn (91.3
5 ng.hr.ml1) differ significantly from AUC in young adolescents
(69.33 + 16.5 ng.hr.ml 1 ; p=0.28). The mean t M was the same for both groups (table
2).. An inversed correlation was found between Cmax and age (Spearman correlation:
rr = - 0.52; p = 0.009), see figure 1. No correlation was found between body surface
Tablee 2. Pharmacokinetic parameters of pravastatin after daily 20 mg oral administration in children
andd adults
Number r Duration n Meann age
(days) )
(years) )
(m/f) )

AUC C
(ng*hrr /ml)

(ng/ml) )

14 4
14 4
10 0
28 8

91.33 11.5
69.33
5
66.5++ 8.0
61.4++ 5.1

52.11
31.77
25.22
28.00

6/6 6
3/9 9
18/0 0
24/0 0

9(( 8-10]
133 [11-16]
27(19-39] ]
500 [24-70]

Valuess are given as mean

C

max x

Reference e

*» »

(hr) )

7.8 2.44
4 2.55
3.9
-2.6 2.55

3
4
2

currentt article
currentt article
Triscarii '9
Pan5 5

SEM

Figuree 2. Percentage of LDL-C reduction on pravastatin plotted versus the peak serum concentration,
CC , in children with FH (Lowess splines in red)
m a x ''

v

'

'
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area,, weight, height or gender, and the PK orr effect parameters.
PKK parameters and effect size were not different from previous studies in adults,
especiallyy not different in the young adolescent group (table 2). There was no
relationshipp between any PK parameter and cholesterol lowering (figure 2). After 14
dayss of treatment, a mean LDL-C reduction of 1.8 0.2 mmol/l (27 %) from baseline
wass achieved (table 3). After six weeks, a daily dose of 20 mg pravastatin reduced
thee LDL-C from baseline by 32 % (2.1 0.3 mmol/l).
Tablee 3. Baseline lipids and lipoproteins and mean change from baseline after two and six weeks
off daily dose pravastatin 20 mg, respectively
Lipidss
(inn mmol/l)
Totall cholesterol
LDL-CC
HDL-CC
Triglycerides**

baseline

8.2
4
6.5
4
1.3
1
0.8 [0.5,1.3]

Valuess are given as mean

change from
baseline at 14 days

p-Value

-1.8
-1.8
0.0
0.0

0.001 -2.1 0.2 (-25%) <0.001
0.001 -2.1 0.2 (-32%) O.001
0.96
0.1 0.0 (+12%) 0.07
0.96
-0.1 [-0.4,0.2]
0.53

2 (-21%)
0.2 (-27%)
0.0 (+1%)
[-0.4,0.3]

change from baseline
at 6 weeks
p-Value

SEM (%)

Discussion n
Treatmentt with HMG-CoA reductase inhibitors in children with FH for up to two years
off follow up is effective in reducing cholesterol and the intima-media thickness in the
carotidd artery (this thesis, chapter 8).20 Serious side effects, as expected from adult
studiess and those specific for children, have not been observed. However, the dosage
inn the previously mentioned studies has been chosen on arbitrary grounds, as no
specificc PK studies in children and young adolescents were available. It could be
possiblee therefore, that lower statin dosages would suffice in children. We now present,
too our knowledge, the first data on pharmacokinetics of a HMG-CoA reductase inhibitor
inn both prepubertal children and young adolescents. According to the present data,
dosagee regimens of pravastatin should probably be similar in young adolescents and in
adults.. AUC and Cmax data might suggest that lower dosages in prepubertal children
couldd be used. As our study is the first pharmacokinetic protocol of a HMG-CoA reductase
inhibitorr in children, we cannot compare our results to those of other studies.
Off course we have not made any direct comparison to adult patients within the
samee study. As the studies in adults are relatively homogeneous amongst each other,9
andd as we have studied a relatively large group of children with various characteristics,
thiss does not seem to be a major problem. Extrapolation to children under 8 years of
agee is of course not possible. It is not certain that pubertal stage by itself is important,
ass this variable will vary together with age, height, and body surface area; it is possible
90 0
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thatt age is more important than pubertal stage perse. Although the differences
betweenn prepubertal children and young adolescents in our study were not statistically
significant,, it is remarkable that our study shows more variation in PK parameters
thann studies in adults. This probably strengthens the conclusion that smaller
(prepubertal)) children might be somewhat different from young adolescents.
Alll but two children were Caucasian. Pravastatin is extensively metabolized, but
cytochromee P450 does not seem to be a significant elimination pathway, and ethnic
differencess due to genetic variance in liver enzyme activity are thus not to be expected.
Itt is remarkable that the PK parameters, notably the very large interindividual variation
inn AUC, does not give rise to differences in cholesterol lowering. This is in agreement
withh data in adults,21 which show essentially the same. Although the relationship
betweenn pravastatin concentration and cholesterol lowering is thus complex, the
percentagee decrease of total cholesterol at 20 mg is exactly the same in our children
ass in adults.
Cann our findings be extrapolated to other statins? Most drugs from this class are
cytochromee P450 dependent for elimination, which is not the case for pravastatin.
Also,, known side effects may differ between various representatives of the class of
HMG-CoAA inhibitors (as the recent case of cerivastatin shows).22 Thus, for several
reasons,, including pharmacokinetics, extrapolation is not possible.
Ourr conclusion is therefore that pravastatin has identical pharmacokinetics and
effectt in young adolescents (from age 11 onwards) compared to adults, and may
havee minor differences in children that are prepubertal. As safety-profile is good and
end-organn effects are present in 20-40 mg doses in children, it seems prudent to
treatt young adolescents as adults, and to start with doses that are somewhat lower
inn the age from 8 till 11 years.
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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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Childrenn with familial hypercholesterolemia
expresss inflammatory markers.
Statinn effect on neopterin
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Childrenn with FH express inflammatory markers. Statin effect on neopterin

Background d
Atheroscleroticc disease involves inflammatory and immunologic mechanisms, but the
sequencee of immunomodulatory steps and which molecule(s) having key roles early
inn atherogenesis is not clear. Micro C-reactive protein (u-CRP) is established as an
inflammatoryy marker of atherosclerosis. Neopterin, a marker of cellular immune
activation,, is produced by human macrophages. HMG-Co A reductase inhibitors, statins,
havee been recognized as immunomodulators and reduce cardiovascular events and
mortality. .

Objectives s
Inn this study we examined the levels of neopterin and U.-CRP in children with
heterozygouss familial hypercholesterolemia (FH) because FH has been regarded as a
modell of atherosclerosis. We evaluated the impact of pravastatin.

Methods s
Childrenn aged 8-18 years, with FH (n=214), were randomised in a double blind fashion
andd given pravastatin 20 to 40 mg bid (n=106) or placebo (n=108) and followed for
22 years. Their (n=85) unaffected siblings were followed on a yearly base as well.

Results s
Theree were no differences between the groups concerning demographic data. The
childrenn with FH had a significant (p<0.009) elevated level of neopterin compared to
normall siblings {4.89+0.21 vs 4.33+0.14 nmol/L respectively). Furthermore, 2 years
off pravastatin therapy reduced the neopterin level with 15% to 4.23+0.13 nmol/L
comparedd to placebo which had a 7 % reduction {4.6+0.18 nmol/L)(p<0.001). There
weree no difference between the FH-children {0.11
, siblings
) and
controlss
, concerning u-CRP at baseline. Furthermore, U.-CRP increase
significantlyy in both FH-children receiving pravastatin
..

) and placebo

Conclusion n
Ourr findings suggest that the cellular inflammatory marker neopterin is an early marker
inn the atherosclerotic process shown in this study in children with FH. This inflammatory
responsee is modified by statins.
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Inn chapter 2, the clinical data are described of a very large cohort of children with
Familiall Hypercholesterolemia (FH). This chapter provides all the characteristics with
regardd to physical stigmata and lipoprotein abnormalities of childhood FH. In these
children,, the risk factors and their relation with cardiovascular disease (CVD) in the
familiess are assessed. The latter could be of practical clinical relevance, since it might
alloww the timely identification of the children with FH who are at highest risk of CVD.
Elevatedd LDL cholesterol (LDL-C) levels in childhood predict CVD later in life. FH
representss the paradigm of this relation. The objectives of the study described in this
chapterr were to (1) establish the LDL-C level that provides the most accurate diagnosis
off FH in children from families with known FH and (2) assess whether lipoprotein
variationn in these children is associated with premature CVD in relatives. Foremost,
however,, it was our objective to identify children with FH who are at high risk and in
needd of early intervention. A total of 1034 consecutive children from FH kindreds
weree investigated. First, LDL-C levels > 3.50 mmol/L had a high post-test probability
(98%)) of predicting the presence of an LDL receptor mutation. Second, children with
FHH in the upper LDL-C tertile (> 6.23 mmol/L) had a 1.7-times higher incidence of
havingg a parent with FH suffering from premature CVD then the lower tertiles. In
addition,, such a parent was found 1.8 times more often among children with FH
havingg HDL cholesterol (HDL-C) < 1.00 mmol/L. Last, children with FH whose lipoprotein
(a)) was > 300 mg/L had a 1.5 times higher incidence of having a parent with FH
sufferingg from premature CVD.
So,, in children with heterozygous FH, physical characteristics are typical but rare.
Inn those families in which the diagnosis of FH is certain, LDL-C levels allow accurate
diagnosiss of FH in their children. Moreover, increased LDL-C and lipoprotein (a) and
decreasedd HDL-C levels in children identify FH kindreds with the highest CVD risk.
Chapterr 3 describes the search into substantial variation of LDL-C levels in children
withh FH, by studying phenotype in 450 unrelated children with FH and in 154 affected
sib-pairs,, to avoid family bias. In previous studies, family members of children with FH
weree included, which may have influenced results. In known families with classical
FH,, diagnosis was based on plasma LDL-C above the age- and gender-specific 95th
percentile. .
Girlss had higher LDL-C, compared with boys. Also in girls, HDL-C increased by
age;; this age effect was not observed in boys. The distribution of apolipoprotein
(apo)) E genotypes was not significantly different between probands, their paired
affectedd siblings, or a Dutch control population. Carriers with or without one e4
allelee had similar LDL-C and HDL-C levels. Within the affected sib-pairs, the e4 allele
explainedd almost all of the variation of HDL-C levels (-0.15 mmol/L). The effect of
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apoE44 on HDL-C differed with an analysis based on probands or on affected sib-pairs.
Thee affected sib-pair model uses adjustment for shared environment, type of LDL
receptorr gene mutation, and a proportion of additional genetic factors and may,
therefore,, be more accurate in estimating effects of risk factors on complex traits.
Wee therefore conclude that the e4 allele was associated with lower HDL-C levels in an
affectedd sib-pair analysis, which strongly suggests that apoE4 influences HDL-C levels
inn children with FH. Moreover, the strong association suggests that apoE4 carries an
additionall disadvantage for children with FH.
Inn chapter 4 we investigated the effect of the type of LDL receptor mutation on
lipoproteinn metabolism in children with FH. As a result of less environmental influences
andd late onset of additional lipid disorders, the effect is probably more accurately
analyzedd in children than in adults. In a large pediatric FH cohort, free from selection
forr CVD, we estimated the influence of different LDL receptor gene mutations on
lipoproteinn metabolism. In addition, we investigated whether or not the parental risk
off CVD was related to the type of mutation.
AA total of 75 different LDL receptor mutations were identified in 645 children
withh heterozygous FH. Null alleles were associated with significantly more elevated
LDL-CC levels compared with receptor-defective mutations. The parental CVD risk was
nott significantly different between carriers of null alleles and receptor-defective
mutations.. The specific N543H/2393del9 mutation resulted in a less atherogenic
lipidd profile with significantly less increased LDL-C and triglyceride levels and a tendency
too higher HDL-C levels. Moreover, the parents with the N543H/2393del9 mutation
hadd less often CVD relative to parents with other mutations.
Ourr findings suggest that some specific LDL receptor mutations may be expressed as
mildmild FH and cause less CVD. However, the large variation of LDL-C levels between
carrierss of receptor-negative mutations and receptor-defective mutations does not
seemm to be clinically relevant. Moreover, so far unidentified, familial factors underlie
thee difference of lipoproteins that may contribute to the burden of the disorder.
Inn chapter 5 the preconditions for validated surrogate markers of atherosclerosis,
andd why B-mode ultrasound intima-media thickness (IMT) measurements meet these
requirements,, are identified.
Atherosclerosiss is a protracted disease process of the arterial wall with onset
decadess prior to its clinical manifestations. To understand the determinants of the
processs and develop therapeutic approaches requires a lifelong follow-up if clinical
endpointt data are used. This approach needs extensive time and resources. Therefore
validatedd surrogate markers for atherosclerosis that can efficiently identify and describe
populationss at cardiovascular risk and investigate therapeutic regimens have drawn
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increasingg attention. An ultrasound imaging and image analysis protocol is presented
inn this chapter to accentuate the need for standardization within and throughout
studiess if IMT measurements are used for modeling of arterial wall changes.
Becausee myocardial ischemia is often observed in early adulthood in patients with
FH,, a crucial remaining question regarding this disorder is whether lipid-lowering
therapyy should be restricted to adult patients or already initiated in childhood. In
chapterr 6 we, therefore, assessed at what age morphological arterial wall changes
cann be observed in children withh FH and determined which factors contribute to this
process.. First, a cross-sectional study of a large cohort of heterozygous children with
FHH and unaffected siblings was performed using B-mode ultrasound assessment of
thee carotid arterial wall. Second, independent predictors of carotid wall thickness
weree identified with multivariate regression analysis.
Meann carotid IMT in children with FH was significantly greater than in controls.
Thesee cross-sectional data suggest at least a 5-fold more rapid progression during
childhoodd in children with FH versus their normolipidemic siblings. The different
progressionn rates in children with FH led to a statistically significant IMT deviation
fromm normal around the age of 12 years. Multivariate analysis revealed LDL-C, age,
andd gender as strong and independent predictors of IMT.
So,, the structure of the arterial wall starts to deviate from normal in children with
FHH well before puberty. Age, gender, but most important, LDL-C levels contribute to
thiss process.
Treatmentt with HMG-CoA reductase inhibitors (statins) in adults is very effective in
coronaryy artery disease prevention, although the majority of events in FH cannot be
avoided.. Treatment with these compounds should therefore probably be started
beforee adulthood. Pharmacokinetic data on these drugs in children are lacking, which
makess it difficult to devise a rational dosing scheme for children. In chapter 7 we
carriedd out a two-week, multiple dose, pharmacokinetic study with pravastatin in 24
childrenn with FH, aged 8 to 16 years. Half of these children were prepubertal. All
childrenn received 20 mg of pravastatin once daily and a plasma-concentration versus
timee curve was performed on day 14. Pharmacokinetic curves for each individual
weree constructed using non-parametric methods, yielding Area Under Curve (AUC),
peakk serum concentration (Cmax), and apparent terminal half-life (t,A). Results showed
thatt pravastatin was well tolerated. The Cmax in prepubertal children differed non
significantlyy from the Cmax in adolescents, neither did AUC in prepubertal children differ
significantlyy from AUC in adolescents. The t,/2 was the same for both groups. A 27%
LDL-CC reduction from baseline was achieved at day 14. An inversed correlation was
foundd between Cmax and age. There was no relationship between any PK parameter
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andd cholesterol lowering. PK parameters and effect size were not different from previous
studiess in adults.
Basedd on our findings there are no reasons to treat children with FH between ages of
88 and 16 with dosage regimens that are different from those in adults. However, for
prepubertall children half the advised starting dose for adults may be sufficient.
Atheroscleroticc disease involves inflammatory and immunologic mechanisms, but the
sequencee of immunomodulatory steps and which molecule(s) having key roles early
inn atherogenesis is not clear. Micro C-reactive protein (ja-CRP) is established as an
inflammatoryy marker of atherosclerosis. Neopterin, a marker of cellular immune
activation,, is produced by human macrophages. HMG-Co A reductase inhibitors, statins,
havee been recognized as immunomodulators and reduce cardiovascular events and
mortality. .
Inn the addendum we described the levels of neopterin and [i-CRP in children with
heterozygouss FH because FH has been regarded as a model of atherosclerosis. We
evaluatedd the impact of pravastatin on children with FH and their unaffected siblings.
Theree were no differences between the groups concerning demographic data.
Thee children with FH had a significant elevated level of neopterin compared to normal
siblings.. Furthermore, two years of pravastatin therapy reduced the neopterin level
significantly.. Concerning ^-CRP at baseline, there were no differences between the
FH-childrenn and siblings without FH, whilst u-CRP continued to increase over two
yearss in both FH-children receiving pravastatin and placebo. Our findings suggest
thatt the cellular inflammatory marker neopterin is an early marker in the atherosclerotic
processs shown in this study in children with FH. This inflammatory response is modified
byy statins.
Childrenn with FH have endothelial dysfunction and increased carotid IMT as heralds
off the premature atherosclerotic disease they will suffer later in life. Although
interventionn in the causal pathway of this disorder has been available for over a
decadee in adults, the long-term efficacy and safety of cholesterol-lowering medication
hass not been evaluated in children. In chapter 8 we describe a randomized, doubleblind,, placebo-controlled, two-year trial of daily treatment with pravastatin 20 - 40
mgg in 214 children with FH, aged between 8 and 18 years. The primary efficacy
outcomee was defined as the change from baseline in mean carotid IMT over two
years,, whereas the principal safety outcome was measurement of growth, maturation
andd hormone levels over two years as well as changes of levels of muscle and liver
enzymes. .
Comparedd to baseline, carotid IMT showed a 10 micrometer regression on two
yearr pravastatin, whereas a 5 micrometer progression was observed in the placebo
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group.. The change of IMT between the two groups differed significantly. No
differencess were observed for growth, endocrine function parameters, or pubertal
developmentt between the two groups.
Inn conclusion, two years treatment with pravastatin induces a significant regression
off carotid atherosclerosis in FH children without adverse effects on growth, sexual
maturation,, hormone levels, liver or muscle tissue. The study demonstrates that
treatmentt with pravastatin in children with heterozygous FH is efficacious and safe.
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Werkstukk van Karin, een bijna 10-jarige deelneemster aan ons onderzoek

Watt is Cholesterol ?
Cholesteroll is een vetachtige stof die het lichaam nodig
heeftt als bouwstof voor lichaamscellen en hormonen.
Zonderr cholesterol kan het lichaam niet werken
Maarr een teveel ervan is niet goed voor je lichaam.
Hett meeste cholesterol maakt het lichaam zelf in de
lever,, een klein beetje cholesterol zit in het voedsel.
Normaall gesproken maakt het lichaam precies
voldoendee cholesterol om het lichaam goed te laten
werken. .
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Erfelijkk Cholesterol
Sommigee mensen hebben bij hun geboorte al een te
hoogg cholesterolgehalte in het bloed.
Ditt word erfelijk hypercholesterol genoemd.
Eenn dieet helpt dan niet.
Daaromm zijn meestal medicijnen nodig om het
cholesterolgehaltee te verlagen.
Bijj ons in de familie komt dat voor.
Hett zit aan mijn vaders kant.
Mijnn opa is hier door erg jong dood gegaan (56 jaar).
Ookk een broer van mijn opa werd niet ouder dan 36 jaar.
Mijnn vader heeft het door gegeven aan mijn broer
Edwinn en aan mij.
Mijnn zus Goimy heeft het niet.

Goedd en slecht cholesterol
Omm het cholesterol door het bloed vervoert te laten
wordenn heb je HDL en LDL nodig.
Hett LDL vervoert het cholesterol naar de verschillende
delenn van je lichaam.
Teveell cholesterol kan zich gemakkelijk tegen de
binnenkantt van de slagaders vastzetten.
Hierr door wordt de doorgang van de ader steeds kleiner.
LDLL cholesterol wordt daarom ook wel slecht
cholesteroll genoemd.
Hett HDL vervoert het te veel aan cholesterol juist af
naarr de lever.
Enn de lever zorgt ervoor dat het teveel aan cholesterol in
dee darmen komt.
Enn dan komt het in je darmen en dan poep je het weer
uit. .
HDLL cholesterol wordt daarom ook wel het goede
cholesteroll genoemd.
/
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Watt krijg ie van een te hoog cholesterolgehalte
Eenn te hoog cholesterol maakt je aderen ziek zonder dat
jee er wat van merkt.
Jee aderen waar je bloed doorheen stroomt worden
smaller. .
Daardoorr kan het bloed er niet goed meer doorheen
stromenn en als het bloed niet meer bij je hersenen kan
komenn kan je gedeeltelijk verlamd raken.
Wee noemen dit een herseninfarct of een beroerte.
Alss het bloed niet meer bij je hart kan komen kan je hart
still gaan staan dan kan je niets meer bewegen.
Ditt noemen we een hartinfarct.

Dee oorzaken van te hoog cholesterol
Hoee komt het datje cholesterol te hoog wordt?
-Eenn te hoog cholesterol kan komen door het eten van
veell verzadigd vet.
Alss er veel van dit verzadigd vet in onze voeding zit
maaktt ons lichaam zelf meer cholesterol.
-Hett kan ook komen door het eten van veel voedsel
waarr al cholesterol in zit.
Zoals:: een eierdooier, melkproducten zoals: kaas en
roomboterr en vleeswaren.
Datt komt doordat het producten van dieren zijn en
dierenn maken net zoals mensen zelf cholesterol in hun
lichaam. .
Eenn te hoog lichaamsgewicht kan zorgen voor een te
hoogg cholesterol.
Enn je kan ook een te hoog cholesterol krijgen net als ik
doordatt je het geërft hebt van je ouders.
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Hett verlagen van te hoog cholesterol
Omm je cholesterol te verlagen zou je minder verzadigd
vett moeten eten (dat zit in dierlijke producten).
Jee kan de verzadigde vetten vervangen door vetten van
plantenn want planten maken geen cholesterol deze
vettenn noemen ze onverzadigde vetten.
Onverzadigdee vetten komen voor in: zonnebloemolie,
hazelnoten,, olijfolie, rijst en volkoren brood.
Jee kan het cholesterol ook verlagen door te proberen om
aff te vallen als je dik bent.
Alss je een te hoog cholesterolgehalte hebt en een hoge
bloeddrukk hebt en rookt en te kort lichaamsbeweging
hebtt is de kans heel erg groot op hart- en vaatziekten
Duss niet roken en veel beweging is heel goed.
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Medicijnen n
Mett een goed dieet kunnen veel mensen hun
cholesterolgehaltee verlagen.
Maarr als een dieet niet helpt, zijn er geneesmiddelen die
kunnenn helpen
Mensenn die een hartinfarct hebben gehad of een
erfelijkee aanleg hebben moeten meteen medicijnen
slikken. .
Sommigee medicijnen remmen de aanmaak van
cholesterol. .
Anderee medicijnen zorgen ervoor dat het cholesterol
niett in het bloed kan worden opgenomen
Ikk slik ook pillen iedere avond een halve pil, maar ik
weett niet of ik het echte medicijn slik.
Hett kan ook wezen dat ik een nep medicijn slik, want
wijj doen mee aan een landelijk (door het hele land)
onderzoek. .
Ditt onderzoek duurt twee jaar.
Tweee keer in het jaar moeten wij naar het AMC
(Academischh medisch centrum) in Amsterdam.
Omdatt ze er daar heel veel van af weten en er nog meer
overr te weten willen komen.
Alss we daar heen gaan mogen we daarvoor niets eten en
drinkenn (dat heet nuchter zijn).
Alss we daar zijn moeten ze plas van ons hebben en ze
prikkenn in mijn ader om bloed af te nemen, soms wel
achtt buisjes bloed.
Watjee in deze buisjes ziet is spul zodat het bloed niet te
dikk wordt.
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Daarnaa gaan ze een echo van mijn aders maken.
Enn als laatste wordt ik opgemeten en gewogen
Enn na twee jaar hoor ik of ik het echte medicijn heb
gesliktt of niet.
Alss ik het niet het goede medicijn heb geslikt krijg ik
daarnaa wel het goede medicijn voor de rest van mijn
leven. .
Mijnn cholesterolgehalte is ongeveer 7,3.
Lagerr dan 5 is normaal.
55 tot 6,4 is licht verhoogd.
6,55 tot 7,9 is verhoogd.
Hogerr dan 8 is sterk verhoogd. Bij iemand die te hoog
cholesteroll heeft gaan de aderen 3 keer zo snel dicht
zittenn als bij iemand met een normaal cholesterol.
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Vragen n
1.. Wat is cholesterol?
2.. Waarom hebben sommige mensen bij hun geboorte
all een te hoog cholesterol?
3.. Noem de afkorting van het goede cholesterol?
4.. Wat is verzadigd vet?
5.. Maken dieren ook zelf cholesterol in hun lichaam?
6.. Wat gaat er dicht zitten bij een te hoog cholesterol?
7.. Wat voor ergs kan je krijgen van te hoog cholesterol? ?
8.. Hoe kun je, je te hoge cholesterol verlagen?
9.. Hoe hoog is mijn cholesterolgehalte?
10.. In welk ziekenhuis word het onderzoek
gehouden? ?
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Samenvatting g

Familiairee Hypercholesterolemie (FH) op de kinderleeftijd
Hoewell FH één van de meest voorkomende erfelijke aandoeningen in Nederland is - het
komtt in de heterozygote vorm bij naar schatting 1 op de 400 Nederlanders voor -, is het
inn kindergeneeskundig Nederland nog steeds een 'ondergeschoven kindje'. Nog veel te
vaakk hoor je kinderartsen zeggen: 'Laat ze maar eerst door de puberteit komen, dan
ziett de internist of cardioloog daarna wel verder'. Dit doet geen recht aan het feit dat
tussenn het 20e en 40 e levensjaar de kans op het krijgen van een myocardinfarct 100voudigg is ten opzichte van de rest van de Nederlandse bevolking én aan het feit dat
dezee aandoening een sluipend begin kent vanaf de geboorte.
Daaromm is in december 1989 in het AMC een kinder-lipidenpolikliniek geopend,
waarr inmiddels bijna 1400 kinderen met een vermoeden op FH zijn onderzocht. In het
beginn ging het om tientallen kinderen per jaar, momenteel worden er meer dan
tweehonderdd jongens en meisjes per jaar verwezen. Onder hen bleken acht kinderen
dee aandoening van beide ouders te hebben geërfd - de homozygote vorm. Zij hebben
eenn LDL cholesterol (LDL-C) van ver boven de 10 mmol/L en lopen gerede kans op het
ontwikkelenn van een myocardinfarct op de tienerleeftijd. Binnen de families met
heterozygotee FH blijkt er een grote variatie te bestaan in het tijdstip van optreden van
hart-- en vaatziekten (HVZ), maar veelal doen deze zich voor voor het 55e levensjaar bij
mannenn en voorr het 60e bij vrouwen.

Hengeltjes s
Hett onderliggende defect van FH is een mutatie in het gen dat codeert voor de LDL
receptorr in de lever. Hierdoor is het aantal LDL receptoren in de lever gehalveerd en
stijgtt het LDL-C in het plasma.
Eenn goede uitleg over de aard van het probleem aan het kind zelf is essentieel
voorr het welslagen van een eventuele behandeling. Gesteld dat een kind van zijn
vaderr de FH mutatie heeft doorgekregen, dan wordt de erfelijke aandoening als
volgtt aan hem uitgelegd: 'In je lever zitten hengeltjes die het cholesterol uit je bloed
vissen.. Nou heb jij evenals je vader één miljoen hengeltjes, terwijl je moeder er twee
miljoenn heeft. Daardoor wordt het cholesterol minder snel uitje bloed gevist. En dus
moett je niet teveel vet tegelijk eten, want dat kunnen die hengeltjes niet aan. Dus
geenn hele zak chips, maar een schaaltje, en niet iedere dag! Geen reep chocola, maar
eenn stukje; en niet de reep in heel veel stukjes en deze allemaal achter elkaar opeten
...'.. Het kind lacht en denkt: 'Dat moet te doen zijn!' Beter een haalbaar dieet voor
jaren,, dan een streng dieet waar ze in de puberteit van roepen: 'Bekijk het maar!'

Rokenn en FH: gevaarlijke combinatie
Wanneerr het om roken gaat, is het advies aan kinderen dringender. Hoe jong ze ook
zijn,, de openingsvraag is: 'Hoeveel sigaretten rook je?'. Met grote ogen kijkt de zes-
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off zevenjarige je aan en zegt: 'Nul'. De vervolgvraag is logisch: 'Hoeveel ga je later
roken?'.. Het ontlokte antwoord: 'Ik ga nooit roken' wordt plechtig in de status
genoteerd.. Deze vraag wordt jaarlijks herhaald, tot grote hilariteit van de kinderen.
Bijj de kinderen met FH die nog niet begonnen waren met roken (93%), is het gelukt
omm vrijwel allen van het roken af te houden. Echter, van de 7 % die reeds rookten -de
jongstee was overigens 9 jaar!-, is het bijna niemand gelukt alsnog te stoppen. De
combinatiee FH en roken is de slechtst denkbare: meer dan 75 procent van alle ouders
diee op jonge leeftijd zijn overleden (1 op 10, gemiddelde leeftijd 39 jaar!) of inmiddels
eenn infarct hebben (1 op 3, gemiddelde leeftijd 37 jaar!), waren rokers.

Diagnostiekk op jonge leeftijd

HoofdstukHoofdstuk 2 beschrijft de uitkomsten van 12 jaar kinder-lipidenpolikliniek/AMC. Ui
dataa van meer dan 1000 kinderen blijkt dat slechts 5 % van de kinderen bij lichamelijk
onderzoekk de typische FH-kenmerken zoals xanthomen (vetophopingen) aan
achillespezen,, aan strekpezen van handen en voeten, een arcus lipoides corneae
(wittee ring in de ogen, beginnend op 6 uur) en/of xanthelasmata (gele proppen rond
dee ogen) vertoont.
FHH is het meest nauwkeurig te diagnosticeren door het defect van het LDL receptor
genn aan te tonen op het DNA. Helaas is deze methode niet voor iedere arts beschikbaar.
Eenn eenvoudige en voor iedere arts wel beschikbare methode is de bepaling van het
LDL-CC gehalte in het bloedplasma. Op de kinderleeftijd zijn bij deze aandoening
laboratoriumm uitslagen uitermate betrouwbaar: in een familie met FH geeft bij het
kindd een LDL-C boven de 3.5 mmol/L een 98% voorspellende kans op aanwezigheid
vann een LDL receptor mutatie.
Tussenn FH families is er een verschil in het risico op HVZ. Om de kinderen die het
hoogstee risico lopen als eerste in aanmerking te kunnen laten komen voor behandeling,
iss het belangrijk deze groep vroegtijdig te identificeren. De data tonen aan dat FH
kinderenn met een ernstig verhoogd LDL-C, lipoprotein (a) en/of sterk verlaagd highdensityy lipoprotein cholesterol (HDL-C), uit families komen waar zich de meeste HVZ
voordoen.. Op basis van deze gegevens kunnen deze kinderen tot de hoogrisicogroep
wordenn gerekend.
Inn hoofdstuk 3 worden twee onderzoeken beschreven, allereerst bij 450 kinderen
mett FH die geen verwanten van elkaar zijn en vervolgens bij 154 paren van verwante
kinderenn met FH (zelfde gezin), om bij de interpretatie van de gegevens bepaalde
vertroebelendee factoren uit te schakelen. Meisjes bleken een hoger LDL-C te hebben
dann jongens. Bij meisjes bleek het HDL-C met de leeftijd toe te nemen, bij jongens
bleeff deze gelijk. Uit het paren onderzoek bleek het apolipoproteine E genotype een
belangrijkee voorspeller voor het HDL-C (het zogenaamde stofzuiger cholesterol): een
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e44 allel geeft gemiddeld een 0.15 mmol/L lager HDL-C. Bijna één op de vijf kinderen
heeftt een e4 allel, wat voor hen dus ongunstig is.

Dee heterogeniteit van het cardiovasculair risico bij kinderen met FH
Zoalss eerder al wordt beschreven is het onderliggende defect van FH een mutatie in
hett gen dat codeert voor de LDL receptor in de lever, hierdoor is het aantal LDL
receptorenn in de lever gehalveerd en het LDL-C in het plasma verhoogd. Bekende
mutatiess in Nederland zijn: de 'N543H + 2393del9' mutatie, voornamelijk voorkomend
inn West Friesland, als relatief mild te boek staand (leeftijd tussen 50 en 65 aanleiding
tott een myocardinfarct); het stopcodon 'W23X' die vooral in Friesland en Groningen
voorkomtt en als agressief te boek staat (veel hartproblemen tussen 25e en 50e jaar);
dee '1359-1' of ook wel Brabant mutatie die, evenals de '313+1 / 313+2' mutatie die
mett name in Gelderland wordt waargenomen, in de leeftijd tussen 35 en 55 jaar
slachtofferss voor zich lijkt op te eisen. In hoofdstuk 4 worden 75 verschillende soorten
mutatiess van de LDL receptor beschreven die bij 645 kinderen met moleculair bewezen
FHH zijn gevonden, in te delen in zes klassen. Dragers van zogenaamde nul-allelen
blekenn hogere LDL-C waarden te hebben dan dragers van defecten met nog enige
rest-aktiviteit,, maar dit kwam niet tot uitdrukking in een eerder ontwikkelen van HVZ.
Well bleek inderdaad de West Friese mutatie, een gedeeltelijk transport defect,
significantt later HVZ te ontwikkelen dan de overige mutaties. Andere familiefactoren
lijkenn een belangrijke rol te spelen. Hiernaar wordt op dit moment nog onderzoek
verricht. .

Atherosclerosee op jonge leeftijd
Hett proces van atherosclerose bij FH-patiënten start reeds vroeg, maar blijft vaak lang
onopgemerkt.. Verschillende diagnostische methoden zijn ontwikkeld om vroegtijdige
atherosclerosee op te sporen. Deze zijn beschreven in hoofdstuk 5. Vergelijk je de
resultatenn op volwassen leeftijd, dan zie je dat mensen met FH al op hun veertigste
eenn vaatwanddikte (intima-media thickness (IMT)) bereiken die normaal is voor
gezondee mensen van tachtig. Uit een studie onder meer dan 200 kinderen met FH
(hoofdstuk(hoofdstuk 6) blijkt dat bij hen de IMT van de carotiden reeds groter is dan bij gezonde
broertjess en zusjes van een zelfde leeftijd. Vroegtijdig ingrijpen lijkt dus geboden!

Statiness en kinderen
Ingrijpenn kan bijvoorbeeld met galzuurbindende harsen; dit zijn weliswaar de enige
geneesmiddelenn die voor de behandeling van hypercholesterolemie bij kinderen zijn
geregistreerd,, maar vanwege hun bijwerkingen zijn zij allesbehalve populair.
Statiness zijn bij volwassenen nu de meest effectieve geneesmiddelen om het LDL-C
omlaagg te krijgen: bij een dosering van 10 tot 80 mg per dag kan een maximale daling
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bereiktt worden van 55% bij volwassenen. Omdat cholesterol een precursor is voor de
geslachtshormonen,, komt uiteraard de vraag naar voren of statines veilig zijn voor
kinderenn die immers nog in de groei en ontwikkeling zijn.
Allereerstt beschrijven we in hoofdstuk 7 een onderzoek bij 24 kinderen met FH
naarr de pharmacokinetiek van het middel pravastatine in een dosering van 20 mg. Bij
kinderenn en tieners met FH blijken de pharmacokinetische parameters min of meer
overeenn te komen met die van volwassenen. Er zijn geen redenen om kinderen tussen
88 en 16 jaar met aangepaste dosering te behandelen (volwassen dosering is 40 mg).
Evenwell lijkt vóór het starten van de puberteit een halvering van de volwassen dosis
pravastatinee voldoende effectief.
Inn hoofdstuk 8 worden de resultaten beschreven van de LIPIDS (Longterm Influence
off Pravastatin on Intima-media Diameter Study), een dubbelblind prospectief placebogecontroleerdd onderzoek in het AMC bij 214 kinderen met FH tussen 8 en 18 jaar,
naarr de effecten van behandeling met pravastatine (LDL-C hoger dan 4 mmol/L). Een
jaarlijksee meting van de IMT middels echografie van de carotiden maakte deel uit van
hett onderzoek. Na twee jaar blijkt de vaatwand van de met pravastatine behandelde
groepp kinderen dunner dan die van de met placebo behandelde groep kinderen.
Daarnaastt daalt het LDL-C met dit uiterst veilige medicijn met 20 tot 35%. Een van de
meestt belangrijke uitkomstparameters van dit lange termijn onderzoek is namelijk
ookk dat het middel veilig is gebleken, geen invloed heeft op groei en de puberteitsontwikkelingg en geen effecten heeft op de hormoonhuishouding. Daarnaast is het
middell met de juiste instructies en motivatie goed in te nemen, getuige het feit dat
2044 van de 214 kinderen de mtablet inname edicatie de hele studie (twee jaar)
moeitelooss hebben volgehouden.
Inn een addendum worden de zeer recent bekend geworden resultaten van een
cellulairee ontstekingsparameter, die een vroege marker lijkt te zijn in het atherosclerotischee proces bij kinderen met FH kort beschreven. Het ontstekingsproces zou
mogelijkk geremd worden door statines. Nader bericht volgt nog.

Conclusiee en relevantie
Statiness maken een vroegtijdige behandeling van FH mogelijk. Niet alleen een langer,
maarr ook een kwalitatief beter leven komt hiermee in zicht. Immers, veel te veel
(groot)ouderss moeten nu een aanzienlijk deel van hun leven met een hart- of herseninfarct
verder,, met alle beperkingen van dien. De uitdaging is om hun (klein)kinderen dit
toekomstbeeldd te besparen.
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Dee huisarts
Daarr de huisarts veelal de hele gezinssituatie kent, dient bij frequent voorkomende
prematuree HVZ binnen een familie, bij alle overige gezinsleden, zeker ook bij kinderen
vanaff 8 jaar, een lipidenspectrum bepaald te worden. Bij verhoogde LDL-C waarden
(zie(zie tabel) is aanvullend DNA onderzoek gewenst. Na voedingsadviezen dient een half
jaarr later een lipidenspectrum herhaald te worden, bij niet genormaliseerde waarden
(LDL-CC wederom hoger dan 4 mmol/l) kunnen kinderen voor een behandeling op dit
momentt nog het best doorverwezen worden naar een gespecialiseerd centrum. De
wenss en de verwachting spreek ik uit dat op afzienbare termijn (prava)statine behandeling
bijj alle kinderen met FH in Nederland vanaf de leeftijd van 8 jaar mogelijk wordt.

Tabel.. Normaal waarden in mmol/L (2-19 jaar)

Totaall cholesterol
HDL-C C
LDL-C C
Triglyceriden n

P5 5

p95 5

3.1 1
0.9 9
1.7 7
0.4 4

5.2 2
1.9 9
3.5 5
1.3 3
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Dankwoord d
Allereerstt wil ik alle kinderen bedanken die in de afgelopen jaren enthousiast hebben
meegedaann aan de in dit proefschrift vermelde onderzoeken. Dankzij jullie
doorzettingsvermogenn zijn er uitkomsten die nu van wetenschappelijk belang blijken.
Julliee zijn te feliciteren met elkaar, want had de helft er met de pet naar gegooid dan
wass de andere helft daarvan de dupe geworden. Ik ben trots op jullie. In het bijzonder
dankk ik Karin Hauwertdie bereidwillig haar werkstuk in bruikleen gaf voor dit proefschrift.
Ceess de Groot, jou wil ik als een van de eersten bedanken. Je hebt me opgeleid tot
kinderarts,, je hebt me veel betrokken bij het management in je divisie en daarmee
evenzeerr opgeleid voor mijn huidige taak. Het ga je goed.
Hugoo Heymans, promotor, om je te spreken te krijgen was een tour de force, maar
alss ik je te spreken kreeg was het elke keer raak. Dank voor je coaching op de
kruispunten.. En voor je grote belangstelling die je voor alle patientjes ten toon spreidt,
vann heel ernstig ziek tot en met kinderen met een potentiële ziekte.
Johnn Kastelein, promotor, zonder jou geen netwerk aan lipidenpoliklinieken, geen groot
gewordenn kinderlipidenpolikliniek in het AMC, geen hoogstaand weten-schappelijk
onderzoekk binnen de lipidengroep, geen artikelen naar toonaangevende tijdschriften,
geenn promotie. Het met jou schrijven van een artikel associeer ik met een schaakklok:
dagenn zat ik te broeden op een vervolg versie, ik stuurde deze naar je op en de volgende
dagg lag het met gedegen commentaar aan mijn zijde van het bord, was ik weer aan
zet,, tikte opnieuw de klok aan mijn kant. Bedankt voor je enorme gedrevenheid. Aan
alless merk ik dat je trots bent op het onderzoek dat we in teamverband hebben
klaargespeeld.. Hopelijk zijn de kinderen de winnaars van onze schaakwedstrijd.
Henkk Bakker, co-promotor, onze eerste ontmoeting was tijdens mijn arts-examen.
Reedss toen viel me je liefde voor het vak en de speelse wijze van omgaan met kinderen
op.. Ik blijf je altijd dankbaar voor het starten van de eerste kinderlipiden-polikliniek in
Nederland,, en voor je vaste overtuiging dat we er goed aan doen kinderen met FH op
jongee leeftijd met een statine te behandelen.
Ericc Sijbrands, co-promotor, de eerste artikelen hebben we avond aan avond bij jou
aann de eettafel geschreven, menigmaal tot in de kleine uurtjes. In jou dank ik ook
Nanettee voor haar gastvrijheid. Ik heb heel veel van je epidemiologisch inzicht mogen
profiteren.. Sinds je vertrek naar Rotterdam mis ik je schaterlach dagelijks.
Uiteraardd wil ik de leden van de promotiecommissie, Serena Tonstad, Bwee-tien PollThe,, Anton Stalenhoef, Henk Lie, Rob Janknegt en Frits Wijburg bedanken voor het
kritischh doorlezen van het manuscript. I am indepted to Serena Tonstad for her effort
too be present at the ceremony.
Niekk Urbanus, voormalig voorzitter van de Raad van Bestuur, ik vond het spannend
toenn je me destijds bij je riep om me te vragen in het management te komen werken.
Dee overgang was groot. Daarom dank ik je voor de ruimte die je me hebt geboden om
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hett onderzoek bij kinderen met FH te mogen continueren.
Louisee Gunning, huidig voorzitter van de Raad van Bestuur, het is me een eer straks nog
intensieverr met je te mogen samenwerken aan een solide, maar vooral ook menselijke
organisatiee van de patiëntenzorg in het AMC. Jouw enthousiasme werkt inspirerend.
Dirkk Jan Bakker en Moniek Köhlen, zeer gewaardeerde collegae, jullie wil ik danken
voorr de uiterst plezierige samenwerking in de medische directie van het AMC onder
dee bezielende leiding van Dirk Jan. En voor jullie collegiaal overnemen van enkele
takenn toen het erom ging spannen.
Johann Gort, maatje, jouw accuratesse bij het verrichten van de echografie van de
halsslagaderr heeft het interventieonderzoek het uiteindelijke resultaat opgeleverd
datt we allen gehoopt hadden. Jouw omgaan met kinderen en ouders heeft mensen
vann de andere kant van Nederland doen besluiten zo vaak als wij nodig vonden naar
hett AMC te komen. Dank.
Lindaa Landman, maatje, je engelen geduld met moeilijk te prikken kinderen, je peptalk
voorr kinderen in verdrietige thuissituaties (menig kind heeft een ouder verloren) hebben
diepp respect bij me afgedwongen.
Jessicaa Rodenburg, dank voor alles. Ik heb je van een bescheiden studente tot een
volwaardigg collega zien uitgroeien. Veel succes met het uiterst belangrijke lange termijn
follow-upp onderzoek. Ik heb er alle vertrouwen in.
Barbaraa Hutten, dank voor het grote rekenwerk. Meer nog dan jouw programmeren
enn statistisch bewerken van resultaten heb ik de plezierige inhoudelijke discussies
mett je gewaardeerd. Je deur stond altijd voor me open. Nu er op vertrouwen dat ons
werkk in gerenommeerde tijdschriften zal worden gepubliceerd. In jou dank ik ook
Martinn Prins (inmiddels hoogleraar AZ Maastricht, ontwerper van het eerste uur),
Cooss Zwinderman, alsmede Miranda Mul en niet in de laatste plaats Rene Breet voor
dee grote klus van zorgvuldige data invoer. Corine de Haas dank ik voor haar tomeloze
energiee bij het snel en accuraat verwerken van alle gegenereerde data.
Ericc de Groot, jij hebt gezorgd voor de pijlers waar dit onderzoek op rust. Je hebt me
dankbaarr gebruik laten maken van jouw passie voor echografie van de slagaders. Ik
hebb de samenwerking hogelijk gewaardeerd. In jou dank ik ook John Karemaker en
Wimm Stok van de afdeling Fysiologie, alsmede Gaby van der Biezen voor haar
nauwgezett beoordelen van alle echobeelden.
Joepp Defesche, goudenstandaard; natuurlijk denken wij, clinici, de aandoening met
cholesterolwaardenn op te sporen, maar uiteindelijk komen we toch bij jou terecht.
Dankk voor de snelle DNA screening die jij en je medewerkers bij kinderen verrichten.
Jee medewerkers wil ik in het bijzonder bedanken voor hun grote betrokkenheid bij de
kindertjess met FH. Als dank is de kaft geënt op jullie werk.
Saskiaa de Jongh, jou prijs ik om je voortvarende aanpak; je hebt een aantal belangrijke
onderzoekenn gedaan waar kinderen met FH zeer veel profijt van hebben. In jou wil ik
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ookk Etelka Mol en Maarten Biezeveld bedanken voor het wekelijks bijwerken van het
grotee kinderbestand. Ik wens jullie alle drie een mooie carrière als specialist.
Miekee Trip, Ron Peters en Tom Vulsma, de kinderen en ik hebben ons safe gevoeld
mett jullie in de 'safety committee'. Peter Lansberg, directeur van de Stichting Opsporing
Erfelijkee Hypercholesterolemie, en zijn medewerkers, alsmede Marina Umans, huidig
directeurr AMR BV die hem voorging als directeur van de StOEH wil ik bedanken voor
dee samenwerking. Ook alle cardiologen, internisten en kinderartsen die kinderen
mett FH hebben doorverwezen hoop ik met dit boekje te bedanken; en Ad van Bellen
enn Hans van Laarhoven van de Stichting Bloedlink voor hun grote belangstelling in de
voortgangg van het onderzoek.
Allee co-auteurs van onze artikelen bedank ik voor de constructieve samenwerking,
Harryy Büller in het bijzonder voor zijn belangrijke bijdrage aan het interventieartikel.
Zorgg Onderzoek Nederland wil ik danken voor subsidie uit het preventiefonds waardoor
hett mogelijk werd deze onderzoeken bij kinderen met FH in volledige onafhankelijkheid
tee kunnen doen.
Bristol-Myerss Squibb dank ik in René Belder, Aleyd Dost, Gert Jan van Beuge, Monique
vann den Bergh en Wendy Kerselaers voor jullie ondersteuning.
Yvonnee Simoi, Tessa Westphal, Wendy van Lom en Mieke van Kralingen, jullie hebben
dee gave om met kinderen om te gaan op de polikliniek.
Mijnn collegae kindercardiologen uit de periode 1991-1996 Wies Lubbers, Mies Naeff,
Jann Lam, Jaap Ottenkamp, Tom Losekoot, Fergus McCartney bedank ik voor de
jarenlangee plezierige samenwerking, alsmede alle kinderartsen met wie ik van 1986
tott 1991 een formidabele opleidingstijd in het AMC heb gehad.
Corriee Schreuders, al zeven jaar werken we heel plezierig samen. Dank voor je grote
secretariëlee bijdrage. Ook Els van Dongen wil ik hartelijk danken voor haar
coördinerendee rol bij het tot stand komen van het proefschrift. Chris Bor dank ik voor
hett vervaardigen van de fraaie lay-out.
Dickk Riemers en Jan L Slok, huidig en voormalig bestuursvoorzitter van het Apostolisch
Genootschap,, wil ik danken voor hun wekelijkse inspirerende brief waardoor ik een
mooiee kijk op het leven heb gekregen en mijn ethisch en moreel besef is gegroeid, zo
uitermatee belangrijk in het beroep van kinderarts en onderzoeker.
Lievee vader en moeder, u wil ik bedanken voor de kans die u mij geboden heeft
geneeskundee te studeren, voor uw immer warme belangstelling voor alles waar ik
meee bezig ben, in het bijzonder het onderzoek naar de behandeling van deze kinderen.
Bovenall bent u mijn levensvoorbeeld door uw liefde voor het leven.
Tott slot, tijdens een Atherosclerose-congres in Stockholm, op mijn verjaardag werd
opp de hotelkamerdeur geklopt: een champagneontbijt met een rode roos 'With love
fromm Anga'. En ik ken helemaal geen Anga, hoe vertel ik dit mijn vrouw... Lieve Anja,
hartsvriendin,, met jou samen door het leven te mogen gaan is mijn grootste geschenk.
Ikk wil het elke dag voor je waard zijn.
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Curriculumm Vitae
Albertt Wiegman was born on June 28th, 1956 in Amsterdam.
Afterr primary and high school, he attended the Economic University for one year,
whilee waiting for an opening in the Medical Faculty of the University of Amsterdam
(numeruss fixus), where he started in 1976.
Inn 1984 he graduated as a M.D.
Fromm 1984 - 1985 he was a resident in Internal Medicine at the Medical Center of
Alkmaarr and from 1985 -1986 he worked as a resident in the department of
Neonatologyy of the Academic Medical Center. From 1986 on he was trained as a
pediatriciann under the supervision of Prof.dr. C.J. de Groot and was registered in
Marchh 1991. His specialization in pediatric cardiology was completed in January 1993.
Thee Pediatric Lipid Clinic, which was founded by Henk D. Bakker, pediatrician, came
underr Bert Wiegmans care from October 1994 on.
Inn August 1996 he was invited by the Board of the Academic Medical Center in
Amsterdamm to hold the post of adjunct medical director. Since then he is working
parttimee as a pediatric cardiologist, and started his research into the treatment of
familiall hypercholesterolemia in children in co-operation with the team of John
Kastelein,, chair of the department of Vascular Medicine.
Inn October 2003 Bert Wiegman will succeed Dirk Jan Bakker, medical director of the
Academicc Medical Center, Amsterdam.
Bertt Wiegman is married and lives in Diemen, nearby the city of Amsterdam.
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Stellingenn behorend bij het proefschrift
Pediatriee implications of heterozygous Familial Hypercholesterolemia
1.. Indien een ouder FH heeft, is bij het kind met behulp van het LDL cholesteroll betrouwbaar een diagnose te voorspellen.
2.. De structuur van de hasslagader wijkt bij heterozygote FH al vóór de
puberteitt zichtbaar af van normaal. Leeftijd, geslacht, maar vooral LDL
cholesteroll draagt aan dit proces van atherosclerose bij.
3.. Bij de pravastatine behandeling van prepuberale kinderen met FH volstaatt de helft van de dosering die aan volwassenen wordt gegeven.
4.. Het proces van atherosclerose bij kinderen met FH is veilig te stuiten met
langee termijn pravastatine behandeling.
5.. Statines maken een vroegtijdige behandeling van FH mogelijk, waardoor
niett alleen de kans op een langer leven, maar ook op een kwalitatief
beterr leven toeneemt.
6.. Daar er kinderen zijn die vóór hun 10e jaar met roken starten, kan goede
voorlichtingg niet vroeg genoeg beginnen.
7.. Als gezonde voeding gezond wordt geprijsd, komt dat de gezondheid
vann velen ten goede.
8.. Kinderen die aan een onderzoek mee doen, hebben recht op de uitkomstenn in voor hen begrijpelijke taal.
9.. Als de patiënt in een academisch ziekenhuis centraal staat, loopt het
onderzoek. .
10.. 'Nine - one - one' stond één dag voor 'ramp', maar staat dagelijks voor
'redding'. .
11.. Twee chimpansees in dezelfde boom verschillen genetisch vaak meer dan
tweee mensen aan weerszijden van de aardbol. Over 'rassen' gesproken...
12.. De angst voor SARS grijpt in Europa sneller om zich heen dan de ziekte
zelf. .
13.. De twaalf gebieden op aarde waar alle 130 eetbare oergewassen nog in
hunn grootste genetische diversiteit voorkomen (centra van Vavilov),
dienenn voor het nageslacht behouden te blijven.
14.. Betrokkenheid bij de medemens kost tijd, maar geeft energie.
A.. Wiegman
11 juli 2003

