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ABSTRACT

Lipoprotein (a) concentrations in sera were determined on 536 healthy reference chil-
dren and adolescents aged 8~19 years from Zagreb, Croatia. The frequency distribution
showed that 20.4% boys and girls had lipoprotein (a) concentrations above 0.3 g/L what
is considered as a cut-off value for the increased risk of early atherosclerosis. The results
of correlation studies and factor analysis support the concept that the concentrations of
lipoprotein (a) could be an independent risk factor and therefore may have a great value
in the prediction of atherosclerosis early in life.

Introduction

Elevated plasma concentrations of
lipoprotein (a) (Lp(a)) are associated with
an increased incidence of coronary artery
disease, unrelated to the rest of the lipo-
proteins. The serum concentration of
Lp(a) may be genetically determined! and
remain constant even after metabolic
perturbations that markedly change the
amounts of the other lipoproteins pres
ent?. Therefore, plasma Lp(a) is consid-
ered as an independent risk factor of
coronary artery disease!®, The initial
stages of atherosclerosis are strongly re-
lated to childhood concentrations of se-
rum lipids and lipoproteins*. A number of
epidemiological studies in children popu-
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lations (French?®, Korean®, Italian®, Bel-
gian’, Spanish®?, Japanese!®, German'},
American'?, Israeli'®) have shown that
when present in high levels in the
plasma, Lp (a) is recognized as a marker
for premature development of coronary
artery disease. A concentration of Lp(a)
greater than 0,30 g/L. in white popula-
tions is considered to double the risk of
developing coronary artery disease!®5.
There are no such data for pediatric
population in our country.

As there are a wide interindivid-
ual'®-18 and intraindividual'™' variabil-
ity in plasma concentration of Lp(a), and
considering that reference values well
diferentiated acording to age and sex, are
a prerequisite for early detection of car-
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diovascular risk, the aim of our study was
to determine the distribution of Lp(a)
concentrations in the healthy reference
population of school children and adoles-
cents from Zagreb, Croatia and to evalu-
ate the frequence of increased Lp(a) con-
centrations considered to be of risk for
premature development of coronary ar-
tery disease.

Patients and Methods

Lipoprotein (a) concentrations were
determined in 269 boys and 265 girls,
aged 8-19 years. This group of children
was the part of the previously selected
group of 998 reference children, accord-
ing to the IFCC recommendations?®-22,
from the territory of Zagreb, Croatia?.

The venous blood samples have been
collected from the children according to
the standardised procedure recommen-
ded by the Scandinavian Committee?2,
Lipid and lipoprotein constituents of sera
were determined on fresh sera, on the
day of blood collection. Sera for determi-
nation of Lip(a) concentrations were frozen
at ~-70 °C, analysed within six months
and thawed just before the analysis, as
the storage of serum at this conditions
did not change the apolipoprotein and
lipoprotein concentrations!’?4, Lp(a) was
quantified with an enzyme-linked immu-
nosorbent assay (ELISA) plaque tech-
nique (Apo-Tek Lp(a)™, PerImmune Inc.
USA). The method employs an immobi-
lized murine monoclonal antibody that is
specific for Apo(a) and a horseradish
peroxidase-labeled polyclonal antibody to
Apo B (Conjugate). This assay design fa-
cilitates accurate quantitation of Lp(a) in
serum regardless of isoform?526, One lot
of reagents was used throughout the
study to obtained the consistency of re-
sults. The limit of detection for Lp(a) was
0,01 g/L. Samples were assayed in dupli-
cates. Imprecision was assessed by using
the control sera for normal and pathologi-
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cal concentrations (PerImmune Inc.
USA). Coefficient of variation was 7.6%
and 4.7% respectively.

Standard automated enzymatic meth-
ods were aplied to measure total choles-
terol (TC) and triacylglycerols (TC),
(CHOD-PAP and GPO-PAP methods,
Boehringer-Mannheim, Germany). HDL
cholesterol (HDL-C) was determined en-
zymatically after precipitation of the sera
samples with freshly prepared magne-
sium chloride-phosphotungstic acid rea-
gent (quantitative precipitation of chylo-
microns, VLDL cholesterol, LDL
cholesterol (LDL-C) and Lp(a)) and sub-
sequent determination of cholesterol in
the supernatant after centrifugation.
LDL cholesterol was calculated using
Friedewald-Fredrikson formula: LDL-C =
TC - (TG/2,2 + HDL-C). Because of that
this value represents the cholesterol con-
teined in both LDL and Lp (a) lipopro-
teins?’. In addition, lipid ratios were cal-
culated as the ratio of LDL cholesterol
and HDL choloesterol and the ratio of to-
tal cholesterol and HDL cholesterol?.

For all examined lipid and lipoprotein
quantities the imprecision expressed as
coefficient of variation was between 1.3
and 3.3% and inaccuracy expressed as
bias % was between 1.7 and 3.2% as-
sessed using the control sera for normal
and pathological concentrations (Preci-
norm »L« and Precipath »L«, Boehringer
Mannheim, Germany).

Non-parametric statistics has been
used throughtout since the data were not
normally distributed (Kolmogorov Smir-
nov test). The Mann-Whitney U-test was
used for the comparison of two independ-
ant variables, the Kruskal-Wallis one
way analysis variance to detect differ-
ences between any two groups. The asso-
ciations of serum Lp(a) with age, body
mass index, lipid and lipoprotein ana-
lytes were tested by the Spearman’s rank
corrrelation. The two-tailed error prob-
ability of p < 0.05 was considered signifi-
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cant. In addition, factor analysis was
done where factors were rotated accord-
ing to varimax criteria.

Results

Mann-Whitney U-test and Kruskal-
Wallis test showed no statisticaly signifi-
cant differences for Lp(a) concentrations
between either sex or age in the exam-
ined children population (p > 0.05).

The investigation of the frequency dis-
tributions (Figure 1) showed that in 52.4%
of Lp (a) concentrations were below 0.1
g/L. It is important to stress that 20,4 %
boys (n = 55) and 20.4% girls (n = 54), had
Lp(a) concentration above 0,3 g/L. Me-
dian plasma concentrations of Lp(a) were
0,09 g/L for boys and girls with the 97.5th
upper reference value of 0,69 g/L. Table 1
and Figure 2 show distributions (percen-
tiles) of serum Lp(a) concentrations in
the examined pediatric population ac-
cording to age groups.

‘'The Spearman’s correlation coefi-
cients presented in Table 4, show no sta-
tisticaly significant correlation of Lp(a)
with age, body mass index, HDL-chol-
esterol and triacylglycerol while it was
statistically significant (p < 0,01) for total
cholesterol (r-= 0.139) and LDL-choleste-
rol (r = '0.190). This correlation disap-
pered when adjusting total cholesterol
and LDL cholesterol concentrations in ac-
cordance with the cholesterol amounts
present in Lp(a) particles?”. The corrected
total cholesterol and LDL cholesterol con-
centrations in relations to Lp(a) varia-
tions considering ranges of 0.1 g/L are
presented in Table 2. '

‘In addltlon to correlatlon studies fac-
tor analy51s was performed (Table 3). The
first four: axes defined by. principal-
components analyses explain in total
84.2% of variance among individuals de-
scribed with the original set of seven vari-
ables (age, body mass index and five lipid
analytes). The first factor defined with to-

TABLE 1
PERCENTILES OF SERUM LIPOPROTEIN
(a) CONCENTRATIONS IN THE POPULA-
TION OF SCHOOL CHILDREN AND ADO-
LESCENTS ACCORDING TO AGE GROUPS

Age, years Lipoprotein (a),
(boysand n g/L — percentiles
girls) 50.0th 97.5th
8 - 36 0.06 0.59
9 84 0.08 0.57
10 80 0.09 0.73
11 120 0.11 0.75
12 48 0.12 0.63
13 28 0.07 0.65
14 18 0.05 0.33
15 21 0.12 0.51
16 32 0.05 0.42
17 31 0.11 0.50
18 23 0.08 0.84
19 13 0.03 0.19
Total 534 0.09 0.69

tal cholesterol and LDL cholesterol ex-
plain 29.9% of the total variance; the sec-
ond factor defined with age and body
mass index explain 26.0%, the third is bi-
polar defined with HDL cholesterol (-)
and triacylglycerol (+) and explained
14.5% and the fourth factor defined only
with lipoprotein (a) explamed 13.8% of
the total variance.

Discussion

According to the anthropometric stud-
ies Croatian children population showed
no significant changes in Lp(a) concen-
trations with sex, age and body mass in-
dex. Previously published data for Bel-
gian” and Spanish® schoolchildren show
the lack of association. between serum
Lp(a) and body mass index. In’'Spanish®?
children populatlons there wére no sig-
nificant difference with age and sex.
Japanese children!? showed no sex rela-
tions while in American children!? small
but significant sex difference was found’
and no age related trend. In Korean chil-
dren population aged 6-11 years® and in
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Fig. 1. Frequency distribution of Lp(a) concentrations in
269 boys and 265 girls aged between 8 and 19 years.

Italian pediatric population®, Lp(a) con-  but the data indicated a progressive in-
centrations were not influenced by sex crease with age. Gozlan found for Israeli
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Fig. 2. Boxplots for Lp(a) concentrations according to age groups. The box contain the results
within 2.5 and 97.5 percentiles.

TABLE 2
SERUM LIPIDS LEVELS ACCORDING TO LIPOPROTEIN (a) CONCENTRATIONS AND
CORRECTED TOTAL CHOLESTEROL AND LDL-CHOLESTEROL CONCENTRATIONS -

Lp(a) Total chol.
g/L mmol/L

LDL chol.
mmol/L

HDL chol.
mmol/L

LDL chol.
corrected
mmol/L

Total chol.
corrected
mmol/L

Triacyl-
glycerol
mmol/L

280 0.01-0.09 4.43+0.77
79 0.10-0.19 4.61+0.69
63 0.20-0.29 4.53+0.87
27 0.30-0.39 4.60%0.53
27 0.40-0.49 4.65+0.72
19 0.50-0.59 4.76+0.82
12 0.60-0.69 4.80+0.77
15 0.70-0.79 4.94+0.72
13 0.80-0.89 4.98+1.05

2.58+0.69
2.79+0.61
2,741 0.75
2,70+ 0.46
2.81%0.65
2.95+ 0.67
2,99+ 0.70
3.14+ 0.65
3.19+1.07

1.49+0.33
1.48+0.32
1.46+0.30
1.55+0.27
1.47+£0.27
1.47+0.34
1.48+0.29
1.41+£0.27
142+ 0.15

0.82+ 0.39
0.79+ 0.31
0.76 = 0.35
0.75+ 0.35
0.82+0.27
0.77+0.27
0.72+ 0.30
0.85+0.34
0.80+0.31

4.39+ 0.77
4.44+ 0.69
4.27+ 0.86
4.20+ 0.52
4.13+0.72
414+ 0.83
4.05+£0.76
4.07+£0.72
3.97+1.02

2,53+ 0.69
2.62+0.60
2.48+0.75
2.30% 0.46
2.29+ 0.65
2.32+0.68
2.23+0.71
2.28+0.65
2.18+1.03

Lp(a) = lipoprotein (a); LDL = low density lipoprotein;
HDL = high density lipoprotein; chol. = cholesterol.

children population!® the steepest Lp(a)
increase with age (about seven times be-
tween 0-18 years).

In Table 4 we compare the levels of
Lp(a) concentrations obtained for Croa-
tian children with other white children
populations because Lp(a) concentrations

are markedely higher in black than in
white children!®, The frequency distribu-
tion of Lp(a) concentrations in our study
is markedly skewed with higher fre-
quency at low values. According to the
median values the majority of children
have Lp(a) levels about 0.1 g/L. what is
similar with other children popula-
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TABLE 3
RESULTS OF FACTOR ANALYSIS OF AGE, BODY MASS INDEX AND LIPID ANALYTES
IN BOYS AND GIRLS (N=534)

Lipid analyte Factor 1 Factor 2 Factor 3 Factor 4
Age —0.1287 0.8535 0.1134 -0.0281
Body mass index 0.1144 0.8576 0.1107 0.0198
Total cholesterol 0.9931 ~-0.0247 -0.0860 0.0305
HDL - cholesterol 0.2754 -0.1478 -0.8062 -0.1915
LDL - cholesterol 0.9278 0.0108 0.0797 0.1584
Triacylglycerol 0.2436 0.1102 0.8071 -0.1802
Lp(a) 0.1479 —0.0081 -0.0051 0.9601
Communality 0.7586 0.7631 0.9952 0.7784
Eigenvalue 2.0942 1.8191 1.0135 0.9644
% of variance 29.9 26.0 14.5 13.8

Lp(a) = lipoprotein (a); LDL = low density lipoprotein; HDL = high density lipoprotein.

TABLE 4
SERUM LEVELS OF LIPOPROTEIN (a) CONCENTRATIONS (g/L) IN CHILDREN
POPULATIONS ACCORDING TO LITERATURE DATA

Children population

n Sex Age (yrs) Mean + SD Median
(reference)
Croatian-Zagreb region 534  boys and girls 8-19 0.182 + 0.216 0.090
Korean (5) 269  boys and girls 6-11 0.094*
Italian (6) 220 boys and girls 2-10 0.064 + 0.057 0.040
Belgian (7) 136 boys 9-16 0.172 + 0.262 0.082
’ 130 girls” 0.193 + 0.218 0.094
Spain-Burgos region (8) 279  boys and girls 11-19 0.19+0.15 0.120
Spain-Madrid region (9) 965 boys 4-18 0.141 + 0.151 0.080
: 1005 girls 0.160 + 0.179 0.090
Japanese (10) 269  boys and girls 8-13 0.155 + 0.180 0.011
German (11) 1336 boys 1-17 0.167 0.067
) 1218 girls 0.183 0.068
American (12) 767 boys 8_17 0.164 + 0.168 0.092
. 786 girls 0.179+ 0.184 0.095
Israel (13) 197  boys and girls 13-18 0.085 + 0.076

*Geometric mean; SD = standard deviation.

tion*13. Concentrations above 0.3 g/L are
considered as a cut-off value for the in-
creased risk of coronary artery disease
and early atherosclerosis?®-3!, They were
found in relatively high percent (20.4%)
of our children population. Similar inci-
dence of the risk Lp(a) values were found
in Frénch and Belgian children popula-
tion* where it was about 20%, Spain #°
15-19% and in Japanese children®
where it was 18.8%. The reference values
determined for other lipid and lipopro-
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teins constituents of sera in Croatian
children population?3, presented in Table
5, also exceed desireble concentrations
considering increase in the premature de-
velopment of coronary heart diseas®>%, It
is considered that 90% of serum concen-
trations of Lp (a) are genetically deter-
mined, and only the rest could be due to
environmental factors or to pathological
conditions. For this reason family history
and genetic differences rather than the
acquired risk factors could be one of the



D. Vrhovski-Hebrang et al.: Lipoprotein (a) in School Children, Coll. Antropol. 28 (1999) 1: 79-86

TABLE 5
REFERENCE INTERVALS (2.5th-97.5th PERCENTILES) FOR SERUM LIPID AND LIPO-
PROTEINS ANALYTES OF CHILDREN AGED 8-18 YEARS, ZAGREB, CROATIA (21)

School children and adolescents

Analytes Units

Reference intervals

Sex Age (yrs) (2.5th ~97.5th)

Total cholesterol ~ mmol/L 540  boys and girls 8-12 3.3-6.1
206 boys 13-18 2.8-5.6

250 girls 13-18 3.3-6.2

HDL cholesterol mmol/L 693  boys and girls 8-14 0.9-2.2
137 boys 15-18 0.9-1.8

. 166 girls 15-18 0.9-2.0

LDL cholesterol mmol/L 458 boys 8-18 1.5-4.1
537 girls 8-18 1.6-4.3

Triacylglycerols mmol/L 540  boys and girls 8-12 0.3-1.6
206 boys 13-18 0.4-2.1

249 girls 13-18 0.4-1.9

LDL cholesterol/ - 458 boys 8-18 1.0-3.3
HDL cholesterol 537 girls 8-18 1.0-3.4
Total cholesterol/ - 458 boys 8-18 2.1-4.8
HDL cholesterol 537 girls 8-18 2.2-4.9

LDL = low density lipoprotein; HDL = high density lipoprotein.

major contributor to high serum Lp(a)
concentrations!%. Qur results show sig-
nificant correlation of Lp(a) concentra-
tions only with total and LDL cholesterol
concentrations, probably due to the
amount of cholesterol within the Lp(a)
particles. The lack of correlation when
Lp(a) cholesterol is substracting from the
total and LDL cholesterol concentrations
and the results of factor analysis support
the concept that Lp(a) could be an inde-
pendent risk factor for coronary artery
disease.

Conclusion

The obtained results are in accordance
with other epidemiological studies of chil-
dren populations indicating that the
pathological = precursors of coronary
arthery disease begin in childhood. Asthe
detectlon of high concentrations of serum
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KONCENTRACIJE LIPOPROTEINA (a) KOD SKOLSKE DJECE

I MLADEZI U HRVATSKOJ

SAZETAK

Koncentracije lipoproteina (a) u serumu odredeni su kod 536 zdrave djece i mladezi
starosti izmedu 18 1 19 godina iz Zagreba, Hrvatska. Razdioba udestalosti pokazala je
kako je 20,4% djecaka i djevojéica imalo koncentracije lipoproteina (a) iznad 0,3 g/L —
§to se smatra graniénom vrijedno$éu poveéanog rizika rane arteroskleroze. Rezultati
korelacijske i faktorske analize u skladu su s pretpostavkom da je koncentracija lipo-
proteina (a) neovisan ¢imbenik rizika koji ima veliku vrijednost pri predvidanju ar-

teroskleroze u ranoj Zivotnoj dobi.

86





