Consistently High Plasma High-Density Lipoprotein-Cholesterol Levels in
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Coronary heart disease (CHD) mortality is relatively low in Spain compared with other developed countries and has remained
low despite an apparent increase in mean plasma cholesterol concentration in adults over the last several years. It is accepted
that pathologic processes related to arteriosclerosis development begin in childhood and seem to be related to the presence
of cardiovascular risk factors at this age. High-density lipoprotein-cholesterol (HDL-C) levels in children have been inversely
correlated with the incidence of coronary heart disease in the different countries studied. Childhood plasma lipoprotein profile
might contribute to the low coronary heart disease mortality in Spain. Thus, we analyzed data on lipid levels over time in
schoolchildren in Spain in the last decade. Plasma lipid levels were analyzed in prepuberal children (6 to 8 years) in 3
school-based surveys performed by our group in Madrid in 1987, 1993, and 1999. A significant increase in plasma total
cholesterol (P < .05) and low-density lipoprotein-cholesterol (LDL-C) (P < .01) levels in prepuberal children was observed over
the last decade. However, the mean concentration of plasma HDL-C remained stable and very high. These high levels of
plasma HDL-C in Spanish school children may help to explain why the coronary heart disease mortality rate in Spain is low
compared with that in other developed countries.

© 2004 Elsevier Inc. All rights reserved.

ORONARY HEART disease (CHD) mortality in Spain is The Barrio del Pilar Study, 1987 Study Sample

much lower than in most developed countridaurther- This survey was performed with a sample of 476 subjects, of whom
more, CHD mortality in Spain has remained Pdespite a 243 children aged 6 to 14 years were included in this current analysis.
worsening diet and an increase in mean plasma total cholesterghese children were recruited from several different primary schools in
(TC) concentration over the past 3 decadleEhe apparent Madrid’s Barrio del Pilar neighborhood. For analysis, the children have
inconsistency between increasing TC and low-density lipopro-been categorized according to age in 3 groups: 6 to 8, 9 to 11, and 12
tein-cholesterol (LDL-C) levels and Spain’s persistent low to 14 years old.
CHD mortality remains unexplained.

It is accepted that pathologic processes related to the deveh“CA'vI Study Sample 1993

opment of arteriosclerosis begin in childhood and seem to be The aim of this studi was to find out the lipoprotein distribution in
related to the presence of cardiovascular risk factors at this agéhildren and adolescents from the Community of Madrid, Spain in
Using intravascular ultrasound, atherosclerotic lesions havézfgsgosé ghte Sam';:e 'nCIUd(edeS’GgSth”drer_' ard dagc_)le;]gents, IOf w h;:c h
been detected in the coronary arteries of 17% of those indiVidEHis stugngsir; dreen ?I&J:rzc;lsoagatego\l{\s;z 'Q; :gz n this analysis. For
uals under 20 studietljndicating the start of the disease at ' '

early ages. This suggests that childhood risk factors could bg&our Provinces Study 1999

contributing to the incidence of CHD in adults. . . .
A t deal of evid ts the h thesis that hiah We analyzed a population-based sample of prepuberal children in
great deal of evidence supports the nypothesis that hig eg‘,pain that included 1,255 healthy schoolchildren between 6 and 8 years

concentrations of either plasma TC or LDL-C increase the risky|q. The studyt included representative cohorts of schoolchildren from
of CHD, whereas lower concentrations of high-density lipopro- rour Spanish Provinces with different CHD mortalities. Data on Ma-
tein-cholesterol (HDL-C) increase the risk in ad#tSurther-  drid was collected for 324 children in 1999, and these were included in
more, the Bogalusa Heart Stidgnd the Pathological Deter- our analysis.
minants of Atherosclerosis in Youth (PDAY) studyave In the 3 studies, participants were free of any endocrine, metabolic,
shown that higher concentrations of LDL-C and lower concen-hepatic, or renal disorder, and parents were required to sign a written
trations of HDL-C in children and young people are also consent for par_ticipaFion of Fhe_ir childrep in the s_tudy. The stqdy
associated with a higher risk of atherosclerosis later in life. InProtocols complied with Helsinki Declaration guidelines and Spanish
general, HDL-C levels in children are inversely correlated with legal provisions governing clinical research on humans and were ap-
the incidence of CHD in the different countries studfed.

We hypothesized that Spain’s low CHD mortality could be
related to the good lipid profiles of its children. Thus, we From the Lipid Unit, Fundacin Jimmez Daz, Universidad Au-
analyzed data on lipid levels over time in representative samtonoma de Madrid, Madrid; and the Facultad de Ciencias de la Salud,

ples of the school age Spanish population from 1987, 1993, an{niversidad Rey Juan Carlos, Madrid, Spain.
1999 in Madrid. Submitted October 3, 2003; accepted March 10, 2004.
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Table 1. Plasma Lipid Levels for Children in Three Different Studies in 1987, 1993, and 1999 in Madrid
1987 Study Sample 1993 NICAM Study Four Provinces Study
(n = 248) (n = 2,809) 1999 (n = 324)
6-8 Years 9-11 Years 12-14 Years Total 6-8 Years 9-11 Years 12-14 Years Total 6-8 Years
TC 167.4(25.7) 177.8(28.3) 159.5(22.7) 168.2(25.5) 176.0(26.1) 177.8(26.4) 169.6(26.9) 174.5(26.5) 177.9 (27.0)
TG 56.3 (12.1) 58.5 (13.2) 64.8 (12.9) 59.9 (12.7) 53.1(18.4) 61.3(20.2) 63.5 (22.3) 59.3 (20.3) 65.9 (23.9)
HDL-C 62.3 (13.4) 63.4 (12.6) 57.2 (11.6) 60.9 (12.5) 62.0 (12.0) 62.6 (13.1) 60.9 (12.9) 61.7 (12.7) 61.1(12.8)
LDL-C 93.8(21.7) 101.3(27.3) 87.6 (19.9) 94.2 (22.9) 103.4(20.2) 102.9(19.8) 96.0 (22.3) 100.8 (20.8) 103.9 (23.5)
NOTE. Data are mean *+ SD.
proved by the Clinical Research Ethics Committee of the Fundacion DISCUSSION

Jiménez Diaz in Madrid.

Blood sampling, lipid, and apolipoprotein analyses in all 3 studies.
Fasting (12-hour) venous blood samples were obtained from every
child early in the morning by venipuncture. Plasma cholesterol and
triglyceride (TG) levels were determined enzymatically with an RA
Autoanalyzer (Technicon, USA). HDL-C was measured after precipi-
tation of apolipoprotein (apo) B-containing lipoproteins with phospho-
tungstic acid and magnesium (Mg). LDL-C was cal culated according to
Friedewald’s formula

Satistical Methods

An analysis of variance was used to test the equality of means of
independent samples of the 3 studies. For this analysis, children be-
tween 6 and 8 years in each study were included. Statistical analyses
were performed using the SPSS software package, version 9.0 (SPSS,
Chicago, IL).

RESULTS

Table 1 shows the mean concentrations of plasma TC, TG,
LDL-C, and HDL-C for the children 6 to 8, 9 to 11, and 12 to
14 in the 1987 Study Sample and in the 1993 NICAM Study.
The mean concentrations of those variables in the prepuberal
children (6 to 8 years old) included in the Four Provinces Study
are a'so shown. When comparing data between 1987 and 1993,
we observed that, for children 6 to 8 and 12 to 14 and for the
population considered as a whole, TC and LDL-C levels are
increasing, and HDL-C has remained stable.

When analyzing data for the group of prepuberal children (6-
to 8-years-old) in the 3 studies, we found a significant increase
in plasma TC (P < .05) and LDL-C (P < .01) levels over the
last decade. Levels of TC were 167.4 mg/dL in 1987, 176.0
mg/dL in 1993, and 177.9 mg/dL in 1999. Levels of LDL-C
were 93.8 mg/dL in 1987, 103.4 mg/dL in 1993, and 103.9
mg/dL in 1999. However, the mean concentration of plasma
HDL-C has remained stable and very high. Mean concentra-
tions of HDL-C were almost identical in the 3 studies (62.3
mg/dL in 1987, 62.0 mg/dL in 1993, and 61.7 mg/dL in 1999).
The tendencies of the changes (or lack thereof for HDL-C)
were similar in both sexes. The tendencies for mean levels of
TC, LDL-C, and HDL-C for thisagein each of the 3 studies are
displayed in Fig 1.

A total of 19.2% of the child population of Madrid in 1999
had values higher than 200 mg/dL for TC and 12% of the
children had values higher than 130 mg/dL for LDL-C. A high
percentage of the population, approximately 45%, had higher
than 60 mg/dL for HDL-C.

While studying changes in plasma cholesterol levelsin chil-
dren in Spain over the last 15 years, we have detected an
apparent deterioration of the situation. Over the course of 3
studies performed in Madrid by our group, we detected a
significant increase in TC (10.5 mg/dL) and LDL-C (10.1
mg/dL) levels among prepuberal children (6- to 8-year-old
children). Nevertheless, along with this increase in TC and
LDL-C levels, an analysis of the HDL-C levelsin these studies
has shown them to be practically unchanged and consistently
high between 1987 and 1999. The level of HDL-C in our child
population for these years is around 62 mg/dL. All of the
studies on school age children performed in Spaini213 have
found high HDL-C levels. These values are higher than those
found in other countries with higher cardiovascular mortality
rates than Spain.81415 Mean levels reported in the United
States, for example, were 50.7 mg/dL for Anglo-Americans or
51.3 mg/dL for Latinos.*6 Mahley et al1s found that, on aver-
age, children in Turkey, a country with a relatively high CHD,
had 10 to 15 mg less HDL-C than children in other European
countries.

It is unknown whether the high HDL-C levels found in our
children persist into adulthood and whether they are the cause
of our low CHD mortality. There are no important differences
in the HDL-C concentrations found in adults from European
countries with different CHD mortality rates.17-1° Even admit-
ting that some of these children may change their lipid levels at
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Fig 1. Changes in plasma TC, LDL-C, and HDL-C levels between
1987 and 1999 in prepuberal children (6- to 8-years old) from the
Community of Madrid.



HIGH PLASMA HDL-C LEVELS IN SPANISH CHILDREN

puberty and in adulthood, the protective effect that HDL-C is
having at this age could be related to the low mortality ratesin
our population. Today we know that an atherosclerotic lesion
begins to form at an early age* and the control of high choles-
terol levels helps to control the appearance of these lesions and
with it the progression of atherosclerosis.

Two possible interpretations for the high and stable levels of
HDL-C in our children are (1) that a diet increasingly rich in
fats has reached its maximum effect on HDL-C, although
LDL-C continues to increase or (2) that the stability of HDL-C
has a genetic basis.

When considering the first interpretation (diet), it has been
demonstrated that changes in fat intake predict changes in
blood cholesterol in Spanish children.20 In the 1999 Four Prov-
inces Study, the total fat intake for children in Madrid made up
47.3% of their calories.2! This high consumption of fat could
explain the high LDL-C levels, but did not affect HDL-C
levels.

The second possibility is that these differences are geneti-
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caly based. Previous studies have documented the impact of
mutations on the ApoE gene on the normal variation of plasma
lipid levels in children.2223 In the Four Provinces Study, we
found that the apoE polymorphisms influence the metabolism
of the apo B-containing lipoproteins, but not HDL-C levels.2425
Perhaps other genetic determinants in interaction with hormone
determinant are more important at this age.

In conclusion, Spanish children, like Spanish adults, have
high levels of TC and LDL-C. However, unlike adults, they
have high levels of HDL-C. We have seen that HDL-C levels
are higher in Spanish children than those found in children
from other countries with higher cardiovascular mortality rates.
It may well be that these high levels of plasma HDL-C that
have remained stable despite an apparent deterioration in our
diet explain why the CHD mortality rate in Spain is low
compared with that in other developed countries.
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