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Consistently High Plasma High-Density Lipoprotein-Cholesterol Levels in
Children in Spain, a Country With Low Cardiovascular Mortality

Carmen Garcés, Angel Gil, Mercedes Benavente, Enrique Viturro, Beatriz Cano, and Manuel de Oya

oronary heart disease (CHD) mortality is relatively low in Spain compared with other developed countries and has remained

ow despite an apparent increase in mean plasma cholesterol concentration in adults over the last several years. It is accepted

hat pathologic processes related to arteriosclerosis development begin in childhood and seem to be related to the presence

f cardiovascular risk factors at this age. High-density lipoprotein-cholesterol (HDL-C) levels in children have been inversely

orrelated with the incidence of coronary heart disease in the different countries studied. Childhood plasma lipoprotein profile

ight contribute to the low coronary heart disease mortality in Spain. Thus, we analyzed data on lipid levels over time in

choolchildren in Spain in the last decade. Plasma lipid levels were analyzed in prepuberal children (6 to 8 years) in 3

chool-based surveys performed by our group in Madrid in 1987, 1993, and 1999. A significant increase in plasma total

holesterol (P < .05) and low-density lipoprotein-cholesterol (LDL-C) (P < .01) levels in prepuberal children was observed over

he last decade. However, the mean concentration of plasma HDL-C remained stable and very high. These high levels of

lasma HDL-C in Spanish school children may help to explain why the coronary heart disease mortality rate in Spain is low

ompared with that in other developed countries.
2004 Elsevier Inc. All rights reserved.
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ORONARY HEART disease (CHD) mortality in Spain
much lower than in most developed countries.1 Further-

ore, CHD mortality in Spain has remained low2 despite a
orsening diet and an increase in mean plasma total chole

TC) concentration over the past 3 decades.3 The apparen
nconsistency between increasing TC and low-density lipo
ein-cholesterol (LDL-C) levels and Spain’s persistent
HD mortality remains unexplained.
It is accepted that pathologic processes related to the d

pment of arteriosclerosis begin in childhood and seem
elated to the presence of cardiovascular risk factors at this
sing intravascular ultrasound, atherosclerotic lesions
een detected in the coronary arteries of 17% of those ind
als under 20 studied,4 indicating the start of the disease
arly ages. This suggests that childhood risk factors cou
ontributing to the incidence of CHD in adults.
A great deal of evidence supports the hypothesis that h

oncentrations of either plasma TC or LDL-C increase the
f CHD, whereas lower concentrations of high-density lipo

ein-cholesterol (HDL-C) increase the risk in adults.5 Further-
ore, the Bogalusa Heart Study6 and the Pathological Dete
inants of Atherosclerosis in Youth (PDAY) study7 have

hown that higher concentrations of LDL-C and lower con
rations of HDL-C in children and young people are a
ssociated with a higher risk of atherosclerosis later in life
eneral, HDL-C levels in children are inversely correlated

he incidence of CHD in the different countries studied.8

We hypothesized that Spain’s low CHD mortality could
elated to the good lipid profiles of its children. Thus,
nalyzed data on lipid levels over time in representative
les of the school age Spanish population from 1987, 1993
999 in Madrid.

SUBJECTS AND METHODS

We analyzed plasma lipid levels in children in the Community
adrid (Spain) at several different times over the last 15 years. This
akes use of data from 2 of our group’s early surveys in the Comm
f Madrid: the Barrio del Pilar Study of 19879 and the Nin˜os de la
omunidad Auto´noma de Madrid (NICAM) Study of 1993.10 Data was
lso used from the Four Provinces study, a more recent study (199

11
nalyzed cardiovascular risk factors in prepuberal children in Spain.

etabolism, Vol 53, No 8 (August), 2004: pp 1045-1047
l

-
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r

t

t

he Barrio del Pilar Study, 1987 Study Sample

This survey9 was performed with a sample of 476 subjects, of wh
48 children aged 6 to 14 years were included in this current ana
hese children were recruited from several different primary scho
adrid’s Barrio del Pilar neighborhood. For analysis, the children
een categorized according to age in 3 groups: 6 to 8, 9 to 11, a

o 14 years old.

ICAM Study Sample 1993

The aim of this study10 was to find out the lipoprotein distribution
hildren and adolescents from the Community of Madrid, Spa
993. The sample included 3,635 children and adolescents, of
,809 between the ages of 6 and 14 were included in this analysi

his study, children were also categorized by age.

our Provinces Study 1999

We analyzed a population-based sample of prepuberal childr
pain that included 1,255 healthy schoolchildren between 6 and 8
ld. The study11 included representative cohorts of schoolchildren f
our Spanish Provinces with different CHD mortalities. Data on
rid was collected for 324 children in 1999, and these were includ
ur analysis.
In the 3 studies, participants were free of any endocrine, meta

epatic, or renal disorder, and parents were required to sign a w
onsent for participation of their children in the study. The s
rotocols complied with Helsinki Declaration guidelines and Spa

egal provisions governing clinical research on humans and wer
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ı́pidos, Fundacio´n Jiménez Dı´az, Avda. Reyes Cato´licos, 2, 28040
adrid, Spain.
© 2004 Elsevier Inc. All rights reserved.
0026-0495/04/5308-0025$30.00/0

doi:10.1016/j.metabol.2004.03.012

1045



p
J

F
c
t
A
t
t
F

S

i
t
w
C

L
1
T
c
a
w
p
i

t
i
l
m
w
m
H
t
m
T
w
T
d

h
c
p
t

d
a
s
s
m
c
L
h
h
p
s
f
f
r
S
5
a
h
c

c
o
i
c
t

1

1046 GARCÉS ET AL
roved by the Clinical Research Ethics Committee of the Fundación
iménez Dı́az in Madrid.

Blood sampling, lipid, and apolipoprotein analyses in all 3 studies.
asting (12-hour) venous blood samples were obtained from every
hild early in the morning by venipuncture. Plasma cholesterol and
riglyceride (TG) levels were determined enzymatically with an RA
utoanalyzer (Technicon, USA). HDL-C was measured after precipi-

ation of apolipoprotein (apo) B-containing lipoproteins with phospho-
ungstic acid and magnesium (Mg). LDL-C was calculated according to
riedewald�s formula.

tatistical Methods

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

RESULTS

Table 1 shows the mean concentrations of plasma TC, TG,
DL-C, and HDL-C for the children 6 to 8, 9 to 11, and 12 to
4 in the 1987 Study Sample and in the 1993 NICAM Study.
he mean concentrations of those variables in the prepuberal
hildren (6 to 8 years old) included in the Four Provinces Study
re also shown. When comparing data between 1987 and 1993,
e observed that, for children 6 to 8 and 12 to 14 and for the
opulation considered as a whole, TC and LDL-C levels are
ncreasing, and HDL-C has remained stable.

When analyzing data for the group of prepuberal children (6-
o 8-years-old) in the 3 studies, we found a significant increase
n plasma TC (P � .05) and LDL-C (P � .01) levels over the
ast decade. Levels of TC were 167.4 mg/dL in 1987, 176.0
g/dL in 1993, and 177.9 mg/dL in 1999. Levels of LDL-C
ere 93.8 mg/dL in 1987, 103.4 mg/dL in 1993, and 103.9
g/dL in 1999. However, the mean concentration of plasma
DL-C has remained stable and very high. Mean concentra-

ions of HDL-C were almost identical in the 3 studies (62.3
g/dL in 1987, 62.0 mg/dL in 1993, and 61.7 mg/dL in 1999).
he tendencies of the changes (or lack thereof for HDL-C)
ere similar in both sexes. The tendencies for mean levels of
C, LDL-C, and HDL-C for this age in each of the 3 studies are
isplayed in Fig 1.
A total of 19.2% of the child population of Madrid in 1999

ad values higher than 200 mg/dL for TC and 12% of the
hildren had values higher than 130 mg/dL for LDL-C. A high
ercentage of the population, approximately 45%, had higher

Table 1. Plasma Lipid Levels for Children in Thre

1987 Study Sample
(n � 248)

6-8 Years 9-11 Years 12-14 Years Total 6

TC 167.4 (25.7) 177.8 (28.3) 159.5 (22.7) 168.2 (25.5) 17
TG 56.3 (12.1) 58.5 (13.2) 64.8 (12.9) 59.9 (12.7) 5
HDL-C 62.3 (13.4) 63.4 (12.6) 57.2 (11.6) 60.9 (12.5) 6
LDL-C 93.8 (21.7) 101.3 (27.3) 87.6 (19.9) 94.2 (22.9) 10

NOTE. Data are mean � SD.
han 60 mg/dL for HDL-C. C
DISCUSSION

While studying changes in plasma cholesterol levels in chil-
ren in Spain over the last 15 years, we have detected an
pparent deterioration of the situation. Over the course of 3
tudies performed in Madrid by our group, we detected a
ignificant increase in TC (10.5 mg/dL) and LDL-C (10.1
g/dL) levels among prepuberal children (6- to 8-year-old

hildren). Nevertheless, along with this increase in TC and
DL-C levels, an analysis of the HDL-C levels in these studies
as shown them to be practically unchanged and consistently
igh between 1987 and 1999. The level of HDL-C in our child
opulation for these years is around 62 mg/dL. All of the
tudies on school age children performed in Spain12,13 have
ound high HDL-C levels. These values are higher than those
ound in other countries with higher cardiovascular mortality
ates than Spain.8,14,15 Mean levels reported in the United
tates, for example, were 50.7 mg/dL for Anglo-Americans or
1.3 mg/dL for Latinos.16 Mahley et al15 found that, on aver-
ge, children in Turkey, a country with a relatively high CHD,
ad 10 to 15 mg less HDL-C than children in other European
ountries.

It is unknown whether the high HDL-C levels found in our
hildren persist into adulthood and whether they are the cause
f our low CHD mortality. There are no important differences
n the HDL-C concentrations found in adults from European
ountries with different CHD mortality rates.17-19 Even admit-
ing that some of these children may change their lipid levels at

erent Studies in 1987, 1993, and 1999 in Madrid

1993 NICAM Study
(n � 2,809)

Four Provinces Study
1999 (n � 324)

rs 9-11 Years 12-14 Years Total 6-8 Years

6.1) 177.8 (26.4) 169.6 (26.9) 174.5 (26.5) 177.9 (27.0)
8.4) 61.3 (20.2) 63.5 (22.3) 59.3 (20.3) 65.9 (23.9)
2.0) 62.6 (13.1) 60.9 (12.9) 61.7 (12.7) 61.1 (12.8)
0.2) 102.9 (19.8) 96.0 (22.3) 100.8 (20.8) 103.9 (23.5)

Fig 1. Changes in plasma TC, LDL-C, and HDL-C levels between

987 and 1999 in prepuberal children (6- to 8-years old) from the
e Diff

-8 Yea

6.0 (2
3.1 (1
2.0 (1
3.4 (2
ommunity of Madrid.
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1047HIGH PLASMA HDL-C LEVELS IN SPANISH CHILDREN
uberty and in adulthood, the protective effect that HDL-C is
aving at this age could be related to the low mortality rates in
ur population. Today we know that an atherosclerotic lesion
egins to form at an early age4 and the control of high choles-
erol levels helps to control the appearance of these lesions and
ith it the progression of atherosclerosis.
Two possible interpretations for the high and stable levels of

DL-C in our children are (1) that a diet increasingly rich in
ats has reached its maximum effect on HDL-C, although
DL-C continues to increase or (2) that the stability of HDL-C
as a genetic basis.
When considering the first interpretation (diet), it has been

emonstrated that changes in fat intake predict changes in
lood cholesterol in Spanish children.20 In the 1999 Four Prov-
nces Study, the total fat intake for children in Madrid made up
7.3% of their calories.21 This high consumption of fat could
xplain the high LDL-C levels, but did not affect HDL-C
evels.
The second possibility is that these differences are geneti-
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f the apo B-containing lipoproteins, but not HDL-C levels.24,25

erhaps other genetic determinants in interaction with hormone
eterminant are more important at this age.
In conclusion, Spanish children, like Spanish adults, have

igh levels of TC and LDL-C. However, unlike adults, they
ave high levels of HDL-C. We have seen that HDL-C levels
re higher in Spanish children than those found in children
rom other countries with higher cardiovascular mortality rates.
t may well be that these high levels of plasma HDL-C that
ave remained stable despite an apparent deterioration in our
iet explain why the CHD mortality rate in Spain is low
ompared with that in other developed countries.
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