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Summary

Objectives: To provide current reference values for serum lipid
and lipoprotein levels in Spanish adolescents according to age
and sex.

Methods: A cross sectional study conducted in five representa-
tive Spanish cities (Granada, Madrid, Murcia, Santander and
Zaragoza) including a representative sample of 581 adolescents
(299 male and 282 female), aged 13 to 18.5 years. Age- and
sex-specific means, standard deviations and percentiles were
determined for: Total (TC), high density lipoprotein (HDLc) and
low density lipoprotein (LDLc) cholesterol, triglycerides, apoli-
poprotein A-1 and B-100, and lipoprotein(a).

Results: The 90" percentile for TC was 4.95mmol/L for males
and 5.19mmol/L for females. HDLc levels were significantly
higher in females of all age groups. LDLc levels ranged from
2.32 to 2.54mmol/L in males and from 2.38 to 2.62 mmol/L in
females, peaking at 13 years of age in both sexes. Triglyceride
levels tended to increase gradually and to peak at 17 years
of age for both sexes. Apolipoprotein A-1 and B-100 levels
paralleled those of HDLc and LDLc values, respectively. The
geometric mean for lipoprotein(a) levels ranged from 0.44 to
0.57 pmol/L in males and from 0.50 to 0.67 umol/L in females.
Conclusions: The present study provides reference data on the
distribution of lipid and lipoprotein levels of Spanish adoles-

cents.

Keywords: Adolescents - Lipids - Lipoproteins - Cardiovascular
disease - Percentiles

Coronary heart disease (CHD) is a leading cause of global
mortality, accounting for almost 17 million deaths every year
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(Smith et al. 2004). Nearly 80 % of this mortality and disease
burden occurs in the industrialized countries; the data for
Spain reflect this picture (Instituto Nacional de Estadistica,
2001). Pathological data have shown that atherosclerosis
begins in childhood (Berenson et al. 1998; Strong et al.
1999), and CHD is known to occur more frequently in adult
members of families in which children’s cholesterol levels are
high. Aortic fatty streaks can be found in children, and fibrous
plaques are often evident in adolescence (McGill et al. 1997).
This finding, plus the alarming increase in the prevalence of
obesity (Moreno et al. 2002; Moreno et al. 2005) and the re-
duction in physical activity among children and adolescents
(Kimm et al. 2002; Moreno et al. 2002; Tercedor 2003),
shows the need for improved health education in this age
group (Gaziano et al. 1998). The relationship between serum
lipids and the development of CHD in children and adoles-
cents is well established (Berenson et al. 1998).

The meta-analysis performed by Plaza (1991) showed that
the serum total cholesterol (TC) levels of Spanish children
and adolescents increased throughout the 1980s. However, no
current data on serum lipid or lipoprotein levels data are avail-
able. The AVENA Study was therefore designed to asses the
health and nutritional status of a representative population of
Spanish adolescents. This report describes the current serum
lipid and lipoprotein profiles of Spanish adolescents living in
urban areas, and compares the results with those obtained in
other countries.

Materials and methods

Population and sample recruitment
The methodology used in this study has been described
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elsewhere (Gonzalez-Gross et al. 2003a, b; Moreno et al.
2005). Briefly, a multicenter study was performed involving
a representative sample of Spanish adolescents aged from 13
to 18.5 years. The population was selected by multiple-step,
simple random sampling — first taking into account location
(Madrid, Murcia, Granada, Santander and Zaragoza) and then
by random assignment of the school within each city. The cit-
ies were chosen according to the population rate (>100000
inhabitants), geographical location in the country (north-
south gradient, in order to be representative) and taking into
account the main technical question, that is, the necessity of
having a research group in the city. Sample size was stratified
by age and sex. The socio-economic variable was considered
to be associated to location within the city and type of school.
As the selection of schools was done by random selection
proportionally to the number of schools in each city district,
guaranteeing the presence of almost one school per district,
the socio-economic variable was also considered to be ran-
domly assigned. After analysis of the data, this method has
proven to be adequate, as the socio-economic status of our
sample has a normal distribution according to the distribution
in the Spanish society.

To calculate the number of adolescents to be included in the
study in order to guarantee a representative sample of the
whole country, we selected the variable with the greatest
variance for this age group from the data published in the
literature at the time the study was planned; that was body
mass index (BMI) (Moreno et al. 1997). The sampling was
determined for the distribution of this variable; the CI was
established at 95% with an error +0.25%. The minimum
subject population was established at 1 750 for the complete
study and at 500 for a subgroup from whose member’s blood
samples were required. A similar number of subjects was
evaluated in each city, and proportionally distributed by sex
and age group (13, 14, 15, 16, 17-18.5 years).

The sample was oversized in order to prevent loss of infor-
mation and because technically it was necessary to perform
fieldwork in complete classrooms. After finishing the field-
work, the subjects who did not fulfill the inclusion criteria
were excluded. Finally, the sample was adjusted by a weight
factor in order to balance the sample in accordance to the
distribution of the Spanish population and to guarantee the
real representativeness of each of the groups, already defined
by the previously mentioned factors (age and sex). The final
number of subjects included in the AVENA Study was 2859
adolescents, from which 581 (299 males and 282 females) had
blood measurements, and were then included in this study.

In each school all the adolescents of one classroom were
proposed to participate in the survey. A detailed verbal de-
scription of the nature and purpose of the study was given
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to both the children and their teachers. This information was
also sent to parents by letter; written consent to be included
was requested from both parents and children. The exclusion
criteria were: no personal history of cardiovascular or meta-
bolic disease; free of disease and medication at the time of the
study; pregnancy. In order to avoid a selection bias, a family
history record of metabolic and cardiovascular diseases was
obtained for all subjects participating in the study.

The protocol for the complete multicenter study was approved
by the Review Committee for Research Involving Human
Subjects of the Hospital Universitario Marqués de Valdecilla
(Santander, Spain).

Blood measurements
Blood (20 ml) was collected from an antecubital vein between
8:00 and 9:00 a.m, after an overnight fast.

Measurement of serum lipids, lipoproteins and lipoprotein(a)
Total cholesterol (TC), triglycerides (TG) and high density
lipoprotein cholesterol (HDLc) were measured by enzymatic
assay using a Hitachi 911 Analyzer (Roche Diagnostics,
Indianapolis, Ind, USA). HDLc was precipitated before
analysis using the Boehringer Mannheim method. Low den-
sity lipoprotein cholesterol (LDLc) was calculated using the
Friedewald et al. (1972) formula adjusted for serum TG levels
(Morley et al. 1998). Apolipoprotein (apo) A-1, apo B-100
and lipoprotein(a) [Lp(a)] were measured by immunoneph-
elometric assay using an Array 306 system (Beckman GMI,
Inc., Albertville, Minnesota, USA). Quality control of the
assays was assured by the Regional Health Authority. The
coefficients of variation were less than 3 % and the intra-class
coefficients were higher than 0.96 % for all blood variables.
The following atherogenic indices were also calculated:
TC/HDLc, TC-HDLc, (TC-HDLc)/HDLc, TG/HDLc, LDLc/
HDLc, apo B-100/apo A-1, and apo B-100/LDLec.

Age at menarche was determined from the self-reported date
of first menses based on administered questionnaire.

Statistical analysis

For data analysis, the studied population was divided into
five age groups: 13-13.99, 14-14.99, 15-15.99, 16-16.99
and 17-18.5 years. Age- and sex-specific means, standard
deviations (SD) and percentiles were determined. Kol-
mogorov-Smirnov test was used to check data distribution
by both sex and age and only by sex. The studied variables
were quasi-normal distributed, but the asymmetry and kur-
tosis levels were adequate for all, except for Lp(a) that was
achieved after logarithmic transformation. Mean values were
compared with one way analysis of variance (ANOVA), and
post hoc Bonferroni test. The Mann-Whitney U test was used
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to determine any differences in BMI (the variable selected to
calculate the number of subjects to be included in the study)
between the subgroup from which blood samples were
obtained (N = 581) and the remaining subjects (N = 2278)
(for each age subgroup and sex). No differences were seen
between any of the age and sex groups (Tab. 1). The error
was fixed at 0.05.

Results

The means and SDs for lipid and lipoprotein levels, according
to age and sex are shown in Table 2. The percentiles distribu-
tions for lipid and lipoprotein levels and atherogenic indices,
according to age and sex are shown in tables 3—10. Compari-
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son between the sexes shows both higher TC and HDLc lev-
els in females than in males adolescents. Higher LDLc levels
were only observed in females aged 15 years (P < 0.05). The
differences in apo A-1 and apo B-100 levels between the sexes
were entirely superimposable on those for HDLc and LDLc
levels. Triglycerides levels were slightly lower in females al-
though the differences failed to reach statistical significance,
except for the 14 year-olds.

An 8.2 % decline in mean TC serum levels was observed in
males between the ages of 13 and 15 years (P < 0.05). For
males 13 years of age, the 90" percentile for TC (5.39 mmol/
L) was the highest estimate for all age groups and both
sexes. For females, mean serum TG levels were no different
among age groups. For females aged 17-18.5 years, the 90"

Table 1 Comparisons of body

Sex Age group (years) Body Mass Index P= mass index between sub-group
Blood group (N = 581) Non Blood group (N = 2278) n V‘_’h'Ch blood sample was
obtained (blood group) and
Male 13 20.6+3.3 20.6 + 4.0 0.63 group in which blood sample
was not obtained (non blood
14 22139 21.4+36 0.19 group). Body mass index was
15 223+4.0 21.9+35 0.74 calculated as body weight (kg)
without shoes and with light
16 21.7£33 21.8x3.1 L85 clothing, divided by height (m)
17-18.5 23.6+4.2 227 +£3.5 0.15 squared.
Female 13 21.0 +3.9 21.7 3.6 0.08
14 21.4+4.2 21.2+3.5 0.35
15 21.3+3.2 21.5+3.0 0.67
16 21.9+3.2 21.6 = 3.1 0.52
17-18.5 21.8+2.9 21.7 £33 0.68

Table 2 Lipids and lipoprotein mean and SD values in Spanish adolescents aged 13 to 18.5 years. Values are means + SD. TC: total cholesterol; HDLc:
high density lipoprotein cholesterol; LDLc: low density lipoprotein cholesterol; TG: triglycerides; Apo: apolipoprotein; Lp(a): lipoprotein a. “Geometric
mean = SD. °P < 0.05 for differences between sexes. P < 0.05 (in comparison to males 15 years of age). P < 0.05 (in comparison to males 17 years of

age). *P < 0.05 (in comparison to males 13, 14 and 15 years of age).

Age groups (years) TC (mmol/L) HDLc (mmol/L) LDLc (mmol/L) TG (mmol/L) Apo A-1(g/L) Apo B (g/L) Lp(a)" (umol/L)
Males

13 4.26 + 0.80" 1.35+0.29° 2.54 + 0.66 0.82 + 0.41 1.16 £ 0.17° 0.71+0.18 0.44 + 0.06
14 4.02 +0.59° 1.32+0.27° 2.32+0.54 0.84 + 0.41° 1.10 £ 0.19 0.67 £ 0.15 0.49 + 0.05
15 3.91 + 0.60° 1.31 £ 0.23*" 2.24 +0.54° 0.78 +0.28 1.12 £ 0.20* 0.65 + 0.14° 0.49 + 0.04
16 4.07 £ 0.64 1.41£0.27° 2.30 + 0.59 0.79 £ 0.33 1.26 + 0.20* 0.68 +£0.13 0.48 + 0.06
17-18.5 4.01£0.73° 1.23+0.18° 2.39+0.71 0.86 + 0.37 1.20 £ 0.17° 0.70 £ 0.16 0.57 + 0.06
Total (13-18.5) 4.05 +0.68 1.32 £ 0.25% 2.35+0.62 0.82 +0.36 1.17 £ 0.19 0.68 +0.15 0.49 + 0.05
Females

13 4,51 +0.59 1.53 +0.27 2.62 +0.52 0.78 +0.24 1.24+0.15 0.71+0.11 0.59 + 0.05
14 4.32 +£0.70 1.53+0.28 2.48 + 0.67 0.69 + 0.27 1.14 £ 0.26 0.72 £0.16 0.52 + 0.05
15 4.38 £ 0.63 1.57 £0.33 2.48 + 0.56 0.72 +0.23 1.28 £ 0.24 0.70 £ 0.13 0.55 + 0.05
16 4.23 +0.69 1.53 +0.32 2.38 + 0.58 0.69 +0.24 1.29 £ 0.23 0.68 +0.13 0.50 + 0.05
17-18.5 4.40 +0.76 1.51+0.28 2.51 + 0.65 0.83 + 0.64 1.34 £ 0.22 0.73+£0.15 0.67 + 0.05
Total (13-18.5) 4.37 +0.68 1.53 +0.30 2.49 + 0.60 0.74 + 0.37 1.26 £ 0.23 0.71+0.14 0.56 + 0.05
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Table 3 Mean and percentile

Age groups (years) Total cholesterol distributions for total choles-
N Mean 10t 25 osorogseon ol (OO0 RO O
cholesterol values in mmol/L to
Males mg/dL divided by 0.02586.
13 54 4.26 3.32 3.70 4.20 4.69 5.39
14 54 4.02 3.32 3.65 3.94 4.46 4.86
15 63 3.91 3.29 3.56 3.86 4.19 4.68
16 63 4.07 3.34 3.60 4.03 4.43 4.80
17-18.5 65 4.01 3.06 3.46 4.11 4.51 4.95
Total (13-18.5) 299 4.05 3.29 3.57 3.99 4.49 4.95
Females
13 50 4.51 3.69 414 4.45 4.98 5.23
14 55 4.32 3.43 3.78 4.32 4.88 5.23
15 55 4.38 3.68 3.94 4.27 4.78 5.33
16 59 4.23 3.36 3.76 4.12 4.90 5.14
17-18.5 63 4.40 3.51 3.87 4.33 4.94 5.20
Total (13-18.5) 282 4.37 3.52 3.86 4.33 4.87 5.19
i T i Table 4 Mean and percentile
Age groups (years) High density lipoprotein cholesterol distributions of high density
v wen s ap  endeees ol
To convert cholesterol values in
Males mmol/L to mg/dL divided by
13 54 1.35 0.93 1.1 1.40 1.50 1.68 0.02586.
14 54 1.32 0.91 1.14 1.32 1.53 1.65
15 63 1.31 1.04 1.17 1.32 1.47 1.60
16 63 1.41 1.03 1.24 1.40 1.58 1.79
17-18.5 65 1.23 1.04 1.06 1.22 1.37 1.48
Total (13-18.5) 299 1.32 1.02 1.14 1.32 1.49 1.66
Females
13 50 1.53 1.16 1.36 1.55 1.68 1.93
14 55 1.53 1.1 1.35 1.50 1.79 1.94
15 55 1.57 1.18 1.37 1.52 1.71 1.99
16 59 1.53 1.09 1.26 1.53 1.72 2.05
17-18.5 63 1.51 1.18 1.30 1.45 1.71 1.90
Total (13-18.5) 282 1.53 1.14 1.32 1.53 1.71 1.95

percentile for TG (1.69 mmol/L) was the highest for all age
groups and both sexes. For males, mean LDLc levels tended
to decrease gradually from 13 to 15 years of age (11.6 %,
P =0.07). In males, the means and percentiles for serum apo
A-1 showed distributions similar to those observed for HDLc.
In females, apo A-1 levels increased significantly from 14 to
17-18.5 years of age. The percentile distributions for apolipo-
protein B-100 were similar to those observed for LDLc, with
no differences among age groups for either males or females.
Differences were seen, however, between 15 year-old males
and females (P < 0.05). No gender or age group differences
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were found in Lp(a) levels. For the atherogenic indices, the
TG/HDLc index was significantly higher in males than in
females at age 14 and 15 years. Among females, the apo B-
100/apo A-1 ratio was significantly higher at 14 compared to
15 years of age.

The self-reported age of menarche ranged from 9 to 15
years of age. The age at first menses distribution was: 9
years (1.6 %), 10 years (2.9%), 11 years (20.9 %), 12 years
(34.7%), 13 years (27.4 %), 14 years (11.3 %), and 15 years
(1%). No differences were observed in serum lipids variables
within these groups.
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Table 5 Mean and percentile

Age groups (years) Low density lipoprotein cholesterol distributions of low density
v e v e w w ae emendosidman
To convert cholesterol values in
Males mmoliL to mg/dL divided by
13 54 2.54 1.73 2.07 2.48 2.86 3.39 0.02586.
14 54 2.32 1.67 1.97 2.27 2.61 3.04
15 63 2.24 1.54 1.95 2.19 2.53 2.88
16 63 2.30 1.69 1.92 2.25 2.56 2.98
17-18.5 65 2.39 1.35 1.88 2.37 3.04 3.37
Total (13-18.5) 299 2.35 1.66 1.95 2.31 2.72 3.20
Females
13 50 2.62 1.87 2.32 2.59 2.94 3.30
14 55 2.48 1.64 1.96 2.45 2.97 3.33
15 55 2.48 1.79 2.09 2.46 2.82 3.27
16 59 2.38 1.67 2.02 2.36 2.72 3.35
17-18.5 63 2.51 1.60 2.02 2.51 2.98 3.27
Total (13-18.5) 282 2.49 1.74 2.07 2.46 2.92 3.30
i i Table 6 Mean and percentile
Age groups (years) Apolipoprotein A-1 distributions for apolipoprotein
e el
protein A-1 values in g/L to mg/
eliz dL divided by 0.01.
13 54 1.16 0.95 1.02 1.14 1.29 1.37
14 54 1.10 0.82 0.99 1.13 1.25 1.31
15 63 1.12 0.93 1.02 1.12 1.25 1.37
16 61 1.26 1.02 1.12 1.21 1.40 1.55
17-18.5 57 1.20 0.96 1.06 1.17 1.35 1.43
Total (13-18.5) 290 1.17 0.96 1.04 1.16 1.29 1.42
Females
13 50 1.24 1.04 1.15 1.24 1.36 1.43
14 55 1.14 0.64 1.06 1.21 1.29 1.42
15 55 1.28 1.02 1.13 1.27 1.46 1.58
16 48 1.29 1.02 1.16 1.27 1.44 1.61
17-18.5 58 1.34 1.10 1.19 1.30 1.45 1.71
Total (13-18.5) 267 1.26 1.02 1.13 1.25 1.38 1.56
Discussion et al. (2004). HDLc levels were also slightly lower than those

This study provides national reference data for the serum lipid
and lipoprotein levels of Spanish adolescents living in urban
areas. The percentile distributions according to age and sex
are also established. To our knowledge, this is the first report
to record the entire serum lipid and lipoprotein profile of a
representative sample of Spanish adolescents ranging from
13 to 18 years.

The mean TC, TG and LDLc levels of the present adoles-
cents were similar or slightly lower than those observed in
the meta-analysis of Plaza (1991), and then later by Garcés
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observed two decades ago (Plaza 1991), perhaps due to a
loss of Mediterranean dietary patterns (Moreno et al. 2002;
Serra-Majen et al. 1995; Zamora et al. 2003) or to the low
level of physical activity recorded for the Spanish population
(Moreno et al. 2002) and adolescents of the AVENA study
(Tercedor 2003).

According to the NHANES III study, the mean serum TC lev-
els of American children and adolescents aged 12—-19 years
were 4.09mmol/L and 4.33 mmol/L for males and females
respectively (Hickman et al. 1998). The present Spanish ado-
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Table 7 Mean and percentile

Age groups (years) Apolipoprotein B-100 distributions for apolipoprotein
v we o w w w we ShEum
protein B values in g/L to mg/dL
Males divided by 0.01.
13 54 0.71 0.49 0.60 0.70 0.79 0.96
14 54 0.67 0.46 0.56 0.64 0.75 0.91
15 63 0.65 0.49 0.57 0.64 0.72 0.87
16 61 0.68 0.51 0.57 0.68 0.75 0.84
17-18.5 57 0.70 0.49 0.60 0.72 0.82 0.91
Total (13-18.5) 290 0.68 0.49 0.58 0.67 0.77 0.88
Females
13 50 0.71 0.58 0.64 0.71 0.79 0.85
14 55 0.72 0.51 0.60 0.73 0.82 0.93
15 55 0.70 0.52 0.61 0.69 0.78 0.91
16 48 0.68 0.49 0.57 0.69 0.75 0.88
17-18.5 58 0.73 0.54 0.61 0.75 0.83 0.88
Total (13-18.5) 267 0.71 0.53 0.61 0.71 0.80 0.88
i i Table 8 Mean and percentile
Age groups (years) Triglycerides distributions for triglycerides
e w m e e e Dl
rides values in mmol/L to mg/dL
Males divided by 0.01125.
13 54 0.82 0.36 0.49 0.73 1.1 1.41
14 54 0.84 0.46 0.59 0.70 1.02 1.43
15 63 0.78 0.47 0.57 0.71 0.90 1.16
16 63 0.79 0.42 0.55 0.77 0.94 1.23
17-18.5 65 0.86 0.52 0.64 0.77 1.00 1.36
Total (13-18.5) 299 0.82 0.44 0.58 0.75 0.96 1.31
Females
13 50 0.78 0.45 0.58 0.76 0.94 1.11
14 55 0.69 0.38 0.50 0.63 0.83 1.00
15 55 0.72 0.45 0.57 0.68 0.86 1.16
16 59 0.69 0.47 0.53 0.62 0.82 0.94
17-18.5 63 0.83 0.40 0.51 0.68 0.81 1.69
Total (13-18.5) 282 0.74 0.44 0.54 0.68 0.84 1.09

lescents (both males and females) show TC levels similar to
those of their American counterparts. The age and sex specific
trends for TC levels recorded in the present study were also
similar to those reported in the NHANES III study (Hickman
et al. 1998). Compared with data from Greece (Shulpis &
Karikas 1998), another Mediterranean country, the Spanish
mean serum TC levels were slightly higher. The NHANES III
(Hickman et al. 1998) and LRC study (Kwiterovich 1991) re-
ported higher TC levels in females than in males; this was also
found in the present study. The NHANES III and LRC preva-
lence studies showed lower TC levels among males during
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puberty as a result of a decrease in HDLc levels (Hickman et
al. 1998; Kwiterovich 1991). This agrees with that seen in the
AVENA study. This reduction probably stems from hormonal
changes experienced by males during puberty (Kwiterovich
1991). In the present adolescents, the HDLc levels were high-
er than those recorded for American adolescents (Hickman
et al. 1998). This might be attributable to genetic factors, en-
vironmental factors and/or to the consumption of olive oil, a
major component of the Mediterranean diet (Serra-Majem et
al. 1993a, b; Moreno et al. 2002). Therefore, despite having a
TC similar to that of American adolescents, the higher HDLc
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Table 9 Mean and percentile

Age groups (years) Lipoprotein (a) distributions for lipoprotein (a)

(umol/L) according to age and
N Mean" 10t 25t 50t 75t 9ot sex group. To convert lipo-

protein (a) values in pmol/L to

Males md/dL qivided by 0.0357.
*Geometric mean.

13 54 0.44 0.04 0.17 0.54 1.46 3.19

14 54 0.49 0.04 0.21 0.54 1.59 2.83

15 61 0.49 0.07 0.21 0.44 1.02 2.55

16 51 0.48 0.05 0.14 0.40 1.70 3.58

17-18.5 63 0.57 0.10 0.27 0.55 2.45 3.25

Total (13-18.5) 284 0.49 0.05 0.21 0.48 1.50 3.00

Females

13 50 0.59 0.08 0.28 0.80 1.58 3.71

14 55 0.52 0.05 0.23 0.61 1.74 2.91

15 55 0.55 0.07 0.18 0.49 1.37 3.35

16 55 0.50 0.07 0.21 0.37 1.14 3.00

17-18.5 63 0.67 0.04 0.22 0.57 1.38 3.55

Total (13-18.5) 279 0.56 0.07 0.22 0.55 1.37 3.06

Table 10 Atherogenic indices in Spanish adolescents aged 13 to 18 years. TC: total cholesterol; HDLc: high density lipoprotein cholesterol TG:
triglycerides; LDLc: low density lipoprotein cholesterol; Apo: apolipoprotein. °P < 0.05 for differences between sexes. P < 0.05 (in comparison to girls

15 years of age).

Age groups (Years) TC/HDLc TC-HDLc (TC-HDLc)/ HDLc TG/HDLc LDLc/HDLc Apo B-100 / Apo A-1 Apo B-100 / LDLc
Males

13 3.15 2.91 2.15 0.60 1.88 0.61 0.28
14 3.04 2.70 2.04 0.63° 1.75 0.61 0.29
15 2.98 2.60 1.98 0.59° 1.71 0.58 0.29
16 2.90 2.66 1.90 0.56° 1.64 0.54 0.29°
17-18.5 3.26 2.78 2.26 0.70 1.94 0.59 0.29
Total (13-18.5) 3.06 2.73 2.06 0.62 1.78 0.58 0.29
Females

13 2.94 2.98 1.94 0.51 1.71 0.57 0.27
14 2.82 2.79 1.82 0.45 1.61° 0.63 0.29
15 2.79 2.81 1.79 0.46 1.58 0.55 0.28
16 2.76 2.70 1.76 0.45 1.56 0.52 0.28
17-18.5 2.92 2.90 1.92 0.55 1.67 0.55 0.29
Total (13-18.5) 2.85 2.83 1.85 0.48 1.63 0.56 0.28

levels of the Spanish youngsters may renders them a healthier
lipid profile. Their HDLc levels were, however, lower than
those observed in Greek male adolescents aged 13 and 14
years (Shulpis & Karikas 1998). The HDLc levels recorded
for females aged 13 and 14 years in the present study were
the same as those of the Greek schoolchildren (Shulpis & Ka-
rikas 1998). The HDLc levels of Spanish females were higher
than that of males; which agree with the results reported by
other authors (Azizi et al. 2001). HDLc is a protective factor
for females; it is estimated that for every 0.0259 mmol/L (1
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mg/dL) increase in HDLc, the risk of a CHD event is reduced
by at least by 3 % in females, and 2 % in men (Nicklas et al.
1997).

Low density lipoprotein cholesterol is the main carrier of cho-
lesterol in the blood, and this compound plays a pivotal role in
atherogenesis. The mean LDLc levels of Spanish adolescents
were similar to those reported in American adolescents (Hick-
man et al. 1998) but much higher than in Greek adolescents
(Shulpis & Karikas 1998). In contrast, Spanish adolescents
had much lower TG values than those observed in either
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American or Greek adolescents. Comparison of the present
serum lipid profiles with those obtained in 26 other countries
(Brotons et al. 1998) showed no apparent differences. Since
levels of physical activity are rapidly decreasing among Span-
ish adolescents (Moreno et al. 2002; Tercedor 2003) and the
Mediterranean diet is losing its identity (Moreno et al. 2002;
Serra-Majen et al. 1995; Zamora et al. 2003), increased obes-
ity, and less favourable metabolic profile is expected to result
(Moreno et al. 2002; Moreno et al. 2005). Nowadays, fruit
and vegetable intake among Spanish children and adolescents
is among the lowest in Europe (Yngve et al. 2005), and an
increasing trend in fat consumption during the last decade
has been observed (Moreno et al. 2000; Moreno et al. 2002).
According to the well known relation between dietary fat, se-
rum cholesterol and cardiovascular diseases (Ascherio et al.
1996), a significant increase in incidence and mortality from
cardiovascular diseases should have been detected in Spain.
However, this expected trend has not been observed in adults.
This has been termed the ‘Spanish paradox’ (Serra-Majem et
al. 1995). This paradox most likely stems from the interaction
of multiple synergistic and antagonistic risk and protective
factors for cardiovascular diseases.

Relatively little has been published on the apolipoprotein
profiles of adolescents. It is therefore difficult to compare the
results of the present study with those observed in other cross-
sectional examinations. Reference values for apolipoproteins
in children and adolescents are of interest since they have
been established as new atherosclerosis risk factor (Glowins-
ka et al. 2003). According to some authors, the concentrations
of apo A-1 and apo B-100 show an even stronger correlation
with atheroma development than their equivalent lipoproteins
HDLc and LDLc (Gomez et al. 1996). The levels seen in
children have been associated with the incidence of coronary
heart disease in their parents (Srinivasan & Berenson 1995).
As in adults, the distribution of Lp(a) values was highly
skewed towards low values. The geometric means obtained
for serum Lp(a) were similar to those reported in Spain in
the 1990s (Gomez et al. 1996). However, when median Lp(a)
serum concentrations are compared according to age and gen-
der, the figures recorded in the present study are much higher
than those reported by Gomez et al. (1996). Assessing new
risk factors for atherosclerosis in children and adolescents
may provide new insights into the mechanism of formation
of atheromatous plaques, especially during the early stages
when the process is entirely reversible (Libby 2000). In this
regard, the reference values for several atherogenic indices
has been provide.

The influence of age at the onset of menses on lipid and lipo-
protein concentration is not clear. Associations between age at
first menses and TG has been observed (Morrison et al. 1979),
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whereas either low correlations (Freedman et al. 1987) or no ef-
fect of age at first menses has been recently reported (Remsberg
et al. 2005). Significant differences in lipid variables according
to age of menarche were not observed in this study. This obser-
vation was consistent with the above mentioned studies.

The AVENA study included 2859 adolescents, from which
581 had blood sample. The total number of adolescents to be
included in the study was calculated taking into account the
variance for BMI (Moreno et al. 1997), as mentioned above.
Differences between BMI in the subgroup from which blood
samples were obtained and the remaining subjects were not
significant (Tab. 1). This suggests that the subgroup with
blood data is representative of the whole population.

In conclusion, the serum lipid profile of Spanish adolescents
suggests that special attention should be paid to lipid status in
this crucial period of life. The present study provides refer-
ence data on the distribution of lipid and lipoprotein levels of
Spanish adolescents, this information is crucial for planning
interventions and education programs promoting the preven-
tion of cardiovascular disease.
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Zusammenfassung

Referenzwerte fiir Serumlipide und Lipoprotein bei spani-
schen Jugendlichen: Die AVENA Studie

Ziel/Objekt: Bereitstellung aktueller Referenzwerte fur Serum-
lipide und Lipoprotein spanischer Jugendlicher nach Alter und
Geschlecht

Methode: Querschnittsanalyse durchgefuhrt in funf reprasen-
tativen spanischen Stadten (Granada, Madrid, Murcia, Santan-
der und Zaragoza); Studienpopulation von 581 Adoleszenten
(299 Jungen und 282 Madchen) im Alter von 13 bis 18,5 Jah-
ren. Alters- und geschlechtsspezifische Mittelwerte, Standard-
abweichungen und Perzentile wurden bestimmt fur: Gesamt
(TC), Lipoprotein mit hoher Dichte (HDLc) und Lipoprotein mit
niedriger Dichte (LDLc) Cholesterol, Triglyceride, Apolipoprote-
in A-1 und B-100 und Lipoprotein (a).

Ergebnisse: Die 90igste Perzentile ftr TC betrug 4,95mmol/L
in der Gruppe der Jungen und 5,19 mmol/L in der Gruppe der
Madchen. Die HDLc-Spiegel waren in allen Altersgruppen signi-
fikant héher bei den Madchen. Die LDLc-Werte bewegten sich
zwischen 2,32 bis 2,54mmol/L bei den Jungen und zwischen
2,38 bis 2,62 mmol/L bei den Madchen und waren am hochsten
bei den 13-Jahrigen beider Geschlechter. Die Werte fur Trigly-
ceride wiesen eine steigende Tendenz auf und waren bei den
17-Jahrigen beider Geschlechter am hochsten. Die Apolipo-
protein A-1 und B-100- Spiegel entsprachen denen von HDLc
und LDLc. Der geometrische Mittelwert fur Lipoprotein(a) lag
zwischen 0,44 und 0,57 umol/L bei den Jungen und zwischen
0,50 und 0,67 pmol/L bei den Madchen.

Fazit: Die AVENA Studie stellt Referenzmaterial von Lipiden

und Lipoprotein-Spiegeln spanischer Adoleszenter zur Verfi-

gung.
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Resumé

Valeurs de référence pour les lipides et lipoprotéines sériques
chez des adolescents espagnols. I'étude AVENA

Objectives: Apporter des valeurs de référence actualisées pour
les taux sériques de lipides el lipoprotéines par rapport a I'age
et au sex.

Méthodes: Une étude transversale fit réalise en 5 villes repré-
sentatives (Granada, Madrid, Murcie, Santander et Saragosse)
incluant un échantillon représentatif de 581 adolescents (299
garcons et 282 filles), avec un age de 13 a 18.5 ans. Des moyen-
nes spécifiques pour age et sexe, avec des écarts types et
percentiles flrent calculées pour: cholestérol total (TC), choles-
térol des lipoprotéines de haute densité (HDLc), cholestérol des
lipoprotéines de basse densité (LDLc), triglycérides, apolipo-
protéines A-l et B, et lipoprotéine (a).

Résultats: Le percentile 90 pour TC était 4.95mmol/L pour les
garcons et 5.19 pour les filles. Les taux de HDLc étaient signi-
ficativement plus élevés chez les filles des différentes groups
d'age. Les niveaux de LDLc étaient compris entre 2.32 et
2.54mmol/L chez les garcons, et entre 2.38 et 2.62mmol/L chez
les filles, avec des valeurs plus élevées a 13 ans dans les deux
sexes. Les niveaux de triglycérides montraient une tendance a
augmenter progressivement jusqu’a 17 ans dans les deux sexes.
Les taux d’apolipoprotéines A-1 et B-100 étaient paralleles a
ceux de HDLc et LDLc, respectivement. La moyenne géométri-
que pour les taux de lipoprotéine (a) était comprise entre 0.44
et 0.57 ymol/L chez les garcons et entre 0.50 et 0.67 pmol/L chez
les filles.

Conclusions: Le présente étude apporte des valeurs de réfé-
rence de la distribution des taux de lipides et lipoprotéines

chez des adolescents espagnols.
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