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A B S T R A C T

The study investigated the changes of body size and composition in the sample of 296 preschool urban dwelling chil-

dren aged 6.5 ± 0.8 years over a period of five years. Fourteen anthropometric measures were taken. Body mass index

(BMI), the sum of skinfolds, the fat percentage and fat-free mass (FFM) were computed. The significant changes in body

size and composition over the observed period were found. A significant increase in height and weight was registered in

the boys. The average BMI did not change significantly while body fatness was significantly enlarged (from 10.79% to

16.96%, P=0.0001) with no changes in FFM. In the girls there were no significant changes in height, weight and BMI,

while again fatness was significantly enlarged (from 15.5% to even 19.44%, P=0.003), with a significantly decreased

share of FFM (P<0.05), primarily due to the decrease of the upper limbs’ muscular mass. The greatest contribution to the

discriminant function was obtained by the skinfolds in the boys and by the arm length and forearm circumference in the

girls.
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Introduction

Sedentary behavior, frequently combined with inade-
quate dieting, as regards quality and quantity of food in-
take, is connected with body composition changes as well as
with the development of a series of chronic metabolic and
cardiovascular diseases. Having in mind the well evidenced
correlation between obesity and cardiovascular (for exam-
ple, coronary heart disease, or arterial hypertension) and
metabolic diseases (like atherosclerosis, diabetes, elevated
serum lipoproteins, metabolic syndrome), there is concern
about trend of growing overweight and obesity prevalence
in populations of the developed countries, as well as with
their occurrence in ever younger age categories.

Many researchers reported an increase in adiposity in
preschool and school children1–4. Based on a longitudinal
study, Valerio and associates5 observed that the children
who were overweight or obese at the age of 7 tended to
maintain this condition in prepubertal age also. Must
and co-workers6 demonstrated, based on a 55-year long
study, the correlation of overweight in adolescents with
long-term morbidity and mortality. Vanhala and asso-
ciates7 established that adult obesity was potentially
more dangerous for health status if it was present since

childhood. Hensen and co-workers8 found in 6–7-year-old
Danish children associations between body fatness and
cardiovascular disease risk factors as blood pressure,
fasting glucose and insulin. Findings of Ribeiro and co-
-workers9 suggested that 8–15-year-old children in the
highest quartile of body fatness were at increased risk of
having other risk factors as high blood pressure, high to-
tal cholesterol and low physical activity index.

In the Croatian population of school children and
youth secular trend of enlarged body height and body
weight is obvious also10. According to the poll, conducted
by Kuzman and associates11, in the population of 13
years of age 11% of boys and 5% of girls are overweight,
whereas 2% of boys and 1% of girls are obese. At the age
of 15 years, 15% of boys and 6% of girls are overweight,
whereas 2% of boys and 1% of girls are obese. Informa-
tion about the trend of anthropometric characteristics
changes and about the status of how well Croatian pre-
school children are nourished is far harder to find.

In most studies the state of being nourished has been
determined mostly based on body mass and body height
only, using the body mass index (BMI). Nowadays, how-
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ever, assessments are more often based on the analyses of
body composition and fat distribution3,8,9,12–15.

The aim of the present study was to analyze changes
of morphological anthropometric characteristics, espe-
cially from the body size and body composition points of
view, as well as from the aspect of the level of being nour-
ished and musculo-skeletal development level in the pop-
ulation of Croatian preschool urban dwelling children
aged 6.5 years over a period of five years.

Subjects and Methods

The research was conducted with a total subject sam-
ple of 296 urban dwelling children attending preschools
of the average age of 6.5 ± 0.8 years. The data were col-
lected in two time points: in 1998, on the sample of 99
children (59 boys and 40 girls), and in 2003, on the sam-
ple of 197 children (99 boys and 98 girls). Fourteen
anthropometric measures were taken (body mass and
body height, sitting height, three skinfolds, five circular
measures of body extremities, arm length, shoulder and
hip width) using standard procedures and instruments
according to IBP16. The measurements took place in
three Zagreb preschools in the morning, immediately af-
ter the children’s arrival.

Body mass index (BMI) was calculated as body mass /
body height2 (in kg/m2).

The sum of three skinfolds was computed as well as
body composition based on the body fatness percentage,
using the method of Slaughter and colleagues17. The
amounts of body fatness and of fat-free mass were also
calculated (in kg).

The differences between the samples measured in
1998 and 2003 in the investigated variables were exam-
ined by the Student’s t-test, that is, by Mann-Whitney
U-test for the irregularly distributed variables (Kolmo-
gorov-Smirnov test: P<0.05). Multivariate discriminant
analysis was conducted in the set of anthropometric vari-
ables to determine the contribution of individual vari-
ables to the discriminant function. The data were pro-
cessed using the software package Statistica (release 7.1).

Results

In Tables 1 and 2 the indices of anthropometric mea-
sures are displayed in order to enable an insight into
body size and body composition and their changes in 6.5
years aged boys and girls over five years.

The results revealed a significant increase in the mea-
sures of body height and body mass of the boys in the
five-year period. An average increase in body mass
amounts almost 10%. And since the average BMI has not
changed significantly in five years, considerable changes
were registered in body composition. A significant in-
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TABLE 1
DESCRIPTIVE INDICATORS OF ANTHROPOMETRIC MEASURES IN THE SAMPLES OF BOYS MEASURED IN 1998 AND 2003

AND THE SIGNIFICANCE OF THEIR DIFFERENCES, VERIFIED BY STUDENT’S T-TEST

Variables
1998 (N=57)

M ± SD
2003 (N=99)

M ± SD

T test / U test*

P P

Body mass 21.77 ± 3.00 23.92 ± 3.97 0.001

Body height 117.86 ± 5.34 121.94 ± 5.53 0.000

Sitting height 64.81 ± 6.07 67.01 ± 3.39 0.101

Arm length 49.19 ± 3.44 46.78 ± 2.76 0.000

Shoulder width 26.14 ± 1.38 26.45 ± 1.25 0.156

Hip width 19.15 ± 1.13 19.31 ± 1.16 0.426

Extended upper arm circumference 17.93 ± 1.61 17.70 ± 1.71 0.243

Bent upper arm circumference 19.03 ± 1.79 18.70 ± 1.76 0.2707

Forearm circumference 17.78 ± 1.22 17.12 ± 1.31 0.002

Thigh circumference 33.63 ± 3.46 34.79 ± 3.57 0.066

Calf circumference 24.54 ± 1.92 24.52 ± 2.20 0.459

Triceps skinfold 7.39 ± 3.38 11.88 ± 4.35 0.000

Subscapular skinfold 4.15 ± 2.14 6.73 ± 3.88 0.000

Abdominal skinfold 3.59 ± 2.37 8.79 ± 5.75 0.000

BMI 15.61 ± 1.32 16.03 ± 1.95 0.714

Sum of skinfolds 15.30 ± 7.23 27.40 ± 13.19 0.000

% of body fatness 10.79 ± 4.71 16.96 ± 5.33 0.000

Body fatness (kg) 2.42 ± 1.26 4.21 ± 2.02 0.000

Fat free mass(kg) 19.35 ± 2.35 19.71 ± 2.38 0.3609

* When the distribution was not normal, M arithmetic mean, SD standard deviation



crease was obtained in all skinfolds measures, especially
in the abdomen skinfold – the average thickness of this
skinfold was more than doubled over the observed pe-
riod. The trend of significant enlargement of subcutane-
ous fatty tissue is also obvious in the sum of the three
skinfolds and in body fatness percentage, which was dra-
matically enhanced (from 10.79% to 16.96%, P=0.0001).
Simultaneously, no significant changes in fat-free mass
were obtained. Circumference measures remained mainly
the same or certain ones even decreased, like the ones of
the upper extremities.

The results obtained in the sample of girls show no
significant changes over five years in body size dimen-
sions. And since body mass and BMI had not changed sig-
nificantly in the observed period, significant changes
were registered in body composition. An increase was ob-
tained in the measures of subcutaneous fat, especially in
the sum of the three skinfolds. The largest changes were
again obtained in the abdominal skinfold with almost a
double increase. The body fat percentage also increased
significantly (from 15.5% to even 19.44%, P=0.003). Ad-
ditionally, fat-free mass decreased (P<0.05), and the cir-
cumference measures of the upper limbs significantly de-
creased as well.

The comparison of boys and girls revealed no signifi-
cant differences in body height, body mass and BMI in

both measurement points (P1998=0.1003; P2003=0.8530).
The significant differences in body composition, that is,
higher values of skinfolds and of their sum (P1998=0.0003;
P2003=0.0303) as well as of the fat percentage (P1998=0.0003;
P2003=0.0478) were obtained in girls. While at the first
measurement point (1998) of the observed five-year pe-
riod no significant gender differences occurred in the
amount of fat-free mass, at the second measurement
point (2003) the significant difference between the boys
and the girls was obtained for the amount of fat-free
mass (p=0.00139), primarily due to its significant de-
crease in the girls. The multivariate method of dis-
criminant analysis confirmed the differences between
the first and the second measurement in the space of
anthropometry of both genders (Table 3).

Skinfold measures had the greatest contribution to
the discriminant function in the subsample of boys. In
the girls, the predominant contribution was obtained for
the arm length and forearm circumference, only then fol-
lowed by the measures of skinfolds.

Discussion

The study indicated significant changes in body size
and composition of preschool children over the observed
period. The significant increase in body height and body
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TABLE 2
DESCRIPTIVE INDICATORS OF ANTHROPOMETRIC MEASURES IN THE SAMPLES OF GIRLS MEASURED IN 1998 AND 2003

AND THE SIGNIFICANCE OF THEIR DIFFERENCES, VERIFIED BY STUDENT’S T-TEST

Variables 1998 (N=40)
M ± SD

2003 (N=98)
M ± SD

T test / U test*

P P

Body mass 23.20 ± 4.55 23.29 ± 3.96 0.907

Body height 119.81 ± 6.79 120.55 ± 5.07 0.242

Sitting height 64.06 ± 7.05 65.68 ± 2.75 0.711

Arm length 48.60 ± 3.36 45.39 ± 2.53 0.000

Shoulder width 25.90 ± 1.90 26.19 ± 1.30 0.307

Hip width 18.79 ± 1.70 18.89 ± 1.09 0.699

Extended upper arm circumference 18.89 ± 1.96 17.65 ± 1.80 0.000

Bent upper arm circumference 19.89 ± 2.20 18.65 ± 1.91 0.0012

Forearm circumference 17.98 ± 1.31 16.87 ± 1.38 0.000

Thigh circumference 36.42 ± 3.99 35.24 ± 4.17 0.128

Calf circumference 25.30 ± 2.17 24.60 ± 2.14 0.085

Triceps skinfold 10.86 ± 5.57 13.53 ± 5.21 0.000

Subscapular skinfold 6.24 ± 4.17 8.27 ± 5.03 0.000

Abdominal skinfold 5.88 ± 5.23 10.51 ± 7.36 0.000

BMI 16.28 ± 2.21 15.98 ± 2.16 0.46

Sum of skinfolds 22.98 ± 14.38 32.30 ± 16.90 0.000

Body fatness (%) 15.53 ± 6.95 19.44 ± 6.87 0.003 0.003

Body fatness (kg) 3.77 ± 2.40 4.75 ± 2.54

Lean body mass (kg) 19.43 ± 3.10 18.55 ± 1.98 0.048

* When the distribution was not normal, M arithmetic mean, SD standard deviation



mass was registered in the boys. The average BMI did
not change significantly as opposed to body composition
in which the share of body fatness was significantly en-
larged with any changes in the amount of fat-free mass.
In the girls there were no significant changes in body
height, body mass and BMI, but the fatness component
was significantly enlarged in them as well, together with
the significantly decreased share of fat-free mass, pri-
marily due to loss of upper limb muscular mass. Similar
mean BMI values were reported by Graf and associates18

for German children of similar age.

Enhanced total body fatness was reported in many
studies over the last two decades1–4,13. In the sample of
6–7-year-old Danish children Hensen and colleagues8 de-
scribed the similar BMI values and body fatness percent-
ages, also with gender dimorphism in the body fatness
indicators. Gender dimorphism of fat patterning in chil-
dren present even at the preschool and early school age
was also confirmed by other European authors8,12,14.

A significant increase of fat mass, especially on the
stomach, is particularly unfavorable as it may increase
the occurrence risk of chronic cardio-vascular and meta-
bolic diseases later on in the life. Moreover, such a distri-
bution of subcutaneous fatty tissue is combined with the
simultaneous decrease in muscular mass, particularly
pronounced in girls. Similar trend to the central pattern-
ing of fat distribution already at the age of 6.5 years was
reported by Moreno et al.19.

The observed reduction of fat-free mass, especially in
the preschool girls, indicates decreased physical activity.
Further investigations are necessary; special attention
should be directed to the life styles of preschool children
and to the amounts of time spent in physical activities of
various forms and intensities, to the analysis of energy
expenditure and to nutritional habits.

Conclusion

The finding of the increase in the share of fatness
component in boys and girls, and of the decrease in
fat-free mass in girls over the five-year period impose the
necessity of continuous monitoring of the trend of chan-
ges in the population of preschool children to preschool
teachers and health care experts in order to be able to
plan and timely launch curricula and syllabus interven-
tion measures in the area of physical activity and exer-
cise, as well in the areas of nutrition and prevention of
early occurrence of obesity.
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TABLE 3
DISCRIMINANT ANALYSIS OF THE TWO SAMPLES OF BOYS

AND GIRLS (1998 AND 2003) IN THE SPACE OF
ANTHROPOMETRIC VARIABLES: THE STRUCTURE OF THE
DISCRIMINANT FUNCTION AND CENTROIDS OF GROUPS

Eigen-
value

Canonical
R

Wilks’
Lambda Chi-Sqr. df p-level

Boys 2.96 0.86 0.25 202.47 14 0.0000

Girls 2.03 0.82 0.33 143.05 14 0.0000

Boys Girls

Variable Discriminant
function structure

Discriminant
function structure

Mass –0.17 –0.01

Height –0.21 –0.12

Sitting height –0.14 –0.12

Arm length 0.22 0.37

Triceps skinfold –0.31 –0.16

Abdominal skinfold –0.30 –0.22

Subscapular
skinfold –0.22 –0.14

Extend upper arm
circum 0.04 0.21

Bent upper arm
circum 0.05 0.20

Forearm circum 0.14 0.26

Thigh circum –0.09 0.09

Calf circum 0.00 0.10

Hip width –0.04 –0.02

Shoulder width –0.07 –0.06

Centroids Centroids

G_1:0 2.25 2.21

G_2:1 –1.30 –0.90
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PROMJENA GRA\E I SASTAVA TIJELA PRED[KOLSKE DJECE U PETOGODI[NJEM PERIODU

S A @ E T A K

U radu su ispitane promjene u gra|i i sastavu tijela pred{kolske djece u petogodi{njem razdoblju. Uzorak je ~inilo
ukupno 296 gradske djece u dobi od 6.5 ± 0.8 godina. Izmjereno je ~etrnaest antropometrijskih mjera, iz kojih je izra~u-
nat indeks tjelesne mase (BMI), suma ko`nih nabora, postotak tjelesne masti i nemasna tjelesna masa. Utvr|ene su
zna~ajne promjene u gra|i i sastavu tijela djece iste dobi u petogodi{njem razdoblju. U dje~aka zna~ajno su se pove}ale
visina i masa tijela. I dok se prosje~ne vrijednosti BMI nisu zna~ajno promijenile, udio tjelesne masti u sastavu tijela
zna~ajno se pove}ao (s 10,79% na 16,96%, p=0,0001) bez promjena u nemasnoj masi tijela. U djevoj~ica nije bilo zna~aj-
nijih promjena u visini, masi i BMI, dok se i u njih udio tjelesne masti zna~ajno pove}ao (s 15,5% na ~ak 19,44%,
p=0,003). Pri tom se opa`a zna~ajno smanjenje nemasne mase tijela (p<0,05), primarno zbog smanjenja mi{i}ne mase
gornjih udova. Najve}i doprinos diskriminacijskoj funkciji dale su mjere ko`nih nabora i duljina ruke u dje~aka te opseg
podlaktice u djevoj~ica.
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