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Abstract

The aim of this study was to provide percentiles values
for four different aerobic performance tests in 2752
(1,261 girls) Spanish children aged 6 to 17.9 years. Aero-
bic performance was assessed by the shuttle run test
(20mSRT), 1-mile, 1/2-mile and 1/4-mile run/walk tests.
Height and weight were measured, and body mass index
was calculated. Boys had significantly better score than
girls in the studied tests in all age groups, except in 1/4-
mile test in 6-7 year old children. Underweight children
had similar performance than their normalweight coun-
terparts, and underweight boys had better performance
than their obese counterparts. Overweight and obese
children had lower performance than their normalweight
counterparts. Having percentile values of the most used
field tests to measure aerobic performance in youth may
help to identify children and adolescents at risk for the
major chronic diseases, as well as to evaluate the effects of
alternative interventions.

(Nutr Hosp. 2011;26:572-578)
DOI1:10.3305/nh.2011.26.3.4597

Key words: Fitness. 20m shuttle run test. 1-mile. V2-mile.
Ya-mile. Children.

Correspondence: José Castro-Pifiero.
Department of Physical Education.
School of Education. University of Cadiz.
11519 Puerto Real. Spain.

E-mail: jose.castro@uca.es

Recibido: 16-XI-2009.
Aceptado: 22-X1-2009.

572

VALORES DE PERCENTILES DE LOS TESTS
DE CAMPO DE CAPACIDAD AEROBICA
ENNINOS DE 6 A 17 ANOS; INFLUENCIA

DEL PESO CORPORAL

Resumen

El propdésito de este estudio fue proporcionar los valo-
res de percentiles para cuatro pruebas de rendimiento
aerobico en 2752 (1261 chicas) nifios espaiioles con edades
de 6 a 17,9 aios. El rendimiento aerobico se evalio
mediante la carrera durante 20 minutos (20mSRT), y las
pruebas de correr / caminar 1 milla, 2 milla y % de milla.
Se midieron el peso y la talla y se calculé el indice de masa
corporal. Los chicos tuvieron puntuaciones significativa-
mente mejores que las chicas en las pruebas evaluadas y
para todos los grupos de edad, excepto en la prueba de V4
de milla en el grupo de 6-7 aios. Los nifios con peso bajo
mostraron un rendimiento similar a sus homélogos con
peso normal y los primeros tuvieron un rendimiento
mejor que sus homaélogos obesos. Los nifios obesos y con
sobrepeso tuvieron un menor rendimiento que sus homo-
logos con peso normal. El disponer de valores de percenti-
les para las pruebas empleadas mas habitualmente para
evaluar el rendimiento aerdbico en los jévenes podria
ayudar a identificar a nifios y adolescentes en riesgo de
enfermedades crénicas importantes asi como a evaluar
los efectos de intervenciones alternativas.

(Nutr Hosp. 2011;26:572-578)
DOI:10.3305/nh.2011.26.3.4597
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Abbreviations

20mSRT: The 20m shuttle run test.

BMI: Body mass index.

CD: Compact Disk.

SD: Standard deviations.

L: Transformation.

M: Median.

S: Coefficient of variation.

SPSS: Statistical Package for Social Sciences.

Introduction

Cardiorespiratory fitness is a direct indicator of indi-
vidual’s physiological status and reflects the overall
capacity of the cardiovascular and respiratory system.!
There are a number of cross-sectional studies showing
that children and adolescents with higher levels of car-
diorespiratory fitness have also a more favourable car-
diovascular profile compared with their unfit counter-
parts.? Likewise, findings from prospective cohort
studies have suggested that a low cardiorespiratory fit-
ness during childhood and adolescence is associated
with later cardiovascular risk factors such as hyperlipi-
demia, hypertension and obesity.>* There is evidence
indicating that the level of cardiorespiratory fitness
during childhood and adolescence is moderately asso-
ciated with the level of fitness in adulthood.* Taken
together, these findings support the existence of an
association between cardiorespiratory fitness and
health-related outcomes in young people, and highlight
the importance to include cardiorespiratory fitness
tests in monitoring systems from early ages.

Cardiorespiratory fitness can be objectively and
accurately measured through laboratory tests, which
seems to provide a valid and reliable measure of the
outcome. However, laboratory tests present some dis-
advantages, as necessity of sophisticated instruments,
qualified technicians, cost and time constraints.
Therefore, the feasibility and cost efficiency have to
be taken into consideration in field-based testing. In
some circumstances, field tests may be a better option
because the tests are generally easy to administer and
time efficient, a large number of subjects can be
tested simultaneously, are relatively safe, involve
minimal equipment and low cost, and often are the
only feasible methods. Among various field-based
cardiorespiratory fitness tests, the 20m shuttle run test
(20mSRT), 1-mile, +1/2-mile, and 1/4-mile run/walk
tests are the most used in children and adolescents,
and are included in the most important fitness test bat-
teries for young people such as EUROFIT,” FITNES-
GRAM,S the Australian Fitness Education Award,’
and the President’s Challenge: The Health Fitness
Test.® Sex- and age-specific data for different car-
diorespiratory fitness tests may help to identify the
target population for primary prevention, as well as
for health promotion policies.

Obesity is an important public health threat for the
coming years. Therefore, to better understand how
weight status influence cardiorespiratory fitness in
children is also of public health interest.

The aim of this study was to provide percentile val-
ues for 20mSRT, 1-mile, 1/2-mile and 1/4-mile in a
large sample of girls and boys aged 6 to 17.9 years, and
to examine the influence of weight status on the fitness
level across age groups.

Methods
Design and sample

A random sample of 2,752 (1261 girls and 1491 boys)
healthy white children (6 to 17.9 years of age) was
selected by a two-phase proportional-cluster sampling
using as a reference the database of the Census of the
province of Cadiz (Spain). In the first phase, the school
was selected from the stratum. The different strata were
selected according to the geographical localization, by
age and sex. A total of 18 governmental schools agreed
to participate in the study. In the second phase, classes
from schools were randomly selected and used as the
smallest sampling units. All the children of the selected
classrooms were invited to participate in the study. The
participation rate was higher than 95%.

A comprehensive verbal description of the nature and
purpose of the study was given to the children, adoles-
cents, their parents and teachers. This information was
also sent to parents or children supervisors by regular
mail, and written consents from parents, children and
adolescents were requested. The study was approved by
the Review Committee for Research Involving Human
Subjects at the University of Cadiz, Spain.

Body mass index assessment

Height and weight were measured with physical
education clothing (shorts and T-shirts) and with bare-
foot. Height was assessed to the nearest 0.1 cm using a
stadiometer (Holtain LTd, Crymmych, Pembs, United
Kingdom). Weight was measured to the nearest 0.1 kg
using a Seca scale. Instruments were calibrated to
ensure the acceptable accuracy. Body mass index
(BMI) was calculated as weight/height squared
(kg/m?). Participants were categorized according to the
BMI international cut-off values as underweight, nor-
malweight, overweight and obese.*"°

20m shuttle run test

The test was performed as previously described by
Léger et al.'". In brief, participants were required to run
between two lines 20 m apart, while keeping the pace
with audio signals emitted from a pre-recorded com-
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pact disk (CD). The initial speed was 8.5 km/h, which
was increased by 0.5 km/h per minute (one minute
equal one stage). The CD used was calibrated over one
minute of duration. Participants were instructed to run
in a straight line, to pivot on completing a shuttle, and
to pace themselves in accordance with the audio sig-
nals. The participants were encouraged to keep running
as long as possible throughout the course of the test.
The test was finished when the participant failed to
reach the end lines concurrent with the audio signals on
two consecutive occasions. Otherwise, the test ended
when the subject stopped because of fatigue. All mea-
surements were carried out under standardized condi-
tions on an indoor rubber floored gymnasium. The last
stage completed was scored (precision of 0.5 steps).

1-mile, 1/2-mile and 1/4-mile run/walk tests

Participants were instructed and encouraged to com-
plete the distance (i.e. 1-mile, 1/2-mile, or 1/4-mile) as
fast as possible. Walking was permitted if the partici-
pant could not keep running. The tests were performed
on a 200 m track in the schools play ground field. The
time of completion was recorded to the nearest second.

All the participants received a comprehensive
instruction of all the tests after which they also prac-
ticed the tests. They were instructed to abstain from
strenuous exercises 48 hours prior to the test. The tests
were randomly performed 7 to 10 days apart.

Statistical analysis

Participants were divided into five age groups: 6-7,
8-9, 10-11, 12-13, 14-15, 16-17 years. Age- and sex-
specific means, and standard deviations (SD) were
determined, unless otherwise indicated. Percentile val-
ues were calculated and percentile curves were fitted to
the data using Cole’s transformation, median, and
coefficient of variation (LMS) method." Briefly, this
assumes that the data can be transformed to normality
by a suitable power transformation (L), and the distrib-

ution is then summarized by the median (M) and coef-
ficient of variation (S). The values of L, M and S are
constrained to change smoothly with age, and the fitted
values can be used to construct any required percentile
curves. Sex and age groups differences were compared
by two-way analysis of variance. Differences in aero-
bic performance tests among BMI categories (i.e.,
underweight, normalweight, overweight and obese)
were compared by one-way analysis of covariance
after adjusting for age. We adjusted multiple compar-
isons for mass significance as described by Holm."* All
the residuals showed a satisfactory pattern. Nominal
variables were analyzed by Chi-squared tests. All
analyses were performed using the Statistical Package
for Social Sciences (SPSS, version 15.0 for WIN-
DOWS; SPSS Inc, Chicago). For all analyses, the sig-
nificance level was set at 5%.

Results

The prevalence of underweight, normalweight,
overweight and obese in girls was of 7%, 67%, 21%,
and 5%, respectively, whereas in boys was 5%, 62%,
25%, and 8%, respectively.

Table I shows the means and SD for the four fitness
tests by age group and sex. Boys had significantly bet-
ter scores than girls in all four tests and in all age
groups, except in 1/4-mile test in the 6-7 year old
group.

Means and SD for the fitness tests by sex groups and
weight status are presented in table II. Underweight
children had similar performance than their normal-
weight counterparts, except in the 1/4-mile test, where
underweight boys had lower performance than their
normalweight counterparts. Underweight boys had
higher performance than their obese counterparts in all
the studied tests, and the former had also better perfor-
mance than their overweight peers in the 20mSRT.
Normalweight children had significantly better perfor-
mance than their overweight and obese counterparts.
Obese boys had significantly worse performance than
their overweight counterparts, but not in girls.

Table I
Means and standard deviation for aerobic performance tests by sex and age
Fitness test Sex n 6-7yr 8-9yr 10-11yr 12-13yr 14-15yr 16-17yr
20m shuttle run (stages) Girls 1173 23+1.0" 29+12" 34+18" 4319 42+20" 39£1.7
Boys 1424 26£14 36£18 41£19 55£22 6.7£25 6.0 £2.5
1/4-mile run/walk (min) Girls 1166 25+04 2505 24077 22+0.7" 2105 22+0.5"
Boys 1443 24+04 23+05 2305 1.8+04 1.7+04 1.6+0.4
1/2-mile run/walk (min) Girls 1079 5407 56£13" 53+£1.07 49+13” 49+1.1" 49+1.0"
Boys 1321 52+1.0 50+1.0 48+ 1.0 42+0.8 39+09 3608
1-mile run/walk (min) Girls 1221 11.5£20 120£1.9™ 11.5+£22" 11.1£277 11.0£22" 10.9£1.9*
Boys 1120 11.0£16 10.7+£2.1 105£22 94+£20 8.8+2.1 8115

“P<0.01; P <0.001 for comparison between sexes.
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Table I1
Means and standard deviation for aerobic performance tests by weight status and sex

Underweight ~ Normal weight Overweight — Obese P for Post hoc pairwaise comparisons
(4) (B) (©) (D) trend  AysB AvsC AvsD  BvsC  BvsD CusD
Girls
20m shuttle run (stages) 1075 38x02 3.6£0.1 2901 2402 <0.001 NS <0001 <0.001 <0001 <0001 NS
1/4-mile run/walk (min) 1047 2301 23+0.0 24+00 26+01 <0.001 NS NS NS <0001 <0.001 NS
1/2-mile run/walk (min) 976  53=£0.1 5000 5501 59+02 <0.001 NS NS NS <0001 <0.001 NS
1-mile run/walk (min) 880 11.5+03 11.0£0.1 119+02 12604 <0.001 NS NS NS <0001 <0.001 NS
Boys
20mSRT (stages) 1387 48+02 5.1+0.1 40+0.1  31£02 <0.001 NS 0012 <0001 <0.001 <0.001 <0.001
1/4-mile run/walk (min) 1380 2201 20+0.0 2100 24£00 <0001 0001 NS 0.009 <0.001 <0.001 <0.001
1/2-mile run/walk (min) 1271 45+£0.1 43+0.0 4800 54+01 <0.001 NS NS <0.001 <0001 <0.001 <0.001
1-mile run/walk (min) 1162 99+0.2 94+0.1  104+01 113£02 <0.001 NS NS <0001 <0001 <0.001 0.002
NS indicates non significant, P> 0.05.
Table IIT
Smoothed and age- and sex-specific percentile values for aerobic performance tests in girls aged 6-17 years
n 1 Olh 2 0111 301/A 4 01// 5 0:11 6 O/h 701h 80111 90rh
20m shuttle run (stages)
6-7 192 0.3 0.5 0.8 1.2 1.7 2.3 3.0 4.0 5.1
8-9 276 0.4 0.6 1.0 1.5 2.1 2.9 3.8 5.0 6.5
10-11 227 0.4 0.7 1.2 1.8 2.5 3.5 4.8 6.3 8.1
12-13 219 0.5 0.9 1.4 2.2 3.1 4.3 5.8 7.6 9.8
14-15 126 0.4 0.8 1.4 2.2 32 4.4 5.9 7.6 9.6
16-17 133 0.4 0.8 1.3 2.1 3.0 4.1 5.4 6.9 8.6
1/4-mile (min)
6-7 173 3.8 3.3 2.9 2.6 2.3 2.2 2.0 1.9 1.7
8-9 266 4.4 3.5 3.0 2.6 2.3 2.1 1.9 1.7 1.6
10-11 222 4.7 3.5 2.8 2.4 2.1 1.9 1.7 1.5 1.4
12-13 247 4.6 3.3 2.6 2.2 1.9 1.6 1.5 1.3 1.2
14-15 128 4.3 3.2 2.6 2.2 1.8 1.6 1.4 1.3 1.2
16-17 130 4.2 3.3 2.7 2.3 2.0 1.7 1.5 14 1.2
1/2-mile (min)
6-7 157 8.4 7.1 6.2 5.6 5.1 4.7 43 4.1 3.8
8-9 249 9.5 7.6 6.5 5.6 5.0 4.5 4.2 3.8 3.6
10-11 202 9.4 7.6 6.3 5.4 4.8 43 3.9 3.5 3.3
12-13 218 8.7 7.1 5.9 5.1 4.4 3.9 3.5 3.2 2.9
14-15 122 8.4 7.0 59 5.1 4.4 3.9 3.5 3.1 2.8
16-17 131 8.1 6.8 5.9 5.1 4.4 3.9 3.5 3.1 2.8
1-mile (min)
6-7 101 16.0 14.7 134 12.2 11.1 10.0 8.9 8.0 7.0
8-9 221 17.3 15.5 13.9 12.5 11.2 10.0 8.9 8.0 7.1
10-11 204 18.0 15.6 13.7 12.0 10.6 9.4 8.4 7.5 6.7
12-13 203 18.2 15.4 13.2 114 10.0 8.8 7.8 7.0 6.3
14-15 122 17.9 152 13.1 114 10.0 8.8 7.8 7.0 6.2
16-17 128 16.9 14.8 13.0 114 10.0 8.9 7.8 6.9 6.2

Smoothed age- and sex-specific percentiles for the fit-
ness tests in girls and boys are presented in table [Ill and IV,
respectively. There was a trend towards increased aero-
bic performance level in boys as their age increased,
whereas in girls, the performance in all the selected tests
seem to achieve a plateau already at 12-13 years.

Discussion

There is increasing evidence indicating that fitness is
a powerful indicator of health in youngsters.>* Despite

the important diagnostic information that can be pro-
vided by fitness tests, its use is often ignored in schools
and clinical settings. The present study provides per-
centile values of four aerobic performance tests in chil-
dren aged 6 to 17.9 years. Having percentile values of
the most used field tests to measure aerobic perfor-
mance in young people may help to identify children
and adolescents at risk for the major public health dis-
eases, as well as to evaluate the effects of alternative
interventions. In this regard, schools may play an
important role. Firstly by identifying children with low
fitness levels, and secondly by promoting positive

Cardiorespiratory fitness in children:
influence of weight status

Nutr Hosp. 2011;26(3):572-578

575



Table IV
Smoothed and age- and sex-specific percentile values for aerobic performance tests in boys aged 6-17 years

n 10" 20" 30" 40" 50" 60" 70" 80" 90"
20m shuttle run (stages)
6-7 201 0.2 0.5 0.8 1.2 1.9 2.8 4.0 5.5 7.4
8-9 317 0.3 0.6 1.1 1.8 2.7 3.9 5.3 7.0 9.0
10-11 277 0.2 0.7 1.4 2.3 33 4.6 6.1 7.7 9.5
12-13 285 0.2 0.9 1.9 3.1 4.5 6.0 7.7 9.5 114
14-15 159 0.2 1.2 2.5 3.9 5.5 7.2 9.0 10.9 129
16-17 185 0.4 1.5 2.8 4.2 5.8 7.4 9.1 10.9 12.8
1/4-mile (min)
6-7 200 3.9 3.3 2.9 2.5 2.3 2.0 1.9 1.7 1.6
8-9 314 3.8 32 2.8 2.5 2.2 1.9 1.7 1.5 14
10-11 277 34 3.0 2.6 2.3 2.0 1.7 1.5 1.3 1.1
12-13 312 3.1 2.6 2.2 1.9 1.7 1.5 1.3 1.2 1.0
14-15 158 3.0 2.3 2.0 1.7 1.5 1.3 1.2 1.1 1.0
16-17 182 33 2.3 1.9 1.6 1.4 1.3 1.2 1.1 1.1
1/2-mile (min)
6-7 172 8.5 7.0 6.0 5.3 4.8 4.4 4.0 3.7 3.5
8-9 298 8.3 6.8 5.8 5.1 4.6 4.1 3.8 3.5 3.2
10-11 240 7.9 6.5 5.6 49 4.3 3.9 3.5 3.2 3.0
12-13 275 7.1 5.9 5.0 43 3.8 3.5 3.1 2.9 2.7
14-15 155 6.7 5.4 4.5 3.9 3.5 3.1 2.9 2.6 2.5
16-17 181 6.5 5.1 4.3 3.7 33 3.0 2.7 2.5 2.4
1-mile (min)
6-7 116 15.7 14.2 12.8 11.5 10.3 9.3 8.3 7.4 6.6
8-9 280 16.2 14.4 12.7 11.3 10.0 8.8 7.8 6.9 6.1
10-11 238 16.6 14.3 12.4 10.8 9.5 8.4 7.4 6.6 5.9
12-13 253 16.1 13.3 11.3 9.8 8.6 7.7 6.9 6.2 5.7
14-15 150 15.5 12.2 10.2 8.8 7.8 7.1 6.5 6.0 5.6
16-17 183 14.3 11.1 9.3 8.2 7.4 6.8 6.4 6.0 5.6

health behaviours, such as encouraging children to
engage in physical activity, and decrease time in seden-
tary activities. The leadership of schools, as a powerful
setting to promote a healthy lifestyle among young
populations, has been recently highlighted by the
American Heart Association. '

The findings presented in this study confirm the fre-
quently observed sex differences in aerobic perfor-
mance. Boys had better performance than girls in all
ages and in the four studied fitness tests. These differ-
ences became greater with increasing age. Ortega et
al.” reported that female adolescents aged 13-18 years
had worse performance in the 20mSRT than males had.
Similar results were reported in a sample of undernour-
ished rural primary school children aged 7-14 years
when performing the 1-mile test.'® Aerobic perfor-
mance increased with age in boys, whereas in girls, it
increased up to 12-13 years, and after that all the stud-
ied tests tended to achieve a plateau. These results are
consistent with those reported in other studies.'*!
These sex differences might be due to physical devel-
opmental factors such as sex-related changes in lean
body weight and body fat during puberty,'® haemoglo-
bin concentration,” or hormonal changes.*® The fact
that girls are less active than boys might be another fac-
tor explaining these differences.*

We compared the levels of aerobic performance mea-
sured by the 20mSRT with 14 studies carried out in 11

different countries: Belgium,? Finland,” Republic of
Seychelles,* Denmark,*? United Kingdom,” Greece,*
Spain,” Netherlands,” Sweden,*® Portugal,*' and North
America®. The children in our study had better perfor-
mance than their age-matched peers from Greece and
Portugal, whereas better scores were reported in the rest
of studies. These data confirm the results of Olds et al.”
who also showed that Mediterranean children seem to
perform worse on aerobic performance tests relative to
their peers from other European countries. Further, these
countries have also the highest levels of obesity.** The
consequences of having low fitness and high fatness in
these ages and later in life are well known, therefore, the
situation calls for urgent action.

Results of the present study also indicated that over-
weight and obese children had worse performance on
all tests compared with their normalweight counter-
parts. These data are consistent with other studies con-
ducted among school-aged children, showing that
overweight and obesity was inversely related to fitness
in both girls and boys.»#*33 In Canadian children aged
8-10 years, low levels of aerobic performance was
associated with overweight and obesity in boys but not
in girls,” whereas in Portuguese children aged 8-10
years, these differences were much more pronounced
in girls than boys.*® We also observed that underweight
children had similar performance than their normal-
weight counterparts, and underweight boys had better
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performance than their obese counterparts. Others
reported similar observations, assessing aerobic per-
formance by the 20mSRT. 624373,

The poorer performances in overweight and obese
children are probably due to the fact that the higher
body weight is an extra load to be moved during
weight-bearing tasks. Differences in body composi-
tion among weight status groups may also explain the
differences observed in the performance. Unfortu-
nately, body composition data are not available in
this study, which hamper further comparisons. More-
over, overweight and obese children seem to avoid
weight-bearing activities because of the greater
energy cost compared with non-overweight/obese
counterparts.

Several studies have shown the validity of the
20mSRT"44 and 1-mile tests,*>** whereas studies
examining the validity of the 1/2-mile and 1/4-mile
tests are lacking. We analysed the validity of the 1-mile
test in children aged 8-17 years,* and we observed that
one of the widely used equation to estimate VO,  in
children, the Cureton’s equation,* systematically
underestimates VO,  in endurance trained children.
Fernhall et al.* studled the validity of the 1/2-mile test
and concluded that this test has a questionable validity
as an indicator on cardiorespiratory fitness in children
with mild and moderate mental retardation. We also
analysed the validity of the 1/2-mile test in children
aged 6-17 years.* We developed and cross-validated a
regression equation for estimating VO,  from the 1/2-
mile time, sex, and BMI. We did not observe a signifi-
cant difference between measured and estimated
VOzpwk, nor heteroscedascity, and an acceptable error
was also reported.* Further, we showed that the new
regression equation was more accurate than the Fern-
hall’s equation. To our knowledge, there are not data
available regarding the validity of the 1/4-mile test. It
has been suggested that in adolescents, field-running
tests of aerobic performance should be at least 1/2
mile,” but ideally one mile or longer. For younger indi-
viduals, tests between 1/2 mile and 1 mile seems to be
better predictors of aerobic performance.* Therefore,
the 1/4-mile test might not be adequate test to assess
aerobic performance in youth. However, the 1/4-mile
distance is probably approaching the upper limit of
maximal performance capabilities and motivation to
perform in younger children. This issue warrants fur-
ther investigation.

The limitations of this study include its cross-sec-
tional nature. Level of fitness and fatness in growing
children and adolescents should be obtained in longitu-
dinal studies, which gives the possibility to assess nat-
ural changes in individual growth and development. It
should also be recognized that the studied sample is not
representative of the Spanish children and adolescent
population; yet, our data are fully comparable with
nationally representative data obtained from the
AVENA study.'”* The large sample of children and
adolescents aged 6 to 17.9 years measured together

with several widely used tests to measure aerobic per-
formance is a strength of this study.

Conclusions

Percentiles values of four aerobic performance tests are
provided. The presented percentiles values will be of
interest to classify youth, and to estimate the proportion of
children with high or low aerobic performance levels.
The level of aerobic performance of children and adoles-
cents in the present study was worse than that of children
and adolescents in other countries. Overweight and obese
children have an impaired aerobic performance com-
pared to their normalweight peers, which was not
observed in underweight children. To note is that
Mediterranean countries seem to have the lowest aerobic
performance levels as well as the highest prevalence of
overweight and obesity. Given that overweight and obe-
sity and low aerobic performance levels are associated
with increased cardiovascular risk factors in adolescence
and later in life, effective measures, strategies and inter-
vention programs are needed to prevent the increase of
childhood obesity and to improve the fitness levels.
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