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Aim. Physical fitness has been proposed as a major marker of
health status at any age. The aim of the present study was to
determine the levels of several health-related physical fitness
components with respect to chronological and biological age
(sexual maturation status) in Spanish adolescents.

Methods. Physical fitness was measured in a sample of Spanish
adolescents (N.=2 859; 1 357 males, 1 502 females) from the
AVENA study, by means of the following tests: sit and reach,
handgrip, standing broad jump, bent arm hang, 4x10 m shut-
tle run, and 20 m shuttle run. Percentage body fat, fat free
mass and leisure-time physical activity were used as confoun-
ders. Adolescents were classified according to chronological
age and biological age (measured by Tanner stages). All the
analyses were adjusted for the above- mentioned confounders.
Results. Muscular fitness was higher in older adolescents than
in younger adolescents. Cardiorespiratory fitness was higher in
younger compared to older females, as well as in early puberty
compared to late puberty. In males, cardiorespiratory fitness
was higher in younger adolescents, but no differences were
observed when it was analysed according to sexual matura-
tion status.

Conclusion. Normative data for several health-related physical
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fitness components according to chronological and biological
age are provided in this report. Discrepancies between biological
and chronological age analysis were higher for cardiorespira-
tory fitness than for muscular fitness.

KEY WORDS: Physical fitness - Age factors - Adolescent - Sexual
maturation.

hysical fitness has been proposed as a major mark-

er of health status at all ages.!-> Even in children
and adolescents, physical fitness is inversely associated
with physiologic risk factors for chronic disease includ-
ing high blood pressure,® 7 hyperinsulinemia,8 total
fatness 9 and abdominal adiposity,!0. 1! an atherogenic
lipid profile,!2 insulin resistance, inflammatory mark-
ers,!3 and clustering of metabolic risk factors.!4. 15

While chronological age, i.e. age in years and
months, has been widely used when reporting physi-
cal fitness levels,7- 16-23 ]arge scale studies describing
how health-related physical fitness components dif-
fer according to biological age, i.e. sexual maturation
status, in adolescents are scarce.

Since an inverse correlation between physical fitness
components, such as cardiorespiratory fitness (CRF),
and fatness has been reported,® 24 it is possible that
differences initially ascribed to physical fitness may be
partially due to the influence of fatness. In fact, it has
been reported that for physical fitness comparisons
and interpretation in adolescents, percentage body fat
is an important factor.2> Similarly, fat free mass has
been proposed as a major determinant of physical fit-
ness, even more important than other body composi-
tion factors such as body mass or percentage body
fat.24 Finally, whatever physical fitness component is
studied, physical activity should be also taken into
account. In this report, the potential influence of fat-
ness, fat free mass and leisure-time physical activity on
physical fitness levels has been statistically controlled.

The aim of the present study was to determine the
levels of several health-related physical fitness com-
ponents with respect to chronological and biological
age in a representative sample of Spanish adolescents.

Materials and methods
The Spanish data presented in this paper were gath-
ered as part of the AVENA study (Alimentacién y

Valoracién del Estado Nutricional de los Adole-
scentes/Feeding and assessment of nutritional status of
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Spanish adolescents).26 The subjects of the AVENA
study were adolescents aged 13-18.5 y. Sampling was
multi-staged and stratified by place of origin (five
Spanish cities), socioeconomic status, sex and age,
and was carried out between 2000 and 2002. The final
sample size included in this report was 1 947 (958
males and 989 females). The study protocol was
designed and followed in accordance with the ethical
standards laid down in the 1964 Declaration of Helsinki
(in the last up-dated amended version of 2000 in
Edinburgh), and approved by the Review Committee
for Research Involving Human Subjects of the Hospital
Universitario Marqués de Valdecilla (Santander, Spain).

In this report, the chronological age groups used
were 13 y (from 13.0to 13.9y), 14y (from 14.0to 14.9
y), 15y (from 15.0to 15.9y), 16 y (from 16.0to 16.9
y), and 17-18.5 y (from 17.0 to 18.5 y).

Physical fitness assessment

The health-related physical fitness components, i.e.
flexibility, muscular strength, speed/agility and CRF,
were assessed by the physical fitness tests described
below. The tests selected are part of the EUROFIT
test battery,2? and the scientific rationale for all these
tests has been published elsewhere.28

FLEXIBILITY: SIT AND REACH TEST

Sitting on the floor, and using a standard and vali-
dated support, the maximum distance reached with
the fingertips when bending forward was recorded.
This assessed the mobility of the trunk and hips, and
was taken to reflect overall flexibility.

MAXIMAL HANDGRIP STRENGTH OF UPPER LIMB: HAND-
GRIP TEST

A Takei TKK 5101 digital dynamometer (range 5-
100 kg, precision 0.1 kg; Tokyo, Japan) was used to
measure the maximum handgrip strength that could
be applied by each hand separately. The sum of the
left- and right-hand scores was used in the analysis.

LOWER LIMB EXPLOSIVE-STRENGTH: STANDING BROAD
JUMP

The explosive-strength developed by the legs from
a standing position was recorded as the maximum
horizontal distance covered in a jump keeping feet
together.
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UPPER LIMB ENDURANCE-STRENGTH: BENT ARM HANG

The endurance-strength of the upper body was mea-
sured using this standard test, which determines the
maximum length of time a subject can remain sus-
pended by the arms from a bar.

SPEED-AGILITY: SHUTTLE RUN (10 M X 4)

This test evaluated the subjects’ speed and coordi-
nation in an integrated fashion. Subjects ran back and
forth four times along a 10 m track at the highest speed
possible. At the end of each track section the subjects
deposited or picked up a sponge from a line on the
floor. The EUROFIT version of this test includes a
slight variation, i.e. 10 m X 5 without sponges instead
of 10 m x 4 with sponges. The main difference between
these two tests is that the 10 m X 4 shuttle run test
requires a higher coordination component than the 10
m X 5 shuttle run test (depositing and picking up
sponges while running at maximum speed).

CARDIORESPIRATORY FITNESS: 20 M SHUTTLE RUN TEST

Cardiorespiratory fitness was assessed by running
back and forth over a distance of 20 m.2° The equations
of Léger et al. were used to estimate the maximal oxy-
gen consumption (VO,,,.,,).3° The reliability and valid-
ity of this test for determining the VO,,,,,, in children
and adolescents has been widely demonstrated.30-32

A muscular fitness index was computed from the
following variables: handgrip, standing broad jump
and bent arm hang. These variables were transformed
into sex-specific Z-score variables as follow: Z
score=(value-mean)/standard deviation. The muscular
fitness index was calculated as the averaged value of
these three standardized variables.

Physical examination and physical activity

The procedures used in this study to assess anthro-
pometry have been previously published.2¢.33 Briefly,
height and body mass were measured by standardized
protocol. Percentage body fat was calculated from
skinfold thicknesses (triceps and subscapular) using
Slaughter’s equations.34 These equations have been
proposed as the most accurate equations for estimation
of percentage of body fat from skinfold thickness in
adolescents.35 Fat free mass (kg) was derived by sub-
tracting fat mass from total body mass.
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Biological age was based on sexual maturation sta-
tus (Tanner stages I-V) classified as proposed by Tanner
and Whitehouse.3¢ The standard staging of pubertal
maturity describes breast and pubic hair development
in females and genital and pubic hair development in
males. No subject was at Tanner stage I, and only 5%
of males and 1% of females were at Tanner stage II.
Therefore, the five established Tanner stages were re-
grouped as Tanner stages II+111, IV, and V; hereafter
called early puberty, mid puberty and late puberty,
respectively.

Habitual practice of physical activity was deter-
mined from the answers to a question designed specif-
ically for the AVENA study:2¢ Do you undertake any
physical-sporting activity after school?

Statistical analysis

Physical fitness levels, stratified by chronological and
biological (sexual maturation stages) age groups, are
presented as means+standard deviations. The residu-
als showed a satisfactory pattern, in terms of skew-
ness and kurtosis.

All physical fitness variables were analysed by
analysis of variance (one-way ANOVA) separately for
males and females, with either chronological or bio-
logical age as fixed factor. Additionally, CRF (VO,,..)
and muscular fitness (averaged Z-score value) were
analysed by analysis of covariance (one-way ANCO-
VA), with either chronological or biological age as
fixed factors, and percentage body fat, fat free mass and
leisure-time physical activity as covariates. Pairwise
comparisons were also analysed.

All calculations were performed using SPSS v.14.0
software for Windows. For all analyses, the signifi-
cance level was set at 5%.

Results

Distributions of sexual maturation status (Tanner
stages) by age in the study population are shown in
Table I. The age range of adolescents within each stage
of sexual maturation was large. In fact, in most of the
Tanner stages the age ranged from 13-18.5 y, both in
male and female adolescents.

In all the age and sexual maturation groups stud-
ied, females had higher flexibility than males
(P<0.001), while the males were stronger, had higher
CRF and were faster than females (P<0.001).

Tables II and III show the physical fitness scores
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TABLE I.—Sexual maturation (Tanner stages) distribution by chronological age in male and female adolescents.

Age group
Sex Tanner stages

13 14 15 16 17-18.5 All
Males (N.=958) II N. 31 9 4 2 1 47
% 66.0 19.1 8.5 43 2.1 100
III N. 57 46 28 10 6 147
%o 38.8 31.3 19.0 6.8 4.1 100
v N. 56 98 90 104 43 391
Yo 14.3 25.1 23.0 26.6 11.0 100
A\ N. 36 98 139 108 73 454
%o 7.9 21.6 30.6 23.8 16.1 100
Females (N.=989) 1I N. 5 3 0 0 0 8
% 62.5 37.5 0.0 0.0 0.0 100
I N. 32 31 19 17 17 116
%o 27.6 27 16 15 15 100
v N. 95 127 158 87 90 557
% 17.1 22.8 284 15.6 16.2 100
A\ N. 47 69 118 108 99 441
% 10.7 15.6 26.8 24.5 22.4 100

TABLE Il.—Physical fitness scores (means=+standard deviation) stratified by chronological age in male and female adolescents.

13y 14y 15y 16y 17-18.5y P for trend
Males (N.=958)
Handgrip (kg) ! 53.8+13.3 65.6£14.2 71.9+13.2 77.4+13.6 79.3£13.9 <0.001
Bent arm hang (s) 14.9+13.0 19.5+14.6 23.0+16.2 26.8+17.3 26.7+15.1 <0.001
Standing broad jump (cm) 168.1+£25.5 181.4+27.1 192.9+28.4 202.2+24.4 201.5+24.3 <0.001
4x10 m shuttle run (s) 12.2+1.1 11.7£1.1 11.7£1.7 11.6x1.5 11.5+1.3 <0.001
Sit and reach (cm) 15.6+6.8 18.1+7.7 19.5+7.8 19.0+8.1 21.4+7.3 <0.001
20 m shuttle run (stages) 6.1+2.4 6.5+£2.5 7.1£2.4 7.6+2.4 7.3£2.5 <0.001
Females (N.=989)
Handgrip (kg) ! 48.2+9.0 49.7£7.6 51.5+8.4 53.1+9.4 50.8+8.1 <0.001
Bent arm hang (s) 7.3+12.6 8.2+8.8 8.4+8.7 8.9+11.1 9.4+17.1 NS
Standing broad jump (cm) 143.6+20.3 146.4+24 .4 151.6+24.0 153.2+21.0 148.4+21.6 <0.001
4x10 m shuttle run (s) 12.9+1.0 12.9+1.2 12.9+1.7 12.8+1.3 13.2+1.2 0.032
Sit and reach (cm) 21.6+6.5 23.3+£7.6 24.5+7.1 25.2+7.4 24.0£7.7 <0.001
20 m shuttle run (stages) 3.4£1.5 3.9+1.6 4.4+1.9 4.6+1.8 43+1.8 <0.001

IThe sum of left and right hand scores is shown. To convert kg to Newton (N), multiply by 9.80665. One-way ANOVA was performed for males and females separa-

tely.

stratified by age and stages of sexual maturation,
respectively, in male and female adolescents. In over-
all, the one-way ANOVA showed that physical fitness
was higher in older adolescents, both chronologically
and biologically, compared to their younger peers.
Only the bent arm hang test did not show significant
differences among age and sexual maturation groups
in females. When the score in the bent arm hang test
was adjusted for body mass, a clearer improvement
in the performance by increasing age groups was found
in both males and females, but still significant only
in males (data not shown). When comparing sexual
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maturation groups instead of age groups with regard to
the bent arm hang test, after adjustment for body mass
the relationship remained highly significant in males
(P for trend <0.001) and met the significance in females
(P for trend=0.026) (data not shown).

Muscular fitness index mean values according to
age and sexual maturation groups are shown in Figures
1, 2, respectively, after adjustment for percentage body
fat, fat free mass and leisure-time physical activity.
Pairwise comparison analysis showed: in males, dif-
ferences between every group (for all, P<0.001), except
between the 14 y and 15 y group, between the 16 y and
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TaBLE IIL.—Physical fitness scores (means+standard deviation) stratified by biological age (Tanner stage I1I, IV and V) in males and fema-

le adolescents.

Tanner IIT Tanner IV Tanner V P for trend
(early puberty) (mid puberty) (late puberty)
Males (N.=958)
Handgrip (kg) ! 56.4+14.2 69.5+13.6 74.9£15.2 <0.001
Bent arm hang (s) 14.6+£13.7 20.5+14.9 25.4+15.4 <0.001
Standing broad jump (cm) 169.2+28.4 189.0+27.1 197.8+25.7 <0.001
4x10 m shuttle run (s) 12.3x1.4 11.7+1.1 11.3+£1.0 <0.001
Sit and reach (cm) 16.3£7.3 18.3£7.7 19.5+8.3 <0.001
20 m shuttle run (stages) 5.9+2.8 7.0£2.6 7.3£2.3 <0.001
Females (N.=989)
Handgrip (kg) ! 48.4+7.0 50.6+8.8 52.1+8.3 <0.001
Bent arm hang (s) 7.3+£7.4 8.3+x8.2 8.3x15.3 NS
Standing broad jump (cm) 146.8+20.5 152.0+22.3 147.2+22.1 0.002
4x10 m shuttle run (s) 13.1x1.1 12.7£1.1 12.8+1.1 0.004
Sit and reach (cm) 23.5+6.9 23.7+£7.0 24.2+7.9 NS
20 m shuttle run (stages) 4.8+2.0 4.3x1.7 4.0+1.8 <0.001

IThe sum of left and right hand scores is shown. To convert kg to Newton (N), multiply by 9.80665. One-way ANOVA was performed for males and females separa-

tely. NS: not significant.

17-18.5 y group; in females, differences between the
13 y group and the 15 y and 16 y groups (P=0.018
and P=0.002, respectively), and between the 14 y and
16 y group (P=0.014). Pairwise comparison analysis
showed: in males, differences between the early puber-
ty group and the mid and late puberty groups (for all,
P<0.001); in females, differences between the early
and mid puberty group (P=0.043).

Cardiorespiratory fitness mean values according to
age and sexual maturation groups are shown in Figures
3, 4, respectively, after adjustment for percentage body
fat, fat free mass and leisure-time physical activity.
Pairwise comparison analysis showed: in males, dif-
ferences between the 17-18.5 y group and the 13y,
14 y and 15 y groups (P=0.001, P=0.058, P=0.004,
P=0.004, respectively); in females, differences between
the 17-18.5 y group and the 13y, 14y, 15y and 16y
groups (for all, P<0.001). Pairwise comparison analy-
sis showed differences between the late puberty group
and the early and mid puberty groups (P<0.001) in
females, whereas no significant difference was found
in males.

Discussion
The actual (chronological) age range of children
and adolescents within each stage of sexual maturation

37 or for a given skeletal age 38 is quite widespread.
This is supported by the results obtained in this study,
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which showed that in most of the sexual maturation
stages the age ranged from 13-18.5 y, both in male
and in female adolescents. Since young people are
routinely grouped by chronological age, irrespective of
biological development, some misclassification for
children and adolescents in relation to their biological
development may occur. Therefore, it is of interest to
examine the associations between health-related phys-
ical fitness components and biological age in young
people.

The results show that the performance in the health-
related physical fitness tests studied is generally high-
er in chronologically older adolescents compared to
younger peers. The same applies when the data were
analysed according to biological age, the more mature
the adolescent, the better the performance.

After adjustment for percentage body fat, fat free
mass and leisure-time physical activity, muscular fit-
ness was higher in chronologically older adolescents,
compared to their younger counterparts. The same
applies when the data were analysed according to bio-
logical age, the more mature, the better the perfor-
mance. Moreover, the Pairwise comparison analysis
showed that the significant differences were found
among the youngest groups, but not among the oldest
groups. This suggests that the muscular fitness devel-
opment may take place mainly during early and mid-
dle adolescence, and not so much in late adolescence.
Longitudinal data are needed to confirm this hypoth-
esis.
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Figure 1.—Muscular fitness according to chronological age in male and
female adolescents, after adjustment for percentage body fat, fat free mass
and leisure-time physical activity. *The muscular fitness index (z-score)
is the averaged value computed from the handgrip, bent arm hang and
standing broad jump Z-score variables. One-way ANCOVA was performed
for males and females separately.
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Figure 2.—Muscular fitness according to biological age (Tanner III, IV and
V) in male and females adolescents, after adjustment for percentage body
fat, fat free mass and leisure-time physical activity. *The muscular fit-
ness index (z-score) is the average value computed from the handgrip,
bent arm hang and standing broad jump Z-score variables. One-way
ANCOVA was performed for males and females separately.

The results also showed that older adolescents had
a lower CRF than younger adolescents, after adjust-
ment for percentage body fat, fat free mass and leisure-
time physical activity. These differences were observed
in females, but not in males, according to biological age
groups. This suggests that when male adolescents are
grouped by biological age, instead of by chronologi-
cal age, CRF could be stable during adolescence.
Although, further longitudinal studies are required to
confirm this finding, the concept of stability of CRF in
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Figure 3.—Cardiorespiratory fitness (VO2max) according to chronolo-
gical age in male and females adolescents, after adjustment for percenta-
ge body fat, fat free mass and leisure-time physical activity. One-way
analysis of the covariance (one-way ANCOVA) was performed for males
and females separately.
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Figure 4 —Cardiorespiratory fitness (VO,,,,,) according to biological age
(Tanner III, IV and V) in male and female adolescents, after adjustment for
percentage body fat, fat free mass and leisure-time physical activity. One-
way analysis of the covariance (one-way ANCOVA) was performed for
males and females separately.

males, and a trend towards a decrease in females dur-
ing the adolescence, seems to be supported by oth-
ers.39,40

Data from CREF levels in a representative sample of
American adolescents aged 12-19 y have been report-
ed.16 In accordance with the present results, the CRF
levels in that study were significantly lower in older
females (aged 18-19 y) than in younger females (aged
12-13 y); however, the older males showed higher
CRF levels than younger males, in contrast to the
results of the present study. Unfortunately, in that study
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biological age was not reported, so comparison with
present results in this regard cannot be done. In this
context, a study conducted in adolescents aged 11-16
y, sexual maturation status had a large influence (pos-
itive correlation) on CRF in males, whereas a weaker
association was observed in females.37 Mota et al.,*!
observed that CRF (VO,,,,., mL-kg--min-!) was high-
er in more sexually mature male adolescents, but low-
er in more mature female adolescents, compared to
their less mature peers.4! The decline in CRF report-
ed in females is usually attributed to the effect of
increased adiposity associated with maturation; how-
ever, since in the present report the potential influence
of fatness was controlled for, the cause of this decline
remains unknown.

Another finding was that when assessing and inter-
preting the bent arm hang scores in young people,
especially in female adolescents, two confounder vari-
ables should be taken into account, namely body mass
and sexual maturation status. When body mass influ-
ence was statistically controlled for and the adoles-
cents grouped by sexual maturation stages, a higher
performance on this test was observed in more mature
adolescents, in both males and females, compared to
less mature adolescents.

As expected, for all chronological and biological
age groups, males generally have better physical fit-
ness levels than females, which is in accordance
with other studies.!6. 18.19.25 This might be due to
the greater development of muscle mass that occurs
in males during adolescence.43 The latter could also
be linked to the greater amount of physical activity
undertaken by males in the present study in all age
groups 42 and to hormonal changes. The smaller CRF
of the females might be due to their lower hemo-
globin concentration (13.5+0.8 vs 14.9+1.0 g/dL,
data not published), their greater quantity of subcu-
taneous fat and their smaller lean mass than in males
of this age.44

Longitudinal data have shown that from childhood
to adolescence (from age 11 to 16 y), positive and sig-
nificant regression coefficients have been observed
for the standing broad jump, 20-m shuttle run, number
of sit-ups, 10x5-m shuttle run test in both sexes.!8
Similarly, indicators of musculoskeletal fitness have
been noted to be moderately stable from childhood to
adolescence (from age 11 to 18 y).#5 These figures
have also been reported from adolescence (15 y) to
adulthood (40 y) for sit-and-reach, sit-up and hand-
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grip tests, with body mass and height-adjusted corre-
lation coefficients ranging from 0.4 to 0.7.19 Another
longitudinal study performed in Flemish female con-
cluded that fitness characteristics demonstrated mod-
erate-high levels of stability from adolescence to mid-
dle adulthood, with correlation coefficients raging
from 0.5 to 0.9.46 In an eight year follow-up study
conducted in Danish youths, the tracking coefficients
in CREF, directly measured by means of an incremen-
tal bike test, were between 0.4 and 0.7.47

Collectively, the available longitudinal data on track-
ing physical fitness suggest that the level of physical
fitness during adolescence largely determines one’s
physical fitness as an adult.18.19.45-50_ Given that phys-
ical fitness has been proposed to be an important mark-
er of the health status at adolescence,>! and a strong pre-
dictor of mortality and morbidity for cardiovascular and
for all causes at adulthood,!-3 it can be suggested that
improving the physical fitness of young people could
be a useful strategy for government programs aimed at
the prevention of cardiovascular disease at adoles-
cence and later in life.52

Conclusions

Normative data of several health-related physical
fitness components according to chronological and
biological age have been provided in a representative
sample of Spanish adolescents. Discrepancies between
biological and chronological age analysis were high-
er for CRF than for muscular fitness. Biological age,
as measured by sexual maturation status, seems to
influence muscular fitness in male and female ado-
lescents, and CRF in female adolescents. In addition,
the results suggest that the muscular fitness develop-
ment could take place mainly during early and middle
adolescence. Further large scale longitudinal studies
focused on health-related physical fitness and the influ-
ence of maturation are needed.

References

1. Myers J, Prakash M, Froelicher V, Do D, Partington S, Atwood JE.
Exercise capacity and mortality among men referred for exercise test-
ing. N Engl J Med 2002;346:793-801.

2. Gulati M, Pandey DK, Arnsdorf MF, Lauderdale DS, Thisted RA,
Wicklund RH et al. Exercise capacity and the risk of death in women:
the St James Women Take Heart Project. Circulation 2003;108:1554-
9.

377



ORTEGA

11.

12.

14.

15.

17.

18.

19.

20.

378

. Metter EJ, Talbot LA, Schrager M, Conwit R. Skeletal muscle strength

as a predictor of all-cause mortality in healthy men. J Gerontol A
Biol Sci Med Sci 2002;57:B359-65.

. Carnethon MR, Gulati M, Greenland P. Prevalence and cardiovascu-

lar disease correlates of low cardiorespiratory fitness in adolescents
and adults. JAMA 2005;294:2981-8.

. Andersen LB, Harro M, Sardinha LB, Froberg K, Ekelund U, Brage

S et al. Physical activity and clustered cardiovascular risk in chil-
dren: a cross-sectional study (The European Youth Heart Study).
Lancet 2006;368:299-304.

. Sallis JF, Patterson TL, Buono MJ, Nader PR. Relation of cardiovas-

cular fitness and physical activity to cardiovascular disease risk fac-
tors in children and adults. Am J Epidemiol 1988;127:933-41.

. Ruiz JR, Ortega FB, Meusel D, Harro M, Oja P, Sjostrom M.

Cardiorespiratory fitness is associated with features of metabolic risk
factors in children. Should cardiorespiratory fitness be assessed in a
European health monitoring system? The European Youth Heart Study.
J Public Health 2006;14:94-102.

. Gutin B, Yin Z, Humphries MC, Hoffman WH, Gower B, Barbeau P.

Relations of fatness and fitness to fasting insulin in black and white
adolescents. J Pediatr 2004;145:737-43.

. Ruiz JR, Rizzo NS, Hurtig-Wennl6f A, Ortega FB, Warnberg J,

Sjostrom M. Relations of total physical activity and intensity to fitness
and fatness in children; The European Youth Heart Study. Am J Clin
Nutr 2006;84:298-302.

. Ortega FB, Tresaco B, Ruiz JR, Moreno LA, Martin-Matillas M,

Mesa JL et al. Cardiorespiratory fitness and sedentary activities are
associated with adiposity in adolescents. Obesity (Silver Spring)
2007;15:1589-99.

Brunet M, Chaput JP, Tremblay A. The association between low phy-
sical fitness and high body mass index or waist circumference is incre-
asing with age in children: the “Quebec en Forme” Project. IntJ Obes
(Lond) 2006.

Mesa JL, Ruiz JR, Ortega FB, Warnberg J, Gonzalez-Lamuno D,
Moreno LA et al. Aerobic physical fitness in relation to blood lipids
and fasting glycaemia in adolescents: Influence of weight status. Nutr
Metab Cardiovasc Dis 2006;16:285-93.

. Ruiz JR, Ortega FB, Warnberg J, Sjostrom M. Relative associations

of physical activity, fitness and fatness to low-grade inflammation in
prepubertal children; The European Youth Heart Study. Int J Obesity
(in press).

Brage S, Wedderkopp N, Ekelund U, Franks PW, Wareham NJ,
Andersen LB et al. Features of the metabolic syndrome are associat-
ed with objectively measured physical activity and fitness in Danish
children: the European Youth Heart Study (EYHS). Diabetes Care
2004;27:2141-8.

Ruiz JR, Ortega FB, Rizzo NS, Villa I, Hurtig-Wennlof A, Oja L et al.
High cardiovascular fitness is associated with low metabolic risk
score in children: the European youth heart study. Pediatr Res
2007;61:350-5.

. Pate RR, Wang CY, Dowda M, Farrell SW, O’Neill JR.

Cardiorespiratory fitness levels among US youth 12 to 19 years of age:
findings from the 1999-2002 National Health and Nutrition
Examination Survey. Arch Pediatr Adolesc Med 2006;160:1005-12.
Ortega FB, Ruiz JR, Castillo MJ, Moreno LA, Gonzalez-Gross M,
Warnberg J et al. [Low level of physical fitness in Spanish adolescents.
Relevance for future cardiovascular health (AVENA study)]. Rev Esp
Cardiol 2005;58:898-9009.

Baquet G, Twisk JW, Kemper HC, Van Praagh E, Berthoin S.
Longitudinal follow-up of fitness during childhood: interaction with
physical activity. Am J Hum Biol 2006;18:51-8.

Mikkelsson L, Kaprio J, Kautiainen H, Kujala U, Mikkelsson M,
Nupponen H. School fitness tests as predictors of adult health-relat-
ed fitness. Am J Hum Biol 2006;18:342-9.

Koutedakis Y, Bouziotas C. National physical education curriculum:
motor and cardiovascular health related fitness in Greek adolescents.
Br J Sports Med 2003;37:311-4.

THE JOURNAL OF SPORTS MEDICINE AND PHYSICAL FITNESS

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.
31.

32.

33.

34.

35.

36.

37.

38.

39.
40.

41.

HEALTH-RELATED PHYSICAL FITNESS ACCORDING TO CHRONOLOGICAL AND BIOLOGICAL AGE IN ADOLESCENTS.

Deforche B, Lefevre J, De Bourdeaudhuij I, Hills AP, Duquet W,
Bouckaert J. Physical fitness and physical activity in obese and
nonobese Flemish youth. Obes Res 2003;11:434-41.

Monyeki MA, Koppes LL, Kemper HC, Monyeki KD, Toriola AL,
Pienaar AE et al. Body composition and physical fitness of under-
nourished South African rural primary school children. Eur J Clin
Nutr 2005;59:877-83.

Kemper HC, Twisk JW, van Mechelen W, Post GB, Roos JC, Lips P.
A fifteen-year longitudinal study in young adults on the relation of
physical activity and fitness with the development of the bone mass:
The Amsterdam Growth And Health Longitudinal Study. Bone
2000;27:847-53.

Ekelund U, Franks PW, Wareham NJ, Aman J. Oxygen uptakes adjust-
ed for body composition in normal-weight and obese adolescents.
Obes Res 2004;12:513-20.

Ortega FB, Ruiz JR, Mesa JL, Gutiérrez A, Sjostrom M. Cardiovascular
fitness in adolescents: the influence of sexual maturation status. The
AVENA and EYHS studies. Am J Hum Biol 2007;19:801-8.
Gonzalez-Gross M, Castillo MJ, Moreno L, Nova E, Gonzalez-
Lamuno D, Perez-Llamas F et al. Alimentacion y valoracion del esta-
do nutricional de los adolescentes espanoles (estudio AVENA).
Evaluacion de riesgos y propuesta de intervencion. I. descripcion
metodologica del proyecto. Nutr Hosp 2003;18:15-28.

Council of Europe committee for the development of sport. Eurofit.
Handbook for the EUROFIT tests of physical fitness. Rome (Italy):
Edigraf editoriale grafica; 1988.

Ruiz JR, Ortega FB, Gutierrez A, Meusel D, Sjostrom M, Castillo
MJ. Health-related fitness assessment in childhood and adolescence;
A European approach based on the AVENA, EYHS and HELENA
studies J Public Health 2006;14:269-77.

Leger L, Lambert J, Goulet A, Rowan C, Dinelle Y. [Aerobic capac-
ity of 6 to 17-year-old Quebecois—20 meter shuttle run test with 1
minute stages]. Can J Appl Sport Sci 1984;9:64-9.

Leger LA, Mercier D, Gadoury C, Lambert J. The multistage 20 metre
shuttle run test for aerobic fitness. J Sports Sci 1988;6:93-101.

Liu NY, Plowman SA, Looney MA. The reliability and validity of
the 20-meter shuttle test in American students 12 to 15 years old. Res
Q Exerc Sport 1992;63:360-5.

van Mechelen W, Hlobil H, Kemper HC. Validation of two running tests
as estimates of maximal aerobic power in children. Eur J Appl Physiol
Occup Physiol 1986;55:503-6.

Moreno LA, Joyanes M, Mesana MI, Gonzalez-Gross M, Gil CM,
Sarria A et al. Harmonization of anthropometric measurements for a
multicenter nutrition survey in Spanish adolescents. Nutrition
2003;19:481-6.

Slaughter MH, Lohman TG, Boileau RA, Horswill CA, Stillman RJ,
Van Loan MD et al. Skinfold equations for estimation of body fatness
in children and youth. Hum Biol 1988;60:709-23.

Rodriguez G, Moreno LA, Blay MG, Blay VA, Fleta J, Sarria A et al.
Body fat measurement in adolescents: comparison of skinfold thick-
ness equations with dual-energy X-ray absorptiometry. Eur J Clin
Nutr 2005;59:1158-66.

Tanner JM, Whitehouse RH. Clinical longitudinal standards for height,
weight, height velocity, weight velocity, and stages of puberty. Arch
Dis Child 1976;51:170-9.

Jones MA, Hitchen PJ, Stratton G. The importance of considering
biological maturity when assessing physical fitness measures in girls
and boys aged 10 to 16 years. Ann Hum Biol 2000;27:57-65.
Katzmarzyk PT, Malina RM, Beunen GP. The contribution of bio-
logical maturation to the strength and motor fitness of children. Ann
Hum Biol 1997;24:493-505.

The Cooper Institute. FITNESSGRAM test administration manual. 3rd
ed. Champaign, IL: Human Kinetics; 2004.

Cureton KJ, Warren GL. Criterion-referenced standards for youth
health-related fitness tests: a tutorial. Res Q Exerc Sport 1990;61:7-
19.

Mota J, Guerra S, Leandro C, Pinto A, Ribeiro JC, Duarte JA.

September 2008



HEALTH-RELATED PHYSICAL FITNESS ACCORDING TO CHRONOLOGICAL AND BIOLOGICAL AGE IN ADOLESCENTS.

42.

43.

44.

45.

46.

47.

Vol. 48 - No. 3

Association of maturation, sex, and body fat in cardiorespiratory fit-
ness. Am J Hum Biol 2002;14:707-12.

Tercedor P, Martin-Matillas M, Chillon P, Perez Lopez 1J, Ortega FB,
Warnberg J et al. [Increase in cigarette smoking and decrease in the
level of physical activity among Spanish adolescentes. AVENA study].
Nutr Hosp 2007;22:89-94.

Michaud PA, Narring F, Cauderay M, Cavadini C. Sports activity,
physical activity and fitness of 9- to 19-year-old teenagers in the can-
ton of Vaud (Switzerland). Schweiz Med Wochenschr 1999;129:691-
9.

Armstrong N, Welsman J. Physical activity and aerobic fitness. In:
Young people and physical activity. Oxford: Oxford Medical
Publications; 1997.

Fortier MD, Katzmarzyk PT, Malina RM, Bouchard C. Seven-year sta-
bility of physical activity and musculoskeletal fitness in the Canadian
population. Med Sci Sports Exerc 2001;33:1905-11.

Matton L, Thomis M, Wijndaele K, Duvigneaud N, Beunen G,
Claessens AL et al. Tracking of physical fitness and physical activi-
ty from youth to adulthood in females. Med Sci Sports Exerc
2006;38:1114-20.

Andersen LB, Hasselstrom H, Gronfeldt V, Hansen SE, Karsten F.

48.

49.

50.

51.

52.

THE JOURNAL OF SPORTS MEDICINE AND PHYSICAL FITNESS

ORTEGA

The relationship between physical fitness and clustered risk, and
tracking of clustered risk from adolescence to young adulthood: eight
years follow-up in the Danish Youth and Sport Study. Int J Behav
Nutr Phys Act 2004;1:6.

Twisk JW, Kemper HC, van Mechelen W. Tracking of activity and fit-
ness and the relationship with cardiovascular disease risk factors.
Med Sci Sports Exerc 2000;32:1455-61.

Twisk JW, Kemper HC, van Mechelen W. Prediction of cardiovascu-
lar disease risk factors later in life by physical activity and physical fit-
ness in youth: general comments and conclusions. Int J Sports Med
2002;23(Suppl 1):S44-9.

Kristensen PL, Moller NC, Korsholm L, Wedderkopp N, Andersen LB,
Froberg K. Tracking of objectively measured physical activity from
childhood to adolescence: The European youth heart study. Scand J
Med Sci Sports 2008;18:171-8.

Ortega FB, Ruiz JR, Castillo MJ, Sjostrom M. Physical fitness in
childhood and adolescence: a powerful marker of health. Int J Obes
(Lond) 2008;32:1-11.

Janz KF, Dawson JD, Mahoney LT. Increases in physical fitness
during childhood improve cardiovascular health during adolescen-
ce: the Muscatine Study. Int J Sports Med 2002;23(Suppl 1):S15-21.

379



