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Body composition (BC) may be used as a criterion of the actual biological state of children, in other words, their
physical state of development. The aim of our study was to determine the interdependence of some body composition
variables and aerobic fitness (VO,max.kg™') and parameters of physical performance, ie. calculated total work (CTW)
and maximal power output (MPO) on the treadmill in a group of Czech children and youth. The interdependence
between frequently used indicators of aerobic fitness (VO,max.kg™!, CTW, and MPO), and BC (% BF, FFM, BCM and
ECM/BCM) were studied in a group of 1235 Czech children (756 boys and 479 girls) aged from 6 to 14 years. Both aero-
bic fitness and physical performance variables were assessed by means of an incremental treadmill test with a constant
slope of 5%. The age dependent initial speed was increased by 1 km.h™! till subjective exhaustion. Body composition
was determined by whole body bioimpedance measurements using a modified prediction equation for children. The
percentage of BF was negatively correlated with VO,max.kg™', and CTW. Both FFM and BCM were positively related
to CTW, MPO, and VO,max.kg™'. The ECM/BCM relationship was negatively related to VO, max kg™' and CTW. In
conclusion, BC is an important determinant of physical performance in the laboratory (treadmill exercise tests) and
in the field (running and/or walking tests). The BC parameters significantly influence the variables that could be used
for characterisation of aerobic fitness. The results further demonstrate that when oxygen consumption is not feasible,
physical performance characteristics together with parameters of BC seem to be a good predictor of aerobic fitness.
This may be very helpful in large population studies.
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INTRODUCTION

An accurate assessment of body composition (BC)
is necessary in order to properly identify a client’s
health risk as associated with an excessively low or high
amount of related body fat (BF). This assessment can
then be used to estimate a subject’s ideal body mass
and formulate an exercise and diet regimen. Periodic
BC evaluation can be used to assess the effectiveness
of exercise and diet interventions or monitor changes in
BC associated with growth and maturation or states of
disease (Bouchard et al., 1994). Thus there is a clinical
need to measure not only the % of BF, but fat distri-
bution, muscle mass, total body water content (TBW),
body-water compartments (extracellular - ECW, and
intracellular water - ICW), body-water volume changes,
and bone mass as well (Roche, Heymsfield, & Lohman
1996; Segal et al., 1991).

At the present time, the above can be used together
with classical parameters of BC which have already been
in use for a long time such as BF content and free fat
mass and also other variables which may characterise
BC, such as body cell mass (BCM) and extracellular

mass (ECM) (Wang et al., 2000). At the cellular level,
FFM consists of BCM, extracellular fluids (ECF) and
extracellular solids (ECS).

Numerous tools and methodologies have been devel-
oped to measure various BC parameters. Bioelectrical
impedance analysis (BIA) seems to be one of the most
used methods under field conditions. This method is
based on the principle that lean tissue, which contains
large amounts of water and electrolytes, is a good elec-
trical conductor, and fat, which is anhydrous, is a poor
conductor (Lukaski et al., 1985).

Regardless of which instrument is chosen to assess
BC, the method is only as good as the measurement tech-
nique and prediction or conversion formula applied. The
conversion formulas and prediction equations, the use of
which are selected, must be restricted to the populations
from which they were derived to remain valid (Bunc et
al., 2001; Roche, Heymsfield, & Lohman, 1996).

Aerobic fitness (AF) is frequently considered the
most important aspect of physical fitness (Shephard,
1994; Shephard & Bouchard, 1994). The generally ac-
cepted physiological criterion of AF - maximal oxygen
uptake (VO,max), is only a predisposition for physical
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performance (PP) (Astrand & Rodahl, 1986; Bunc,
1994). A high VO,max does not guarantee good PP,
since technique of motion and psychological factors
may have an influence either positively or negatively. In
work and exercise where the body is lifted, oxygen up-
take should be related to the subject’s body mass. In this
case, the individual’s VO, max provides a measure of the
“motor effect” (Astrand & Rodahl, 1986; Bunc, 1994).
With this parameter the subject’s ability to move her or
his body can be evaluated. In practice this means that
if we wish to characterise fitness level, we must evaluate
VO, max and physical performance at the same time.

The parameters which may characterise PP in the
laboratory as calculated total work (CTW) and maxi-
mal power output (MPO) are highly associated with
absolute values of VO, max. Relative values of VO,max
(related to kg of body mass) are strongly related to the
size and quality of the free fat component of body mass,
which is logical because VO, during exercise depends on
the oxygen demands of the exercising muscles (Astrand
& Rodahl, 1986; Bunc, 2001).

The fact that differences in body size and BC influ-
ence the predisposition and interpretation of parameters
such as absolute and relative maximal oxygen consump-
tion and/or physical performance is well known (As-
trand & Rodahl, 1986). Less well studied are the effects
of differences of BC on performance predispositions
like VO,max, CTW and MPO in young subjects.

The aim of our study was to determine the inter-
dependence of some body composition variables and
aerobic fitness (VO,max.kg™') and parameters of PP -
calculated total work (CTW) and maximal power output
(MPO) on the treadmill in a group of Czech children
and youth.

SUBJECTS AND METHODS

In this study, a group of 1235 Czech children (756 boys
and 479 girls) ranging in age from 6 to 14 years and dif-
fering in level of aerobic fitness (their maximal oxygen
uptake was in the range of 32-65 ml.kg '.min! in boys
and from 30 to 60 mlLkg '.min"'in girls) was evaluated.

The BC variables were determined by the whole
body’s impedance multifrequency measurements using
modified prediction equations which were verified for
Czech children (Bunc, 2001).

Resistance and reactance were measured at four
frequencies - 1, 5, 50 and 100 kHz (B. I. A. 2000 M,
Data input, Germany) on the right side of the body by
tetrapolar electrode configuration (four electrodes, two
on the hands and two on the feet in accordance with the
manufacturer’s specification).

Maximal oxygen uptake was evaluated by means of
an incremental exercise test to subjective exhaustion on
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a treadmill at 5% inclination. The respiratory variables
and gas exchange were measured using an open system
with the help of TEEM 100 diagnostics equipment.

The CTW was calculated as the sum of the work-
loads of all completed stages plus the workload of the
last incomplete stage. The MPO was calculated by linear
interpolation from power output during the previously
completed stage and power increment between the last
stage and the previously completed stage.

Values are presented as the mean of +s. Simple re-
gression analysis was performed to describe the relation-
ships among various parameters. Cross correlation and
calculation of standard error of estimation were used
to validate the regression equations. The 0.05 level of
significance was used for all data analyses.

RESULTS

The selected variables of BC for each year of age
are presented in TABLES 1, 2 and 3. Similarly, values
of maximal oxygen uptake that were determined with
the help of an incremental exercise on the treadmill are
presented in TABLE 4. The mean values of the followed
variables of BC are collected in TABLE 5.

The mean values of total body-water (in relative
terms as a part of total body mass) was slightly higher
in boys than in girls and these values were significantly
higher in children (the mean in boys was 65.3 + 3.8%,
and in girls 62.6 + 4.2%) than in adults of the same physi-
cal fitness status who were assessed by the same analyser
(the mean in men ranging in age from 40 to 60 was 61.3
+ 4.8%, and in women it was 57.2 + 5.0%). In children
we found a negative significant interdependence of these
values with regard to age (r = -0.586, p < 0.0001 in boys,
and r = -0.612, p <0.0001, S_ = 3.4% in girls).

The mean values of BF were 19.7 £ 5.3% of the total
body mass in boys, and 21.7 £ 5.0% in girls. In both
sexes a positive significant gender interdependence was
found (r = -0.698, p < 0.0005 in boys, and r = -0.681,
p <0.005 in girls).

The mean values of selected maximal functional vari-
ables, CTW and MPO are collected in TABLE 6. We
found significant negative relationships between % BF and
VO,max.kg™' (r=-0.511, p <0.0001 in boys; r = -0.584,
p <0.0001 in girls), MPO (r = -0.471, p < 0.0005; r = -0.435,
p <0.0005), and CTW (r = -0.531, p < 0.0001; r = -0.495,
p <0.0001).

Significant positive relationships were found be-
tween FFM and CTW (r = 0.311, p <0.0005; r = 0.421,
p <0.0005), MPO (r = 0.401, p < 0.0005; r = 0.456,
p <0.0005), and VO,max.kg™' (r = 0.371, p < 0.0005;
r=0.332, p <0.0005).

Also we found significant relationships between
BCM and CTW (r = 0.583, p < 0.0001; r = 0.598,
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p <0.0005), MPO (r = 0.535, p < 0.0001; r = 0.578,
p <0.0005), and VOzmax.kg“ (r=10.612, p <0.0001;
r=0.751, p <0.0005).

The ECM/BCM relationship was significantly nega-
tively correlated with CTW (r = -0.671, p < 0.0001;

41

TABLE 3

Mean values (+s) of the ECM/BCM relationship that
were determined by the whole body bioimpedance
method

r=-0.634, p <0.0001), MPO (r = -0.683, p < 0.0001; Boys Girls
r=-0.687, p <0.0001), and VO,max kg™ (r = -0.787; Age ECM/BCM ECM/BCM
p <0.0001; r=-0.766, p < 0.0001). (years)
6 0.92 £0.08 0.95 £0.09
TABLE 1 7 0.90 £ 0.09 0.92 £0.09
Mean values (£s,) of body fat in the percentages of 8 0.88 £0.08 0.91 £0.08
body weight (% BF) that were determined by the whole 9 0.85+0.07 0.88 + 0.08
body bioimpedance method 10 0.83£0.09 0.87 £ 0.08
11 0.82 £ 0.07 0.84 £ 0.09
Boxs Boys Neins Girls 12 0.80 £ 0.07 0.82 £0.08
Age % BF % BF 13 0.78 £ 0.06 0.81 £0.07
(years) %) %) 14 0.75 + 0.06 0.78 + 0.06
6 80 224+41 53 245+4.0
7 78 21.4+38 54 23.1+38 TABLE 4
8 86 204+44 51 22.8+39 Mean values (+s) of the maximal oxygen uptake
9 82 20.1 + 3.6 56 22.3+3.6 (VO,max.kg') that was determined by an incremental
10 85 19.9+£3.2 50 21.9+3.3 test on the treadmill
11 88 19.5+3.0 52 21.3+3.1
12 84 18.2+ 3.1 56 20.3+3.0 Boys Girls
13 86 179 £2.9 54 209 +2.6 Age VO,max.kg™"' VO,max.kg™"
14 87 18.0+2.8 53 21.4£3.0 (years) (ml.min"".kg™") (ml.min"".kg™")
6 309+43 30.0+3.8
TABLE 2 7 36.4+5.1 33.6+4.0
Mean values (+s)) of the percentages of total body wa- 8 40.1 £ 4.8 35942
ter (% TBW) determined by the whole body bioimped- 9 42.7+52 37.9 £3.7
ance method 10 446 +53 39.7+4.0
11 46.9 £ 4.6 40.4£4.3
Boys Girls 12 48.2+4.5 419+44
Age % TBW % TBW 13 50.8+4.9 42.1+4.3
(years) %) %) 14 529+ 4.4 42.3+45
6 69.2£5.1 67.2+4.38
7 68.4 4.1 66.5+ 4.3 TABLE 5
8 67.3+3.6 65.1+4.6 Mean values (+s,) of selected anthropometrical vari-
9 66.6 £ 3.4 64.1 4.0 ables that were determined by the whole body bioim-
10 65.3+3.1 62.9+ 4.2 pedance method
11 64.3+3.0 61.5+3.6
12 63.7+3.2 60.2+34 Boys Girls
13 62.4+3.6 589 +3.8 Age (years) 10.1+2.8 10.1+2.9
14 60.7 + 3.7 572+ 3.6 Body Mass (kg) 345+3.4 35.1+438
Height (cm) 147.5 £ 4.3 145.8 £ 4.7
% Body Fat (%) 19.8+2.4 219 £3.1
TBW (1) 225+3.4 22.1+3.6
TBW/body mass (%) 65.3+3.8 62.6 4.2
BCM (kg) 149 £3.5 14.6 £ 3.6
ECM/BCM 0.84 £ 0.09 0.87 £0.10




42

TABLE 6

Mean values (s of selected functional variables and
calculated total work (CTW) and maximal power out-
put (MPO) that were determined on a treadmill with
a slope of 5%

Boys Girls
VO maxkg' (mlkg'.min') | 43.7+64 38.2+4.2
CTW (kJ) 442 +6.2 36.2+4.38
MPO (W) 140.9 = 11.2 121.3 +£10.2
v, (km.h) 5% 13.1+2.3 120+2.6

DISCUSSION

Body composition during prepuberty and mainly
during puberty is a marker of metabolic changes that
occur during this period of growth and maturation, and,
thus, holds key information regarding current and fu-
ture health. During puberty, the main components of
body composition (total body fat, lean body mass, bone
mineral content) all increase, but considerable sexual di-
morphism exists (Okely, Booth, & Chey, 2004). Compo-
nents of body composition show age to age correlations
(i.e. “tracking”), especially from adolescence onwards.
Furthermore, adipose tissue is endocrinologically ac-
tive and is centrally involved in the interaction between
adipocytokines, insulin and sex-steroid hormones, and
thus influences cardiovascular and metabolic disease
processes.

Age showed a significant effect for most body compo-
sition variables. Total body water is by far the most abun-
dant of the constituents of the body. As a percentage of
body mass, TBW decreases significantly with increasing
age - it varies from 70 to 75% at birth to less than 40%
in obese adults (Roche, Heymsfield, & Lohman, 1996).
Our slightly lower data in Czech children are probably
caused by the use of a different method of % TBW deter-
mination that in the above mentioned paper. Total body
water is essential for life, serving as a solvent for bio-
chemical reactions and as a transport media. Despite be-
ing the most abundant constituent of the body, it is often
neglected because the volume of TBW is well regulated
in normal healthy conditions. Indeed, a 15% decrease in
body water due to dehydration is life threatening (Ro-
che, Heymsfield, & Lohman, 1996). Even a small change
in TBW however, can produce a measurable change in
body mass and thus determination of TBW is central to
measuring body composition.

Fat free mass rises throughout childhood similarly
in boys and girls until puberty (Malina & Bouchard,
1991). The acceleration in FFM at this time in males
reflects their augmented muscle mass at the time of the
adolescent growth spurt. The absence of an increase in
FFM at puberty in females means that girls reach adult
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levels approximately 5 years before males, whose FFM
matures at the age of 19-20 years (Malina & Bouchard,
1991).

Average fat mass in females is greater than in males
from mid-childhood on. These differences become more
obvious in the pubertal years as girls accumulate greater
adipose tissue. The percentage of body fat slowly de-
clines during early childhood in both sexes after an early
jump in infancy (Malina & Bouchard, 1991). As puberty
approaches, females demonstrate a progressive rise that
continues throughout adolescence. Males, on the other
hand, show a slight increase in relative fatness in the
late prepubertal age; their percentage of body fat then
slowly declines, reflecting the development of FFM at
puberty. Consequently, females have a greater percent-
age of body fat than males throughout childhood after
the age of 3-4 years. In the late teen years, the average
female has an about 50% higher percentage of body fat
than the relative fatness of her counterpart.

The value of ECM/BCM may be used as a comple-
mentary criterion for the assessing of predispositions
for exercise. The lower the ECM/BCM is, the better is
the predisposition for physical exercise. In highly trained
adult athletes, these values were at about 0.7. In our
children, the mean values were 0.87 = 0.12 in boys, and
0.96 £ 0.14 in girls. Both these values are similar to
those in adults.

The ratio of ECM/BCM is a decisive parameter for
sports events which require a big power output, like en-
durance running, cross country skiing, etc. The determi-
nation of the ECM/BCM ratio is mainly a problem of
the selection of suitable types for every kind of sport.

The whole body impedance measurement at differ-
ent frequencies is an attractive method of body compo-
sition assessment because it is quick, does not require
a high degree of technician skill, and does not intrude
on the client’s privacy. Because it is difficult to obtain
accurate measurements by using other methods for the
determination of body composition (e.g. dual-energy
x-ray absorptiometry, isotope dilution, etc.) on children,
the impedance method is the preferred field and labora-
tory method for estimating body composition in these
populations. Generally the impedance methods have
limited accuracy because:

- we cannot measure the whole body (including the
head, feet, and hands),

- the shape of the body deviates from the ideal cylin-
der,

- the conductive material is unequally distributed
throughout the body, and

- the methods were not evaluated in large sample
sizes.

In the present study, boys performed a bigger work-
load and achieved higher maximal work rates than girls,
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which corresponded with previously published observa-
tions of young athletes (e.g. Astrand & Rodahl, 1986).

The initial concern with the development of a youth
fitness test must be definitional. The definition of physi-
cal fitness has evolved over the last 50 years but remains
largely operationally defined by the tests used to meas-
ure it (Astrand & Rodahl, 1986; Franks et al., 1988).
The tests used to measure physical fitness have, in turn,
frequently been selected by the criteria of convenience
(e.g. no equipment, little time involvement, ease of scor-
ing) and tradition (e.g. familiar) rather than by physi-
ological soundness representing specific components
of fitness.

Physical fitness, and thus aerobic fitness, is not un-
derstood solely in terms of a potential for tolerating
physical stress. Often it is viewed as one of the dimen-
sions of health.

Aerobic fitness is not synonymous with health re-
lated fitness, though this has sometimes been supposed.
Nevertheless, a large degree of cardiovascular fitness -
maximal oxygen uptake - is one of the most important
physiological indicators of good physical condition. It
is necessary in many forms of strenuous occupational
activity, and its maintenance makes a major contribu-
tion to quality of life in childhood and mainly in older
age (Shephard, 1994).

The presented standards of maximal oxygen uptake
and thus of AF do not significantly differ from the
data of European population samples (e.g. Armstrong
& Welsman, 1994; Lange Andersen et al., 1985; Seliger
& Bartinék, 1977; Welsman & Armstrong, 2000).
Physical performance in younger groups (younger than
12 years) is similar to the data from other European
countries but performance for older subjects is slightly
lower than in other European studies. These differences
increase with an increase in age. The reason for this is
probably connected with the amount of physical activity,
which significantly decreases with increasing age - from
4.7 hours of physical activity per week in young subjects
(younger than 12 years) to 2.1 hours per week in older
groups.

The mean speed during the motor tests can char-
acterise the level of physical performance, and may be
used for indirect determination of aerobic fitness under
field conditions. The accuracy of VO, max assessment
and thus the determination of aerobic fitness from the
mean speed of motion was altered at around 15%.

These differences may seem to be large, but one
should note that the errors of cardiorespiratory meas-
urements during exercise testing are at about the level
of 5%. From this point of view it is legitimate to assume
that the TABLE presented for the assessment of aerobic
fitness in the field conditions is valid. Motivation has
a similar influence on the results of this test as in other
methods which use maximal parameters.
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The primary determinant of success in physical
activity like sport is the ability to sustain a high rate
of energy expenditure for prolonged periods of time.
Exercise training - induced physiological adaptations
in virtually all systems of the body allow the subject
to accomplish this. Aerobic capacity as described with
the help of VO, max, economy of motion and fractional
utilisation of maximal capacity reflect the integrated
responses of these physiological adaptations (Astrand
& Rodahl, 1986).

The physiological adaptations to physical exercise
that correspond to and facilitate improved VO,max oc-
cur centrally in the cardiovascular system, centred on
increased maximal cardiac output, and peripherally in
the metabolic system, centred an increased arterio-ve-
nous O, difference.

In summary, based on the significant relationships
between selected variables of the BC and aerobic fit-
ness and physical performance in children, it could be
concluded that the BC is an important determinant of
functional and physical performance that often is over-
looked. Pubertal and pre-pubertal body composition
is important, not only for the assessment of contem-
poraneous nutritional status, but also for being linked
directly to the possible onset of chronic disease later in
life and is, therefore, useful for disease risk assessment
and intervention early in life.

The results demonstrate that by evaluating training
state and/or sports predisposition, it is necessary to as-
sess both BC and functional characteristics. Calculated
CTW and MPO and VO,max are dependent on FFM
and mainly on BCM. Therefore, we conclude that:

- determination of BC is necessary to interpret labora-
tory exercise testing,

- calculated performance variables together with labo-
ratory PP characteristics such as CTW and MPO
could us help with an assessment of predisposition
for success in physical exercise.

The results demonstrate that when VO, is not feasi-
ble, physical performance characteristics together with
parameters of body composition seem to be a good pre-
dictor of aerobic fitness; this may be very helpful in large
population studies.
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TELESNE SLOZENI JAKO URCUJICI FAKTOR
AEROBNI ZDATNOSTI
A TELESNE VYKONNOSTI CESKYCH DETI
(Souhrn anglického textu)

Télesné slozeni (TS) je moZné pouzit jako krité-
rium aktualniho biologického stavu déti - stavu rozvo-
je. Cilem nasi studie bylo stanovit zavislost parametr
télesného sloZeni a aerobni zdatnosti (VO,max.kg™")
a proménnych télesné vykonnosti - pocCitana celkova
prace (CTW) a maximalni vykon (MPO) stanovené na
béhatku u skupiny ¢eskych déti.

Zavislost mezi bézné€ uzivanymi parametry aerob-
ni zdatnosti (VO,max.kg™', CTW a MPO) a TS (% BF,
FFM, BCM a ECM/BCM) byla stanovena u 1235 déti
(756 chlapcti a 479 dévcat) ve véku 6 aZ 14 let. Aerobni
zdatnost a télesna vykonnost byly hodnoceny pomoci
stupnovaného zatiZeni na béhacim koberci o stalém
sklonu 5 %. Pocateéni na véku zavisla rychlost béhu
byla zvySovana o 1 km.h™' az do okamziku subjektivni-
ho vycCerpani. T€lesné sloZeni bylo hodnoceno pomoci
celotélové bioimpedanéni metody s vyuzitim predikc-
nich rovnic pro déti. Procento BF vykazovalo zapor-
nou signifikantni korelaci s VO,max.kg™' a CTW. Oboji
jak FFM tak BCM pozitivné korelovalo s CTW, MPO
a VO,max.kg™'. Koeficient ECM/BCM byl v negativnim
vztahu s VOzmax.kg‘l a CTW. Zavérem lze konstatovat,
ze TS je vyznamnym funkénim determinantem v labora-
tornich podminkach (zatézovy test na béhatku) a v teré-
nu (béZecky nebo chodecky test). Sledované proménné,
charakterizujici TS, vyznamné ovliviuji proménné, které
mohou definovat aerobni zdatnost. Vysledky dokladaji,
Ze jestlize neni mozZné pfimo méfit spotfebu kysliku, 1ze
k odhadu téchto proménnych vyuzit parametrd té€lesné
vykonnosti a t€lesného sloZeni; toto mlze byt velmi uzi-
te¢né v pripadé€ velkych populacnich studii.

Klicova slova: télesné sloZeni, spotieba kysliku, aerobni
zdatnost, télesnd vykonnost, deti, laboratorni testovdni.
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