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Abstract Poor nutrition, in addition to an overall lack of exercise, is one of the major issues of the current lifestyle.
The most common consequence is the increase in overweight and obesity and decrease of physical fitness. The basic
questions needed to be answered when designing exercise intervention: Are the physical assumptions affected by
overweight or obese state? The exercise predispositions can be evaluated by the extracellular (ECM) and
intracellular (BCM) mass ratio. To verify the dependence of the ECM/BCM on body mass (BM) we calculated
ECM/BCM for girls (normal BM, N=1598, mean age=12.8±3.6yrs, BMI=19.5±0.2 kg.m-2; overweight, 178,
12.6±3.2, 24.7±0.4; obese, 219, 12.9±3.4, 29.6±0.6), and in boys (normal BM, N=1810, mean age=12.9±3.9yrs,
BMI=19.9±0.3 kg.m-2; overweight, 253, 1286±3.2, 24.9±0.4; obese, 242, 12.9±3.4, 30.3±0.6) differing in BM. We
did not find significant differences in the ECM/BCM in girls and the same in boys, and non-significant dependence
on BM. In conclusion: 1. the morphological predispositions for exercise are not dependent on BM, 2. do not exist
any objective limitations for regular exercise realized in the children, 3. for successful management of an overweight
and/or obesity, it is necessary to influence both the diet and exercise.
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1. Introduction
Poor nutrition, in addition to an overall lack of exercise,
is one of the major issues of the current modern lifestyle.
In addition to decreasing fitness, and the reduction of
everyday working conditions as well as a drop in leisure
activities, the most common end result is the increase in
instances of obesity and, coincidentally, a population that
is generally overweight [1,2,3]. The lack of daily realized
physical activities results in significant decrease of
physical fitness [2,4,5,6]. The energy content of current
nutrition in majority western countries and of course in the
Czech Republic too has been practically stable over the
last two decades. The average daily energy intake of
Czech children (both girls and boys) without regular
physical exercise is about 120% of BMR [2]. In contrast,
the energy content during general, daily function during
the same period, decreased by about 30 % [2]. The basis
of regime interventions to influence obesity and actual
fitness state is the increasing the daily volume of PA
regularly carried out [1,2,5,6].
Currently, begins in children due to the lack of
movement regimen to decrease the level of the actual
motor skills and thus reduce the supply of appropriate
physical activities that are able to fill this gap. When
designing an exercise intervention for improvement of this

state should always respect previous movement
experience, current physical fitness level and above
mentioned current movement competence [2,4]. By the
assessing the movement competence should be assessed
together the skill requirements and the state of muscles
that insuring specific physical activity [2].
For assessment of physical fitness and physical
competence, may be advantageously used the body
composition (BC) that reflects on the one hand the
imposed physical load and thus the actual level of physical
fitness on the one hand and on the other hand, muscle
morphology [7,8,9].
Age related changes in body composition (BC) have
implications for physical function and health[10]. The
redistribution and increase of fat and the loss of muscle
mass result in substantial decrease in functional capacity.
Although BC, as well as the age-related changes in it, has
a strong genetic component, it is also influenced by
environmental factors. The primary influences are
nutrition, disease, and physical activity [8,9].
Clinically, BC is viewed in terms of two compartments:
fat and fat-free mass [8,9,11]. Fat mass (FM) plus fat-free
mass (FFM) that are make of proteins, water, and minerals,
equals to the total body mass.
Beginning in middle adulthood, FFM begins to decline
gradually both in men and women, primarily due to the
wasting of muscle tissue [11,12,13]. Similarly like FFM
decreases with age the body cell mass (BCM) in subjects
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without of systematically physical training. This similarity
is confirmed by a high significant positive correlation
between these both variables that was found in women [2].
The BCM is the sum of oxygen-using, calcium rich,
glucose-oxidising cells. This variable may indirectly
characterize the ability of human to sustain a mechanical
work. Because the BCM is related to FFM and this to
body mass it is for standardization often used the
relationship ECM/BCM. Extracellular body mass (ECM)
is defined like ECM = FFM – BCM [7,8,9].

The age related changes in ECM/BCM relationship are
presented on the Figure 1. The ECM/BCM values are in
the age range of 20-60 years practically constant [2]. With
the growing volume of musculoskeletal - movement load,
the BCM volume increase at a significantly lower increase
in ECM and therefore decreases the coefficient of
ECM/BCM [2]. Generally it is true, that the lower the
ECM/BCM coefficient, the better are preconditions for
muscular work [2,8,14].

Figure 1. Dependence of the relationship ECM/BCM on the increasing age

Numerous tools and methodologies have been developed
to measure various BC parameters. The bioelectrical
impedance analysis (BIA) seems to be one of the most
used methods in the field conditions [8,9,12,14].
Regardless of which instrument is chosen to assess BC,
the method is only as good as the measurement technique
and prediction or conversion formula applied. The
conversion formulas and prediction equations selected use
must be restricted to the populations from which they
were derived to remain valid [8,9,12,14].
The proportion between the ECM and BCM ratio may
be used to identify fluid imbalance or malnutrition and/or
to assess the predispositions for muscular work. The term
malnutrition refers to the loss of structural body
components, which is most accurately reflected by the
BCM and an increase of the ECM [8,9].
Lack of exercise regimen in people who are overweight
or obese and/or or their current level of physical fitness is
in sufficient is often explained by lower movement as
sumptions for these people. It is true that many times these
individuals have lower levels of motor skills as a result of
completed mostly lower movement training, but an open
question is whether they also have less muscle
morphology, less quality of muscle mass, whether their
muscle groups are less prepared to make the necessary
physical activity [1,2,5,15,16].
Thus the most common questions needed to be
answered when designing exercise intervention are thus:
are the physical assumptions for exercise affected by a
body mass state?

2. Methods
2.1. Ethical Aspects
This study was approved by the Research Ethics
Committee of Faculty of Physical Education and Sports
Charles University.

2.2. Subjects
To verify the dependence of the coefficient ECM/BCM
on body mass (BM) we used bioimpedance analysis;
calculating this ratio for girls (normal BM, N=1598, mean
age=12.8±3.6yrs, BMI=19.5±0.2 kg.m-2; overweight, 178,
12.6±3.2, 24.7±0.4; obese, 219, 12.9±3.4, 29.6±0.6), and
in boys (normal BM, N=1810, mean age=12.9±3.9yrs,
BMI=19.9±0.3 kg.m-2; overweight, 253, 1286±3.2,
24.9±0.4; obese, 242, 12.9±3.4, 30.3±0.6) differing in BM.

2.3. Methods
The division into groups- normal weight, overweight
and obesity was based on BMI and body fat content
according to data from Table 1.
To assess the predispositions for PA using body
composition, we can look at the ratio of extracellular
(ECM) and intracellular (BCM) mass. The size of this
coefficient depends on age. In the range of 20-60 year olds
is practically constant. The body cell mass is calculated
using the FFM and phase angle between whole impedance
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vector and resistance α [2]. The extra cellular mass (ECM)
is the difference between FFM and BCM - ECM = FFM BCM. The FFM was calculated according to modified
formula of Deurenberg et al [12].
Table 1. Classification of body mass state according to BMI
and %BF in children of age ranged from 6 to 14 years
BMI
%BF
Classification
(kg.m-2)
(%)
Underweight

<15.5

<16.0

Normal BM

15.5-21.9

16.1-23.0

Overweight

22.0-26.9

23.1-28.0

≥ 27

≥ 28.1

Obesity

Resistance and reactance were measured at four
frequencies - 1, 5, 50 and 100 kHz (B.I.A. 2000M, Data
Input, Germany) on the right side of the body by tetrapolar
electrode configuration in accordance with manufacturer’s
specification. For the calculation of body fat content were
used the prediction equation that were valid in senior
women by DEXA method.
The measurement itself was performed using the multifrequency BIA analyzer BIA 2000 M, in a tetrapolar
configuration of electrodes on the right side of the body in
a lying position. The arrangement of the electrodes
followed the manufacturer's recommendations. The
apparatus measures total impedance, i.e. allows
determining its capacity and resistance components. In
The hydration state was controlled 8 hours before the
laboratory evaluation in all subjects.

2.4. Statistical Analysis
Means and standard deviations were calculated
according to standard methods. The Pearson correlation
was used for assessment of dependence in followed
variables. The paired t-test was used to evaluate
differences between means where appropriate. The level
of statistical significance was set at p < 0.01.
The substantive significance is 1% in BF%, in
coefficient ECM/BCM 0.03, and in BM, FFM, ECM and
BCM 0.5 kg.

3. Results
The mean values of %BF and ECM/BCM coefficient
are presented in Table 2. In all groups of children we find
significant positive dependence of ECM/BCM on age
(p<0.01 in all cases). For groups of the same gender, we
did not find significant differences in the ECM/BCM and
thus in predispositions for regularly exercise, and nonsignificant dependence on BM.
Table 2. Means and s of %BF and ECM/BCM coefficient in followed
groups of subjects differing in body mass (nbm – normal body mass,
ow – overweight, ob – obese)
%BF (%)
ECM/BCM
Girlsob (n=219)

28.9±1.4

0.90±0.02

Girlsow (n=178)

24.6±1.2

0.90±0.03

Girlsnbm (n=1598)

19.6±1.7

0.88±0.03

Boysob (n =242)

29.5±1.6

0.82±0.03

Boysow (n =253)

23.8±1.3

0.83±0.02

Boysnbm (n =1810)

20.3±1.5

0.81±0.04
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In girls we found the significant negative dependence of
ECM/BCM on age in the form

ECM / BCM =
−0.0213*age ( years ) + 1.344; r =
0.891,
p < 0.005, SEE = 0.04, TEE = 0.05
In boys the relationship between ECM/BCM and age
has a form

ECM / BCM =
−0.0265*age ( years ) + 1.381; r =
0.873,
p < 0.005, SEE = 0.04, TEE = 0.05.

4. Discussion
The basic findings of this study, we consider the fact
that the coefficients of ECM/BCM and thus the
preconditions for movement load are not dependent on
body mass. Thus, the conditions for regular physical training
for people without regular training are independent of
body mass. They are of course significantly influenced
absolved training and genetically [2,7,11,17,18,19]. In the
subjects with the same or similar movement regime are
predispositions for exercise independent of the total body
mass. Therefore, lower the volume of the implemented
training for people with higher body mass or obese is
largely the result of lower movement regime, their
convenience. Therefore, the foundation of all movement
interventions that aim to adjust body mass or increase
physical fitness is always leading to client´s education to
change their behavior, to change their lifestyle from
sedentary to active.
The initially values of BC and aerobic fitness were
slightly worse than are the Czech population standards of
the similar age [2,7]. Unfortunately we have not
comparable data about BCM and ECM of Czech adult
population and/or other European countries. These data
are lacking in to our known literature.
The using of ECM/BCM for evaluation of physical
exercise predispositions was confirmed by the significant
dependence of VO2max on this variable. The relationship
between VO2max and physical performance was often
presented in literature [e.g. 2,17]. In our group of
girls(N=97, age=13.4±3.4 years, VO2max.kg-1=43.7±4.1
ml.kg-1.min-1) and boys (N=128, age=13.1±3.2 years,
VO2max.kg-1=46.8±3.9 ml.kg-1.min-1) we found the
significant dependence between VO2max.kg-1 and
ECM/BCM (in girls r=0.796, p<0.005, and in boys
r=0.781, p<0.005), and between ECM/BCM and physical
performance (maximal speed of treadmill running)
(r=0.807, p<0.005 in girls andr=0.811, p<0.005 in boys)
[2]. Similar results dependence of VO2max.kg-1on ECM/BCM
we found in adults females (N=84, age=43.1±3.8 years,
VO2max.kg-1=32.4±4.1 ml.kg-1.min-1) (r=0.812, p<0.005),
and on maximal speed of treadmill running(r=0.801,
p<0.005), and adult middle age men (N=67, age=44.8±3.4
years, VO2max.kg-1=38.7±4.8 ml.kg-1.min-1)we found
similarly like in females of the same age the significant
dependence between ECM/BCM and (r=0.796, p<0.005),
and between ECM/BCM and physical performance
(maximal speed of treadmill running) (r=0.807, p<0.005).
The above presented dependence simply the possibility
to use the coefficient of ECM/BCM like an important
predictor for the expected exercise load. In practice this
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means that the coefficient of ECM/BCM can be used not
only to assess the applied movement regime, but also for
evaluating the effectiveness of the applied movement
program. Changes in the ECM/BCM coefficient are the
fastest response to qualitative hanges of the applied load
locomotive. Significant changes we found already after
about 7 days changed the training load [2,7].
The significant positive ECM/BCM dependence on age
could be used for assessment of actual development state
– biological age in subjects [8,10,19]. In actual case we
compare real value of ECM/BCM with value that was
calculated according to general relationship that is true for
adult men.
In normal subjects of middle age, ECM/BCM ratios are
recorded between 0.75 and 1.00, in seniors and in children
these values may be higher than 1.10 [2,8,9,20,21].
Deviations from such figures toward higher values are due
either to the erosion of BCM (catabolism) or to fluid
expansion in extracellular spaces (edema). In the case of
dehydration, we can observe the opposite phenomenon
where the ECM/BCM ration is reduced.
With increasing volume of musculoskeletal load
decreases the ratio ECM/BCM as a result of a growing
amount of BCM. The default value is next to the
completed locomotive load significantly genetically
determined [2,8,9].
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5. Conclusion
In conclusion: 1. the morphological predispositions for
exercise are not dependent on BM in females without
regular physical exercise, 2. there do not exist any
objective limitations for regular PA realized in the
majority of the children´s population, 3. for successful
management of an overweight populous and/or, in the
case of individual obesity, it is necessary to influence both
the energy intake (diet) and daily energy output (PA).
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