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Abstract: Regular physical exercise during the period of growth has a beneficial influence on
the body composition of youngsters and children when compared to their less active or inactive
peers in the population. It seemed therefore reasonable to check the amount of fat stores in youth
engaged in systematic physical training. As an a priori working hypothesis we only relied on the
relationship concerning which the majority of experts would agree, namely that the thickness of
subcutaneous adipose tissue was proportionate to body fat content. Accordingly, we simply
expected to find certain regional dissimilarities in the age-related changes of the skinfolds. This
paper only reports on the skinfold measures measured half-yearly in a mixed longitudinal and
cross-sectional sample (n=2661) of boys grouped by half year intervals of decimal age between
6.5 and 19.0 years, all of whom attended physical training sessions 4 to 6 times a week and took
part in sport competitions every weekend. The skinfolds were measured on the left side of the body
over the biceps, triceps, forearm, front thigh, medial calf, scapula, iliac spine and umbilicus. The
analysis referred to the half-yearly absolute means of body mass, stature and respective skinfold
thicknesses, but for the skinfolds also the raw first-order differences were calculated and expressed
as percentage of the sum of skinfolds.

The inferences for this boy sample of above average habitual physical exercise and spori
competition regimen were as follows. (1) With advancing age there were few iiems thar were
similar in the differences observed in the skinfold thickness (ST) of the respective body regions
(e.g., the gross coincidence of estimated peak growth velocities, or certain common trends in the
behaviour of limb skinfolds). (2) ST on the limbs, respectively on the trunk differed with age: while
limb skinfolds were consistently thinner with age, on the trunk they were nearly constant or
increased even after the age of peak weight velocity. (3) The age sequence of ST on the upper and
lower extremity was dissimilar and, expressed as the percentage of skinfold total, it differed even
on the same limb. (4) Also the age sequences on the trunk were different, both in the age
distribution of their local peak velocities and in their extent of growth. (5) The specific differences
observed in absolute and relative ST in the respective body regions ought to warn the researcher
to take every skinfold “on its own” in dealing with the problem. To infer body composition from
one or a few skinfolds seems unjustifiable. On the contrary, it is advisable to extend ST
measurements to other skinfolds that until now were perhaps less often measured or were left
unmeasured: in part because this might give a more balanced number of skinfolds in the respective
body regions, and in part to gather a more detailed knowledge about the age trends of skinfold
behaviour in every important body region.
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Introduction

Regular exercise has a favourable effect on body composition in children and youth
when compared to peer populations of average or lower activity (Davies et al. 1972,
Meen and Oseid 1982, Tremblay et al. 1984, Bouchard et al. 1990, Mészdros 1990,
Szabd et al. 1992, Pdpai et al. 1994). While overweight or obesity as health risks are not
uncommon in the child and adult populations (Bodzsar 2001, Becque et al. 1986,
Rolland-Cachera et al. 1987), low body fat content has become an important factor of
selection in sports (Glick and Kaufmann 1976, Wilmore 1983, Mohdcsi et al. 1987,
Bouchard et al. 1990, Mészdros 1990). A good number of reports support the argument
that obese and overweight youngsters tend to become obese or overweight adults
(Rolland-Cachera et al. 1987, Pavilonis and Tutkuviene 1989).

By the existing paradigms of health preservation regular physical activity can help
maintaining body fat content within healthy limits even in subjects of good appetite
(Szabo et al. 1992). So it seemed reasonable to assess the fat stores of children and
adolescents engaged in regular physical exercise. Despite ongoing technical refinement
the commonly used methods of fat content estimation meet renewed criticisms (Ross et al.
1984, Lukaski 1987, Rolland-Cachera et al. 1987, Marshall et al. 1991, Gasser ct al.
1994), in part for their lack of accuracy, in part because of the difficulty of validation.
Accordingly, we only relied on the relationship in which most experts agree, namely that
skinfold thickness (ST) is proportionate to body fat content (Parizkova 1961, Jacger
1983, Wilmore 1983, Clarys et al. 1984, Ross et al. 1984, Bodzsar 1991, 1996 Marshall
etal. 1991).

The point under study was therefore the manner in which subcutancous fat tissue is
related to age in a physically regularly active sample. Although depending on gender,
children, adolescents and youth of average physical activity have been reported to deposit
more and more subcutaneous fat during their school years (Parizkova 1961, Jacger 1983,
Bodzsar and Pdapai 1989, 1992, Bodzsar 1993, Pdpai et al. 1994). By our working
hypothesis we expected to find regionally different STs. This paper only reports on the
regional ST of boys engaged in regular physical exercise.

Subjects and Methods

All the studied subjects (n=2661) were members of one section of sport events in the
Central School of Sports (the immediate forerunner of the National Institute of Junior
Sports). Their regular exercise implied 4 to 6 training sessions of 2-3 hr per week in
addition to the week-end competitions. Measurements were taken in spring and autumn.
Age was calculated in decimal years. The subjects were grouped by half-year intervals of
age (with £ 0.25 yr. limits, i.e. 7.75 through 8.24 yr. old ones were the group of 8 years
old). Table 1 gives their distribution by age.

We note that a fraction of the subjects contributed data several times to the data base
so the sample was not purely cross-sectional, further that in the youngest and oldest
groups of schoolchildren case numbers were low as events have specific lower boundarics
of age, and one has to reckon with school-leavers too. Thus their data serve at most
informative purposes.
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Table 1. The age distribution of the subjects.

Age group (yr.) Case Age group yr. Case Age group (yr.) Case
#*0.25 number % 0.25 number +0.25 number
6.5 11 11.0 93 15.5 145
7.0 24 11.5 130 16.0 124
1.5 34 12.0 124 16.5 101
8.0 38 12,5 197 17.0 83
8.5 38 13.0 229 17.5 73
9.0 44 135 253 18.0 50
9.5 50 14.0 259 18.5 17
10.0 62 14.5 213 19.0 19
10.5 76 15.0 172 Total 2661

The subjects were measured in minimum underwear on the right side of the body.
Skinfolds over the biceps and triceps were measured at the recommended sites (Weiner
and Lourie 1969), the forearm fold was lifted laterally and perpendicularly to the largest
girth. ST over the relaxed middle of the thigh was measured in the axis of the segment
frontally, knee slightly bent with heel placed on a low stool. Calf ST was measured in the
same position medially perpendicularly to the largest girth. On the trunk subscapular and
suprailiac STs were measured in the natural cleavage oblique of the skin. The umbilical
fold was lifted vertically. All STs were recorded to the nearest half mm using a Lange
caliper of 10 g/mm? constant spring pressure. Relative STs were expressed as percentages
of the sum of eight skinfolds.

Body mass was measured to the nearest 50 g, stature to the nearest mm. Mass
fractions of muscle, bone, fat and residual tissue were estimated by using the Drinkwater-
Ross formulas (1980) inclusive of height correction and expressed in kg.

“Growth velocity” was interpreted as the simple differences of the means between the
half-year age-groups, i.e. they were not recalculated into full-year differences. The
diagrams show the standard errors of the means; no specific tests for significance were
done.

Results and Discussion

The left diagram of Figure 1 shows the age dependence of body mass and its mass
fractions. As in a number of other fields, the fractionation of body mass has been
developed for adults and validated by autopsy material (Drinkwater and Ross 1980,
Clarys et al. 1984). So far as we know, it has only been put to extensive use in the Central
School of Sports, Budapest, and at the Faculty of Sport Sciences, Semmelweis University,
Budapest. So for the time being one cannot compare results. Non-invasive techniques are
expected to show sooner or later whether and how acceptably the fractionation procedure
can reflect true body composition. The method is dimensionally correct and takes account
of individual stature. One strong argument for it is that there are no other simple and
cheap methods of estimating body components that could be regarded as similarly or
more reliable.

As shown in the diagram, the largest fraction was muscle and the smallest one was fat.
The share of the parenchymal tissues, i.e. of the residual fraction was larger than that of
bone. The variability of bone mass was the smallest while muscle mass changed the most.
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Significant correlation was only demonstrable between residual and muscle mass fraction
means, their dispersion differed to some extent from the normal as did that of total body
mass.

The right diagram of Figure 1 demonstrates the differences between the successive
half years of age as estimates of the rate of change. The same principle applies to all
subsequent data. These differences are illustrative not merely of seasonal factors (Butler
et al. 1990). All fractions except bone reached their top rate of change between age 14
and 15. The fastest rate of bone was seen around 12.5 years of age. Negative “velocities”
in the age extremes may be attributed to small sample sizes. In the age groups of
acceptable sample size slightly negative rates were seen in the fractions of fat and bone.
The fractional and total mass diagrams serve an easier interpretation of skinfold
thicknesses.
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Figure 1: A. Means and sd's of total and fractional masses (Drinkwater and Ross 1984).
B. Half-yearly differences between the respective age groups.

Skinfold thicknesses are presented by body regions. Absolute skinfolds and relative
ones expressed as percentages of the sum of all skinfolds are shown consecutively.

Figure 2 shows the absolute means and standard errors of the means, respectively the
half-year differences on the upper limb. The age dependent courses (Figure 2A) were very
similar, i.e. sites differed mainly quantitatively. The triceps skinfold thickness was the
largest, that above the biceps was the smallest while the forearm skinfold that so far as we
know had not been measured in recent studies took an in-between magnitude. There were
simultaneous local peaks and troughs in all the three skinfolds at 9.0 and 9.5, then at 11.0
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and 11.5 yrs of age. All the three of them were thickest at the age of 12.5 after which age
they were smaller to show another local peak after the age of 16 to 17 years.

Local maximums and minimums are more conspicuous in Figure 2B. As demonstrated
by the zero line, one should not assume that fat losses do not occur during general growth,
seasonal oscillations can be present even in cross-sectional samples.
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Figure 2: A. Absolute skinfold means and SE's on the upper limb.
B. Half-year differences between the respective age-groups.

Figure 3 shows skinfold thicknesses on the upper limb as percentages of the sum of
the measured skinfolds. These relative thicknesses (Figure 3A) were much more
homogeneous than the absolute ones. Except for the biceps skinfold for which this was
less conspicuous, the relative thickness of the other two became gradually less with age,
in particular in the case of the forearm skinfold. As clearly shown by the employed
measure of variability, cven subsequent half-year age groups differed mostly significantly
for the latter. The two other skinfolds showed stepwise thinning. On the upper limb
therefore skinfolds tend to become smaller during schoolage, in addition to local maxima.
The difference curves (Figure 3B) demonstrate that oscillations usually did not exceed
one per cent.

Since only two skinfolds were measured on the lower limb, Figure 4A shows the
absolute and relative changes with age together. The age-dependent course was somewhat
similar to that observed on the upper limb. The main dissimilarity was that absolute
thicknesses had considerably broader local and overall maxima. While the timing of the
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changes mostly agreed with the upper limb, the pattern extended over a larger period of
age.
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Figure 3: A. Relative skinfold means and SE's expressed in percentages of the sum of all skinfolds
on the upper limb. B. half-yearly differences between the respective age groups.

Of the relative thicknesses the calf skinfold only resembled the gradual thinning of the
upper limb skinfolds. The front thigh skinfold was larger and larger until 12.5 years and
began to decrease only after that age. As the thigh skinfold was the thickest in all studied
ages both absolutely and relatively, it obviously had a considerable impact on all other
relative measures.

Both absolute and relative thickness differences (Figure 4B) showed synchronization.
Negative differences were the main trend after the age of peak weight velocity. Another
observation common to the two skinfolds was that on the threshold of adult age the last
positive peak of the relative thickness followed the same of the absolute skinfolds with a
lag.

The absolute and relative skinfolds of the trunk are again presented separately. The
main difference between the absolute thickness of the trunk and limb skinfolds (Figure
5A) was that except for smaller local oscillations the former became gradually thicker
along the ages, i.e. even after the age of peak weight velocity. Significant decrease was
only observed after age 18 if one dared to draw any inference from these small samples.
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Figure 4: A. Absolute and relative skinfold means and SE's on the lower limb.
B. Half-year differences between the respective age-groups.

On the other hand, trunk skinfolds resembled those on the limbs in that local extremes
coincided as expected. The difference curves (Figure 5B) show that negative values did
not exceed 1 mm. Local maxima were, however, far from synchronous so skinfolds on the
upper and lower half of the trunk may have different timing.

When expressed as percentages of the sum of the skinfolds, those on the trunk (Figure
6A) behaved in a somewhat more homogeneous manner than on the limbs, their
variability was smaller. Attributably above all to their thickness, the individual pattern of
the three skinfolds was not quite similar. The umbilical skinfold grew almost unbroken.
The thickness of the subscapular began to increase steeply after the age of peak weight
velocity while the skinfold over the iliac spine hardly changes after the age of 15. This
dissimilar behaviour was also supported by the obserVation that difference peaks were
almost independent of one another (Figure 6B).

At this point the question of the so-called negative fat wave is worth mentioning. The
fat loss that has been regarded as characteristic of boys just beginning their growth spurt
(Holliday 1978) is by no means common to all samples. Although longitudinal samples
might support this phenomenon obviously better, even there they might be missing
(Bodzsdr and Pdpai 1992).
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Figure 5: A. Absolute skinfold means and SE's on the trunk.
B. Half-year differences between the respective age-groups.

A B. R.Uinbilical R.Subscapular *  R.Suprailiacal
% °  R.Umbilical R.Subscapular R.Suprailiacal %/6mo
Age 6.5 8.5 105 125 145 16.5 185 Age 65 85 105 125 145 165 186

Figure 6: A Relative skinfold means and SE's expressed in % of the sum of all measured skinfolds
on the upper limb. B. Half-year differences between the respective age-groups.
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Conclusions

In this sample consisting of boys pursuing competitive sports and thus exceeding the
physical activity of the average peer population markedly both in intensity, volume and
regularity
— the age changes in regional skinfold thickness were similar in only some features (age

coincidence of the peaks of the estimated growth velocity, similar trends in the upper
and lower limbs)

— there were definite differences between the skinfolds of the limbs and the trunk: on
the trunk — gradually nearing the trunk-oriented pattern of subcutaneous fat
distribution of adult males — skinfold thicknesses did not decrease after the peak
weight velocity, instead they either levelled off or they grew while on the limbs they
became consistently slimmer.

— pattern differences were also noted not merely between the upper and lower limbs but
even within a limb in respect of the relative thickness of skinfolds

— also trunk skinfolds differed in behaviour: in part in the age variability of their local
peaks and troughs, in part in the magnitude of their increase.

The peculiarities observed in the age course of the absolute and relative skinfold
thicknesses in our material may stimulate those interested to handle every skinfold “in its
own right”. It seems hardly justifiable to draw an inference on body composition by one
or a few skinfolds. Obversely, it would be wise to extend the measurements to such
skinfolds that are not among the usually measured ones, in part for a better balance of
skinfold distribution, in part for gaining a better overview on all important body regions.

References

Becque, M.D., Hattori, K., Katch, V.C., Rocchini, A.P. (1986): Relationship of fat patterning to coronary
diseases risk in obese adolescents. American Journal of Physical. Anthropology, 71: 423-429.

Bodzsér, E.B. (1991): The Bakony Growth Study. Humanbiologia Budapestinensis, 22.

Bodzsar, E. (1993) Az emberi novekedés és fejlodés altalanos kérdései. In: Csalddpedagdgiai
ismeretek, 1. Budapesti Tanitoképzd, Budapest. 7-27.

Bodzsér, E.B. (1996): Indices of body proportions and body composition. In: Bodzsr, E.B., Susanne,
C. (eds), Studies in Human Biology. E6tvos University Press, Budapest, 195-206.

Bodzsir, E.B. (2001): A pubertds auxolégiai jellemzSi. Humanbiol. Budapest. Suppl., 28. 198.

Bodzsdr, E.B., Pédpai, J. (1989): Maturation and body composition. Humanbiologia.
Budapestinensis, 19: 215-218.

Bodzsér, E.B., Pépai, J. (1992): Body composition of Székesfchérvdr children aged 7 to 18.
Anthropologiai Kozlemények, 34: 7-11.

Bouchard, C., Shephard, R.J., Stephens, T., Sutton, J.R., McPherson, B.C. (1990, eds): Exercise,
Fitness, and Health. A Consensus of Current Knowledge. Human Kinetics, Champaign IL.

Butler, G.E., McKie, M., Ratcliffe, S.G. (1990): The cyclical nature of pubertal growth. Annals of
Human Biology, 17: 177-198.

Clarys, J.P., Martin, A.D., Drinkwater, D.T. (1984): Gross tissue weights in the human body by
cadaver dissection. Human Biology, 56: 459-473.

Davies, C.T.M., Barnes, C., Godfrey, S. (1972): Body composition and maximal exercise
performance in children. Human Biology, 44: 195-214.

Drinkwater, D.T., Ross, W.D. (1980): Anthropometric fractionation of body mass. In: Ostyn, M.,
Beunen, G., Simons, J. (eds), Kinanthropometry II. International Series on Sports Sciences,
vol. IX. University Park Press, Baltimore MD. 178-189.

141



Gasser, Th., Ziegler, P., Seifert, B., Prader, A., Molinari, L., Largo, R. (1994): Measure of body
mass and obesity from infancy to adulthood and their appropriate transformation. Annals of
Human Biology, 21: 111-125.

Glick, Z., Kaufmann, N. (1976): Weight and skinfold thickness changes during a physical training
course. Medicine and Science in Sports, 2: 113—117.

Holliday, A. (1978): Body composition and energy needs during growth. In: Falkner, F., Tanner,
J.M. (eds), Human Growth, vol. 2: Postnatal Growth. Plenum, New York. 117-139.

Jaeger, U. (1983): Ergebnisse von Hautfaltendickenmessungen bei Schulpflichtigen aus Jena-Stadt
und Jena-Land. Arziliche Jugendkunde, 74: 309-321.

Lukaski, H.C. (1987): Methods for the assessment of human body composition; traditional and
new. American Journal of Clinical Nutrition, 46: 537-556.

Marshall, D., Hazlett, C.B., Spady, D.W., Conger, P.R., Quinney, H.A. (1991): Validity of
convenient indicators of obesity. Human Biology, 63: 137-153.

Meen, H.D., Oseid, S. (1982): Physical activity in children and adolescents in relation to growth
and development. Scandinavian Journal of Social Medicine, Suppl. 29: 121-134.,

Mészaros, J. (1990, szerk.,): A gyermeksport biologiai alapjai. Sport, Budapest.

Mohdcsi, J., Mészdros, J., Frenkl R., Farkas, A. (1987): A testi felépités és az edzdi szelekci6
Osszefliggése fiatal sportolékndl. In: Makkér, M. (szerk.), Kivdlasztds és utanpétldsedzés —
Sportiudomany a gyakorlatért. Nemzetkézi Sporttudomdnyos Konferencia, Pécs. 1987. AISH —
TSTT, Budapest. 105-110.

Parizkova, J. (1961): Total body fat and skinfold thickness in children. Metabolism, 10: 794—-807.

Pavilonis, S., Tutkuvieng, J. (1989): Age dynamics of body composition. Humanbiologia
Budapestinensis, 19: 209-214.

Pdpai, J., Bodzsir, B.E., Szab6, T. (1994): Mass fractions, somatotype and maturity status in
athletic boys. Humanbiologia Budapestinensis, 25: 515-519.

Papai, J., Szabd, T., Szmodis, I. (1992): Age trends in the fractional body composition in athletic
and non-athletic boys. In: Szmodis, 1., Szabd, T., Mészdros, J. (eds.), International Round-
Table Conference on Sports Physiology. Magyar Testnevelési Egyetem, Budapest. 205-212.

Rolland-Cachera, M.F., Deheeger, M., Avons, P., Guilloud-Bataille, M., Patois, E., Sempé, M.
(1987): Tracking adiposity patterns from 1 month to adulthood. Ann. Hum. Biol., 14: 219-222.

Ross, W.D., Eiben, O.G., Ward, R., Martin, A.D., Drinkwater, D.T., Clarys, J.P. (1984):
Alternatives for the conventional methods of body composition and physique assessment. In:
Day, J.AP. (ed.), Perspectives in Kinanthropometry. Human Kinetics, Champaign IL.
203-220.

Szabo, T., Pdpai, J., Szmodis, [. (1992): The effect of intense physical training on some somatic
indices and body composition. In: Szmodis, 1., Szabé, T., Mészdros, J. (eds), International
Round-Table Conference on Sports Physiology. MTE, Budapest, 213-226.

Tremblay, A.. Després, J.P., Leblanc, C., Bouchard, C. (1984): Sex dimorphism in fat loss in
response to exercise training. Journal of Obesity and Weight Regulation, 3: 193-303.

Weiner, J.S., Lourie, J.A. (1969, eds): Human Biology — A Guide to Field Methods. IBP Handbook
No. 9. Blackwell, Oxford.

Wilmore, J.H. (1983): Body composition in sport and exercise: directions for future research.
Medicine and Science in Sports and Exercise, 1: 21-31.

Mailing address: lvan Szmodis
Batthydny u. 46
H-1015 Budapest
Hungary

142



