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A B S T R A C T

This study aimed to define the differences in growth characteristics in the three most frequent
causes of growth retardation – growth hormone deficiency, hypothyreosis and constitutional
delay of growth and development – in order to provide diagnostic means for distinguishing these
disorders. The study included 166 children with growth disorders aged 4–18 years. The height for
age, the bone age using the TW3 method, the predicted height as the target height and the
current prediction using the TW3 method were studied. For bone age, the radius, ulna and short
bones compartment (RUS) and carpal bones (CARP) were evaluated separately and the difference
in their delay in relation to chronological age (ΔBA_RUS_CARP) was determined. The relationship
of the studied variables with sex and the underlying diagnosis was tested and the relationship of
hypothyreosis and growth data was estimated. The model was tested on the growth data of 104
randomly selected patients with a growth disorder. The largest significant distinction was de-
monstrated by the difference ΔBA_RUS_CARP in hypothyreosis. The created linear regression
model was highly statistically significant (χ2= 19.4, p < 0.0001) and showed high selectivity
(0.609, 95% CI 0.409; 0.808) as well as high specificity (0.864, 95% CI 0.781; 0.946). The
clinical validity of the model demonstrated a 61% predictive value for the detection and an 81%
successful specification of hypothyreosis. The study demonstrated the possibility of distin-
guishing suspected hypothyreosis from other causes of growth retardation based on differences in
severity of the ossification delay in skeletal compartments of the hand.

Introduction

Growth is a complex process that is influenced by a number of internal and external factors. Under physiological conditions, the
growth of children demonstrates high stability given by a genetically conditioned growth pattern with a predicted population growth
position (Czerwinski et al., 2007). Short stature is defined as growth below the 3rd percentile of the population growth norm, or as –
1.5 SDS below the genetic growth curve associated with a growth velocity below the 10th percentile or long-term below the 25th
percentile of the age norm (Oostdijk et al., 2009; Rose et al., 2005). A hormonal disorder as the cause of growth restriction occurs
only in 1–2% of children. All other cases involve either a constitutional variant of growth (up to 80%) or manifestations of some
chronic systemic disease (15%). Insufficient growth may be also a component of certain genetic syndromes or bone dysplasiae
(approx. 1%) (Waldman and Chia, 2013). Growth is also negatively affected by unfavourable environmental factors, especially those
related to the low socio-economic level.
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In a number of diagnoses involving short stature, auxological variables demonstrate a very similar clinical picture – short stature
compared to the growth references, growth below the genetic growth curve, borderline or low growth velocity compared to the
average for a given age, delayed bone maturation, final predicted height at the low end or below the genetic growth chart as well as
delayed sexual maturation during puberty (Oostdijk et al., 2009; Rose et al., 2005). Usually, a more detailed distinction is not possible
on the basis of individual markers and assessment of their mutual combinations is more informative. Determination of the bone age is
the most informative character. This is most reliably determined by estimating bone age based on plain radiographs of the hand and
forearm, as these demonstrate a high correlation with linear growth as well as with sexual maturation at puberty. They also directly
reflect the regulatory activity of the principal hormonal axes on the child’s overall growth (Gilsanz, 2010; Murray and Clayton, 2013;
Tarim, 2011). This is very important especially in the diagnosis of childhood endocrinopathies, as assessment of the degree of
development of individual sections of the hand radiograph may indicate in which direction diagnosis should proceed. Separate
evaluation of the individual sections of the hand and distal epiphyses of the forearm bones is possible using the Tanner-Whitehouse 3
– TW3 method (Tanner et al., 2001), which evaluates the compartments – radius, ulna and short bones (RUS), ossifying according to
the model of long bones with the dominant influence of the somatotropic hormone axis and carpal bones (CARP), ossifying according
to the model of short bones with a significantly higher role of the thyroid axis. In diagnoses involving short stature, a characteristic
presentation may be observed depending on the severity of the retardation of these compartments compared to chronological age.
The greatest disproportion was observed in decreased thyroid gland function (hypothyroidism) (Basset and Williams, 2003; Gogakos
et al., 2010; Murphy and Williams, 2004). The aim of this study was to analyse the differences between routinely monitored growth
and development markers in the three most frequent causes of short stature – hypothyreosis, growth hormone deficiency and con-
stitutional delay of growth and development. Then, on the basis of these defined differences, the study aimed to develop a diagnostic
predictive model of the causes of growth disorder or rather a screening model for suspected hypothyreosis.

Materials and methods

One hundred and six boys and 60 girls aged from 4 to 18 years were included in the study conducted between 2007 and 2013. All
were patients of the Institute of Endocrinology in Prague and all had been referred for assessment of growth. Three basic diagnostic
categories with a very similar auxological presentation were chosen: (1) hypothyreosis (subclinical forms and euthyroid states), (2)
growth hormone deficiency (complete and partial), and (3) constitutional delay of growth and development. The frequency char-
acteristics of these groups are detailed in Table 1.

The auxological data of 104 randomly selected patients with a growth disorder (aged 5–16 years) treated at the Institute of
Endocrinology in Prague between 2012 and 2015 were used to test the validity and diagnostic ability of the created predictive
hypothyreosis model. Inclusion of all patients and the anonymous processing of their data were approved by the Ethics Committee of
the Institute of Endocrinology in Prague before the study was initiated. The research meets the conditions of the World Medical
Association Declaration of Helsinki.

Strict criteria for patient selection were defined in order to guarantee maximum homogeneity of the individual samples.
Hypothyreosis (hypoT): subclinical form defined as thyroid-stimulating hormone (TSH) levels above the upper limit of the age-
specific norm, free thyroxine (fT4) levels within the range of the age-specific normal values; eufunctional state defined as TSH and
fT4 levels within the age-specific norm according to the reference range of Heil et al. (2004): age up to 1 year – TSH (mUI/
l)= 1.36–8.80, fT4 (pmol/l)= 13.90–26.10; age 1–6 years – TSH (mUI/l)= 0.85–6.50, fT4 (pmol/l)= 12.10–22.00; age 7–12 years
– TSH (mUI/l)= 0.28–4.30, fT4 (pmol/l)= 13.90–22.10; 13–18 years – TSH (mUI/l)= 0.27–4.20, fT4 (pmol/l)= 13.60–23.20.
Both groups of patients had normal levels of circulating thyroid hormones and the regulatory effect on target tissues was identical.

Complete growth hormone deficiency (GHDC) was characterised by a low level of insulin-like growth factor 1 (IGF-1) compared
to age, insufficient stimulated secretion of growth hormone (GH) in 2 standardised tests (arbitrary value up to 5 μg/ml or 10mIU/l).
Partial growth hormone deficiency (GHDP) characterised by a lower level of IGF-1 compared to age, insufficient stimulated secretion
of GH in at least 1 standardised test (result just below10 μg/ml or 20mIU/l). In patients above the lower age limit for the interval of
puberty onset (boys over the age of 9 years, girls over the age of 8 years), oestrogen priming was indicated three days before the test
in both sexes using an oral dose of 2 g daily. All cases of growth hormone deficiency (GHD) involved the idiopathic form of the disease
with no organic cause detected. The radiographs and auxological data were acquired after the diagnosis of GHD had been made but
before substitution treatment was started.

Constitutional delay of growth and development (CD) was determined auxologically as delayed growth and bone age with a
growth prediction within the range of the genetic growth disposition. The diagnosis was determined per exclusionem once all pa-
thological causes were ruled out. The influence of low weight on growth delay was eliminated.

Table 1
The frequency of patients, according to sex and diagnosis.

Diagnosis Type Boys (n) Girls (n) Total (n)

Hypothyreosis 24 24 48
Growth hormone deficiency Complete 30 11 41

Partial 20 4 24
Constitutional delay of growth and development 32 21 53
Total 106 60 166

R. Daniš et al. HOMO - Journal of Comparative Human Biology 69 (2018) 139–145

140



The investigation included patients with symptomatically identical forms of hypothyreosis (subclinical form and eufunctional
status) and growth hormone deficiency (partial and complete forms), which however laboratorily and in some cases even clinically
demonstrated definite differences. Before these diagnoses were combined, the significance of differences in the principal studied
variables was tested using the Mann-Whitney’s test. Effect size was determined using Cohen’s d (small effect= 0.2, medium=0.5,
large effect= 0.8). Sex differences were not found, the effect size was calculated only in relation to the diagnosis.

The hypothyroidism sub-diagnoses did not demonstrate any significant difference. For this reason, the sample of patients with
hypothyroidism was considered homogeneous for the purpose of growth data analysis. Amongst the studied types of idiopathic
growth hormone deficiency (partial and complete forms), a statistically significant difference was demonstrated in the severity of the
delay of studied bone age compartments (ΔCA_BA_RUS: p=0.02, ΔCA_BA_CARP: p=0.01), despite the fact that the effect size
showed only a small biological effect (Cohen’s d=0.254). For this reason, both forms of GHD were henceforth evaluated separately.
The diagnosis of constitutional growth and development (puberty) delay is already primarily homogeneous and does not demonstrate
any subtypes, which is why it was not included in this testing.

Body height was measured using a wall mounted digital stadiometer (Seca 242 type) with millimetre precision. The height for age
was determined as the age (values in decimal age) corresponding to the 50th percentile of the child’s current body height. We
deducted the height for age value (HA) from the chronological age (CA) and then worked with this difference (ΔCA_HA). The final
body height was predicted in two ways – as a fixed, theoretical genetic growth disposition (target height – TH) and as an en-
vironmentally dynamic value based on the current body height and state of bone maturation using the TW3 method (PTW3) (Tanner
et al., 2001). The target height (TH) was determined according to Luo et al. (1998): THgirl = 37.85+ 0.75 * mean height of parents,
THboy= 45.99+0.78 * mean height of parents. We then calculated the difference between TH and the height predicted using the TW3
method (ΔTH_PTW3), which characterised the severity of the growth disorder.

Bone age was assessed using the Tanner-Whitehouse 3 method (TW3) (Tanner et al., 2001). This method assesses separately the
RUS (radius – ulna – 1st, 3rd and 5th metacarpi, phalanges of the 1st, 3rd and 5th finger) and CARP (carpal bones except the pisiform
bone) compartments from radiographs of the left hand and distal forearm. The radiographs were made under standard conditions in
the posterior-anterior projection from a height of 0.5 m, centring on the head of the 3rd metacarpus. We deducted the skeletal
maturation values of both compartments from patient chronological age (CA). We then worked with the values of the following
differences: ΔCA_BA_RUS and ΔCA_BA_CARP and with the mutual difference of the degree of delay of both skeletal compartments
ΔBA_RUS_CARP. In the first 30 patients, bone age measurements were made repeatedly at monthly intervals. These data were then
used to determine the intra-individual reading error using the intra-class correlation method, separately for the RUS and CARP
compartments. Single observer error was very low based on the high intra-class correlation coefficient of 0.994 (95% CI 0.986; 0.997)
for RUS and 0.993 (95% CI 0.985; 0.997) for CARP.

The relationships between the dependent variables (ΔBA_RUS_CARP, ΔCA_HA, ΔTH_PTW3) and the factors of sex and diagnosis
were tested using the multifactor analysis of variance (ANOVA). Given the non-symmetry and non-constant variance of data and
residuals, the original variables were transformed using the Box-Cox transformation in order to obtain approximate symmetry and
homoscedasticity. Homogeneity of the transformed data was verified using residual analysis. Dependence of the difference between
parameters on sex and diagnosis was evaluated using two-factor analysis of variance (ANOVA) with interaction between factors. The
significance of multiple comparisons was evaluated using the Bonferroni correction. Analysis was performed with the aid of the
StatGraphics Centurion program, version XVI. For the simultaneous estimation of the relationships between hypothyroidism and
growth data, we used multi-dimensional regression with dimensionality reduction (the orthogonal projections to latent structures
model-OPLS). The relevance of the variables was tested using VIP (variable importance) statistics. Of the original variables (diag-
nosis, sex, BA_RUS, BA_CARP, chronological age (CA), height for age (HA), ΔCA_HA, ΔBA_RUS_CARP, ΔCA_BA_RUS, ΔCA_BA_CARP,
target height (TH), predicted height (PTW3), ΔTH_PTW3), only the variable ΔBA_RUS_CARP demonstrated relevance. The homo-
geneity of the transformed data in the OPLS model was tested using Hotelling’s T2 statistics. The variable ΔBA_RUS_CARP was then
used in the model of logistic regression:

=

+

− + ×

− + ×
P e

e

_ _

1 _ _HypoT
1.312(0.215) 1.349(0.329) ΔBA RUS CARP

1.312(0.215) 1.349(0.329) ΔBA RUS CARP

where PHypoT is the probability of suspected hypothyreosis and ΔBA_RUS_CARP is the difference between the studied compartments of
bone age. The values in parentheses represent standard errors of parameter estimates.

Results

No significant inter-sexual differences were found in all studied variables (ΔBA_RUS_CARP, ΔCA_HA, ΔTH_PTW3). Only the factor
of diagnosis was shown to be significant (Fig. 1).

Fig. 1 shows the distinction in the difference of the bone age compartment (ΔBA_RUS_CARP) in the studied diagnoses. The
greatest difference was demonstrated in the group of patients with hypothyroidism. This difference was nearly zero in the group of
constitutional delay of growth and development. Significant differences following Bonferroni correction were confirmed between
hypothyroidism and constitutional delay (p < 0.01) and between hypothyreosis and complete growth hormone deficiency (GHDC)
(p < 0.05). No statistically significant differences were demonstrated between hypothyreosis and partial GH deficiency (GHDP).
Effect size values are in Table 2. Differences between hypothyreosis and other diagnoses show a medium effect.

Differences in the severity of growth delay given by the deviation of the height for age from chronological age (ΔCA_HA) were
very similar in all the studied diagnoses. The statistical significance of the differences was not confirmed (Fig. 1), because the growth
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delay was very similar for all monitored diagnoses.
Evaluation of the deviation of the final height prediction from patient current height in relation to his/her genetic disposition

expressed as the target height (ΔTH_PTW3) showed the most significant difference in the case of complete growth hormone defi-
ciency (GHDC), which demonstrated a significant difference from all the other diagnoses. Following verification of the validity of the
significance of differences using the Bonferroni correction, the following dependence was confirmed (Fig. 1) – a statistically highly
significant difference of prediction between GHDC/GHDP and GHDC/constitutional delay of growth and development. Significance
was at the 1% level in both cases. The significance of differences was not confirmed in the case of hypothyreosis. Effect size was small
in all cases (Table 3).

The largest significant difference with clinical relevance (medium effect size by Cohen’s d) was demonstrated by the difference in
the ossification delay of the bone age compartments (ΔBA_RUS_CARP) in hypothyreosis (Fig. 1, Table 2). In the case of the other
variables, differentially diagnostic differences were not confirmed. ΔBA_RUS_CARP was then used to construct a model of logistic
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Fig. 1. Dependence of the variables of the auxological parameters on sex and diagnosis. Points: retransformed mean, empty points: girls, full points:
boys, error line segments: 95% confidence interval of retransformes means (IS) for multiple comparisons using the least significant difference metod
(LSP). Overlapping IS: insignificant difference. ANOVA model: ΔBA_RUS_CARP – sex: F=0.77, p=0.3802; diagnosis: F=8.82, p < 0.0001;
sex× diagnosis interaction: F=0.46, p=0.7109; ΔCA_HA – sex: F=0.08, p=0.7748; diagnosis: F=2.44, p=0.0663; sex×diagnosis inter-
action: F=0.46, p=0.7139; ΔTH_PTW3 – sex: F=0.74, p=0.3916; diagnosis: F=4.88, p=0.0029; sex×diagnosis interaction: F=0.82,
p=0.4828. F: Fisher-Snedecor statistics, p: level of statistical significance of the factor. CD: constitutional delay of growth and development, GHDC:
complete growth hormone deficiency, GHDP: partial growth hormone deficiency, hypoT: hypothyreosis, ΔBA_RUS_CARP: difference in delay be-
tween bone age compartments from the chronological age (in years), ΔCA_HA: difference between chronological and height age (in years),
ΔTH_PTW3: difference between predicted adult height and target height (in millimetres).

Table 2
Effect size for differences between diagnoses for ΔBA_RUS_CARP.

Diagnose n Mean (SD) Cohen’s d (vs. hypoT)

hypoT 48 0.494 (0.813)
CD 53 0.051 (0.446) 0.676
GHDP 24 0.104 (0.480) 0.584
GHDC 41 0.139 (0.399) 0.554

ΔBA_RUS_CARP: difference in delay between bone age compartments from the chronological age, hypoT: hypothyreosis, CD:
constitutional delay of growth and development, GHDP: partial growth hormone deficiency, GHDC: complete growth hor-
mone deficiency.
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regression for possible screening prediction of suspected hypothyreosis. The model thus created was statistically highly significant
(χ2= 19.4, p < 0.0001) demonstrating high values of selectivity, i.e. the ability to predict hypothyreosis as well as specificity, i.e.
the ability to determine the diagnosis on hypothyreosis detection. The diagnostic efficacy of this model was tested on the growth data
of 104 randomly selected patients with a growth disorder and confronted with their clinically determined diagnosis. The sensitivity
values (0.609, 95% CI 0.409; 0.808) as well as the specificity values (0.864, 95% CI 0.781; 0.946) lay within the corresponding
confidence intervals from the constructed model of logistic regression. The efficacy of the model in the controls is depicted in Fig. 2.

There was positive detection of suspected hypothyreosis in 23 patients. This result was confronted with the clinically determined
diagnosis. In 14 patients, there was concordance in the determination of diagnosis, while in 9 cases of clinically confirmed hy-
pothyreosis this was not predicted by the model. False positive detection occurred in 9 patients and all cases involved individuals
with complete growth hormone deficiency. This comparison shows that the model has a 61% predictive success from the aspect of
selectivity and an 86% success from the aspect of successful hypothyreosis specification.

Discussion

Determination of bone age is an indispensable diagnostic tool in a number of paediatric specialities. Bone age demonstrates high
correlation dependence with linear growth and with sexual maturation in puberty and it also directly reflects the regulatory activity
of principal hormonal axes in the overall growth process of a child (Gilsanz, 2010; Murray and Clayton, 2013). In relation to the
diagnosis of growth disorders, methods capable of evaluating separately carpal bone ossification and tubular bone ossification must
be used (Tanner et al., 2001). Methods that evaluate the radiograph of the hand as a whole are unsuitable as they fail to take into
consideration the different hormonal regulatory axes and present the subsequent value of the bone age as the average ossification of
both skeletal compartments. Also, the frequently used mere evaluation of carpal compartment development is not too informative
with regard to overall growth (Thodberg, 2009; Zhang et al., 2007). Moreover, evaluation of carpal compartment radiographs is
burdened by greater subjective error and demonstrates higher inter-individual variability than do the other compartments of the
hand and distal forearm.

Evaluation of bone age using the TW3 method has been used in several studies (Malina et al., 2007; Molinary et al., 2004; Zhang
et al., 2008). As in all these cases bone age was evaluated in a healthy group of children, no significant difference between the RUS

Table 3
Effect size for differences between diagnoses for ΔTH_PTW3.

Diagnose n Mean (SD) Cohen’s d (vs. hypoT)

hypoT 48 6.49 (5.75)
CO 53 5.23 (3.94) 0.256
GHDP 24 5.88 (5.29) 0.111
GHDC 41 9.10 (4.83) −0.491

ΔTH_PTW3: difference between predicted adult height and target height, hypoT: hypothyreosis, CD: constitutional delay of
growth and development, GHDP: partial growth hormone deficiency, GHDC: complete growth hormone deficiency.

Fig. 2. Predictive efficacy of the logistic regression model for the prediction of suspected hypothyreosis based on ΔBA_RUS_CARP in the control
sample.
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and CARP compartments was found. Only the inter-sexual difference in their development was confirmed and this demonstrated
dynamics identical to the course of the pubertal growth spurt. Some works have noted the difference in the ossification of carpal
bones and the distal epiphyses of the radius and ulna, however, without any discussion of the auxological connections. These include
e.g. a study from Rajasthan (Srivastav et al., 2004), which compared data regarding the ossification of Indian and British children for
forensic medical needs or a case report study (Kaissi et al., 2009), which followed disorders of ossification in various parts of the
skeleton in a patient suffering from Desbuquois segmental dysplasia. Unfortunately, none of these studies used routinely re-
commended methods for bone age estimation in clinical practice.

The consequences of thyroid hormone deficiency for growth and bone development were first described in 1941 by Wilkins who
evaluated a series of radiographs of various parts of the skeleton in 25 paediatric patients with hypothyroidism (Wilkins, 1941). He
discovered a significant delay in ossification and bone growth associated with overall growth retardation and changes in pro-
portionality, namely a shortening of the diaphysis of long bones. He also described the insufficient ossification of carpal and tarsal
bones and insufficient calcification of nearly all bones of the skeleton. When changes were monitored once substitution therapy was
started, improvement was noted with progression of ossification, bone growth and thus an overall increase in growth velocity and
improvement of mineralisation. Pathological involvement was detected longest on the proximal epiphysis of the femur and on the
navicular bone, regardless of treatment (Wilkins, 1941). Borg et al. (1975) described multiple radiograph changes in two cases of
cretinism. In the adult stage, the individuals studied demonstrated significantly hypoplastic development of the skull and facial
bones; kyphosis of the spine; short metacarpi and metatarsi as well as epiphyseal dysgenesis of the humerus, femur and tibia. Similar
findings were also published by other authors (Mosekilde et al., 1990; Simpson et al., 1950). Cases of hypothyroidism – associated
arthropathy have also been described (Gerster and Valceschini, 1992; McLean and Podell, 1995; Shiroky, 1993).

The principal sites of action of thyroid hormones, namely T3, are the long bones in the area of the hypertrophic zone of the
epiphyseal growth plate. They also play an important role in the maturation of osteoblasts, i.e. in the ossification zone. A number of in
vitro and in vivo studies have confirmed that T3 regulates the critical transition between cell proliferation and terminal differentiation
of the growth plates (Robson et al., 2002; Shao et al., 2006). Studies on model organisms (thyroid hormone receptor knock-out mice)
have provided a precise description of the structural changes in the epiphyseal growth plate and have clarified the mechanisms of
changes within the bone structure (Forrest et al., 1996; Goethe et al., 1999). Without the participation of thyroid hormones in growth
and differentiation processes within the growth plate, there would be disorganisation of the growth cartilage chondrocytes, devel-
opmental abnormalities in the structure of cartilage and bone tissue, disorders and delays of the mineralisation process and structural
abnormalities during remodelling processes (Kindblom et al., 2001).

Most published studies focus on growth disorders in relation to congenital hypothyreosis. In previous years, the incidence of
acquired forms of hypothyreosis was rather rare in children. However, the number of such cases has been on the rise recently (Counts
and Varma, 2009; Hunter et al., 2000). The causes include environmental pollution as well as an increase in autoimmune reactions of
the organism as a result of current lifestyle (Counts and Varma, 2009; Kordonouri et al., 2002). The auxological symptomatology of
hypothyreosis in childhood is independent of disease aetiology. An identical clinical presentation has been described in the case of
hypothyroidism with autoimmune damage to the thyroid gland (Kordonouri et al., 2002), in untreated congenital hypothyreosis
(Rivkees et al., 1988) as well as in disorders of tissue sensitivity to thyroid hormones (syndrome of thyroid hormone resistance)
(Kvistad et al., 2004). Also, as in our study, inter-sexual differences in growth and development characteristics have not been
confirmed post-natally. However, a completely different situation has been found in the pre-natal period, i.e. in individuals with
congenital hypothyreosis. The fact that thyroid hormone deficiency in general does not delay foetal growth but leads to delayed bone
maturation was already described by Wolter et al. (1979). The severity of this delay, in contrast to post-natal development, de-
monstrates significant sex specificity (Devos et al., 1999). This is also confirmed by the results of the French study (Van Vliet et al.,
2003), which was based on the analysis of data of 1827 newborns with a congenital form of hypothyreosis. In this case, skeletal
development was defined by the peri-natal presence/absence of the ossification nuclei of the knee epiphysis (distal epiphysis of the
femur and proximal epiphysis of the tibia). Absence of ossification nuclei was found to be twice more frequent in newborn boys. The
authors explained this state by the probably insufficient conversion of T4 to T3 within the chondrogenic base of the epiphyses.

A number of studies have drawn attention to the need for timely detection of insufficient thyroid gland function and treatment
initiation. These studies have shown that timely initiation of substitution in congenital hypothyreosis uncovered during neonatal
screening significantly increases the chance of achieving adult height in accordance with the genetic growth disposition (Dickerman
and De Vries, 1997). As already shown e.g. by the Rivkees, Bode, Crawford study (Rivkees et al., 1988), the severity of adult height
deficit demonstrates a direct correlation with the duration of the hypothyroid status. In contrast, untreated congenital hypothyreosis
diagnosed late or insufficiently compensated juvenile hypothyreosis lead to a significant slowing down or even arrest of growth, delay
in bone maturation and epiphyseal dysgenesis (Barnard et al., 2005). Animal studies have revealed that the main cause is the
insufficient differentiation of chondrocytes in the hypertrophic zone of the growth cartilage (O’Shea et al., 2003). In these patients,
there is an irreversible decrease in their genetic growth potential because once substitution therapy is initiated, the compensatory
acceleration of growth is no longer sufficient and skeletal development proceeds more rapidly than growth acceleration.

Thyroid hormones play a significant role in the development of bone density, as documented by the number of studies cited in the
review of Murphy and Williams (2004). Apart from the already mentioned growth and development retardation, the clinical man-
ifestations of thyroid hormone or T3 deficiency also include a major delay in bone mineralisation associated with disorders of bone
remodelling. Again, normalisation of this state depends on early and timely diagnosis and the achievement of euthyroid status using
appropriate substitution treatment (Dickerman and De Vries, 1997; Salerno et al., 2004). Studies have been conducted in children
with congenital forms of hypothyreosis demonstrating that patients achieved normalisation of bone mineral density (BMD) de-
termined using the DXA method only after long-term treatment (Kooh et al., 1996; Leger et al., 1997). Our listing of some of the most
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serious consequences of late or poorly compensated hypothyreosis of various aetiologies supports our attempt to put into effect a pre-
laboratory screening for the detection of suspected hypothyroidism. Any important delay in carpal ossification should always be an
indication for a more thorough examination of the thyroid axis.
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Secular trends of adiposity and motor development in preschool children since the fifties of the last century up to the beginning of
this millennium were analyzed so as to reveal possible changes due to continuously differentiating lifestyle. In preschool children
(𝑛 = 3678) height, weight, skinfold thickness over triceps, subscapular, and suprailiac were measured by Harpenden caliper in
1957, 1977, 1980, 1985, 1990, and 2012. Simultaneously, motor performance was tested by evaluating the achievements in broad
jump and throwing a ball, as a marker of adaptation to changing level of physical activity, free games, and exercise. Along the
period of five decades the values of skinfold thickness increased significantly until 2012, mainly on the trunk. Simultaneously,
the level of motor performance significantly decreased. Modifications of the way of life during the mentioned five decades
characterized by sedentarism and inadequate food intake as related to energy output influenced negatively both adiposity and
motor performance already in preschool children.Mostly increased deposition of fat on the trunkwhich is considered as amarker of
possible development ofmetabolic syndromewas apparent already in preschool age, indicating the importance of early intervention
concerning also physical activity and availability for exercise since early life.

1. Introduction

Secular changes in the way of life, which includes food intake
not corresponding to energy expenditure due to considerable
reduction of physical activity and work load, have resulted
in a number of morphological, functional, and motor conse-
quences which have had also a significant impact on health
[1–6]. This has concerned all age categories, and especially
growing subjects. Secular comparisons of school children and
adolescents revealed marked increase of body fat evaluated
from skinfolds [7, 8]; along with that functional capacity
has deteriorated, as indicated by the decrease of aerobic
power, speed, strength, and so forth, [9, 10]. As shown, for
example, by Cattaneo et al. [11] and Pař́ızková et al. [12, 13],
the increase of adiposity characterized by skinfold thickness
was found already in preschool age, due also to decreasing

age of adiposity rebound (AR) [14, 15]. All these changes
concerning increasing adiposity have been accompanied by
the worsening of motor development as a marker of the
adaptation to reduced physical activity already in young
children, especially when energy intake and composition of
nutrition have not corresponded adequately.

When comparing the achievements of, for example, jump
from the spot or ball throw by both hands, the results
assessed at the beginning of this millenium and those, for
example, in the seventies of the last century, recent results
were significantly worse [12, 13, 16]. Deterioration of motor
abilities concerns especially thosewhich require certain expe-
rience and adaptation to adequately increasd level of physical
activities mostly outside, or under special conditions. For
that reason this deterioration can be considered as a marker
of sedentarism and reduced participation in exercise, which
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Table 1: Sample characteristics: age, sex—frequency.

Age sex Study
1957 1977 1980 1985 1990 2012

5 M 166 196 — — 363 157
F 157 180 — — 383 161

6 M 154 156 146 182 233 133
F 162 178 146 190 198 137

M = male, F = female.

used to be considerably higher decades of years ago when
children had better opportunity for spontaneous games in
safe playgrounds, parks, gardens, and so forth [12, 17, 18].This
is mostly not available at present [3, 6, 19], especially in larger
urban agglomerations, where safety cannot be guaranteed
(traffic, criminality concerning children, etc.). Unfortunately,
this is reflected by both inadequate body composition—
increase of adiposity (often evenwithout increased bodymass
index—BMI), simultaneously with the lower level of motor
development [12, 13].

This negative effect of changed lifestyle has concerned
especially the critical period of development, that is, adiposity
rebound (AR) when, for example, BMI [14], directly assessed
adiposity (skinfolds), and level of spontaneous physical activ-
ity have been changing in a decisive manner [20]. The age
of AR has been more recently decreasing due to increasing
adiposity at earlier agewhich coincideswith increasing preva-
lence of obesity [15]. Special attention should be therefore
paid to this developmental period, with regard to nutrition
and physical activity regimes which can have due to varying
sensitivity to the environmental factors various consequences
from the point of view of not only immediate but also delayed
affects which could appear only later in life [12, 21].

Aim of this study was to evaluate in greater detail secular
changes of adiposity in preschool age, with regard to various
time periods (1957, 1977, 1980, 1985, 1990, and 2012) and to
determine more exactly when the change was most marked
and critical. The changes of the distribution, with special
regard to trunk accumulation of fat, which is considered to
be linked with possible development of metabolic syndrome
later, were also followed [22, 23]. Special attention was also
focused on mentioned changes of adiposity as related to the
changes of adiposity rebound (AR), evaluated at the same
periods of time from BMI curves.

2. Material and Methods

The Institutional Research Ethics Committee at the Institute
of Endocrinology in Prague, Czech Republic, approved the
study. Written informed consent was obtained from parents
of all children participating in the study.

2.1. Participants. Data from 6 samples of 5- to 6-year-old
children followed up in 1957 and 2012 were used for the
comparison of morphological parameters and markers of
adiposity (Table 1). Kindergarten children from different
regions of the Czech Republic, Prague and central Bohemia
(1957 [24], 1977 [25], 1980 [26], 1985 [27], and 1990 [28];
southern Bohemia (2012)) were included in our study.

Testing of motor abilities was a part of experimental
measurements conducted in 1977 and in 2012 [25, 29].
The comparison of the age of adiposity rebound (AR) was
based on the measurements in the framework of national
anthropological research studies in children and adolescents
(NAS), which have been since also used as national somatic
development standards of Czech population. The NAS has
been conducted at 10-year intervals, starting in 1951 [30]. Last
NAS was conducted in 2001 [31]. For that reason we used for
the comparison NAS data from 1951 (𝑛 = 126,082; 62,742 boys
and 63,340 girls), 1981 (𝑛 = 87,316; 42,832 boys and 44,484
girls), 1991 (𝑛 = 70,299; 34,640 boys and 35,659 girls), and
NAS 2001 (𝑛 = 59,082; 28,146 boys and 30,963 girls). Data
from 1961 and 1971 were not available. Analysis of BMI data
aimed for age determination AR was conducted in children
aged 2,5–18 years.

2.2. Anthropometric Measures and Motor Ability Assessment.
Children were of middle class background; they were always
followed up in their underwear during the morning session
in their kindergartens, after enough sleep and more than one
hour after breakfast.Their health status was always absolutely
normal, and children with evenminor indisposition were not
measured.

Height and weight weremeasured for each child. Anthro-
pometry was conducted in accordance with the guidelines
provided by Tanner and Whitehouse [32]. Body mass index
(BMI) was calculated as body weight (in kilograms)/body
height2 (in meters). For the construction of BMI percentile
curves for Czech population the LMS method was used [33],
based on the Box-Cox power transformation. ARwas defined
as the time position of the local minimum on the fitted
smooth BMI curve.

The skinfold thickness was measured by Harpenden
caliper (in millimeters) in suprailiac and subscapular region
and over the triceps [25].Monitored parameters are shown in
Table 2.

Motor performance was tested by the evaluation of
the results of broad jump, characterizing coordination and
strength of lower extremities. Testing was conducted mostly
outdoors in a playground or on a pathway in a park, not on a
concrete or pavement. These tests represent simple activities
usually included in children’s games in kindergartens or
during family activites; however, at the beginning of testing
children were always instructed and demonstrated exactly
how to perform.

The standing broad jump is a test for the evaluation of
explosive strength of the lower extremities and also of coor-
dination and skill. The experimental worker demonstrates
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Table 2: Sample characteristics: BMI, skinfold thicknesses, and motor abilities.

Survey/year 1957 1977 1980 1985 1990 2012
Anthropometric parameters + + + + + +
Skinfolds + + + + + +
Standing jump − + − − − +
Throw the ball − + − − − +

the jump and instructs the child, “sway your arms and jump
as far as possible!” Two attempts are recorded in cm, from
the toes to the last foot mark. Throwing a ball (tennis)
characterizes the explosive strength of the upper extremities,
coordination, and skill. The child stands on the starting line
and throws the ball with the upper arch; two attempts are
conducted and the results of the better one—as in previous
test—is considered [18]. These two motor abilities that were
tested are more dependent on previous experience and
adaptation. All methods including skinfold measurements
were verified and used repeatedly in previous studies always
mostly conducted directly or with participation of one of
the coauthors since 1957 [12, 13, 16–18, 24, 34] and were well
accepted as a game by all children.

2.3. Statistical Analysis. The results of motor tests (broad
jump from the spot and throwing a ball) and of skinfold thick-
ness were analysed using STATISTICA software v. 9 (StatSoft,
Czech Republic). To get informations on a long-term trend
of changes, skinfold and motor performance data assessed in
our studies were analyzed. Before statistical testing, the data
were transformed to follow a normal distribution. First, we
tested the skinfold data from the studies conducted in the
years 1957, 1977, 1980, 1985, 1990, and 2012 using three-way
ANOVA.The effect of following factors was considered: year
of study, age, and gender. Interactions of these factors have
also been evaluated. False significance has been handled with
Bonferroni correction. Next, the data on motor performance
(from the years 1977 and 2012) were analyzed using two-way
ANOVA, taking into account the age and gender as factors.

3. Results

As shown in Figure 1, in 5-year-old girls therewas an apparent
increase of skinfold thickness over the period from 1977
to 2012. Skinfolds on the trunk, subscapular, and suprailiac
increased most markedly.

Significance of differences in triceps skinfold thickness of
girls between 1957 and 1990 was 𝑃 < 0.01, for 1957 and 2012,
1977 and 1990, and 2012 (𝑃 < 0.05). With regard to subscapu-
lar skinfold, values from 2012 and all other measurements
were highly significant (𝑃 < 0.001), and in comparison with
1977 and 1990 they were 𝑃 < 0.05. For suprailiac skinfold all
differences were highly significant (𝑃 < 0.001).

Triceps skinfold thickness in boys increased significantly
between the years 1957 and 1977, 1990, 2012 (𝑃 < 0.001), 2012
and 1977, 1990 (𝑃 < 0.05), for subscapular skinfold between
the years 1957 and 1977, 1990, 2012 (𝑃 < 0.001). For suprailiac
skinfold differencewas significant when comparing 1957, 1977

0 2 4 6 8 10 12 14
Skinfold thickness (mm)

1957
1977
1990

2012

Girls 5,00–5,99

Triceps 
skinfold

Subscapular 
skinfold

Suprailiac 
skinfold

Figure 1: Changes of skinfold thickness (triceps, subscapular, and
suprailiac) in 5-year girls from the studies of 1957 up to 2012.
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Figure 2: Changes of skinfold thickness (triceps, subscapular, and
suprailiac) in 5-year boys from the studies of 1957 up to 2012.

and 2012 (𝑃 < 0.001), 1957, 1977, and 1990 (𝑃 < 0.05)
(Figure 2).

In 6-year-old children the increase between the year 1957
and 1990 was not very apparent (Figures 3 and 4). Marked
change, however, appeared at the occasion of most recent
measurements (in 2012), when skinfold thickness on the
trunk in both boys and girls increased most significantly as
compared to all other previous measurements.
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Table 3: Statistical significance of differences between the values of skinfold thicknesses—comparison of the sample followed up in 2012
compared to samples followed up in 1957, 1977, 1980, and 1985.

2012/ 1957 1977 1980 1985 1990
Triceps

Boys 5 years ∗ ∗ ∗ ∗ — — ∗

6 years ∗ ∗ ∗ ∗ ∗ ∗ ∗ ∗ ∗ ∗ ∗

Girls 5 years ∗ ∗ ∗ ∗ — — n.s.
6 years ∗ ∗ ∗ n.s. ∗ ∗ ∗ n.s. n.s.

Subscapular

Boys 5 years ∗ ∗ ∗ ∗ ∗ ∗ — — ∗ ∗ ∗

6 years ∗ ∗ ∗ ∗ ∗ ∗ ∗ ∗ ∗ ∗ ∗ ∗ ∗ ∗ ∗

Girls 5 years ∗ ∗ ∗ ∗ ∗ ∗ — — ∗ ∗ ∗

6 years ∗ ∗ ∗ ∗ ∗ ∗ ∗ ∗ ∗ ∗ ∗ ∗ ∗ ∗ ∗

Suprailiac

Boys 5 years ∗ ∗ ∗ ∗ ∗ ∗ — ∗ ∗ ∗ ∗ ∗ ∗

6 years ∗ ∗ ∗ ∗ ∗ ∗ ∗ ∗ ∗ ∗ ∗ ∗ ∗

Girls 5 years ∗ ∗ ∗ ∗ ∗ ∗ — — ∗ ∗ ∗

6 years ∗ ∗ ∗ ∗ ∗ ∗ ∗ ∗ ∗ ∗ ∗ ∗ ∗ ∗ ∗

Based on three-way ANOVA (age, sex, and year of study); ∗𝑃 < 0.05; ∗∗∗𝑃 < 0.001; n.s. = no significance.
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Figure 3: Changes of skinfold thickness (triceps, subscapular, and
suprailiac) in 6-year girls from the studies of 1957 up to 2012.

Further marked changes were found in girls with regard
to triceps skinfold measured in 1957, 1980, and 1977, 1985,
1990 (𝑃 < 0.001), 1985 and 1990 (𝑃 < 0.05), suprailiac
skinfold between the years 1980 and 1957, 1977, 1985, and
1990 (𝑃 < 0.05). In boys significant differences in triceps
skinfold were assessed in 1957, 1977, 1980 and 1985, 1990
(𝑃 < 0.01), in subscapular skinfold between years 1977
and 1980, 1985, 1990 (𝑃 < 0.05), in suprailiac skinfold
between 1977 and 1957, 1980 (𝑃 < 0.05), 1977 and 1985, 1990
(𝑃 < 0.001), 1980 and 1985, 1990 (𝑃 < 0.01). Table 3 shows
an overview on statistical significance of differences among
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Figure 4: Changes of skinfold thickness (triceps, subscapular, and
suprailiac) in 6-year boys from the studies of 1957 up to 2012.

the results of skinfold thickness assessed in the individual
studies, as related to recent data from the year 2012.

Development of motor skills in present preschool chil-
dren is shown in Figures 5 and 6. Changes in body compo-
sition were found to be associated with the changes in motor
development of preschool children. In both genders, tested
aspects of motor development, explosive strength of lower
extremities (standing broad jump) and manipulative skills
of upper extremities (throwing the ball), were significantly
worse most recently, as compared to the results assessed in
their peers in 70 years of 20th century.Mostly significant drop
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Figure 5: Changes of the performance in broad jump from the year
of 1977 up to 2012 in preschool children in two age categories. The
differences were significant in boys on the level of 𝑃 < 0.05 in 5- and
6-year-olds; in girls, the differences were significant on the level of
𝑃 < 0.05 only in 5-year-olds.
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Figure 6: Changes of the performance in ball throw from the year
of 1977 up to 2012 in preschool children in two age categories. In 6-
year boys and girls, the differences were significant on the level of
𝑃 < 0.001, in 5-year-old girls 𝑃 < 0.05.

was found especially in the sample of contemporary 6-year
boys (𝑃 < 0.001).

As shown in Figure 7 the age ofARdecreased significantly
in all BMI categories. Most marked decrease of AR age
occurred in children with highest weight.

4. Discussion

Relative stability of BMI which basically relates weight to
height indicates that both of these parameters of somatic

development have increased correspondingly during the
period of our measurements [12, 13]. This is partly in
contrast with skinfold thickness measurements, which dis-
close significant changes in body composition—increase of
adiposity and possibly of slightly reduced development of
other bodily tissues as muscles due to insufficient stimulation
by physical activity and exercise [18, 35]. As total amount
of total body fat and distribution of subcutaneous fat and
their interrelationships in preschool age are not the same as
in school age and adolescents, it was preferred to use for
secular comparisons basic values of skinfolds and not the
results of the evaluation of total fat from skinfolds using our
regression equations, derived before for Czech children (7–
12) and adolescents (13–18 years) [24]. Using formulas derived
for local populations gives always mostly exact results and is
therefore recommendable; however none were available for
Czech preschool age. The same applies for others [36, 37].

Along with reduced development of lean body mass the
insufficient development of bone density can be also consid-
ered. Significantly increased adiposity of preschoolers during
the periods of our measurements however corresponds to
the shift AR to lower age along with the decrease of physical
activity levels using pedometers [20] or later by accelerators
[6].

Increase of adiposity characterized by skinfolds corre-
sponds to negative changes of motor abilities which can
be considered as a marker of physical activity level and
resulting energy expenditure. This situation characterizes
positive energy balance even under conditions of adhering
to recommended dietary allowances (RDA). Children who
have been getting fatter more recently became also clumsier
as compared to children more decades ago and therefore also
less interested in active games and exercise. These have been
moreover much less available than in the period when our
studies were started.

This finding can be considered not only as a marker
of reduced physical fitness, but also as a health risk, which
was confirmed also by increased deposition of fat on the
trunk where the changes have been mostly marked. This
type of fat deposition is considered especially as undesirable,
as it characterizes morphologically those who can be more
threatened by increased development ofmetabolic syndrome,
which has been revealed more often at younger age than
before [22, 23].

Not only increased subcutaneous fat, but also the results
of motor tests as markers of the level of physical activity
and exercise emphasize the importance of necessary motor
stimulation for a desirable development of children with
regard not only to physical fitness, but also to health status
and its prognosis. Reduced level of motor performance
concerning explosive strength of lower extremities (broad
jump) and manipulative skill abilities (throwing a ball) was
revealed especially in 6-year-old boys, when secular differ-
ences in adiposity were also mostly marked and most highly
significant and concerned also the changed distribution of fat
(trunk skinfolds).

With regard to time period the most marked differ-
ences have occurred especially between the last (2012) and
before-last measurements (1990), that is, during the period
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Figure 7: Age of adiposity rebound between the years 1957–2001 in Czech girls and boys: 10th, 50th, and 90th percentile of BMI.

of significant social and economic changes in the Czech
Republic. It is necessary to emphasize that obviously due
to mentioned changes the lifestyle has changed too, which
resulted also in the increase of overweight and obesity
prevalence generally in all age categories including children
[1, 4, 5].

Increasing prevalence and global epidemy of obesity has
concerned more recently also young age categories in many
other countries as shownby the comparison ofmeasurements
of children in 144 countries [38]. This is also related to the
results of the secular increase of adiposity along with the
worsening of motor development as a marker of physical
activity and energy expenditure level revealed in numerous
school age and adolescent populations [12, 13, 35]. De Onis
et al. [38] evaluated the changes of height and weight
from numerous countries, but not direct characteristics of
adiposity, for example, skinfold thickness, which can secu-
larly change without marked changes of BMI [13]. Skinfold
thicknesses correlate significantly with total body fat and
give more exact information on adiposity as compared with
height and weight and their relationship, or BMI only [24,
36, 37]. Other studies followed skinfolds in preschoolers
and compared various periods of time but did not assess
simultaneously also the parameters of motor and functional
developmentwhich reflect the level of adaptation to increased
and/or decreased physical activity.

Polish authors measured height, weight, and body fat
of 1,970 girls and compared the data with the results from
previous surveys (1983 and 2000). In all girls measured in
2010, the time of AR was found earlier than in girls measured
in 1983 [39]. Authors concluded that earlier AR cannot be
explained only by the changes in body adiposity: it could
be a marker of acceleration of development which started

already in an early postnatal ontogenesis. During last 30 years
significant increase of BMI was not revealed; however, an
increase of trunk fat was found, especially in boys [40, 41].
One of the causes of these changes could be increasing energy
imbalance due to inactivity since earliest periods of life.

As apparent from our study, BMI has not revealed in
preschool children similar secular changes as adiposity [42].
This was obviously due to the increase of both height and
weight values, which were mostly synchronic and mutually
corresponding; only insignificant fluctuations which were
similar at any time were revealed. In contrast to that, skinfold
measurements differed significantly along time, similarly as
the results of motor testing. This finding can be explained by
significant secular changes of body composition—increased
adiposity due to the reduction of energy expenditure result-
ing from decreased physical activity level, and reflected also
by decreased level of motor performance. In this respect,
results of motor testing which characterize worsened func-
tional development and skill of obviously more inactive chil-
dren correspond to body composition changes—increasing
adiposity.

Modifications of the way of life during the mentioned
five decades characterized by sedentarism and inadequate
food intake as related to energy output influenced neg-
atively both adiposity and motor performance already in
preschool children. The most common present nutritional
phenomenon is undesirable composition of food (increased
intake of saturated fats, simple sugars, etc.) which has espe-
cially most undesirable consequences under conditions of
reduced energy expenditure due to sedentarism [1, 6, 7].Most
marked changes between years 1990 and 2012 when signif-
icant social, economic, cultural and further changes in the
Czech Republic occurred were revealed. Moreover, mostly
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increased deposition of fat on the trunk which is considered
as a marker of possible development of metabolic syndrome
[22, 23] was apparent already in preschool age, indicating
the importance of early intervention concerning also physical
activity and availability for exercise since early life. Results
concerning AR shift to younger age which correspond to
secular changes of skinfold measurements indicate also the
increased risk of obesity development in youngest children,
which is from the point of view of further increased adiposity
the highest. Obesity which develops already in preschoolers
has been considered as much greater risk for later increase
in obesity prevalence and in this case also accompanied with,
for example, metabolic syndrome, psychological, orthopedic,
and many other health problems [1, 2].

Epidemiological and research data indicate the essential
role of physical activity in energy expenditure, energy bal-
ance, and adiposity of the organism. Active individuals are
always characterized by lower relative and absolute amount
of body fat (provided that their physical activity is of spe-
cial character—aerobic, dynamic one has adequately higher
intensity, duration, and frequency), increased functional
capacity, aerobic power, andmotor development.This applies
even when food intake is increased, as apparent, for example,
in athletes and exercising youth who have higher energy
intake than recommended dietary allowances. The effect of
adequate exercise was revealed in all age categories starting
with preschool to advanced age [16, 21, 25, 34] and was
therefore included also in complex treatment and prevention
of obesity. As emphasized also more recently, longer lasting
obesity during growth period also results in musculoskeletal
problems (flat feet, back pain, etc.) which further reduce
physical activity and worsen the overall situation with regard
to proper energy balance. In hypokinetic subjects adiposity
increases even when recommended dietary allowances are
adhered to.

5. Conclusions

Adequate physical activity regimemakes possible food intake
and behaviour according to individual will and appetite,
which is especially recommendable for children. Adhering
to special composition of “healthy diets” which includes all
indispensable components (RDA) is always a difficult task
for any family. So the availability of suitable physical activity
regime is the best approach for young children due to their
natural trend for highest spontaneous activity in life [4, 5,
20, 35, 43]. “Positive health” can be achieved therefore using
physiological means like an adequate physical activity and
exercise, which has been however known and experienced
long time ago, however, more and more difficult under
present conditions of life.

Secular increase of body fat along with the deterioration
of motor development was revealed due to sedentarism as
early as in preschool age. This can occur even when, for
example, average recommended dietary allowances have not
been trespassed significantly, and BMI has not beenmarkedly
increased, or even not at all. Intervention in physical activity
regime should start in the family due to desirable model

of parents, siblings, caretakers, and so forth. Spontaneous
games in suitable indoor and outdoor areas under the
supervision of close caretakers are preferred and should
be available as often as possible. Individual approach and
individual tailoring according to the characteristics of the
child (age, gender, degree of development, environmental
conditions, etc.) should be used. Special organized physical
education classes together with, for example, one of the
parents, or other close caretakers, should be arranged, as
positively experienced in more countries. Due to present
health complications and their economic consequences in
prezent environmental conditions, inteventions in physical
activity regimes of children should be guaranteed by health
and pedagogic caretakers and also governmental institutions.

Achievement of an increased physical fitness and ade-
quate body composition belongs to the preventive health
measures concerning especially the diseases of civilization.As
follows frommany studies, present inadequate dietary intake
which does not correspond to real needs due to reduced
energy output and lack of exercise can initiate undesirable
overall status of the growing organism already quite early in
life especially under conditions of sedentarism.
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