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Abstract: Body height, body weight data and BM I index o f274081 boys and 268974 girls o f  Czech Republic 
at the age 0-18 years were collected in five Nation-wide Anthropological Surveys o f Children and Adolescents 
(1951-1991). These data were processed by a new way approach to anable evaluating secular trends (multiple 
linear regression, combination o f polynominal regresion and Fourier's analysis). The resulting data expressed in 
graphs enable detailed analysis o f  development o f  these parameters o f last 40 years. The study also shows that 
the all growth trends known from longitudinal studies are reflected in the graphs o f secular trends.

Key words: Secular trend; BMI; National Growth Study.

Introduction

The conditions for the growth and development of the Czech child population were dur
ing the last decades comparable with the position in advanced countries. Evidence of this 
fact are the results of monitoring of the height, body weight and other physical character
istics of a representative sample of the child population. Nation-wide anthropological sur
veys (CAV) are conducted regularly in the Czech Republic since 1951, always after ten-year 
intervals and provide ample material for the evaluation of trends and other analyses.

Material and methods

History of anthropological research in the Czech Republic: Hundred years ago in 1985 J. 
Matiegka and L. Niederle undertook a growth study of Czech children which comprised 
around 100 thousand school children from 6 to 14 years. The aim of this survey was made 
possible by voluntary help of school teachers from all parts of the country.

The first post-war survey of the Czech child population, the biggest in the history and 
fully representative, took place in 1951. There were two reasons for undertaking this survey 
- the creation of growth standards for the Czech child population and assessment how the 
children’s growth was affected by the Second World War. In each of the first four surveys 
a representative sample (3-5%) was examined which corresponds to 80 - 120 000 subjects 
aged 0 - 18 years. The 1991 survey was implemented under new conditions of structural 
changes in the health services.

The Czech population is ethnically homogeneous with a relatively small proportion of 
ethnic minorities. In the examined sample (in 1991) other than Czech nationalities were 
recorded in 1.2% of cases, one third of this total (0.4%) being children of Slovak nationali
ty. The remaining 0,8% of the examined sample are formed by children of Hungarian, 
Ukrainian, Polish, German and Gypsy nationality. The sample of 86 846 children includes 
the urban and rural population in ratio of 1 : 1.
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Data collection: In each age category under 1 year of age 300 - 400 children of each sex 
were measured. Age categories 1 to 6 years and 6 to 18 years comprised 1000 - 2000 chil
dren for each sex respectively. Anthropometric data of children younger than 6 years were 
obtained in clinics by instructed health professionals, mainly paediatricians, who organised 
also the distribution of questionnaires to parents, to obtain the necessary complementary 
information about the children. Teachers in primary and secondary schools were provided 
with written instructions, measuring aids and requested to obtain data from children in 
their care. A group of already employed adolescents was surveyed by instructed health pro
fessionals from regional and district Public Health Institutes (Lhotská et al. 1993, 1995).

The five nation-wide anthropological surveys of children and youth implemented 
between 1951 and 1991 were organised in such a way that age groups 1 to 34 comprised some 
thousand people who were measured. In addition to the opportunity of accurate evaluation 
of correlations with age (e.g. percentiles), it is possible to assess from these extensive data 
secular trends. In our surveys we assessed secular trends of height, body weight and BMI 
for the whole range of age groups from one month to 17.5 years concurrently.

Statistics: To reveal causal and suppress incidental factors the regression method is used. 
In simpler cases we try to interpolate a curve between the points which depend on one vari
able. In our case, when the parameters depend on two variables (age and year of survey), 
we try to find optimal equations of curved surfaces.

In all instances we used multiple linear regression where as the system of functions in 
the direction of age (x axis a combination of polynomial regression and Fourier’s transfor
mation was used and in the time line of individual surveys (y axis) polynomial regressions 
grade three. Moreover in the calculation functions were included which represent products 
of the two systems of functions, but only the more important ones because with regard to 
stability it was not possible to calculate matrices larger than 60x60.

We use Fourier’s transformation because, contrary to other methods used (polynomial, 
logarithmic, exponential and others), the system of functions we use for approximation is 
orthogonal. Different approximating functions do not correlate with each other and the 
solution is accurate and does not break down even when the material is extensive. Fourier’s 
analysis gives a correct picture because it does not anticipate any a priori knowledge of the 
data.

In calculations in the direction from a more complex to a simpler functional system 
gradually (by the F test) insignificant functions were eliminated. In all instances some 20 
important coefficients remained.

For graphic presentation the linear measure of age proved unsuitable because the very 
interesting trends during infant age would be concealed. After attempts to use a logarith
mic scale of the x axis, it proved finally most illustrating to preserve a constant interval of 
various age groups: the range of 34 age groups is essentially logarithmic(up to one year by 
months, up to 2.5 years by quarters of a year, up to four years by half a year and subse
quently after one year). That means every transverse line indicates a category.

The use of actual values (cm, kg) to express parameters does not illustrate the secular 
trends sufficiently clearly. Therefore each figure was calculated also in per cent in relation 
to values recorded in the survey of 1951.
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Fig. 1: Trend of BMI in %, Girls, N=268974
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Fig. 2: Trend of BMI in %, Boys, N=274081
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Results

Our analysis presents secular trends not only during the period of adolescence, as cus
tomary, but throughout the period of childhood and adolescence, from birth to the age of 
17 years. As basis for the required calculations and construction of figures served published 
data of height and body weight of all five Nation-wide Anthropological Surveys between 
1951 and 1991 (a total of 274 081 boys and 268 974 girls). The data on body weight, body 
height and BMI has been published elsewhere (Bläha et al. 1994, Bláha et al. in prep).

The chronological 40-year period was divided in the figures into eight zones, i.e. one 
zone corresponds to a five-year interval.

The Body Mass Index seems to us the most illustrative example for the short review of 
our analysis of secular trends. Naturally, we have studied the secular trend separately in 
boys and girls.

Boys: In absolute values has a typical shape and even at the age of 17 years we can notice 
a marked rising trend. In the percentage presentation (Figure 1) we can observe in boys 
that the rising trend at the age of 17 years is slowed down. The greatest increase of BMI is 
observed at the age of 11 years, i.e. at the onset of the prepubertal period. During the peri
od of the mid-growth spurt we can notice a slight decline of BMI values and a slight 
increase near the age of 1.5 years. A priority finding is the drop of BMI in infant age. We 
think it is due to a decline of bottle-feeding of infants as confirmed among others by the 
fact that up to 1961 the BMI of infants was rising and then began to decline, the decline 
being more marked during the last 15 years. This obviously is associated with the dietary 
change (for more details see Lhotská et al. 1995).

Girls: The course of absolute values has also a typical shape. In the highest age groups 
we do not observe a rising, but a declining trend which is described during the last twenty 
years as a slimming trend. The declining trend in infant age is, contrary to boys, more 
marked. The figure 2 presenting relative values confirms the fact that the BMI of 17- and 18- 
year-old girls has a declining secular trend. On the other hand, near the age of 9 years the 
BMI rises markedly and it increases also near the mid-growth spurt. As compared with 
boys, the rise is more marked, while it is less pronounced round the age of 1.5 years. The 
drop of BMI in infant age is much more marked than in boys - cca 9% as compared with 
3% during the last survey. We are unable to explain this intersexual difference.

Conclusion

The graphic presentation of percentage values indicates in addition to the pubertal 
growth spurt also a further acceleration or deceleration of growth which formerly could be 
recorded only when evaluating data from longitudinal surveys. This, no doubt, deserves a 
more detailed analysis which is beyond the framework of the present study.

Summary

The extensive and unique data on height and body weight from five surveys conducted 
during the last 40 years (274 081 boys and 268 974 girls from birth to the age of 18 enabled 
us, due to a new approach to the processing of data, to elaborate objective basic data for 
the analysis of the secular trend in the Czech population. The data are presented in graphi
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cal form. From a brief analysis of basic results, and in particular the percentage presenta
tion of the trend, we may foresee: a further increase of the mean height, though not evenly 
with age. A similar trend is apparent in the boys body weight except for the younger age 
groups where at the age of cca one year during the last 15 years a decline of body weight 
was recorded. In girls this trend is more marked. Conversely in adolescent girls there is a 
marked slimming trend during the past 20 years. The causes of these trends which are more 
clearly demonstrated by the BMI index will require more detailed analysis. Some, though 
not all, were indicated in our paper.
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