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Abstract: The aim o f this paper is to identify and analyse directions and velocities o f  secular growth changes 
in Budapest youth in the interval ranging from 1929 to 1995. Data o f six growth studies concerning 3-18 year 
old boys and girls were used for trend analysis by linear regression. Height, weight, sitting height, biacromial and 
bi-iliocristal width and chest circumference were the body measurements investigated. In general positive secular 
changes can be seen in all measurements during the period examined. These changes are most expressed in 
height, weight and biacromial width. Trends in different age cohorts show that increase o f means is the most 
intensive around the current age o f pubertal growth spurt. A t the end o f the 20th century positive secular trend 
seems to be halted in Budapest which can be explained by negative tendencies in the change o f economical, 
social, hygienic, etc. factors o f environment.
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Introduction

It is accepted among humanbiologists from decades that the reason of positive secular 
trend is that retardation which conceals the optimum evolved during phylogenesis disap
pears due to gradually increasing environmental factors and as a consequence phenotypic 
characteristics reach more and more the biological maximum (Véli 1967, 1972). The con
cept of environment is complex thus many factors (beside natural environment economi
cal, social, emotional-psychic, etc. factors, all in all factors of environment created by 
human) must be considered when secular growth changes are analysed.

Secular growth changes were investigated in Hungary in the second half of this century 
by many authors (Bodzsár and Pápai 1994, Eiben 1988, G. Szabó et al. 1993, Gyenis 1997, 
Gyenis et al. 1993, Németh and Eiben 1997). Findings are similar: there was positive sec
ular trend in the last decades among Hungarian children and youth living in different 
regions of the country.

From body measurements mainly height and weight are used for the analysis of secular 
growth changes, beside characteristics of sexual maturation.

At the end of the century it is worth to investigate and evaluate the secular growth 
changes of this century (Bodzsár and Susanne 1997). The purpose of this study is to 
analyse secular trend and the velocity of secular growth changes in some body measure
ments in Budapest children and youth during this century using results of earlier studies 
and the author’s own investigation as well.

Material and methods

Results of six Budapest growth studies (all are representative for the capital) were used 
for the analysis (Braunhoffner 1930, 1934, M. Viola 1952, Eiben et al. 1971, Eiben et al.
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1994, Németh and Eiben 1997). These data derived from the interval ranging 1929-1995. 
Braunhoffner collected data in 1929 on 40857 children and in 1935 on 38903 children. M. 
Viola examined children in 1952, Eiben et al. did it in 1969 (4859 boys and 5051 girls) and 
in 1984 as a part of the Hungarian National Growth Study, the “HNGS”, Eiben et al. 1991 
(2666 boys and 2598 girls). Németh and Eiben carried out the last investigation in 1994 
and 1995 involving 2606 boys and 2471 girls. In the two formest researches 6-14 year old 
boys and girls, while in the others 3-18 year olds were involved.

Stature, body weight, sitting height, biacromial width, bi-iliocristal width and chest cir
cumference were the body measurements selected for examination. Stature and body 
weight however, were the only two on which comprehensive analysis (concerning the whole 
interval mentioned above) could be done, because other measurements were not comprised 
in Braunhoffner’s studies. Therefore these two measurements are discussed separately from 
the others. The other four measurements were included in the last three studies, thus the 
analysis of these body measurements were done regarding the 1969-1995 interval. These 
investigations has been carried out already using the same measuring techniques which are 
internationally accepted and recommended by the IBP (Martin and Sailer 1957, Tanner et 
al. 1969).

To investigate secular growth changes and the tempo of changes in these body mea
surements mean values in both sexes and the different age groups were used. The mathe
matical method adopted was trend analysis by linear regression. The linear regression equa
tions of means R2 were computed separately for each age cohort (one year difference was 
between the consecutive age groups), for boys and girls and for every body measurement. 
Trends were investigated and are discussed here in each age cohort but for the sake of clear 
pictures only the most characteristic lines and equations are plotted on the diagrams. All 
means however, are reported in this paper.

Regression analysis comprises the test for that whether the regression line deviates from 
the horizontal one (which means that there is connection between the two variables exam
ined.) Results of this test are mentioned as well using 5% significance level.

Results

Looking at Table 1 and 2 definite increase can be seen in height and in weight as well 
in all age groups and in both sexes in the interval investigated. There are some age cohorts 
(mainly among prepubescents) in which this trend is not unbroken, but these breakings do 
not modify relevantly the lines of trends. This comes to light clearly looking into trend lines 
and regression equations (Figure 1, 2, 3 and 4). Except weights of four and five year old 
boys and four year old girls coefficients of steepness are positive in every case, that is means 
increased during the interval investigated. These coefficients also show the velocity of 
changes. Values of coefficients for height are between 0.0683 and 0.1453 in the 3-7 year old 
boys, but there is not concrete direction in the change of values. However, there is contin
uing quickening in the increase of height in the consecutive age groups between 7 and 14 
year old children, that is steepness increase from 0.1039 to 0.3477. Coefficients gradually 
decrease from the means of 14 year olds in the older age cohorts in the boys (to 0.1336).

Concerning girls coefficients of steepness of height increase between age of 4 and 13 
years from 0.0631 to 0.2723. Then there is a dramatic decrease between the groups of 13-
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18 year old adolescents to 0.1052. All trend lines differ significantly from the horizontal 
one.

Findings are similar in the case of weight. In the boys steepnesses decrease between 
groups of 3-5 year olds (from 0.0277 to -0.0049) then gradual increase can be found to the 
age of 14 years (to 0.2863) and fluctuating decrease to the means of 18 year olds (to 
0.1489). R2 of the equation of 6 year old boys is relatively small (0.4739). Trends are more 
unambiguous in the girls: coefficients increase between age of 4 and 13 years (from -0.0084 
to 0.2287) and then decrease to the oldest age cohort to 0.0135. Trend lines are horizontal 
in the 5 year old boys and 4 year old girls.

Considering sitting height (Table 3) only for the last 25 years mean values generally 
increase in this interval in both sexes, but not so clearly like in the case of height and 
weight. There is slight fluctuating increase in the steepness of trend lines between age of 4 
and 9 in the boys (between 0.0024 and 0.0503) and definite and strong increase between 
age of 9 and 15 (to 0.1315) then a strong decrease to the oldest age group to 0.0355 (Figure 
5). R2 is very small in the case of 4 and 5 year olds (0.0066 and 0.1342). Trend lines are 
horizontal in the 4 year olds.

The picture is rather different in the girls. Steepnesses increase with fluctuation between 
3 and 18 year olds. The highest value is just of the 18 year old groups (0.0960, Figure 6). 
The 7 year olds have the lowest (0.0085) value. R2 is very small in the case of 6 and 7 year 
olds (0.1554 and 0.1172). Trend lines are significantly horizontal in the 7 year olds.

Biacromial width shows definite increase during the last 25 years in all age groups and 
in both sexes (Table 4). The velocity of increase (Figure 7 and 8) increases as well (but not 
smoothly) between the age of 3 and 7 in the boys (a=0.0527 as the lowest and a=0.0907 as 
the highest coefficients) and between the age of 3 and 10 in the girls (a=0.0490 and 
a=0.0957). The increase is gradual up to the age groups of 14 year olds in both genders (at 
these age cohorts a=0.1130 in the boys and a=0.1141 in the girls). The tempo of increase 
gradually decreases in the older age groups in both sexes (to a=0.0648 in the 18 year old 
boys and a=0.0770 in the 17 year old girls). All trend lines differ significantly from the hor
izontal one.

Changes of bi-iliocristal width are not positive in every age group (Table 5), but in the 
most cases positive trend can be seen in the change of this measurement in both genders. 
Coefficients of steepness (Figure 9 and 10) fluctuate between -0.0110 (7 year olds) and 
0.0309 (10 year olds) in the boys as well as between -0.0042 (4 year olds) and 0.0442 (14 
year olds) in the girls. In the case of 14 year old boys this value is high too (0.0298). R2 is 
small in the case of 7 year old boys (0.4096) and 4 (0.0810) and 18 (0.4831) year old girls. 
Trend lines of 6 year old boys and girls and 4 year old girls are horizontal.

Chest circumference shows negative growth changes between the age of 3 and 7 years in 
both the boys and the girls (Table 6). Coefficients of steepness (Figure 11 and 12) range 
from -0.0672 (4 year old girls) to -0.0023 (3 year old boys). In the older groups the tempo 
of increase is positive and fluctuates. Change is the quickest in the 12 year old boys 
(a=0.1607) and in the 18 (!) year old girls (a=0.1005). R2 is relatively small in the case of 6 
year old boys (0.5398) and very small in the 3 year old boys (0.0036). Trend lines of 3 and 
7 year old boys are horizontal.
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Os Table I: Height of Budapest boys and girls in different growth studies

A g e  group

(years) 1 9 2 9 1 9 3 4
M ea n s o f  boys (cm )  

1 9 5 2  1 9 6 9 1 9 8 4 1 9 9 5 . 1 9 2 9 1 9 3 4

M e a n s  o f  g irls (cm )  

1 9 5 2  1 9 6 9 1 9 8 4 1 9 9 5

3 93.5 94.45 98.7 99.26 92.5 93.91 99.2 96.40
4 - - 100.5 102.46 104.2 103.28 - - 99.5 102.40 103.1 102.02
5 - - 107.5 109.23 110.4 110.32 - - 106.1 109.11 110.1 109.52
6 - - 113.0 115.78 118.2 117.26 - - 112.6 115.13 117.8 116.60
7 115.8 117.6 119.4 122.46 123.0 122.49 114.8 116.8 118.8 121.52 121.9 122.19
8 119.1 121.1 125.3 127.02 128.4 ' 128.85 118.0 120.0 124.4 127.16 128.1 129.07
9 124.4 126.0 130.5 132.82 134.4 134.95 123.7 125.1 129.5 132.57 133.5 135.19
10 129.2 130.8 135.0 137.83 140.0 140.83 128.2 129.9 134.5 138.66 138.9 140.03
11 132.1 134.2 139.6 142.98 144.5 145.99 132.0 133.8 140.2 143.95 145.9 147.57
12 135.1 137.3 144.2 148.08 151.1 151.79 136.4 138.3 145.9 149.68 151.5 152.79
13 139.2 141.1 149.9 154.12 158.4 158.21 140.4 142.9 151.3 155.21 157.7 158.02
14 143.3 - 156.2 161.63 165.1 166.63 145.2 - 155.6 157.98 160.9 161.32
15 - - 161.8 166.23 169.5 171.34 - - 157.4 159.75 161.7 162.21
16 - - 166.2 171.31 173.2 174.36 - - 158.4 160.36 161.8 163.73
17 - - 168.9 174.87 174.9 175.70 - - 159.1 160.70 162.3 164.74
18 - - 170.0 175.94 175.9 176.17 - - 159.7 160.75 162.3 164.42

* 1929: Braunhoffner 1930
1934: Braunhoffner 1934 
1952: M. Viola 1952 
1969: Eiben et al. 1971 
1984: Eiben et al. "HNGS” 1991 
1995: Németh - present study



Table 2: Weight of Budapest boys and girls in different growth studies*

Age group 
(years) 1929 1934

Means of boys (kg) 
1952 1969 1984 1995 1929 1934

Means of girls (kg) 
1952 1969 1984 1995

3 14.3 14.36 15.1 15.43 14.1 14.28 15.1 14.34
4 - - 16.5 16.65 16.2 16.43 - - 15.9 16.44 15.7 15.67
5 - - 18.5 18.75 17.8 18.63 - - 17.8 18.93 17.8 18.50
6 - - 20.1 21.30 21.1 21.04 - - 19.9 20.88 20.9 20.94
7 21.2 21.6 22.8 23.94 23.4 23.55 20.6 21.0 22.2 23.01 22.0 22.85
8 22.7 23.4 25.1 25.87 26.4 26.78 22.1 22.6 24.7 25.64 26.0 26.92
9 25.2 25.8 27.9 29.31 29.6 30.63 24.6 24.9 27.6 29.21 28.8 30.54
10 27.4 28.3 30.4 32.27 33.5 35.25 27.0 27.9 30.3 32.38 31.9 33.99
11 29.1 30.0 33.0 36.88 37.0 39.52 28.9 29.9 33.9 37.04 37.2 39.43
12 31.2 31.8 36.3 39.80 42.1 44.25 31.8 32.3 38.4 41.28 43.1 43.43
13 33.6 34.3 40.4 44.05 47.7 48.01 34.5 36.0 43.7 47.34 48.3 49.27
14 36.3 - 45.6 50.53 54.1 55.06 38.5 - 48.3 50.92 51.1 52.93
15 - - 51.3 54.28 59.8 59.90 - - 51.2 53.31 54.1 56.63
16 - - 55.8 60.38 63.5 65.50 - - 53.6 54.05 55.2 56.50
17 - - 59.4 64.57 66.4 67.12 - - 54.8 55.42 55.9 57.62
18 - - 62.0 66.83 67.5 68.84 - " 55.8 55.78 54.7 57.02

see Table 1
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Fig. 1: Linear regression equations and trend lines for height of Budapest boys.

Fig. 2: Linear regression equations and trend lines for height of Budapest girls.
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Fig. 4: Linear regression equations and trend lines for weight of Budapest girls.
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Fig. 3: Linear regression equations and trend lines for weight of Budapest boys.



Table 3: Sitting height of Budapest boys and girls in different growth studies

A g e  grou p M ea n s  o f  boys (cm ) M e a n s  o f  g ir ls (cm )
(y ea rs) 1 9 6 9  1 9 8 4  199 5 1 9 6 9  1 9 8 4  1 9 9 5

3 55.30 56.3 56.72 54.27 57.5 55.18
4 58.44 59.1 58.40 57.96 58.1 57.37
5 61.14 61.9 61.33 60.52 61.6 60.70
6 63.92 65.3 64.34 63.39 64.9 63.81
7 66.60 67.4 66.87 66.18 6 6 .8 66.32
8 68.13 69.5 69.58 68.11 69.4 69.45
9 70.65 71.8 71.90 70.30 71.3 71.83
10 72.71 74.2 73.96 72.41 73.6 73.68
11 74.42 75.8 76.12 75.13 76.5 77.00
12 76.34 78.7 78.44 77.80 79.7 79.79
13 79.00 82.0 81.40 81.03 83.0 82.72
14 82.70 85.3 85.43 82.77 84.9 84.80
15 84.90 87.6 8 8 .2 2 83.88 85.7 85.92
16 88.29 89.8 90.32 84.70 86.1 86.58
17 90.23 91.4 91.48 84.92 8 6 .8 87.18
18 91.11 92.0 91.98 84.84 86.9 87.25

* see Table 1

3 21.34 2 2 .6 23.73 21.31 22.3 22.76
4 22.58 23.4 24.33 22.55 23.0 23.88
5 24.00 24.0 25.63 23.83 24.1 25.43
6 25.08 25.8 27.01 24.98 25.9 26.89
7 26.74 26.8 28.24 26.30 26.9 . 27.83
8 27.62 28.0 29.57 27.36 28.3 29.49
9 28.70 29.2 30.91 28.30 29.3 30.85
10 29.70 30.4 32.13 29.30 30.7 31.81
11 30.81 31.6 33.37 30.70 32.1 33.18
12 31.67 32.7 34.51 31.80 33.5 34.41
13 32.79 34.4 35.67 33.04 35.0 35.63
14 34.85 36.1 37.88 33.54 35.7 36.45
15 36.42 37.6 38.98 34.42 36.0 36.83
16 37.96 38.8 40.50 34.75 36.3 36.91
17 39.06 39.5 41.21 35.09 36.4 37.08
18 39.84 40.0 41.67 34.73 36.3 37.08

* see Table 1
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Table 4: Biacroraial width of Budapest boys and girls in different growth studies*
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Fig. 5: Linear regression equations and trend lines for sitting height of Budapest boys.

Fig. 6: Linear regression equations and trend lines for sitting height of Budapest girls.
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Fig. 7: Linear regression equations and trend lines for biacromial width of Budapest boys.

Fig. 8: Linear regression equations and trend lines for biacromial width of Budapest girls.
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Fig. 9: Linear regression equations and trend lines for bi-iliocristal width of Budapest boys.
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Fig. 10: Linear regression equations and trend lines for bi-iliocristal width of Budapest girls.
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Table 5: Bi-iliocristal width of Budapest boys and girls in different growth studies

A ge group M e a n s  o f  boys (cm ) M ea n s o f  g ir ls (cm )
(years) 1 9 6 9  1 9 8 4  19 9 5 1 9 6 9  1 9 8 4  1 9 9 5

3 16.22 16.8 16.89 16.03 16.3 16.29
4 16.93 17.1 17.10 17.06 16.7 17.00
5 17.67 17.7 18.10 17.75 17.6 17.88
6 18.68 18.8 18.86 18.53 18.6 18.69
7 19.65 19.2 19.41 19.27 19.2 19.25
8 19.91 2 0 .0 20.34 2 0 .0 0 2 0 .0 20.52
9 20.73 20.9 21.17 20.80 20.9 21.33
10 21.47 21.8 22.30 21.64 21.8 22.27
11 22.52 22.5 23.30 22.59 23.2 23.53
12 23.12 23.2 23.94 23.66 24.4 24.49
13 24.10 24.5 24.75 24.72 25.6 25.83
14 25.50 25.7 26.32 25.53 26.3 26.67
15 26.31 26.6 26.78 26.84 27.2 26.99
16 27.62 27.2 27.44 26.81 27.5 27.19
17 28.16 27.6 27.85 27.19 27.5 27.36
18 28.56 27.7 27.62 26.68 27.6 27.23

* see Table 1

A g e  group
(years)

3

M ea
1 9 6 9

52.25

ins o f  boys i 
1 9 8 4

53.0

(cm )
199 5

52.06

Mea
1 9 6 9

51.54

ins o f  g ir ls i 
1 9 8 4

51.7

(cm )

199 5

50.18
4 54.18 54.1 52.61 53.31 52.8 51.47
5 55.63 54.7 54.63 55.31 54.3 53.71
6 57.87 58.0 56.68 56.92 56.7 55.71
7 59.23 58.9 59.12 57.80 58.1 57.67
8 61.16 61.3 61.76 59.99 60.2 61.47
9 63.64 63.6 64.98 62.43 62.5 64.33
10 65.83 67.1 68.56 65.54 65.5 67.37
11 69.50 69.7 71.76 68.87 69.6 71.37
12 70.74 72.7 75.02 72.08 73.7 74.31
13 73.98 76.7 76.61 76.55 77.5 78.45
14 78.02 81.1 80.92 79.74 78.8 80.88
15 81.19 84.4 83.87 81.27 81.1 82.34
16 86.01 87.2 87.36 81.83 82.0 82.29
17 88.25 89.8 89.16 81.47 82.5 82.08
18 88.85 90.7 90.71 80.23 81.8 82.85

* se e  T ab le  1
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Table 6: Chest circumference of Budapest boys and girls in different growth studies*
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Fig. 11:. Linear regression equations and trend lines for chest circumference of Budapest boys.

Fig. 12: Linear regression equations and trend lines for chest circumference of Budapest girls.
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Discussion
Trend analysis showed generally positive secular changes (with some fluctuations) in the 

growth of these six body measurements, but the velocity of changes was different accord
ing to body measurements, age groups and sex. Nevertheless there are some age groups in 
the case of bi-iliocristal width and chest circumference where significantly negative trend 
can be seen (coefficient a is negative).

Increase in height and weight is constant in early childhood in the boys then it becomes 
quicker gradually from the age of prepuberty. The rate of increase is the highest at age of 
14 years. Girls differ from the boys a little bit: here gradual increase can be seen from early 
childhood to the age group of 13 year olds. I think it is not accidental that the age of high
est rate in the increase coincides more or less with the age of pubertal growth spurt found 
in the 1994/95 sample.

It is well known that positive secular trend in growth is present in levels of two phe
nomena: on one hand development accelerates (certain growth stages manifest earlier and 
earlier) and on the other hand the means of final height and weight (and many other body 
measurements) are higher than years before. This explains that the highest rate can be 
found around the current age of pubertal growth spurt: at that time double effect to be felt, 
namely shifting of pubertal growth spurt to younger age and growth to be taller and heav
ier etc. in adulthood than the previous youth was.

The yearly rates of increase are high (0.35 cm in the height and 0.29 kg in the weight in 
the boys as well as 0.27 cm and 0.23 kg in the girls, respectively at this age. Then the 
increase is lesser and lesser in the older age groups as the pubertal growth spurt attenuates.

Changes of other body measurements show more or less positive secular trend too, but 
the changes of velocities of increase are not so clear like in the case of height and weight: 
rates of increase (coefficients of steepness) fluctuate (except biacromial width where ten
dencies are very similar to those of height and weight).

Similarly to the trends of height and weight however, the highest steepness values are 
mainly in the regression equations of adolescents being at the recent age of pubertal growth 
spurt (i. e. 12-15 year olds). This interval is broad but we should not forget that girls reach 
puberty earlier than boys and the velocity peaks in growth are at different times in the dif
ferent body measurements.

It is important to mention that bi-iliocristal width of IB year old boys became signifi
cantly smaller during the period investigated and in young groups of both boys and girls 
chest circumference show negative tendency too (see figures). These indicate some changes 
in the body proportions and especially in the final body proportions of boys.

When secular growth changes are analysed many points of view should be considered. 
There is an old an important but I think a little bit forgotten one. This is the theory of “bio- 
morphosis” (Bürger 1957). It says that secular trend are not confined to children and ado
lescents. Quicker growth and growing to be taller are only the most striking phenomena of 
positive secular trend. It involves changes of morphology and physiology of human and it 
is in direct relation with the changes of morbidity and mortality. Positive changes of mor
bidity and mortality and the prolongation of expected lifetime not only run parallelly with 
positive changes in growth but they have the same reasons.

If we take into consideration the facts mentioned above and examine indices of mor
bidity and mortality of Budapest population in this century it can be seen that spectacular
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improvement of these (particularly improvement of infant mortality) support the positivity 
of secular trend. It is true looking at the 20th century as a whole. Statistics show however, 
that about from the middle of eighties these indices are getting worse again or are not 
improving. Rates of infectious diseases (such as tuberculosis) increase as well which is con
nected with increasing poverty (Kemény et al. 1995).

Investigating only this last decade from the point of view of growth data practically there 
were not changes in body measurements examined during this period (Németh and Eiben 
1997). These data together refer to the change of direction of secular trend or at least to 
slowing down in increasing trend.

It was observed in some Western European countries that positive secular trend slowed 
or halted in children’s growth and maturation (Lindgren 1991). It is caused by the particu
larly high living standards by which biological maximum in growth could be reached more 
or less. I think that this reason can be precluded in Hungary knowing the facts mentioned 
above.

Last but not least it is important to mention two methodological problems. On one 
hand: when secular growth changes are analysed considering such a long period we must 
reckon with that measuring methods and selection of subjects can be changed. These can 
influence findings relevantly. On the other hand statistical analysis has significant effect 
too. Linear regression is only one of the methods by which we can estimate secular 
changes. This method showed no significant changes during the period investigated in 
some age groups in the case of certain body measurements (where trend lines do not differ 
significantly from the horizontal one). In other cases R2 is rather low which indicates that 
connection between the measurement and the time is not linear that is these measurements 
at some ages do not grow linearly (in these cases linear regression is not appropriate for 
analysis, results are false). In few age groups low R2 and horizontally occur together. 
Summarising it must be emphasised: this estimation on secular growth changes in Hungary 
between 1929 and 1995 clarifies the problem only from one side, therefore we must not pre
clude other results of other methods of assessment.
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