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Background. The growth and development of children is dependent on hereditary and environ-
mental factors. Thus, secular trends in growth processes of children can be important indicators
of changes in the country’s public health and economic conditions. The purpose of our work
was to analyze the dynamics of parameters of body weight, height and chest circumference in
children aged 4-7 years from Minsk over the last 80 years.

Materials and methods. The present study is based on cross-sectional data of 802 children
(409 boys and 393 girls) aged between 4 and 7 years from Minsk, Belarus, measured in 2001-
2002. The height, weight, chest circumference were measured according to standard anthropo-
metrical methods, BMI was calculated. The materials obtained in 2001-2002 were compared
with measurements from previous studies (1923, 1950, 1972-1973, 1990-1991).

Results. Substantial growth for values of body sizes from 1923 to 2001-2002 in boys and
girls in all the investigated age groups has been found. The most significant shifts in parameters
of physical development in children fall to the time period between 1920 and 1970 while the

period from 1980 to 2000 is characterized by smaller intensity of changes.

Conclusions. Positive secular trends occurred in 4-7 year old children from Minsk, Bela-

rus, between 1923 and 2002, which may reflect the secular changes in socio-economic status.
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INTRODUCTION

The investigation of physical development of children and
teenagers is one of the necessary elements in monitoring the
population’s state of health and well-being. Statural growth
is dependent on hereditary and environmental factors. Thus,
secular trends in growth processes of children can be impor-
tant indicators of changes in the country’s public health and
economic conditions.

The improvement of socioeconomic conditions that took
place during the 20th century resulted in a positive secular
trend of body sizes in most of the world: the height, weight and
other parameters of the human body have considerably in-
creased (1-11).

At the same time there are new tendencies in the growth
and development of children and adolescents in the last dec-
ades. So, there is research concerning attenuation of accelera-
tion processes in certain cities and settlements, gracilization
of constitution in children (12-14). In the developed countries
adiposity becomes a universal global problem and world-wide
epidemic (15-16). The factors that contribute to the health prob-
lems facing today’s children include their sedentary lifestyle,
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irregular intake of meals (especially skipping breakfast), and
the increasing daily ratio of fat to total energy intake (17-19).
The purpose of our work was to analyze the dynamics of
parameters of body weight, height and chest circumference in
children aged 4-7 years from Minsk over the last 80 years.

MATERIALS AND METHODS

The present study is based on cross-sectional data of 802
healthy children (409 boys and 393 girls) aged between 4 and 7
years from Minsk, Belarus, measured in 2001-2002.

All the measurements were performed before the lunch
time at Minsk kindergartens. All the children had a light break-
fast and did not exercise before being tested. The children were
investigated according to a wide anthropometric program (32
indices were investigated). In the present study, height, weight,
chest circumference and body mass index were included for
analysis. The standard anthropometrical methods (20) and
standard anthropometrical instruments were used. Height
was measured by Martin metal anthropometer (+ 0.1 cm),
body mass was defined by medical electronic scales (+ 0.1 kg)
and chest circumference was measured by centimetric tape
(£ 0.1 cm). All the children were in underwear clothing and
without shoes. The body mass index (BMI, kg/m?) was calcu-
lated.
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The data obtained in 2001-2002 were compared with mea-
surements from the previous studies (1923, 1950, 1972-1973,
1990-1991). Studies of the physical development in 4-7 year
old children from Minsk begin in mid-1920s when statistical
year-book of the BSSR published anthropometrical parameters
in children of preschool and school age, collected by Ejngorn
(21). The materials of 1930s and 1940s were not kept, only the
data on the basic parameters of physical development in chil-
dren of 4-7 years for 1950 are available. Since the 50s of the
20th century and down to mid-60s the children living in Minsk
was surveyed by Livshits (22-25). Greater work on gathering
anthropometrical material on preschoolers was done by the
scientists of the Scientific Research Institute of Protection of
Motherhood and Childhood: Livshits, Deryugina, Verenich
and Vrublevskaya (26-30). They collected representative mate-
rials on body height and weight, chest circumference of chil-
dren, and standards for basic indices of physical development
were worked out every decade.

The significant contribution to studies of peculiarities of
growth and development of children and adolescents in Belarus
was made by scientists of the Department of Anthropology and
Ecology in the Arts, Ethnography and Folklore Institute (from
2008, at the Institute of History) of the National Academy of
Sciences of Belarus. In 1990-1991 they, in particular, conduct-
ed anthropometry of preschoolers from Minsk (31), dynamics
of age increases for the basic parameters of physical develop-
ment was tracked. The last research of physical development of
4-7 year old children from Minsk was carried out by the author
in 2001-2002.

The data analysis was performed using Statistica 6.0.
Standard statistical methods were used to calculate mean (M)

and standard deviation (S). An unpaired, two-tailed t-test was
used to assess differences between groups. Significance was set
atp <0.05.

RESULTS

Table 1 provides the means, standard deviations and sample
sizes for basic anthropometrical parameters of the children
aged 4-7 from Minsk, Belarus (2001-2002). In the age group
from 4 till 7 years, the intensity of increase in size of para-
meters in girls was a little bit greater than that in boys. So, the
height of girls between 4 and 7 years has increased by 20.97 cm,
weight by 6.98 kg, chest circumference by 4.72 cm; while in
boys by 19.04 cm, 6.42 kg and 4.31 cm, accordingly. Maximal
increase both in boys and in girls takes place in the age interval
between 6 and 7 years on all the basic parameters of physical
development. The height, weight and chest circumference, the
body mass index in boys of 4-7 years is greater than in girls
(for height of 4 years - p <.05; for chest circumference of 4.6
years — p < 0.05, of 5 years — p < 0.001), with the exception of
height of 6 and 7 years, which is insignificant (0.02-0.27 cm)
greater in girls. The body mass index decreases to the minimal
value in boys of 5 years, in girls of 6 years, and then starts to
increase gradually in both groups.

Fig. 1 shows the prevalence of children classified as over-
weight, obese, with normal weight and thinness grades 1, 2, 3.
In Minsk (2001-2002) 84.6% boys and 78.1% girls have normal
weight. Overweight is noted in 7.5% boys and 11.0% girls, adi-
posity — in 2.0% children of both sexes (32); thinness grades 1
occurred in 4.7% boys and 6.6% girls, grades 2 and 3 - in 1.2%
and 2.3% accordingly (33).

Table 1. Basic anthropometric parameters in 4-7 year old children from Minsk, Belarus (2001-2002)

Age, years Boys Girls
N M N M S

Height (cm)

4 81 104.19 5.27 78 102.53 4.68

5 113 110.54 4.49 99 109.64 4.60

6 113 115.87 4.63 102 115.89 538

7 102 123.23 5.50 114 123.50 535
Weight (kg)

4 81 17.90 2.76 78 17.07 2.80

5 113 19.46 2.58 99 19.06 2.44

6 113 21.42 2.82 102 21.14 3.22

7 102 24.32 3.22 114 24.05 3.53

Chest circumference (cm)

4 81 55.62 2.99 78 54.52 3.14

5 113 57.06 2.55 99 55.74 2.63

6 113 58.10 2.94 101 57.13 3.15

7 102 59.93 2.76 114 59.24 3.08
BMI (kg/m?)

4 81 16.42 1.35 78 16.17 1.85

5 113 15.89 1.51 99 15.83 1.52

6 113 15.90 1.40 102 15.67 1.48

7 102 15.97 1.39 114 15.71 1.63
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Fig. 1. Distribution of overweight, normal weight and thinness in children aged 4-7 years from Minsk, Belarus (2001-2002)

The dynamics of the basic parameters of physical develop-
ment of 4-7 year old Minsk children from 1923 to 2001-2002
period was investigated.

Substantial growth for values of body sizes from 1923 to
2001-2002 in boys and girls in all age groups was found. So,
the body height of modern boys of 5-7 years is greater by 12.7-
15.1 cm, of girls — by 11.1-14.4 cm, while the body weight - by
2.6-3.5 kg and 1.7-2.9 kg, chest circumference - by 0.1-3.2 cm
and 0.3-0.8 cm accordingly. In modern girls of 6 years, the
chest circumference is less by 0.2 cm, than in girls surveyed in
1923.

The data of 1930s on physical development of Belarusian
children are not available. During 1940s the territory of the Re-
public was the arena of military actions, invasion and post-war
ruin, which made a significant impact on the physical develop-
ment of children surveyed in the 1950s as well.

The time interval from 1923 to 1950 is characterized by gra-
cilization of the children’s constitution: while the body height
increased noticeably, the weight and chest circumference
changed slightly. So, the height of boys increased by 6.6-9.4 cm,
that of girls — by 5.2-7.3 cm, weight — by 0.7-1.1 kg and by 0.4—
0.6 kg accordingly (in 6 year old girls weight decreased by 0.2
kg). The chest circumference in girls of 5-7 years decreased by
0.5-1.6 cm, while in boys of 5 years increased by 1.4 cm, in 6-
year-olds remained constant, and in 7 year-olds decreased by
0.5 cm. In view of the fact that in data of 1920s not all the statis-
tical parameters (only the mean parameters and sample sizes
are given in tables) are available, we cannot precisely calculate
the level of significance of the distinctions received. It is also
necessary to note a small number of the children surveyed in
1923: there are only individual data on children of 4 years old
and small groups of children aged 5-7 whose number does not
exceed 20 persons. Therefore, it is necessary to consider these
restrictions and to be cautious in conclusions by consideration
of all anthropometric parameters of children in 1923.

Comparison of the materials of 2001-2002 to data for 1950
has shown that from 1950 to 2001-2002 the height of boys of

4-7 years has increased by 5.1-6.1 cm, of girls by 4.4-7.1 cm,
weight by 1.5-2.8 and 1.3-2.5kg accordingly. The maximal
distinctions on parameters are observed at the age of 7 years.
Chest circumference has increased less significantly, only by
0.4-1.9 in boys and by 1.3-1.9 cm in girls (Fig. 2).

The time interval from 1950 to mid-1970s is characterized
by gradual increase in all the basic anthropometrical indices.
The comparison of the basic parameters of physical develop-
ment of children investigated in 1950 and 1972-1973 reflects
a significant (p < 0.001) increase for this period of height,
weight and chest circumference irrespective of sex in all age
groups. Only in 4-year-old girls the level of significance of
distinction in parameters for chest circumference is a little
bit less (p < 0.05), and in boys of the same age, the distinc-
tion does not reach the statistical level. Increase has occurred
in the following parameters: boys’ height by 5.1-6.2 cm,
girls’ - by 5.4-6.7 cm; boys” weight by 1.3-3.7 kg, girls’ - by
1.5-2.9kg; boys’ chest circumference by 0.6-2.1 cm,
girls’ - by 0.7-2.0 cm. Minimal increase in all the three in-
dices of physical development was observed in the 4 years
group, the maximal one, in the 7 years group, except for the
height of girls, the greatest increase of which take place in the
group of 6 years for the period from 50s to 70s of the 20th cen-
tury. These sexual distinctions are caused naturally by earlier
beginning of the first acceleration of growth in girls.

Substantial growth of anthropometrical parameters be-
tween 1950 and 1972-1973 was explained by many factors.
Growth of the general well-being of the population that has
been caused by the improvement of quality of food, sanitary
and hygienic conditions in kindergartens and schools, and also
the general microclimate in which the child grew (without great
stresses) has had a great influence on the physical development.
The dynamics noted is the reflection of the process of the ac-
celeration observed during this period in many countries of the
world.

Unfortunately, there are no data about the physical develop-
ment of preschool children in 1980s that permit to characterize
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Fig. 2. Variability in time of the basic anthropometric parameters in children of 4—7 years from Minsk, Belarus (1950 — 2001-2002)
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the dynamics of growth processes during this period in greater
detail. The comparison of data 1972-1973 and 1990-1991 shows
a significant deterioration of basic parameters: boys’ height by
1.0-1.7 cm, girls’ by 0.4-1.2 cm (in 4 year old boys - p < 0.02),
and also boys” weight by 0.2-1.5 kg, girls’ by 0.2-1.3 kg (in 5
and 7 year old girls - p < 0.02, in 7 year old boys - p < 0.05).
Only at the age of 6 years in children of both sexes the height
increased by 0.4-1.1 cm, and 6 year old boys’ weight by 0.3 kg,
also increased slightly. The chest circumference during this pe-
riod increased, and the increase in boys of 4, 6 years is statisti-
cally significant. Exception was made to 7 year old boys and 5
year old girls, in whom a reduction of the given parameter is
marked.

The specified situation has reflected, firstly, a stabilization
(and in some cases retardation) of growth processes in chil-
dren and adolescents of the Republic, secondly, deterioration
of the economic and ecological conditions which developed as
a result of the Chernobyl disaster, and the reorganizations of
the political and economic life in the Republic. The Republic
of Belarus has undergone rapid political, social and economic
transformation since the late 1980s. The combined influence
of these factors has undoubtedly impacted first of all the vari-
ability of such indices as body weight and height. The chest
circumference was impacted to a smaller extent as a parame-
ter more inert and more slowly changing under environmen-
tal pressure.

Next stage included periods from 1990-1991 to 2001-2002.
As a whole our data for Minsk in 2001-2002 have shown differ-
ent vectors of changes in time as height, and weight of children
of 4-7 years in comparison with similar parameters in 1990-
1991. In a number of age and sex groups there was an increase
in indices, while in others — reduction (Table 2). The chest cir-
cumference has changed direction and began to decrease, ex-
cept for the children of 4 years of both sexes and girls of 5 years,
in whom some increase was observed.

The analysis of intersexual distinctions has shown that in
Minsk girls of 4-7 years during the period researched the chest
circumference is less than in boys by 0.7-2.3 cm (except for
children of 1923 when in boys of 5 and 6 years the given pa-
rameter was less than in girls). Height and weight in this time
interval in boys and girls differ slightly.

Table 2. Change of the body total sizes from 1990-1991 to 2001-2002

DISCUSSION

When the BSSR (January 01, 1919) was established, Minsk be-
came the capital of the Republic, and gradually the city quickly
became a large industrial, administrative, scientific and cul-
tural centre. In the capital, a little bit better, than in the prov-
ince, sanitary and hygienic actions developed, and there was
an increase in the living standard of the population. These
circumstances also explain the fact that in Belarus Minsk is a
unique place where monitoring of physical development of the
children’s population on a regular basis was conducted. On the
basis of the results of regular monitoring we can draw conclu-
sions about secular trends in the 20th century.

Less than over the last 100 years, the population of Minsk
has increased considerably. In 1913 the population was 106.7
thousand, in 1933 - 180.8, in 1950 - 273.6, in 1959 - 509.5, in
1970 - 916.6, in 1980 - 1308.6, in 1999 — more than 1700.0.
Now Minsk is the capital of the Republic of Belarus, a city with
the greatest density and quantity of the population in the coun-
try, where the high level of industry development causes sig-
nificant pollution of the environment. The environment of the
big city significantly influences the growth and physical condi-
tion of the population living in it. According to our data, the
physical development of modern children aged 4-7 years from
Minsk has its own peculiarities (34), although eventually and
with better development of the social infrastructure in small
towns and in countryside the distinctions in parameters de-
crease (1). Belarusian society has changed dramatically from a
largely agricultural society at the beginning of the 20th century
to alargely urban one in the second half of the century.

Thus, the dynamics of the basic parameters of physical de-
velopment of 4-7 year old Minsk children from the period 1923
to 2001-2002 was investigated. The time interval from 1923 to
1950 is characterized by gracilization of the children’s consti-
tution: while the body height increased noticeably, the weight
and chest circumference changed slightly. From 1950 to 1972
1973 the intensive acceleration, shown in essential increase in
anthropometrical parameters owing to the improvement of
quality and conditions of the population life, is marked. From
1972-1973 to 1990-1991 deceleration of parameters of body
mass and length is observed, while values of chest circumfer-

. Age, years
Indices
4 5 6 7
Boys
Height, cm +1.66* +0.59 -1.53* +1.17
Weight, kg +0.89% -0.10 -0.79 +0.59
Chest circumference, cm +0.57 -0.14 —1.53%x* -0.73
Girls
Height, cm -0.60 +0.80 -1.21 +2.55%*
Weight, kg 0.07 +0.31 -0.26 +0.87
Chest circumference, cm +0.49 +0.29 -0.31 -0.23

*_p < 0.05,%* — p < 0.01,*** — p < 0.001.



Secular changes in height, weight and chest circumference of 4-7 year old children from Minsk in the 20th century

227

ence continued to increase. The time interval from 1990-1991
to 2001-2002 is characterized by stabilization in the basic pa-
rameters of physical development: insignificant changes of
body weight and height are noted, while chest circumference
changed direction and began to decrease.

The most significant shifts in parameters of the total body
sizes of children fall to the time period from 1920 to 1970 while
the period from 1980 to 2000 is characterized by smaller inten-
sity of changes. Such tendency is characteristic of many coun-
tries of the world (35-39).

CONCLUSIONS

Positive secular trends occurred in 4-7 year old children from
Minsk, Belarus during 1923-2002. These secular increases can
be explained by improvements in social and health indicators
that reflect the overall health status of the population.

As regular supervision over the anthropological status of
children and adolescents was conducted for less than 100 years
in most countries the question on trends of long-term variabil-
ity of the basic parameters of physical development remains
open.
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