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SUMMARY
The purpose of the present study is to investigate the

secular changes in the body height, weight, chest and head
circumferences in preschool children (3-6 years) from the
Smolyan region, Bulgaria, during the past 20 years.

Material and methods. A transversal anthropometric
study of 330 clinically healthy children, aged between 3 to 6
years from Smolyan region, Bulgaria, was performed in the
period 2017-2019 (Sample B). For the aims of the analysis,
earlier anthropometric data, collected by the author for 406
preschool children from the Smolyan region, aged between
3-6 years, transversally studied in the period 1996-1998 (Sam-
ple A) were also used. The height, weight, chest and head cir-
cumference have been measured for each child, as per Mar-
tin-Saller’s methods. The data have been processed through
the statistical package Statistica 12.0 by using analysis of vari-
ance. The Student’s T-test was used a check  the significance.

Results. Our results show the significant increase of
height and weight of boys at the age of 3 and 5 years and
the weight of girls at the age of 3 and 6 years. A statistically
reliable reduction in the chest and head circumferences
among boys at the age of 6 years.  On the grounds of these
negative secular changes, the modern girls at the age of 3
years have a reliably larger chest and head circumference in
comparison to their peers 20 years ago. At  the same time
the  girls at the age of 5 years are with chest circumference,
which is almost 2 cm smaller in comparison to their peers.

Conclusions. Our results once again show the
multidimentional character of the secular changes, which are
presented, to  various extents, in the various morphological
systems of the body during the different stages of the on-
togenesis and are different for the two genders.

Keywords: secular changes, height, weight, chest and
head circumference,   preschool  children,

INTRODUCTION
It is known that the different stages in the ontogenesis

of humans are a real reflection of the chain of events in the
process of individual growth and development. Each of these
stages is characterized by a unique and specific combination

of biological features which are influenced by a complex of
various environmental and genetic factors, and the influence
of these factors changes during different ages. The environ-
mental influences manifest with territorial,  ethnic, sex and
age peculiarities and morphometric differences in basic an-
thropometric features, like height, weight, BMI, some indica-
tors of width and circumferences, features of body composi-
tion and nutritional status and other features and drow the
determining role of the different endo- and exogenic factors
in growth processes [1, 2, 3, 4].

A direct reflection of the increased ecosensitivity of
the child’s organism to the environmental factors is the secu-
lar changes in the basic dimensions of the children’s and ado-
lescent’s bodies observed in the second half of the 20th cen-
tury in most parts of the world. These positive secular
changes occur in different periods of growth and are related
to an increase of height, weight, BMI and other somatic fea-
tures [5, 6, 7, 8] with earlier puberty [9]. Also, the secular
changes in the ratio between the individual anthropometric
features [10] and also the biggest differences in the terminal
body height in early childhood have been reported [11].

Due to the fluctuating character of the secular
changes, the periods of acceleration take turns with periods
of stabilization. Such changes and stabilization of the secu-
lar processes were observed in the 80s-90s of the 20th cen-
tury in many countries around the world in different age and
territorial groups [12, 13, 14, 15].   Some authors reported
gracilization [16] about astenization of body composition
[14] and for debrachycepahlization as part of the general “ten-
dency of the century” [12].

At the beginning of the new 21  century, reports
started to appear in the scientific literature in relation to posi-
tive secular changes in nutritional status, leading to the in-
creasing spread of overweight and obesity among the chil-
dren as a result of an increase of fat mass [17, 18]. Also in
scientific literature reports for a decrease of skeletal robust-
ness [7] and for a decrease of the age of appearance of over-
weight and obesity [19], and its increased occurrence among
preschool children [6, 20, 21].

The above requires continuous monitoring of the
growth and development processes in order to update the
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growth standards, to provide correct and adequate evalua-
tion of the physical development in the modified social and
economic conditions of living and to ensure early diagno-
sis of the deviations in physical development. In relation to
that, the studies of the processes of growth in the early age
of children, in all their aspects and dimensions, are especially
current and valuable both for science and pediatricians.

The PURPOSE of the present study is to investigate
the secular changes in the body height, body weight, head
and chest circumferences of children between the ages of 3-
6 years from the Smolyan region, Bulgaria, during the past
20 years.

MATERIALS AND METHODS:
A transversal anthropometric study of 330 children

(161 boys and 169 girls), aged between 3 to 6 years from
the district of Smolyan, Bulgaria, was performed in the pe-
riod 2017-2019 (Sample B). All studied children are clini-
cally healthy and are of Bulgarian origin. The children were
distributed into eight age-gender groups (4 groups per gen-
der) - three-years-old, four-years-old, five-years-old and six
years old. The average age of the children is 3.5, 4.5, 5.5
and 6.5 years.  For example, 4-years-old are considered chil-
dren at the age between 4.0 to 4.99 years.  The data of the
number of investigated children from two samples are
presentåd in table 1.

The height, weight, chest and head circumferences
have been measured for each child, as per the classical
anthropometrical methods of Martin-Saller [22] by original
instruments GPM (Siber-Hegner Company, Swiss).

During the study, all ethical norms and requirements
have been adhered to and informed written consent was col-
lected by the parents in relation to the participation of the
children in the study. The study has been approved by the
Ethics Committee of the Branch of Plovdiv University at
Smolyan.

For the performance of the analysis of the secular
changes, anthropometric data for 406 children from the

Smolyan region, aged between 3-6 years, transversally stud-
ied in the period 1996/98 (Sample A) were used [23].

The data have been processed through the  statistical
software package Statistica 12.0 (StatSoft Inc.) by using
analysis of variance.  The Student’s T-test, with a level of
significance of p<0.05, was used to  check the reliability of
the group averages.

RESULTS
The results of the secular changes in the studied an-

thropometric indicators such as height, weight, chest and head
circumferences at preschool boys are presented in table 2.

Table 2. Comparison of basic anthropometric parameters in Bulgarian preschool boys in two generations (Sample A
– 1996/1998; Sample B -2017/2019).

Age (years) 3 y. 4 y. 5 y. 6 y.

SA SB SA SB SA SB SA SB

Mean Mean p≤0.05 Mean Mean p≤0.05 Mean Mean p≤0.05 Mean Mean p≤0.05
(SD) (SD) (SD) (SD) (SD) (SD) (SD) (SD)

Height (cm) 98.4 100.8 0.045* 105.8 106.6 0.524 112.8 115.4 0.006* 120.1 120.3 0.836

(3.9) (5.9) (6.3) (3.9) (5.1) (4.2) (5.2) (5.7)

Weight (kg) 15.0 16.1 0.011* 17.4 18.1 0.284 19.8 21.7 0.004* 23.1 24.3 0.199

(1.5) (2.0) (3.2) (2.4) (2.9) (3.4) (3.8) (6.2)

Chest circum- 52.9 52.5 0.463 54.3 54.5 0.798 57.0 57.0 0.970 59.6 58.1 0.046*

ference (cm) (2.1) (2.7) 4.0 (2.6) (2.8) (3.5) (4.0) (3.8)

Head circum- 50.3 50.3 0.972 51.5 51.1 0.344 52.0 51.6 0.102 53.1 52.2 0.003*

ference (cm) (1.2) (1.4) (1.5) (2.1) (1.4) (1.5) (1.5) (3.8)

Table 1. Characteristics of the sample by age and sex.

Age  (years) Sample |A (1996-1998)  Number Sample B (2017-2019)  Number Total N

Boys Girls All Boys Girls All

3 y. 69 46 115 23 28 51 166

4 y. 41 25 66 36 44 80 146

5 y. 50 53 103 49 53 102 205

6 y. 56 69 125 53 44 97 222

Total 216 193 409 161 169 330 739
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In relation to height, our results show that the con-
temporary boys  (Sample B) are taller in comparison to
their peers before 20 years, in all age periods, but the dif-
ferences have statistical significance only among the chil-
dren at the age 3 and 5 years, where they reach values,
respectively of 2.4 cm and 2.6 cm (p≤0.05).

The results for weight show that the modern gen-
eration of 3-6-years-old boys from the studied region is
heavier than their  peers at the same age two decades ago,
in all age groups. For the modern boys at the age of 3
years, for two decades, the weight has increased  by 1 kg,
for 5-years-old by 1.8 kg, and for 6-years-old by 1.2 kg,
where the differences have statistical significances for the
boys, aged at 3 and 5  years (p≤0.05).

The data about the secular changes in chest circum-
ference show that the values of the chest circumference
in the present generation of boys from the Smolyan re-

gion, at the age of 3 years, are insignificantly smaller in
comparison to their peers from 20 years ago, where in the
modern boys at the age of 6 years a significant negative
trend is observed as well, which is in the range of 1.5 cm
(p≤0.05).

The results for the secular changes in the head cir-
cumference show that the modern boys at the age of 3
years are with the same size of the head circumference as
their peers from the end of the last century. Among the
boys aged between 4-6 years, the size of the head circum-
ference is reduced, where the differences reach 0.9 cm in
the 6 years, which differences have statistical significance
(p≤0.05).

The results of the secular changes in the studied
anthropometric indicators at preschool girls are presented
in table 3.

Table 3. Comparison of  basic anthropometric parameters in Bulgarian preschool girls of two generations (Sam-
ple A – 1996/1998; Sample B -2017/2019).

Age (years) 3 y. 4 y. 5 y. 6 y.

SA SB SA SB SA SB SA SB

Mean Mean p≤0.05 Mean Mean p≤0.05 Mean Mean p≤0.05 Mean Mean p≤0.05
(SD) (SD) (SD) (SD) (SD) (SD) (SD) (SD)

Height (cm) 97.3 97.5 0.882 107.2 105.7 0.338 111.9 112.2 0.675 119.7 120.8 0.229

(3.1) (4.8) (6.4) (5.5) (5.4) (5.7) (4.9) (4.7)

Weight (kg) 13.5 15.3 0.000* 17.4 17.5 0.913 19.6 20.0 0.526 22.1 25.2 0.001*

(1.6) (2.2) (3.2) (3.7) (3.3) (4.0) (3.4) (7.0)

Chest circum- 50.3 51.9 0.014* 54.2 52.9 0.172 56.2 54.1 0.033* 58.0 59.0 0.359

ference  (cm) (2.9) (2.2) (4.2) (3.7) (3.5) (5.9) (4.0) (7.5)

Head circum- 48.9 49.8 0.008* 51.0 50.3 0.194 51.1 50.6 0.111 51.8 51.5 0.530

ference (cm) (1.5)  (1.3) (1.7) (2.3) (1.2) (1.3) (1.5) (1.3)

As opposed to the boys. the height of the studied
girls (Sample B) at the age between 3-6 years has not sig-
nificantly changed for the last two decades. No differences
in height were established among the girls of the two gen-
erations at the age of 3 years. The differences grow among
the girls at the age of 5 and 6 years but remain statisti-
cally insignificant (p≤0.05).

The body weight of modern girls in preschool age
also presents positive secular changes in all age groups.
For the girls at the age of 3 years, the weight values have
increased, on average base, by 1.8 kg (p≤0.05), for the girls
at the age of 4 years, it is similar for the two studied
groups.  For the girls at the age of 5 years, the differences
are insignificant and are in the range of 0.4 kg (p≤0.05),
but the highest differences, which are statistically signifi-
cant, are observed in the weight of modern 6- years- old
girls, who are reliably heavier, on average base by 3.1 kg
in comparison to their peers from the end of the previous
century (p≤0.05).

The secular changes in chest circumference in
girls are with multidirectional character.  Positive secular

trend is observed only among the girls at the age of 3 and
6 years, while at the age of 4 and 5 years, the secular
changes are negative. The modern girls at the age of 3
years are with reliably bigger chest circumference in com-
parison to their peers  from 20 years ago, while the girls
at the age of 5 years are with chest circumference, which
is almost 2 cm smaller in comparison to their peers
(p≤0.05).

 The results for the head circumference for girls are
similar to the results of the boys. Positive secular changes
are observed only among the modern girls at the age of 3
years, whose head circumference is 1 cm larger in com-
parison to their peers 20 years ago (p≤0.05). Insignificant
negative secular changes are observed among the girls at
the age of 4, 5  and 6 years, which are getting smaller
with age.

DISCUSSION
The present study provides, for the first time, data

about the main anthropometric indicators of physical de-
velopment – height, weight, chest and head circumfer-
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ences of the modern generation of children from Smolyan
region, Bulgaria, at the age between 3-6 years, as well as
data in relation to secular trends of these indicators for
the last  20th  years.

In this relation, our results show a positive secular
trend for height and weight for children at the age be-
tween 3-6 years, despite the fact that the increase is not
evenly presented in all ages and is different for the two
genders.

Among the boys (table 2) at preschool age, body
height has increased for the past two decades (1996-2019).
The  results show minor positive secular changes in the
height of the boys at the age of 3 and 5 years and
stabilization at the age of 6 years during the first two dec-
ades of the 21 century. For the boys at the age of 3 years,
the increase in height for two decades is with 2.4 cm or
on average by 1.2 cm per decade and for the boys at the
age of 5 years, respectively 2.3 cm or 1.3 cm per decade.
The increase is lowest and insignificant for boys at the
age of 6 years, where, practically, the height shows
stabilization and lack of secular changes. Our results for
that indicator are different from the data of some authors
who do not observe significant secular differences in the
25-years period (1990-2016) studied by them [15, 24].

No significant secular changes in body height are
observed among the girls (table 3). Weak and insignifi-
cant acceleration processes are established during the 3,
5 and 6 years  and deceleration processes, which are also
insignificant, at the age of 4 year (p >0.05).  In fact, our
data about the secular changes in the height of girls at
that age correspond to the data provided by Sedlak et al.
[24], according to which there are no significant secular
changes in the height, including of girls, in the period
1990-2016. Negative secular changes in the height of Bul-
garian children of two genders at age 3-6 years for the
period 1980-2004  are reported earlier by Yankova and
Zhecheva for Bulgarian preschool children from Sofia
[25].

In relation to secular changes in weight the results
show positive secular changes among children at age 3-6
years from both genders during the first two decades of
the 21st  century, which are well presented and significant
among the boys at the age of 3 and 5 years and among
girls at the age of 3 and 6 years. Most probably, our data
outline a new positive secular tendency in the weight of
Bulgarian children at the age between 3-6 years at the be-
ginning of the 21st century, on the base of earlier data from
Yankova and Zhecheva  [25], who reported about decel-
eration changes in the weight in both genders after the
70s of the last century up to the  year 2005.

But at the same time, our results confirm the ob-
servations of other authors [24], who report an increase
in the weight of Czech boys at the age of 3, 5 and 6 years
and Czech girls at the age of 6 years for the period 1990-
2016. In the previous papers, other authors also report
similar positive secular changes in weight [6,17].

In relation to chest circumference, the results show
that for the last 20 years, it has been  going down among

the boys at the age of 3 and 6 years and girls at age 4 and
5 years. At the same time, its secular increase is observed
only among girls at the age of 3 and 6 years, where the
differences have statistical significance only for the girls
at the age of 3 years from the two generations. These  re-
sults  are close to the data of other authors, who also re-
port stabilization or reduction of the chest circumference,
about processes of astenization in body composition
among urban preschool child etc. [14].

According to head circumference, the results show
negative secular changes for the boys, especially well ex-
pressed among children at the age of 6 years, as well as
slight deceleration processes in that indicator among girls
at the age between 4 to 6 years. A positive trend is present
only among girls at the age of 3 years. These results con-
firm earlier published data of many authors about the ab-
sence of acceleration processes and about the decelera-
tion of the head circumference after the 80s of 20 cen-
tury [25].

Our results confirm the statements of other authors
that the intensity of the secular changes in the somatic
dimension of the children, to a great extent, is  the “re-
sult” of the period of ontogenesis to which the studied
population is related [8].

CONCLUSION
In summary, the results of the study of the secular

changes of the studied main anthropometric features show
that there are  secular changes in the main features in the
physical development and nutritional status among the
children of Smolyan region at age 3-6 years during the
last 20 years (1998-2019), which are different for the two
genders. They are expressed in a significant increase of
height and weight of boys at the age of 3 and 5 years and
the weight of girls at the age of 3 and 6 years. A statisti-
cally reliable reduction in the chest and head circumfer-
ence among boys at the age of 6 years and a smaller chest
circumference of 5-years-old girls are  observed. On the
grounds of these negative changes, the modern girls at the
age of 3 years have a reliably larger chest and head cir-
cumference in comparison to their peers 20 years ago.

The results of the secular changes in these main fea-
tures show the multidimentional character of the secular
changes, which are presented, to various extents, in the
various morphological systems of the body during the dif-
ferent stages of the ontogenesis and are different for the
two genders.  Most probably, these differences are related
to the influence of the specific hereditary factors, dominat-
ing the growth of the studied indicators in that age, as well
as with the different ecosensitivity of the body to environ-
mental factors in the earlier stages of the development,
which will be a subject of our future studies.
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