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The aim of the study is to follow up trends in the stature, weight and body mass index (BMI) in 3-6-year-
old children from Sofia during the period 2005-2016 and to assess the prevalence of underweight, 
overweight and obesity.

From 2004 to 2005 and 2014 to 2016, two independent cross-sectional anthropological studies 
of children visiting kindergartens in Sofia were carried out. Stature and body weight were measured 
and BMI was calculated. The children were classified as underweight, normal, overweight and obese 
according to the International Obesity Task Force BMI cut-offs proposed by Cole and Lobstein.

The children measured during the period 2014-2016 have lower but similar values ​​of the stature, 
body weight and BMI to those of children from the first survey (2004-2005). The statistically significant 
differences are not observed. An increase of frequencies of underweight and overweight and a decrease 
of the incidence of obesity in 3-6-year-old children are detected.

Key words: children, anthropometric measurements, BMI, underweight and overweight, secular 
changes

Introduction

The anthropological characteristic of the population of each country is an indicator of 
the specifics of the socio-economic living conditions during its historical development 
and in the present. 

Secular trend presents changes in the consequtive generations, mostly observed in 
growth, development and maturation of children and adolescents, or in adult sizes [7]. 
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The changes depend on both the genetic potential of the population and environmental 
factors, notably the level of socio-economic living conditions.

In some developed countries, secular changes slow down [4] or stabilize at a 
certain age and age of menarche, while in other ones it still continues [1, 2].

The absence of changes in the rate of growth and development in certain years 
shows that either living conditions stop improving or that they already allow the full 
expression of genetic potential [23].

Secular growth changes to higher stature, body weight and earlier maturation are 
also associated with improved nutrition and health care [4, 9, 15, 24, 25] and could be 
referred to the health status of a population with mostly positive, progressive tendencies. 
Unfortunately these positive trends lead to some negative consequences such as the 
increasing body fat content as one of the results of the modern way of living (reduced 
physical activity along with unfavorable changes in dietary habits) [18].

The risk of being overweight and obese during adolescence and adulthood begins 
in early childhood. Overweight and childhood obesity are a risk factor for a number 
of health problems (respiratory, cardiovascular, musculoskeletal, metabolic, endocrine, 
etc.) [10, 20].

A relative increase in the prevalence of overweight and obesity in early childhood 
are observed worldwide in the period 1990–2010 [6]. Along with being overweight in 
the current generation of children and adolescents in developed countries, a serious 
problem is the increased incidence of underweight, which, although to a lesser extent, 
also carries a risk of health complications [13, 27].

The frequency of overweight and obesity is constantly increased, but a number of 
studies have found slowed down or even stabilized percentage of overweight and obese 
children after the 2000s. This is observed mostly in the younger children (up to 7-10 
years) [8, 22, 26]. 

The aim of the study is to follow up trends in the stature, weight and body mass 
index in 3-6-year-old children from Sofia during the period 2005-2016 and to assess the 
prevalence of underweight, overweight and obesity.

Materials and Methods

Two independent cross-sectional anthropological studies of children visiting 
kindergartens in Sofia were carried out during the periods 2004 - 2005 and 2014 - 2016. 
A total of 640 participants (320 boys and 320 girls) were included in the first study 
and 870 (451 boys and 419 girls) in the second one. Stature was measured in standing 
position with stadiometer to the nearest 0.1 cm by Martin-Saller’s classical methods 
[12]. Body weight was measured using digital scale Tanita to the nearest 0.1 kg. Body 
mass index (BMI) was calculated by the formula: BMI = body weight (kg)/stature 
(m)2. The participants were classified as underweight, normal, overweight and obese 
according to the International Obesity Task Force (IOTF) cut-offs of BMI proposed by 
Cole and Lobstein [5].

Written informed consent from the parents of each child who voluntarily participated 
in the studies was obtained. The investigations were approved by the Ethical Committee 
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of Institute of Experimental Morphology, Pathology and Anthropology with Museum – 
Bulgarian Academy of Sciences and were conducted in agreement with the principles 
of the Declaration of Helsinki for human studies of the World Medical Association [28].

The metrical data were analyzed by SPSS software, version 16. Student’s t-test 
was used to compare stature, weight and BMI between two investigated cohorts. 
The comparison of the frequency of underweight, overweight and obesity between 
the different years was performed with a chi-square test. Statistical significance was 
considered at р ≤ 0.05.

Results and Discussion

The statistical data of basic anthropometric features and BMI in 3-6-year-old children 
are presented on Table 1. 

The stature of the boys from the first sample (2004-005) varies between 101.20 
cm at the age of 3 and 121.28 cm at the age of 6 years. In the boys from the second 

Table 1. Statistical data for stature, weight and BMI in 3-6-year-old children (2005-2016)

Features Age Years
Boys Girls

n mean SD decade 
changes p n mean SD decade 

changes p

St
at

ur
e 

(c
m

)

3y 2005
2016

80
103

101.20
99.76

4.30
4.66 - 1.44 0.03* 80

102
98.99
98.39

3.89
4.92 - 0.6 0.37

4y 2005
2016

80
100

107.70
106.71

4.13
5.20 - 0.99 0.18 80

100
106.52
106.45

5.39
5.39 - 0.07 0.94

5y 2005
2016

80
128

114.66
113.87

4.97
5.18 - 0.79 0.28 80

111
113.91
113.12

4.97
4.95 - 0.79 0.28

6y 2005
2016

80
120

121.28
121.49

4.93
5.74  0.21 0.79 80

106
120.40
119.43

5.16
4.80 - 0.97 0.19

B
od

y 
w

ei
gh

t (
kg

) 3y 2005
2016

80
103

16.33
15.78

2.11
1.93 - 0.55 0.07 80

102
15.48
15.15

1.79
1.98 - 0.33 0.24

4y 2005
2016

80
100

18.35
18.03

3.09
3.60 - 0.32 0.53 80

99
17.96
17.72

2.68
2.59 - 0.24 0.55

5y 2005
2016

80
127

21.06
20.36

3.97
3.16 - 0.7 0.18 80

110
20.01
20.13

3.72
3.68 0.12 0.82

6y 2005
2016

80
120

23.86
23.26

4.26
4.0 - 0.6 0.31 80

106
22.87
22.35

3.93
3.09 - 0.52 0.31

B
M

I (
kg

/m
2 )

3y 2005
2016

80
103

15.91
15.82

1.43
1.25 - 0.09 0.65 80

102
15.76
15.60

1.26
1.18 - 0.16 0.36

4y 2005
2016

80
100

15.75
15.74

1.83
1.87 - 0.01 0.97 80

99
15.76
15.59

1.48
1.43 - 0.17 0.44

5y 2005
2016

80
127

15.92
15.64

1.87
1.46 - 0.28 0.23 80

110
15.38
15.64

1.42
2.02 0.26 0.33

6y 2005
2016

80
120

16.14
15.68

2.04
1.69 - 0.46 0.08 80

106
15.72
15.63

2.04
1.59 - 0.09 0.75

* Statistically significant differences at р ≤ 0.05
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study (2014-2016) it is between 99.75 cm and 121.49 cm, respectively. The increment is 
higher in boys investigated during the period 2014-2016 (21.73 cm) compared to those 
investigated within 2004-2005 (20.08 cm). The body weight range is from 16.33 kg to 
23.86 kg (2004-2005) and from 15.78 kg to 23.26 kg (2014-2016). The weight of boys 
from both cohorts increased between 3 and 6 years of age with 7.5 kg. 

The stature of the girls from the first study ranged from 98.99 cm at 3 years to 
120.40 cm at 6 years, as the increment is 21.41 cm. In the group of girls from second 
study, the stature increased from 3 (98.39 cm) to 6 (119.43 cm) years with 21.04 cm. 
The body weight of the girls measured in 2004-2005 ranged from 15.48 kg (at the age 
of 3) to 22.88 kg (at the age of 6), and girls measured in 2014-2016 weigh from 15.15 kg 
to 22.35 kg. Weight gain is 7.4 kg in the first sample and 7.2 kg in the second one. 

The difference in stature of both boys and girls from each cohort is from a few 
millimeters to about 1.4 cm, and in body weight: from 0.100 kg to 0.700 kg.

In children investigated during the periods 2004-2005 and 2014-1016, the values 
of the indicator of nutritional status – BMI are within a normal range (18.5 kg/m2 – 
25.0 kg/m2) and remain relatively constant for a decade. 

There are no significant differences in stature, weight and BMI in boys and girls in 
all age groups between 2005 and 2016, with the exception of 3-year-old boys, in which 
statistically significant differences are observed in stature (p=0.03).  

For each age group in both genders, the mean values of stature, weight and BMI 
decreased slowly for a decade. The opposite trend is observed only in the stature of 
6-year-old boys (0.21 cm) and in the weight and BMI of 5-year-old girls (0.12 kg and 
0.26 kg/m2 respectively). 

Table 2 presents the incidence of underweight, normal weight, overweight and 
obesity in children studied in 2004-2005 and 2014-2016. 

The frequency of underweight children in both genders investigated in 2004-2005 
is 11.9%. The highest incidence of underweight is at the age of 3 (17.5%) in boys and 

Tablе 2. Frequency of the categories nutritional status according BMI cut-offs of Cole and 
Lobstein

Boys

Age Years n
Underweight Normal weight

Overweight and obesity
χ 2

(df = 3)Overweight Obesity
n % n % n % n %

3y 2005
2016

80
103

14
17

17.5
16.5

60
76

75.0
73.8

4
9

5.0
8.7

2
1

2.5
1.0 1.56

4y 2005
2016

80
100

11
18

13.8
18.0

63
73

78.8
73.0

3
8

3.8
8.0

3
1

3.8
1.0 3.52

5y 2005
2016

80
127

7
21

8.8
16.6

62
90

77.5
70.9

8
13

10.0
10.2

3
3

3.8
2.4 2.82

6y 2005
2016

80
120

6
14

7.50
11.7

62
99

77.5
82.5

8
6

10.0
5.0

4
1

5.0
0.8 6.03
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at the age of 3 and 4 (13.8%) in girls. The prevalence of underweight among preschool 
boys and girls studied in 2014-2016 is 15.7% and 11.9% respectively, as the highest 
frequency is observed at the age of 4 (18.0%) in boys and at the age of 3 (16.7%) in 
girls. The incidence of underweight decreased with age in both studies. Over 70% of 
the children from the investigated cohorts have normal weight and 3.0 to 20.0% are 
overweight. In children from the first study the incidents of overweight rise to 10% and 
13.8% in 6-year-old boys and girls and in children from the second one – to 10% and 
12.7% in 5-year-old boys and girls, after that the frequency decreases. In both studies 
the children with obesity are less than 5.0%. There are significant differences only in 
group of overweight girls at the age of 4 (p ≤ 0.05).

Discussion

The periodic conduct of similar studies provides a possibility to follow the tendencies 
in children and adolescents’ growth and development for certain periods of time in 
different socio-economic living conditions.

Our study demonstrates slow-down trends for stature, weight and BMI in 3-6-year-
old children from Sofia. The comparative analysis of the data from the two studies shows 
that the children measured in the period 2014-2016 have lower values of the stature, 
weight and BMI, but close to those of the children from the first study (2004-2005). 
Statistically significant differences only in the group of 3-year-old boys are observed. 
Similar trends in basic anthropometric features are detected in some other populations 
as well [4, 16, 21]. The data from other countries are consistent in reporting a positive 
trend. In children under the age of 5 the secular changes in stature, weight and BMI are 
the smallest and increase with age and reach a maximum during the puberty [18, 19, 
29]. Positive and negative changes are recorded for different ages and decades in Novi 
Sad sample between 1991 and 2001, and after 2001. A modest increase of height and 
weight during the investigated period, especially in preschool children are established. 
According to the authors, the changes in anthropometric characteristics reflect the 
changing socio-economic and political situation in the country after the 1990s [17].  

Girls

Age Years n
Underweight Normal weight

Overweight and obesity
χ 2

(df = 3)Overweight Obesity
n % n % n % n %

3y 2005
2016

80
102

11
17

13.8
16.7

63
81

78.8
79.4

5
3

6.2
2.9

1
1

1.2
1.0 1.40

4y 2005
2016

80
99

11
14

13.8
14.1

53
76

66.2
76.8

16
6

20.0#
6.10

0
3

0.0
3.0 10.10#

5y 2005
2016

80
110

6
11

7.5
10.0

68
81

85.0
73.6

3
14

3.8
12.7

3
4

3.8
3.6 5.26

6y 2005
2016

80
106

10
7

12.5
6.6

56
87

70.0
80.2

11
12

13.8
11.3

3
0

3.8
0.0 6.79

# Statistically significant differences at р ≤ 0.05
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An important aspect of monitoring of the children’s health is the investigation 
of their nutritional status and determination of the frequency of its extreme forms – 
underweight and obesity.

Comparing the children in both studies an increase of the frequency of underweight 
is detected, with the exception of 3-year-old boys, and 6-year-old girls. The prevalence 
of overweight in boys also increases, except 6-year-olds, and decreases in girls, except 
5-year-olds. The incidence of obese children decreases in boys, whereas in 3 and 
5-year-old girls it remains relatively constant and decreases in 6-year-olds. Similar to 
our results for children from early childhood, preschool and school age are established 
in England, Netherlands, Czech Republic and others [11, 14, 22, 26]. Van Jaarsveld and 
Gulliford reported stabilization in the incidence of obesity in 2-10-year-old English 
children between 2004 and 2013, but not in older 11-15-year-old students [26]. A 
relatively constant incidence of obesity was also found by Sigmund et al. for Czech 
children for the period 2005-2015 [22]. Decrement of the frequency of overweight and 
obese children in 2002-2011 in Italy was reported by Brambilla et al. They also found 
an increase in prevalence of underweight children [3]. 

Conclusion

For the investigated period (2004/2005 – 2014/2016), detention in stature, body weight 
and BMI in early childhood and preschool children are established.  An increase of the 
frequency of underweight and overweight and a decrease of the incidence of obesity is 
detected in 3-6-year-old children.

The information obtained could be used to assess the real health risks of children 
from early childhood and preschool age, and to develop adequate programs and policies 
to improve the living conditions and health of the younger generation in the country. 

Acknowledgements: To our colleagues who helped to carry out the survey, the teams of 
the kindergartens, the children who participated in the survey and their parents.
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