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Abstract
Objective: the objective of this work is to investigate
the distribution of underweight, overweight, the general
and central obesity in 8-15-year-old Bulgarian children
and adolescents, through the use of the anthropometric
indices BMI and WHtR.
Materials and methods: subject of this study are 878
children and adolescents (437 boys and 441 girls) of
Smolyan region, Bulgaria, at the age of 8 to 15 years. The
study is cross-sectional and was conducted in the period
2012-2014. The body height, weight and waist circumference were measured. In addition, the body mass index
(BMI) and waist to height ratio (WHtR) were calculated.
Overweight and obesity were defined according to the
cut-off points of BMI, recommended of IOTF and developed by Cole e t al. (2000; 2007). The central obesity was
defined according to the discriminatory values of 0.500
of WHtR. The collected data were analysed by statistical
software packages STATISTICA 10.0 and SPSS 16.
Results: overweight occurs among 18.8 % of the
boys and 17.0 % of the girls, and obesity occurs among
7.6 % of boys and 3.7 % of the girls. The underweight
are 8.0 % of the boys and 10.4 % of the girls. Central
obesity (WHtR ≥ 0.500) occur among average 12.75 %
of all investigated children independently of their nutritional status (16.2 % of boys and 9.3 % of girls). With
central obesity (WHtR ≥ 0.500) are on average 2.7% of
all boys and girls with normal weight (n = 96) and an
average 46.82% of all participants with overweight and
with obesity (n = 205). With increased health risk (WHtR
≥ 0.500) are total of 2.01% (n=16) of all surveyed children
(n = 793) from categories normal weight.
Conclusion: there has been an increase in prevalence
of overweight and obesity among Bulgarian children and
adolescents from Smolyan region during the over one
last decade. The relatively high percentage of underweight children, especially among in group of the girls after
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PREVALENCIA DE BAJO PESO, SOBREPESO,
OBESIDAD CENTRAL Y GENERAL ENTRE
8-15 AÑOS DE EDAD LOS NIÑOS BÚLGAROS
Y ADOLESCENTES (REGIÓN DE SMOLYAN,
2012-2014)
Resumen
Objetivo: el objetivo de este trabajo es investigar la
distribución de peso insuficiente, demasiado pesado,
la obesidad general y central en 8 niños búlgaros de
15 años y adolescentes, a través del uso de los índices antropométricos BMI y WHtR.
Materiales y métodos: el objeto de este estudio son 878
niños y adolescentes (437 niños y 441 niñas) de la región
de Smolyan, Bulgaria, con edades de 8 a 15 años. El estudio es transversal y se llevó a cabo en el período 20122014. Se miden la altura, el peso y la circunferencia de la
cintura, así como el índice de masa corporal. El sobrepeso y la obesidad se definen de acuerdo con los puntos de
corte de BMI, recomendado por la IOTF y desarrollado por Cole et al. (2000:2007). La obesidad central fue
definida de acuerdo con los valores discriminatorios de
0,500 de WHtR. Los datos obtenidos fueron analizados
por los paquetes de software estadístico STATISTICA
10.0 y SPSS 16.
Resultados: el sobrepeso se produce entre el 18,8% de
los chicos y el 17,0% de las niñas, y la obesidad entre el
7,6% de los varones y el 3,7% de las chicas. Presentan bajo
peso el 8,0% de los chicos y el 10,4% de las chicas. La obesidad central (RCEst ≥ 0.500) se produce en promedio, en
el 12,75% de todos los niños investigados, independientemente de su estado nutricional (16,2% de los varones y el
9,3% de las chicas). Presentan obesidad central (RCEst ≥
0.500), en promedio, el 2,7% de todos los niños y niñas con
peso normal (n = 96) y un promedio 46,82% de todos los
participantes con sobrepeso y con obesidad (n = 205). Con
el aumento de riesgo para la salud (RCEst ≥ 0.500) son
total de 2,01% (n = 16) de todos los niños encuestados (n =
793) de las categorías de peso normal.
Conclusión: se ha producido un aumento de la prevalencia de sobrepeso y obesidad en niños y adolescentes
búlgaros de la región de Smolyan durante más de una
década. El porcentaje de insuficiencia ponderal entre los
niños, es relativamente alto especialmente entre el grupo
de las niñas después de la pubertad. La obesidad central,
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puberty. The central obesity, as well as its combination
with overweight or general obesity is more frequent in
boys than in girls.

así como su combinación con el sobrepeso o la obesidad,
es más frecuente en niños que en niñas.
(Nutr Hosp. 2015;31:2419-2427)
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Abbreviations
BMI: Body mass index.
WHtR: Waist to height ratio.
NS: Nutritional status.
IOTF: International Obesity Task Force.
WHO: World Health Organization.
Introduction
Overweight and obesity are some of the most pressing challenges that humanity faces today. In literature, obesity ranks second only to smoking as a cause
of premature death and a risk factor for development
of cardiovascular diseases and metabolic disorders in
adult and children1-2. The relative proportion of children with overweight and obesity in the world as well
as in Bulgaria is on the increase3-6. According to the
World Health Organization Bulgaria has one of the highest rates of mortality of the population (66 %) as
a result of cardio-vascular diseases, whose etiology
is associated with major behavioral risk factors such
as smoking and lack of exercise, and metabolic risk
factors such as high blood pressure, overweight and
obesity7.
Worldwide, the most commonly used anthropometric measurement for diagnosis of both obesity and
underweight is body mass index (BMI). But this index is not a panacea and its use has received a lot of
criticism due to the fact that it is only a height/weight
ratio, it does not give a very accurate idea which of the
components of the body weight is responsible for the
accumulation of body mass8. Another anthropometric
indicator for assessment of obesity which has been recently used more frequently is the ratio between the
waist circumference and height (WHtR). This indicator is a specific sensitive marker of fat accumulation
in the upper part of the body and is also used for the
assessment of the risk of some cardiovascular diseases and metabolic disorders associated with the central accumulation of fats9-10. According to a number
of studies, WHtR correlates to a great extent with the
risk of cardiovascular and metabolic diseases both in
adults and children; thus it may be used as an alternative, universal, convenient, and inexpensive tool for the
assessment of central obesity in clinical practice due
to its independence of gender and age8,10,11-13. Several
authors think that the WHtR is even a more sensitive
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diagnostic indicator of overweight and obesity in children as compared with the BMI10,12,14. The data for the
distribution of overweight and obesity are important
not only for science and for clinical practice, but also
for the economy of any country.
In this regard, the objective of this work is to investigate the distribution of underweight, overweight,
and the general and central obesity among the contemporary generation of 8-15-year-old Bulgarian children
and adolescents (Smolyan region), through the use of
the anthropometric indices BMI and WHtR.
Material and methods
Sampling technique. The subjects of this study
are 878 children and adolescents, aged from 8 to 15
years, of which 437 boys and 441 girls. The study is
cross-sectional and was carried out in the period 20122014 at eight public schools in Smolyan region, Bulgaria. The children and adolescents are distributed in
eight age groups, the grouping carried out by Martin’s
method. Thus, for example, the group of 10-year-olds
included children from the age of 9 years, 6 months
and 0 days to 10 years 5 months and 29 days (Table I).
Study design. The study design included three directly measured anthropometric indices - height (cm), weight (kg) and waist circumference (cm). On this base two
additional indexes were calculated - body mass index
(BMI, kg/m2), and waist to height ratio (WHtR).
The anthropometric measurements were carried out
under the classical methodology of Martin-Saller15.
The height was measured with original anthropometer with an accuracy of 1 mm (“GPM Antropologishe
Instrumente”). The weight was measured with the
analyzer of body composition “Tanita BC 453”with a
precision of 0,05 kg. The waist circumference was measured with millimetre line with an accuracy of 1 mm.
Evaluation of body nutritional status was made according to cut-off points of BMI for children from 2 to
18 years, recommended of International Obesity Task
Force (IOTF) and developed by Cole et al.16-17. The
four groups of children were separated- underweight,
with normal weight, overweight and obese.
For evaluation of central obesity the discriminatory
values of 0.500 for WHtR were used. The two groups
of children were separated –the first group included
children with WHTR < 0.500 i.e without central obesity, and the second group included children with WHtR

Silviya Mladenova et al.

05/05/15 19:59

≥ 0. 500 i.e. with central fat distribution and central
obesity10 .
Statistical analysis. The collected data were analysed
by statistical software packages STATISTICA 10.0 and
SPSS 16. Mean and standard deviation for each of the
anthropometric measurements and indexes were calculated. Also the frequency distribution of children of each
sex and age into BMI and WHtR categories was made.
The statistical signifficance between age- and sex groups
was evaluated through T-test of Student on p-level 0.05.
The evaluation of differences between groups of children according to categories of body nutritional status
and WHtR was made by χ2 criteria on p-level 0.05.

Table I
Simple characteristics according to age and sex

Results
Data on the distribution of subjects participating in
the study according to age and their gender are presented in Table I.
Table II presents the statistical characteristics of
BMI and WHtR (mean, standard deviation, and significance of inter-age and inter-sex differences), according to age and sex.
The values of the BMI rise during the growth. The
mean value of the BMI for 8-year-old boys is 17.2 ± 2.7
kg/m², while with the 15-year-olds it is 21.6 ± 3.9 kg/m².
As for the girls, the values of BMI increase from 16.5 ±
2.1 kg/m2 with the 8-year-olds to 20.5 ± 3.2 kg/m2 with
the 15-year-old girls. In both sex groups the values of
BMI increase insignificance (p>0.05) in the all age period, with the exception of the period 9th-10th year of
age when 10 year- olds girls have statistically significance highest BMI values (p<0.05) than 9- year- olds girls.
The boys have higher values of the BMI than girls in
all ages with the exception of the period 11th-13th year

Age
(years)

Boys
(n)

Girls
(n)

8

55

50

9

69

62

10

65

70

11

51

69

12

64

55

13

62

49

14

36

50

15

35

36

TOTAL:

437

441

of age when both sexes have the same value of this index. During the whole period, however, no statistically
significant differences between the sexes (p>0.05). For
both sexes, the greatest accumulation of body mass per
unit of height was observed between 9th -10th year of
age and the 13th -14th year of age, i.e. in the period of
pre-puberty and puberty.
Unlike the BMI, the values of WHtR gradually decreased over the period of survey. Thus, the average
value of the ratio is 0.454 ± 0.03 for the 8-year-old
boys. Up to the 10th year of age, these values increases
to 0.464 ± 0.05, then follows decreases and in the 15th
year of age to 0.435 ± 0.04. With the 8-year-old girls,
WHtR is 0.445 ± 0.03 respectively, and increases to
0.450 ± 0.04 with the 10-year-olds. After that, WHtR
decreases in the same way as with the boys, and at the
end of the period it reaches values of 0.424 ± 0.05. In

Table II
Statistical data of body mass index (BMI, kg/m2) and waist to height ratio (WHtR) of participants according to their
age and sex
Boys
BMI

Intersex
differences

Girls
WHtR

N

Mean

SD

IAD p Mean

SD

8

55

17.2

2.7

0.454

0.03

9

69

17.6

3.2

0.46

0.458

0.04

10

65

18.7

3.4

0.06

0.464

11

51

18.7

4.1

0.92

12

64

19.3

3.8

0.36

13

62

20.0

4.3

14

36

20.9

15

35

21.6

BMI
IAD p

WHtR

N

Mean

SD

IAD p Mean

SD

50

16.5

2.1

0.445

0.03

0.67

62

17.1

2.6

0.18

0.444

0.03

0.05

0.49

70

18.4

3.4

0.01* 0.450

0.445

0.06

0.07

69

18.7

3.4

0.67

0.442

0.05

0.80

55

19.0

2.9

0.61

0.33

0.445

0.06

0.82

49

19.9

4.3

3.6

0.29

0.437

0.05

0.49

50

20.1

3.9

0.47

0.435

0.04

0.84

36

20.5

BMI WHtR
IAD p

p

p

0.14

0.16

0.85

0.32

0.04*

0.04

0.38

0.65

0.11

0.436

0.05

0.07

0.93

0.35

0.428

0.05

0.34

0.61

0.11

0.20

0.428

0.05

0.97

0.90

0.14

2.9

0.82

0.418

0.03

0.23

0.20

0.03*

3.2

0.53

0.424

0.05

0.54

0.18

0.31

Note: N-number, Mean-average value, SD-standard deviation, IAD- inter-age differences; ISD – inter-sex differences; p- level of significance,
* p < 0.05.
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both sex groups the values of WHtR decreases insignificance (p > 0.05) in the all age period.
The boys have insignificance higher values of the
WHtR than girls in all ages, with the exception of the
9th and 14th year (p < 0.05), when the values of WHtR
of boys are significance higher than in girls.
In Table III are present the results of the percentage distribution of the children and adolescents being
surveyed according to the different type of body nutritional status.
The results showed that of the all surveyed 878 children and adolescents of both sexes 32.7 % have deviations from normal body nutritional status- 9.2 % of
all are underweight, 17.9% are overweight, and 5.6%
are obese. The distribution according to sex showed
that 65.6 % of the boys have normal body nutritional
status, 8 % are underweight, 18.8% are overweight and
7.6 % are obese. 67.3% of all investigated boys and
girls have normal weight.
In group of the boys 65.6 % of all surveyed are with
normal weight, 8.0 % are underweight, 18.8 % are
overweight and 7.6 % are obese. In terms of age dis-

tribution, the results show that the highest percentage
of underweight boys is observed at the 11th (15.8 %),
the 13th (12.9 %) and the 14th year of age (11.1 %).
Overweight has the highest share among 10-year-olds
(24.6 %), the 14-year-olds (27.8 %), and most often
obesity occurs with 11-year-olds (11.9 %).
As for the girls, the results showed that 68.9 % are
with normal weight, 10.4 % are underweight, 17.0 %
are overweight and 3.7 % are obese. Underweight is
most commonly encountered in 15-year-old girls,
when it reaches 22.2 %; overweight is more often occurs between the 10th-12th year of age (20.0-23.6 %)
and obesity in the 13th year of age (6.1 %).
Table IV presents the results for the percentage distribution of the children and adolescents in different
categories of WHtR.
With the all boys and girls, normal fat distribution
(WHtR < 0.500 ) is observed average among 87.3 %
of the all participants, while with abnormal central
fat distribution and central obesity (WHtR ≥ 0.500)
are average 12.7 % of all investigated boys and girls
(WHtR ≥ 0.500). The highest average percentage cen-

Table III
Prevalence of different categories body nutritional status in boys and girls. according to their ages based on IOTF
BMI cut-off points (Cole et al. 2000; 2007)
Age
(years)

Underweight

Normal weight

Overweight

Obese

Total

n

%

n

%

n

%

n

%

n

%

8

1

1.8

40

72.7

10

18.2

4

7.3

55

100

9

6

8.7

46

66.7

12

17.4

5

7.2

69

100

10

3

4.6

42

64.6

16

24.6

4

6.2

65

100

Boys

11

8

15.8

30

58.8

7

13.7

6

11.7

51

100

12

4

6.2

44

68.8

12

18.8

4

6.2

64

100

13

8

12.9

40

64.5

8

12.9

6

9.7

62

100

14

4

11.1

20

55.5

10

27.8

2

5.6

36

100

15

1

2.9

25

71.4

7

20.0

2

5.7

35

100

All

35

8.0

287

65.6

82

18.8

33

7.6

437

100

8

4

8.0

38

76.0

7

14.0

1

2.0

50

100

9

7

11.3

43

69.4

10

16.1

2

3.2

62

100

10

4

5.7

48

68.6

14

20.0

4

5.7

70

100

11

8

11.6

42

60.9

15

21.7

4

5.8

69

100

Girls

12

5

9.1

36

65.5

13

23.6

1

1.8

55

100

13

4

8.2

37

75.5

5

10.2

3

6.1

49

100

14

6

12.0

38

76.0

5

10.0

1

2.0

50

100

15

8

22.2

22

61.1

6

16.6

0

0.0

36

100

All

46

10.4

304

68.9

75

17.0

16

3.7

441

100

TOTAL

81

9.2

591

67.3

157

17.9

49

5.6

878

100
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Table IV
Distribution (%) of participants in different categories of waist to height ratio (WHtR) by age and sex
Age (years)
Boys

8 y.

9 y.

10 y.

11y.

12 y.

13 y.

14 y.

15 y.

All

(n=55)

(n=69)

(n=65)

(n=51)

(n=64)

(n=62)

(n=36)

(n=35)

(n=437)

WHtR < 0. 500 (%)

89.1

85.5

76.9

82.4

82.8

82.3

85.2

91.4

83.8 (366)

WHtR ≥ 0. 500 (%)

10.9

14.5

23.1

17.6

17.2

17.7

14.8

8.6

16.2 (71)

(n=50)

(n=62)

(n=70)

(n=69)

(n=55)

(n=49)

(n=50)

(n=36)

(n=441)

92.0

91.9

82.9

88.4

90.9

91.8

100.0

91.7

90.7 (400)

Girls
WHtR < 0. 500 (%)
WHtR ≥ 0. 500 (%)

8.0

8.1

17.1

11.6

9.1

8.2

0.0

8.3

9.3 (41)

(n=105)

(n=131)

(n=135)

(n=120)

(n=119)

(n=111)

(n=86)

(n=71)

(n=878)

WHtR < 0. 500 (%)

75.5

88.7

79.9

85.4

86.8

87.1

92.6

91.6

87.3 (766)

WHtR ≥ 0. 500 (%)

9.5

11.3

20.1

14.6

13.2

12.9

7.4

8.4

12.7 (112)

TOTAL

tral obesity is observed among 10-year-olds (20.1 %)
children.
In group of boys, normal fat distribution (WHtR
< 0.500 ) is observed among 83.8 % of the all participants surveyed. 16.2 % of the boys have central accumulation of fat i.e central obesity (WHtR
≥ 0.500). The percentage of central obesity among
boys various from 8.6 % to 23.1 % during investigated age period.
With the girls the results are as follows: a total of
90.7 % are without central obesity (WHtR < 0.500)
and 9. 3% have central obesity (WHtR ≥ 0.500). The

percentage of central obesity among girls is lower than
in boys in all age groups, and various between 0.0 %
to 17.1 %. The highest proportion of girls with central obesity is observed among 10-year-olds girls also.
(17.1 %).
As far as age is concerned, the percentage of adolescents of both sexes with central obesity (WHtR ≥
0.500) significantly increases between the 9th-10th
year of age: ranging from 14.5 % to 23.1 % in boys,
and from 8.1 % to 17.1 % in girls.
Table V presents the results of the prevalence of
WHtR categories in children and adolescents accor-

Table V
Prevalence (%) of WHtR categories in children and adolescents according to their body nutritional status

BMI categories

Numbers with Numbers with
WHtR < 0.500 WHtR ≥ 0.500
n (%)
n (%)

Total in BMI
categories
n (%)

% of participants
at risk by WHtR,
but without risk
according to BMI
1.99 % ( 8/401)

% of participants
at risk by BMI,
but without risk
according to WHtR

Boys
Normal weight

278 (97.2 %)

8 (2.8 %)

286 (100 %)

Overweight

49 (59.8 %)

33 (40.2 %)

82 (100 %)

12.2 % (49/401)

3 (9.1 %)

30 (90.9 %)

33 (100 %)

0.75 % ( 3/401)

294 (97.4 %)

8 (2.6 %)

302 (100 %)

Overweight

54 (72 %)

21 (28 %)

75 (100 %)

13.8 % (54/392)

Obese

3 (20 %)

12 (80 %)

15 (100 %)

0.76 % (3/392)

Normal weight

572 (97.3%)

16 (2.7 %)

588 (100 %)

Overweight

103 (65.6%)

54 (34.4 %)

157 (100 %)

12.98 % (103/793)

6 (12.5 %)

42 (87.5 %)

48 (100 %)

0.75 % (6/793)

681 (85.9 %)

112 (14.1%)

793 (100 %)

Obese
Girls
Normal weight

2.04 % (8/392)

All

Obese
TOTAL (excludes 81 children
with underweight)

2.01% (16/793)

Note: WHTR < 0.500 - without central obesity; WHTR ≥ 0.500 - with central obesity.
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ding to their nutritional status. The table does not include data for 81 boys and girls who are underweight.
Without central obesity (WHtR < 0.500) are total 85.9 % of all participants with normal weight,
overweight and obesity (n=793) and with central obesity (WHtR ≥ 0.500) are total 14.1 % of all boys and
girls.
In group of children and adolescents with normal
weight the values of WHtR < 0.500 i.e. without central
obesity are on average 97.3 % of all 588 girls and boys
in this group (97.2 % of boys and 97.4 % of girls) and
with central obesity (WHtR ≥ 0.500) are on average
2.7% (2.8 % of boys and 2.6 % of girls). In group of
children with overweight on average 34.4 % of participants from both sexes all are with central obesity
(40.2 % of the boys and 8% of the girls). Among group
of obese participants average 87.5 % are with simultaneously general and central obesity (90.9 % of the
boys and 80 % of the girls).
Generally with central obesity (WHtR ≥ 0.500) are
total 2.7 % (n=16) of all surveyed (n=588) children
with normal status according BMI criteria, and average 46.82 % (n =96) of children who are overweight
and obese (n=205).
The percentage of children from both sexes at risk
according to IOTF BMI criteria, but without risk according to WHtR criteria are total 13.73 % (n = 109) of
793 (100 %) participants. In other hand, the percentage of children at risk according to WHtR investigated
children with normal nutritional status.
Discussion
The average values of BMI of contemporary generation of children and adolescents obtained in the present study are higher compared to those of children
and adolescents from the region examined by the leading author in the period 1999-200118.The BMI of the
boys surveyed is 1.3 to 2.6 index units (IU) higher in
the period from the 8th to the 14th year of age as compared with that of their peers from more than a decade
ago. There are practically no differences only in the
age group of 15-year-old boys. The trend is similar for
the girls: the girls surveyed have BMI which is higher
by 0.4 to 2.5 IU than that of girls their age during the
period from the 9th to the 15th year of age. The girls
from the two generations have almost identical values
of the index only in their 8th year.
According to the our results obtained, the values of
WHtR increase between the 8-10 year in both sexes,
then follows a gradual fall until the 15th year of age
(Table II). This fact is due to the different growth rate
of height and waist circumference in this period. This
our results confirmed the results of Mc Carthy, Ashwell10 for British children and adolescents. In addition,
our results also confirmed earlier obtained data for
lower values of WHtR in girls10, which is due to their
lower height during a greater part of the period, as well
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as to their smaller waist circumference, especially in
their 14th-15th year.
The our results about prevalence of different types
of body nutritional status among contemporary generation Smolyan’s children and adolescents, Bulgaria
(Table III) show increase of prevalence of overweight
and obesity during the period 2001 to 2014, based on
the old data of nutritional status in children from the
same region18. From 12.9 % in 2001 the overweight
increase to 17.9 % in 2014. Obesity has increased from
3.1 % to 5.6 % between 2001-2014. These our findings
confirm other authors’ data showing an increase in the
percentage of Bulgarian children and adolescents with
overweight and obesity in different periods of growth
5, 19-20
, as well as an increase in the percentage of children with overweight and obesity in other countries of
Europe and the world3-4,6, 21-23.
The results on the distribution of the various categories of nutritional body status showed that the frequency of occurrence of underweight in 8-15-year-old
Smolyan adolescents of both sexes was slightly higher
than that of Plovdiv’s children and adolescents while
the frequency of occurrence of overweight and obesity is lower than that of Plovdiv’s children and adolescents19.
The present our results do not confirm the data
from the National survey of the nutritional status of
students in Bulgaria made by Konstantinova et al.
in 2011, the results of which are cited in the report
of WHO for Bulgaria “Nutrition, Physical activity and Obesity. Bulgaria”24, in which it is reported
that overweight among Bulgarian boys aged 10 to 13
years is 38.3%, while among girls it is 30.1 %. Obesity in the 10-13-year-old adolescents, according to
data from this report is 17.1 % for boys and 10.8 %
for girls24. Our results showed a lower percentage of
overweight and obesity, estimated on the basis of the
discriminatory values for BMI of IOTF16-17 for Bulgarian adolescents of both genders in this and other age
periods. Similar results about the lower percentage of
Bulgarian children and adolescents with weight and
obesity are finding from other Bulgarian anthropologists19-20,25-26.
At the same time, a lower percentage of overweight
and obesity has been observed in the Bulgarian children and adolescents examined, and a slightly higher
percentage of underweight as compared to those in the
7-14-year-old peers from Kisela Voda municipality,
Macedonia according to Gontarev and Kalac22. The
our results for overweight and obese Bulgarian children are lower compare of those for the Greek adolescents, aged from 12 to 15 years23.
The children and adolescents examined by us have
similar distribution of overweight and obesity to that
of their peers from Jagodina, Central Serbia27. Thus,
in the period from the 8th – 15th year, the average incidence of occurrence of overweight among Serbian
boys (21.5 %) is only 2.7% higher than that of our boys
(18.8 %), while obesity among Serbian boys (6.2 %)
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is, on the average, only 1.4% less than that of the Bulgarian boys (7.6 %). The tendency is similar with the
girls - overweight among Serbian 8-15-year-old girls
(19.4 %) is, on average, more frequently distributed,
by 2.2 % than that among the Bulgarian girls (17.1 %),
while obesity is more frequent, by 2.4 % respectively.
More significant differences between the two groups
of children have been observed in the distribution of
overweight and obesity in the different ages.
Also, independently of some differences in the age
of the investigated persons it appears that in Bulgaria the percentage of children and adolescents with
overweight and obesity is similar to this percent for
children and adolescents from Ankara, Turkey28, higher than in China29 and Brazil30, but lower than in the
United States 6.
Differences in the distribution of underweight and
overweight among the various territorial groups of
Bulgarian children and adolescents, as well as between
them and their peers from other countries are associated with genetic differences and differences in their
eating habits, physical activity, the quality and style
of life, as well as in the socio-economic status of their
families.
Our results in terms of body nutritional status have
also shown that the greatest percentage of surveyed
individuals with underweight, overweight and obesity
has been observed among the 10-11 and 13-14-yearold boys and among the 10-15-year-old girls, i.e. in the
period of the pre-puberty and puberty. Similar trends
are reported by other authors22-23,25-27,31.
In both sexes, these periods coincide with pre-puberty and puberty changes in the body, with great
hormonal changes that affect the body composition
and morphology. Understandably, the increase of
the percentage of adolescents with underweight and
overweight in the pre-puberty and puberty periods are
associated with the hormonal changes accompanying
the growth, and with the differences in eating habits,
physical activity, socio-economic status of the families
as well as with the way of life. In Bulgaria, as in the
developed countries, the modern “urban” lifestyle has
become the predominant trend in the family. In their
hectic daily routine, preoccupied with their work, parents and especially mothers spend less time in preparing homemade food and providing healthy nutrition
for their children. Nowadays, Bulgarian students spend
the greater part of the day in school, eating mainly fast
food, purchased at the school, such as pizza, hot-dog,
sandwiches, crisps, snacks, waffles, biscuits, chocolates, soft drinks. This is one of the main reasons for the
increased incidence of overweight and obesity among
Bulgarian children32. Moreover, another important reason for this alarming trend is hipodynamics. Children
spend increasingly less time in outdoor sports and physical activities at the expense of time spent in front of
the computer and TV32. Similar trends as reasons for
the increase in the incidence of overweight and obesity
are reported by other authors33.
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Another trend observed in this study is the increase
of the frequency of occurrence of underweight simultaneously with overweight and obesity among children and adolescents studied. Throughout the whole
age period, the percentage of underweight boys generally varies from 1.8 % to 8.6 % until the 10th year,
reaching 15.7 % in the 11th year. With the girls, the
greatest number of underweight cases is observed in
the 9th, 11th, 14-15th year of age, and the highest
the percentage of underweight, a total of 22.4 % has
been observed in 15-year-old girls. In both sexes, during these periods the intensive growth velocity and
pre-puberty and puberty “jump” of height and weight
are observed which are connected with changes in
the body composition. Another significant reason for
the high percentage of girls with underweight in the
period of their 14-15th year is their desire to be slim
and their wish to follow fashion trends and to look
up to their fashion idols. Other authors report similar
trends as well34.
Our findings showing an increase of the frequency
of occurrence of students with underweight are confirmed by the results of other authors19-20,25-26,31.
Another important result of this study is the more
frequent distribution of overweight and obesity in
boys, which is observed to occur in all age periods.
These results confirm earlier received similar data for
Macedonia22, Greece23, China29, as well as for children
from other Bulgarian territorial groups5,19,25.
For the first time in this study, there are data for the
central obesity of Bulgarian children and adolescents,
assessed on the basis of the WHtR.
Our results indicate that 87.25 % of the surveyed
children and adolescents of both sexes have normal fat
distribution and lack central obesity (WHtR < 0.500),
and those with central obesity (WHtR≥0.500) are
12.75 % respectively (Table IV) independently of their
nutritional status. In terms of gender comparison, 17.1
% of the boys and 9.3 % of the surveyed girls have
central obesity, which is considerably less than the distribution of central obesity among children in Yemen35
and slightly higher than this distribution of Pakistani
children13.
The results we derived for the percentage of the
children with different nutritional status and central
obesity are very important for the clinical practice
(Table V). A total of 2.7 % of all the examined children with normal weight and an average of 46.82 %
of the studied obese children (overweight and obesity) have central obesity (WHtR ≥ 0.500). Our results
show a lower percentage for Bulgarian children and
adolescents with normal weight and central obesity
(2.7 %), but a higher percentage of surveyed children with overweight and general obesity but without
central obesity (53.17 %) as compared to the data
for children and adolescents from Bogalusa Hearth
study11.
A total of 14.1 % of all tested boys and girls with
normal and excessive body nutritional status are with
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increased health risk (WHtR ≥ 0.500). With normal
weight and without risk according to the IOTF BMI
criteria, but with risk according to WHtR criteria
(WHtR ≥ 0.500) are 2.01 % of the surveyed children
(Table V). Yet, this small percentage of children and
adolescents must be taken seriously as they do not
fall in the risk categories subject to monitoring during the screening of general obesity on the basis of
BMI14.
Another important result regarding central obesity
shows more frequent distribution among boys as compared to girls, which has been observed in all age periods. These data obtained by us confirm the earlier
results by Mc Carthy, Aswell10 for British children,
as well as the results by Mushtag et al.13 for Pakistani
children, who also reported more frequent distribution
of central obesity in males. Bamoshmoosh et al.35 in
their study of Yemeni children and adolescents reported a trend opposite to ours and also a predominance of
girls with central obesity.
The combination of overweight or obesity with central accumulation of fat in the researched age period
occurs more often among boys as compared to girls,
which probably shows that ever since pre-puberty the
Bulgarian boys are prone to higher cardio-metabolic
risk compared to the girls, with this trend continuing
into adulthood.
Conclusion
The results of this study showed that for last over
one decade there has been an increase in prevalence of
overweight and obesity among Bulgarian children and
adolescents from Smolyan region. The disturbing fact
is the relatively high percentage of underweight children, especially among in group of the girls after puberty. The greatest percentage of individuals with underweight, overweight and obesity has been observed
in the period of the pre-puberty and puberty. The central obesity, as well as its combination with overweight
or general obesity is more frequent in boys than in girls. This indicates confirm the greater “eco-sensitivity”
and higher cardio-metabolic risk for Bulgarian boys,
which starts in the period of growth.
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