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Abstract

In recent years, the prevalence of overweight increased as a result of complex interactions between genes,
dietary intake, physical activity and environment. The aim of this study is to estimate the incidence of
overweight of a sample of pupils and if there are significant differences in terms of demographic
variables, such as gender and age, as well as body mass index and anthropometric indicators, such as
height and weight. In order to obtain data on the overweight, anthropometric indicators, such as height
and weight, were measured and the body mass index (BMI) was calculated, to a total of 261
schoolchildren, between 12 and 15 years. An ANOVA 2 (gender) x 2 (age) was performed to determine if
there are significant differences between the dependent variable (body mass index) and the independent
variables. The results show significant differences in body mass index according to the age (F(3,254) =
5.35; p < 0.05; R2 = .059) and the gender (F(3, 254) = 4.19; p < 0.05; R2 = .047) of the schoolchildren. A
very strong positive relationship between BMI and weight, according to the gender, was found and a high
direct correlation between height and weight, according to the gender, was found, too. No relationships
are found between body mass index according to the age of the measured schoolchildren. Measured
anthropometric indicators show significant increases. A high percentage of overweight schoolchildren,
are obese. WHO recognizes that overweight, in childhood and adolescence, represents a major problem
for industrialized countries.
© 2017 Published by Future Academy www.FutureAcademy.org.uk
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1. Introduction
The physical body growth is expressed by an increase of height and its development can be
defined in terms of the human organism’s functionality and abilities enhancement. These processes
depend on genetic, nutritional, environmental factors. Physical growth consists in reaching the height and
weight optimum values for the considered age group as well as the dimensional growth of all the organs
and systems (Beers, 2009, p 2248).
In general, the body height at the age of 5 represents 60% of the final height, at 10 years 75%, at
15 90%, and at 20 it represents 99% of the final body height (Ranga, 1990, Beers, 2009). Organism
maturation is a process which occurs earlier in girls than in boys. The growth rate in girls is 12.1±0.9
years in contrast to 14.1±0.9 years in boys [Beers, 2009, p 2248].
Until the age of 10, the differences between girls and boys are insignificant, the girls’ height and
weight being slightly less than those of the boys, with differences ranging between 1.5 and 0.5 cm.
Between 11 and 15 years of age, the girls’ height exceeds the boys’ height. At the age of 12, girls exceed
boys in weight. In boys, puberty starts at 12 years of age; these will exceed girls in height at 15 and in
weight after 16 years of age.
In boys, physical growth during puberty is a lengthy process involving deeper changes of the body
and limbs proportions. These changes occur in both genders and are part of the sexual maturation process.
Height growth occurs 1½ years earlier than weight growth. While between 13 and 14 girls weigh
more than boys of the same age, at 14 – 15 years of age these differences become insignificant. At the age
of 16 the boys exceed girls in height and weight at a higher rate due to puberty growth spurt as well as
due to the longer period of adolescence growth (Beers, 2006, p 2248). The staturo-ponderal growth also
involves changes of body proportions, a process which will eventually lead to adult body configuration.
It was found that, beginning with 11 – 12 years up to 15 years of age, girls exceed boys in weight,
and beginning with 11 years also in height. „C. H. Strantz maintains that girls reach half of their total
weight at 11 while boys reach half of their weight at the age of 13 years (Ranga, 1990, p.395)”. Between
6 – 10 years of age in girls and 6 – 12 years of age in boys the weight increase is around 3 – 3.5 kg, with
significant individual variations during puberty and adolescence.

2. Materials and Methods
This study was conducted between April and June 2014 at the General School No 30 of Braşov.
The study has been approved by the Ethics Commission of the Transilvania University of Brașov. Also,
the research on human subjects obtained the informed consent agreement of the participating subjects and
of their parents. Participation in this study was voluntary and the anonymity of the participants was
ensured.
The study comprised a number of 261 gymnasium-cycle schoolchildren of which 132 were girls
and 129 boys with ages between 12 and 15 years.
In order to emphasize the organism growth and development rate in 12 – 15 year-old children
measurements on the anthropometric indicators height and weight were conducted. The height was
measured using a stadiometer, and was expressed in centimetres (cm) whereas weight was determined
using digital scales and was expressed in kilograms (kg). The measurements were conducted in class
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rooms provided by the school governance authority with the support of the teachers. The ratio of the two
indicators, height and weight, was interpreted using the Body Mass Index.
In order to find out whether there are significant differences between the dependent variables
(Body Mass Index) and the independent variables (age and gender), the ANOVA 2 test was conducted
(gender) x 2 (age), the T Student test was used to emphasize the difference between the two independent
samples, and a possible correlation between variables was examined using the Pearson coefficient.
Result interpretation, Tables, and graphs were completed using Microsoft Office Excel 2010.

3. Results
The relationship between the two anthropometric indicators, height and weight, provides important
information for evaluating the growth and development level of individuals. If analyzed separately, the
data regarding the height indicator appear conclusive for the evaluation of growth and development, since
body weight is affected by nutrition and the living conditions of each individual.
By evaluating weight, height and BMI in relationship with age and gender of the children
comprised in the study, it was found that these parameters increase with age.
The BMI (Body Mass Index) is the ratio between an individual’s weight in kilograms and the
square of his height in metres.
According to CDC, in children with ages between 2 and 19, the BMI is expressed as percentile,
depending on age and gender: obesity - BMI > percentile 95, overweight - BMI > percentile 85 and
percentile 95 and underweight - BMI < percentile 5.
After comparing the data collected from the 12 year-old girls with the boys’ data, it can be
observed

that

the
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Figure 1.

Overweight

incidence

depending on

age and

gender (12

year-old

boys and girls)

The
data

collected

from 13

year-old

boys show that 21% of the boys have excess weight, while 12% of the girls have a BMI ≥ 95th %ile. This
situation indicates that a relatively high percentage of the

13 year-old boys have excess weight and 2/3

of the girls with excess weight are obese (Figure 2).

Figure 2. Overweight incidence depending on age and gender (13 year-old boys and girls)

By comparatively analysing the data collected from 14 year-old girls with the boys’ data no
significant differences were observed in overweight subjects. The values are 10%, in girls, and,
respectively 12% in boys. Also, there are no significant differences for those with a BMI ≥ 95th %ile, 3%
in girls and 4% in boys (Figure 3).
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Figure 3.

Overweight

incidence

depending on

age and

gender (14

year-old

boys and girls)

The data collected from 15 year-old boys indicate that 17% of the boys are overweight, 10% of
these having a BMI ≥ 95th %ile. By comparatively analysing the collected data, it could be ascertained
that the 15 year-old girls from the measured sample are not overweight, having a normal BMI, whereas a
significant percentage of the measured boys are overweight and/or obese (Figure 4).

Figure 4. Overweight incidence depending on age and gender (15 year-old boys and girls)

From the measured girls, 59.09% of the 12-year-old, 63.64% of the 13-year-old, and 54.84% of
the 14-year-old have a BMI lower than the average age-specific value, while 58.33% of the 15-year-old
ones have a BMI above the age-specific average. The variability coefficient indicates an average sample
1680
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homogeneity, taking values between 10.01 and 20.28%, depending on age. The average values are still
representative (Table 1).
Table 1. BMI values in 12 - 15 year-old girls. BMI = body mass index, Ma= arithmetic mean, σ = standard deviation, V.c. =
variability coefficient, W = amplitude, ±m = mean result error, upper.= upper limit, lower =lower limit.
Age
(years)

Children

No.

12
13
14
15

44
33
31
24

Measured
parameter

BMI

Ma

σ

V.c.
(%)

W

±m

Extreme values
upper.
lower.

18.88
19.93
19.96
20.40

3.06
4.04
3.26
2.04

16.23
20.28
16.31
10.01

12.53
17.67
14.37
7.17

0.47
0.71
0.59
0.43

26.14
33.10
29.62
23.29

13.62
15.42
15.24
16.12

Frequency (%)
Under
Above
average
average
59.09
40.91
63.64
36.36
54.84
45.16
41.67
58.33

From the measured boys, 54.55%% of the 12 year-old, 60.71% of the 13 year-old, 53.85% of the
14 year-old, and 61.29% of the 15 year-old have a BMI under the age-specific average. The measured
sample has an average homogeneity. The variability coefficient takes values between 15.69 and 23.73%,
depending on age. The average values are still representative (Table 2).

Table 2. BMI values in 12 - 15 year-old boys. BMI = body mass index, Ma = arithmetic mean, σ = standard deviation,

V.c. =

variability coefficient, W = amplitude, ±m = mean result error, upper.= upper limit, lower = lower limit.
Age
(years)

Children

No.

12
13
14
15

44
28
26
31

Measured
parameter
BMI

Ma
19.17
18.55
20.04
20.48

σ
4.55
2.91
3.62
4.26

V.c.
(%)

W

23.73
15.69
18.07
20.82

21.67
10.62
17.53
18.43

±m
0.69
0.56
0.72
0.78

Extreme values
upper.
lower.
34.74
24.56
32.98
34.28

13.07
13.94
15.45
15.85

Frequency (%)
Under
average

Over
average

54.55
60.71
53.85
61.29

45.45
39.29
46.15
38.71

The obtained results show significant differences of the Body Mass Index depending on age
(F(3,254) = 5.35; p < 0.05; ƞ2 = .059) and gender (F(3, 254) = 4.19; p < 0.05; ƞ2 = .047). This indicates that the
percentage of boys (Ma = 8.25; SD = 5.44), with excess weight is higher than the girls’ (Ma = 5.75; SD =
5.62) (Figures 1, 2, 3 and 4).
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By evaluating the relationship between BMI and weight depending on gender, a direct, very high
correlation has resulted, girls (r = .90, p < 0.0001, R2 = .81) (Figure 5), and boys (r = .89, p < 0.0001, R2
= .78) (Figure 6).
Figure5. Correlation between BMI and weight in girls aged 12-15 Figure 6. Correlation between BMI and weight in boys aged 12-15

A high, direct correlation was identified between height and weight depending on gender, girls

(r

= .65, p < 0.0001, R2 = .42) (Figure 7) and boys (r = .71, p < 0.0001, R2 = .50) (Figure 8).

Figure 7. Height and weight correlation in 12-15year-old girls Figure 8. Height and weight correlation in 12-15 year-old boys

Between BMI and the height of the measured subjects was identified a direct, weak correlation,
boys (r = .31, p < 0.001, R2 = .098), and, respectively girls (r = .26, p < 0.05, R2 = .066). No correlation
was identified between BMI and the age of the measured schoolchildren.

4. Discussions
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Literature as well as the studies conducted in this field have signalled a doubling of worldwide
obesity prevalence in children populations over the last 30 years in both the developed, highly
industrialized world as well as the developing countries (Wang, 2006). According to a study conducted
across 79 countries, the WHO estimates a number of 250 million obese persons worldwide, of which 22
million are under-5 children emphasizing the idea that 50% of the obese children will become obese
adults (Barlow, 2007).
A number of studies are dealing with childhood obesity trends in Europe. These trends vary with
time, depending on age, gender, and geographic area, the highest prevalence levels being observed in
southern European countries. A recent study showed that 36% of the 9-year-old children across mainland
Italy and Sicily were found to be overweight or obese (by IOTF criteria) (Perra et al., 2002). In Greece,
the prevalence was 26% in boys and 19% in girls aged 6-17 (by IOTF criteria) (Krassas et al., 2001). In
Spain, 27% of the children and adolescents were found to be overweight or obese (by IOTF criteria)
(Majem et al., 2001), while data acquired from Crete showed that 39% of the children aged 12 were
overweight or obese (by IOTF criteria) (Manios et al., 2002). Northern European countries showed lower
overweight or obesity prevalence rates: e.g. in the UK, around 20% of the children were found to be
overweight or obese, in 1998 (Lobstein, James and Cole, 2003). In Sweden, the prevalence rate was 18%
in 10-year-old children (Kautiainen, 2002).
According to an IASO estimate, at present, 10% of the children worldwide are overweight, i.e.
around 120 de million children. The WHO warns that, in 2009, obesity was more prevalent than undernutrition, 15-18% of the children worldwide being overweight.
According to a study conducted across 79 countries, the WHO estimates a number of 250 million
obese persons worldwide, of which around 22 million are under-5 children.
The prevalence of excess weight in children showed alarmingly high growth rates across North
America, Europe, and recently also in Australia, China, South America, and Northern Africa. This
phenomenon varies among different regions and countries from <5% in Africa and some parts of Asia, to
>20% in Europe and >30% in America and some countries in the Middle East (Lobstein, 2003).
According to the data provided by NHANES, over the last 30 years, the prevalence of obesity has
tripled: in children aged 6-11, from 6,5% in 1980, to 19,6% in 2008, in adolescents aged 12-19, from 5%
to 18,1%, and in preschoolers aged 2-5, from 5% in 1980, to 10,4% in 2008.
In Europe, childhood obesity tripled over the last 20 years (European Commission 2007). In most
Western Europe countries obesity rates are 10-25%, in contrast to Eastern Europe and the Mediterranean
countries which show much higher rates in women, of up to 40% 9 (Popa, 2001). In Northern European
countries, overweight prevalence in children is 10-20%, compared to 20 - 35% in Southern Europe, with
a trend of increase (OMS, 2000, James, 2004).
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A study (1980) conducted in the western part of Romania involving 5250 children aged between 3
months and 16 years, showed a prevalence of obesity of 14,7%, 18,6% in breastfed babies, 15% in
preschoolers, and 14,2% schoolchildren, predominantly in female subjects (Popa, 2001).
The first HBSC research in Romania was conducted between 2005 and 2006 (the study was
published in an IASO report, London, 2009), involving children aged 1-11. The results showed
overweight prevalences of 14,7% in girls, and 8,7% in boys.
According to a study conducted by the Institute of Public Health Bucharest shows the increase of
prevalence rate of non-endocrine obesity in 4th grade schoolchildren from 1,6 %, in 2001 to 3,6% 2008.
Analogously, an increase from 1,7% to 3,4% was observed in 8th graders. A lower obesity prevalence
variation was measured among 12th grade students, from 1,4% in 2001, to 2,8% in 2008.
In Cluj-Napoca, Romania, a study conducted in 2008 involving 7904 1st to 12th grade
schoolchildren from 20 de schools and high schools, showed 12,8% overweight and 8,2% obesity
prevalence rates. The highest prevalence rate was measured in the 6-10 year age group for both
overweight (15,9%), as well as obesity (13,3%), while the lowest rate was measured in adolescents (7,6%
overweight and 3,8% obesity) (Văleanu, 2009).
According to the data provided by the National Centre For Health Evaluation And Promotion
Romania (CNEPSS), obesity prevalence in children aged 3-16 years increased, between 2004 and 2010,
from 0,7%, in rural areas and 1,6% in urban zones, to 1,5% and 3,1% respectively.
The global increase of excess weight prevalence rates is caused by the increase of dietary energy
intake, especially high calorie foods rich in fats and sugars as well as due to reduced physical activity as a
consequence of increased sedentarism. In the case of children with excess weight, during their first years
of life, the risks of becoming obese adults is 80% if both parents are obese and 40% for the children with
only one of the parents with obesity (Arion, 1983 and Nader, 2006).
Obesity, in both childhood as well as in adolescence, represents a risk factor for the occurrence of
cardiovascular diseases (Ogden, 2002), depressions (Hedley et al., 2004) arterial hypertension
(Summerbell, 2005, Bar-Or et al., 1998, Daniels et al., 2005), several forms of cancer (Kelishadi, 2006),
type 2 sugar diabetes (Kelishadi, 2007), hypercholesterolemia, hyperinsulinemia (Freedman et al., 1999),
of the metabolic síndrome (Kimm and Obarzanek, 2002, Daniels et al., 2005), and sleep apnea syndrome
(Papandreou et al., 2008, Summerbell, 2005 and Hedley, 1999-2002). Obesity is also correlated with
reduced GnRH release, respiratory, and orthopaedic diseases (Daniels et al., 2005 and Fulton et al., 2004).
In conclusion, as regards the studied population, important levels of excess weight can be
observed. This emphasizes the need of monitoring this phenomenon for early identification of the young
people who move away from healthy lifestyles as well as those with low physical fitness in order to adopt
the necessary measures for preserving health and prevent chronical diseases that relate to excess weight.

5. Conclusions
Both girls and boys percentage of overweight is significant.
BMI values obtained indicate that a significant percentage of overweight children are obese
(BMI> 95% ile).
The percentage of boys overweight/obese is higher than girls.
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The percentage of overweight/obese decreases with age, the measured sample fits within a normal
BMI.
The results show significant differences in body mass index, by age and gender.
The results obtained by assessing the relationship between BMI and weight on gender, indicates a
direct correlation, very high.
The results obtained by assessing the relationship between height and weight on gender, indicates
a direct correlation, high.
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