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Abstract

Background: The dramatic increase in the prevalence of obesity in developed and developing countries has
become a major health care concern. Accordingly, there is growing recognition of the relationship between health-
related quality of life (HRQOL) and obesity in the pediatric population. This study aimed to explore the relationship
between HRQOL and different indicators of obesity in children aged 7–8 years.

Method: In total, 182 children participated in this study (mean age 7.71 (0.29) years, 48.91% girls). To assess obesity,
an InBody 230 analyzer was used to calculate body mass index (BMI) and body fat percentage (BFP). The proxy
version of the KIDSCREEN-27 questionnaire was used to assess HRQOL.

Results: Among boys, 17.2% were overweight and 4.3% were obese according to BMI, while in terms of body fat
percentage (BFP), the corresponding percentages were 12.9 and 9.7%, respectively. Among girls, the prevalence of
overweight and obesity was 11.2 and 9.0% by BMI and 10.1 and 7.9% in terms of BFP, respectively. The analysis of
BFP showed a significantly higher score in normal weight boys than in obese boys in the Social Support & Peers
domains (KW H-test = 10.472, p = 0.03), while in girls, there were no significant differences between weight
categories and any HRQOL dimensions.

Conclusion: Obesity at 7–8 years of age could negatively affect some HRQOL domains; in particular, obese boys
may have low social support and peer functioning.
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Background
Excess weight and obesity are terms used to describe the
accumulation of excess body fat, which can impair the
individual’s health and well-being [1]. The main cause of
obesity is an imbalance between energy intake and
consumption; when caloric intake exceeds caloric con-
sumption, the remaining energy is stored in the body as
fat. According to the World Health Organization
(WHO), obesity occurs in one of ten people worldwide
[1, 2]. The prevalence of obesity is particularly high in
developed and developing countries, even among chil-
dren [2–4]. The prevalence of childhood obesity and

overweight has increased sharply in the past decade and
has presented a major global public health problem [5].
The results of the WHO-Collaborative Health Behaviour
in School-aged Children (HBSC) survey showed that the
prevalence of overweight and obesity was higher than
10% among school-age children in most countries, ran-
ging from 7.6% in Latvia to 28.8% in the United States
of America (USA) [5].
Obesity and weight gain are both associated with nu-

merous health concerns including cardiovascular disease,
type 2 diabetes, stroke and asthma [6]. The complications
of obesity in childhood are significant and can include
diabetes type 2 and hepatic steatosis. For example,
approximately 40% of obese children have shown evidence
of fatty liver changes using ultrasound imaging [7]. These
effects are not only limited to individuals’ physical health,
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but also to their psychological and social health [8].
Health-related quality of life (HRQOL) is a subjective
measure of an individual’s health and can be assessed
using either generic or disease-specific instruments [9]. It
was shown that obesity has a strong negative influence on
HRQOL [9–15]. Obesity reduces life expectations [16]
and leads to poor mental health as well [17]. Pediatricians
believe that obesity in childhood or adolescence is a strong
predictor of obesity in adulthood [1], which consequently
affects HRQOL in adulthood [18]. Aside obesity, it has
been also found that children with an increased amount
of body fat have more negative perceptions of HRQOL
than those with normal amounts of body fat [9, 12, 19].
There are no available data on the relationship be-

tween obesity and HRQOL in Serbian school children.
This study was conducted to investigate obesity among
primary school-aged children and to determine the rela-
tionship between obesity indicators and HRQOL.
Greater body mass index (BMI) and body fat percentage
(BFP) values were hypothesized to correlate with lower
HRQOL in Serbian school children aged 7–8 years.
From a clinical perspective, the relationship between
HRQOL and BFP in children is unknown.

Method
The population studied in this study included
second-grade students aged 7–8 years, from Subotica
(Vojvodina, Northern Serbia) and their parents. Strati-
fied (geographically) random sampling was used in this
cross-sectional study. Five schools were identified from
the Hungarian Language Teacher Training Faculty and
were randomly selected from Subotica on a proportional
basis. Informed consent to participate in the study was
obtained from children’s parents.
In total, 246 students were invited to participate, of

which 182 students were assessed; 89 girls and 93 boys.
The average age of the students was 7.71 ± 0.29 years.
All included students were healthy, with no somatic,

neurological or psychiatric disorders at the time of the
measurement.
Body weight and height, as well as the most represen-

tative measures of physical growth and development,
were measured with standard measuring methods:

1) Body height (cm) was measured with a Martin
anthropometer and

2) Body weight (0.1 kg) was measured with an InBody
230 body composition analyzer (Biospace Co., Ltd.,
Seoul, South Korea).

For research purposes, we selected two representative
indicators of physical structure: BMI (kg/m2) and BFP
(in percentages) both measured with an InBody 230
body composition analyzer (Biospace Co., Ltd., Seoul,

Korea) [20]. BMI is the most common indicator used to
assess obesity because it is an inexpensive and noninva-
sive measure of body heaviness. There is low observer
error and good reliability and validity [21, 22], and BMI
is thus widely recommended by experts as a simple and
convenient measure of overweight for use during child-
hood [23]. BMI is calculated as the weight in kilograms
divided by the square of height in meters. Bioelectrical
impedance analyzers may be an accurate device for
measuring BFP in children [24]. The literature on the
validity and reliability of the InBody 230 indicate that
the portable InBody 230 may be acceptable for calculat-
ing BFP as a measure of obesity [25]. The InBody 230
analyzer may thus be a valid method and has shown
excellent reliability [26]. Obesity was defined according
to the reference ranges for BMI [27] and for BFP [28].
The parent version of the KIDSCREEN-27 question-

naire was used to assess HRQOL, the Serbian version
[29, 30]. The KIDSCREEN questionnaires are based on a
multidimensional construct of quality of life, covering
physical, emotional, mental, social, and behavioral com-
ponents of well-being and functioning [29]. The ques-
tionnaires were adapted into Serbian in 2010, and the
demonstrated intraclass correlation coefficients (ICCs)
ranged from 0.38–0.63, indicating moderate to excellent
agreement between children and parents when reporting
HRQOL [30]. This agreement implies that the parent
version could be used as a reliable and valid proxy
measure of children’s HRQOL. The questionnaire con-
tains five domains: 1) Physical Well-being (5 items), 2)
Psychological Well-being (7 items), 3) Autonomy &
Parent Relations (7 items), 4) Social Support & Peers (4
items), and 5) School Environment (4 items). The
KIDSCREEN-27 requires 10–15 min to complete. To
complete the questionnaire, parents respond to state-
ments on a five-point Likert-type scale, indicating their
level of agreement with the statement. The results are
expressed in T-values and percentages, which are obtained
by using specific syntax formulated by the KIDSCREEN
group in SPSS software [29]. Higher scores indicate higher
levels of HRQOL in the domains assessed.
Descriptive statistics were calculated for all variables. For

the relationship analysis between adiposity indicators
Spearmann’s rank correlation was used. A Mann-Whitney
U test was conducted to compare HRQOL between boys
and girls, while Kruskal-Wallis H test was applied to exam-
ine the main effect of weight category on the HRQOL di-
mensions. For differences among groups, Mann-Whitney
U test was applied to determine the differences between all
pairs. Statistical significance was established at a level of p
< 0.05. All analyses were performed using SPSS, PC
program, version 20.0 (SPSS Inc., Chicago, IL, USA).
The study was conducted in accordance with the
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Clinical Practice, the Declaration of Helsinki and local
ethical and legal requirements.

Results
The mean values for anthropometric measures, body
composition and HRQOL are shown in Table 1.
In general, boys showed significantly lower BFP

(19.64% vs. 22.52%) and lower scores on the HRQOL
dimension of Psychological Well-being (54.16 vs. 56.48)
than girls (p < 0.05). The prevalence of underweight and
normal weight was 78.5% for boys and 79.8% for girls,
based on the BMI, and 69.9 and 66.3% of boys and girls,
respectively, as defined by BFP (Table 2).
The relationship between BMI and BFP was calculated

using Spearman’s rank correlations, suggesting a signifi-
cant positive correlation (r = 0.76, p < 0.01).
The differences in HRQOL and BMI between groups

are presented in Tables 3 and 4, while the differences in
HRQOL and PBF in Figs 1 and 2. The association
between BFP and Social Support & Peers (p = 0.033)
domains differed significantly in boys (Fig. 1).

Discussion
This is the only study to date that has evaluated HRQOL
and obesity in primary school-aged children in Serbia. It
was found that boys were slightly heavier on average
than girls (28.03 kg vs. 27.43 kg), with the average body
height of 128.77 cm for boys and 127.27 cm for girls,
which agrees with the norms for the northern Serbia
[31, 32]. The average BMI values of 16.85 kg/m2 in boys
and 16.88 kg/m2 in girls indicated normal nutritional
status, according to the WHO standard norms [33]. Ac-
cording to the reference values for BFP [28], 9.7% of
boys and 8% of girls were in the obese category, and
when considered BMI [27], 6% of boys and 9.1% of girls
were obese. Girls had a higher percentage of body fat
(22.26%) than boys (19.56%). These results are congru-
ent with previous studies that suggested that gender

differences in body fat content exist well before puberty
[34–37]. Significantly higher body fat values are expected
in girls because of their lower levels of physical activity,
i.e., girls are engaged in games that do not require as
much dynamic movement [32]. In contrast, boys show
greater activity, leading to increased energy consump-
tion, reduced subcutaneous fat tissue and increased
muscle tissue [38, 39]. The differences in the body struc-
ture are evident from birth [40, 41], also the structure of
the body changes during growth and development [42–
45], when fat-free body mass continuously develops and
increases in girls up to 15–16 years of age and up to
20 years of age in boys [41].
Considering the results related to HRQOL in the

present study, the following was observed. First, there
were significantly higher levels of psychological
well-being among girls than among boys. This finding
conflicts with the findings of a large European study
using the same instrument, which showed that
8-year-old boys and girls had similar levels of quality
of life, including psychological well-being [46]. How-
ever, the differences in quality of life become apparent
during adolescence, when girls generally have lower
levels of HRQOL. Second, girls had significantly
higher BFP than boys in the study. A study evaluating
obese children showed in primary school that third-
and fourth-grade boys faced more physical and emo-
tional difficulties than fifth- and sixth-grade boys,
while the inverse was true for girls [47, 48].
Third, as measures of weight and indicators of obesity, it

was observed that BFP rather than BMI as might be linked
to HRQOL. Parents of children in different weight cat-
egories, including obesity based on BMI, reported similar
levels of HRQOL across different domains. The difference
in boys (underweight and normal vs. obesity) regarding to
variable “Social Support & Peers” is large difference (8.65
points = 0.87 SD) [29], which is proved at PBF also. When
different weight categories were compared using BFP,
parents of obese boys reported significantly lower social
support and peer functioning but higher autonomy and
parent support than others. Obese boys had significantly
lower scores on the social support and peer HRQOL
subscales than normal weight children. This finding might
be explained by the psychological consequences of obesity,
which is one of the most stigmatizing conditions in child-
hood [49, 50]. In comparison to normal weight children,
obese children are teased at least three times more often
[51], and they are often perceived as lazy or stupid [52].
The self-concept of obese children might also be affected,
and there is increased risk of social marginalization, which
may further prevent obese children from developing social
competences and gaining peer support [53].
A previous study with Latin American children

showed that a higher BFP was associated with lower

Table 1 Characteristics by gender

Variable Male Female

Mean ± SD Mean ± SD

Body Height (cm) 128.79 ± 6.11 127.28 ± 5.55

Body Weight (0.1 kg) 28.11 ± 5.31 27.43 ± 5.51

Body Mass Index (kg/m2) 16.84 ± 2.18 16.82 ± 2.50

Body Fat Percentage (%) 9.64 ± 8.02 22.52 ± 7.95*

Physical Well-being 55.77 ± 8.67 55.15 ± 9.24

Psychological Well-being 54.16 ± 11.13 56.48 ± 8.62*

Autonomy & Parent Relations 51.93 ± 9.46 52.83 ± 8.44

Social Support & Peers 54.50 ± 9.47 55.84 ± 8.00

School Environment 56.90 ± 9.40 58.70 ± 9.72

SD, standard deviation; *p < 0.05 boys vs. girls
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HRQOL scores, while BMI was not associated with any
HRQOL dimension [47]. Direct measurements of body
fat as a percentage of total weight provide a better index
of adiposity and health risks than BMI [54, 55], which is
insufficiently precise due to variations in fat-free mass in
relation to height. Our findings also indicate that BFP
may be more strongly associated with psychosocial func-
tioning than BMI.
This findings indicate that high levels of BFP are

followed by low levels of physical activity and a lower
health status. Previous studies [55–57] obtained similar
results, i.e., children with more weight had lower scores
on HRQOL, and low scores were obtained for the di-
mensions Physical Well-being and Psychological
Well-being. Energy consumption increases through
physical activity, and a negative energy balance is created
followed by reduction in BFP. Exercise improves general

fitness, which can prevent a variety of diseases related to
obesity [58]. Today’s trends, such as watching television
and using other electronic media, reduce the time that
children spend in movement while playing and increase
the time spent on sedentary activities [59, 60]. The
prevalence of overweight and obesity among children is
increasing in many countries [50, 51], including Serbia
[53]. One of the two most important reasons for this in-
crease is thought to be the insufficient physical activity
of children [54, 61, 62] combined with the consumption
of high-calorie diets [55, 63]. Physical inactivity as early
as preschool reflects a certain deviation from the norm,
indicating physical or mental developmental problems
or poor social adaptation [39]. Therefore, health policy
makers should consider the potential additional benefits
when promoting physical activity and healthy eating in
Serbian schools. Additional studies on obesity treatment

Table 2 Weight categories

Male (n = 93) Female (n = 89)

n (%) M ± SD n (%) M ± SD

Age (years) 7.8 ± 0.3 7.6 ± 0.3

Age group

6.5 years 0 (0%) 0 1 (1.1%) 6.70

7 years 3 (3.2%) 7.21 ± 0.02 9 (10.1%) 7.19 ± 0.05

7.5 years 37 (39.8%) 7.54 ± 0.15 43 (48.3%) 7.48 ± 0.14

8 years 53 (57%) 7.95 ± 0.13 36 (40.4%) 7.99 ± 0.15

BMI-weight category (kg/m2)

Underweight and normal weight 73 (78.5%) 15.90 ± 1.16 71 (79.8%) 15.82 ± 1.34

Overweight 16 (17.2%) 19.67 ± 0.80 10 (11.2%) 19.15 ± 0.74

Obesity 4 (4.3%) 22.65 ± 1.17 8 (9%) 22.72 ± 1.56

BFP-weight category (%)

NR 5 (5.4%) 3.00 ± 0.00 5 (5.6%) 8.40 ± 2.39

Low 2 (2.2%) 8.95 ± 0.64 9 (10.1%) 13.93 ± 0.80

Mid 65 (69.9%) 17.63 ± 3.86 59 (66.3%) 21.61 ± 4.35

Upper 12 (12.9%) 27.52 ± 2.13 9 (10.1%) 32.62 ± 1.77

Obese 9 (9.7%) 35.24 ± 3.54 7 (7.9%) 38.36 ± 2.22

NR not rated, BMI body mass index, BFP body fat percentage

Table 3 Differences between BMI weight categories in boys

Underweight and normal
N = 73

Overweight
N = 16

Obesity
N = 4

Variable M ± SD (MRank) M ± SD (MRank) M ± SD (MRank) H Sig.

Physical Well-being 56.12 ± 8.49 (48.38) 54.86 ± 10.09 (43.25) 53.07 ± 7.07 (36.75) 1.096 .578

Psychological Well-being 55.14 ± 11.74 (48.93) 50.26 ± 8.35 (38.47) 51.90 ± 5.39 (45.88) 2.002 .368

Autonomy & Parent Relation 51.84 ± 9.41 (46.37) 50.95 ± 9.74 (45.81) 57.39 ± 9.83 (63.25) 1.532 .465

Social Support & Peers 54.98 ± 9.51 (48.45) 54.33 ± 8.67 (46.59) 46.33 ± 10.35 (22.13) 3.685 .158

School 57.63 ± 9.45 (48.95) 54.37 ± 9.61 (40.31) 53.63 ± 6.44 (38.25) 1.826 .401

M mean SD standard deviation, H Kruskal-Wallis H test; *p < 0.05
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are needed to examine overweight or obese children and
adolescents and to report the academic and cognitive as
well as physical outcomes [64, 65].
There are several limitations of this study that should

be considered. First, although the sample included 182
children age 7–8 years, the subgroups according to
weight categories differed markedly in numbers, what
affected the study power. It was found to be low to

moderate between HRQOL dimensions and weight sta-
tus indicators. Second, all children were sampled from
one region, and the results might not be generalizable to
other parts of Serbia. Third, the parent KIDSCREEN was
the only instrument used, and despite its sound psycho-
metric properties, self-reports were not included. This is
an important aspect, because parents may over- or
underestimate their child’s HRQOL [48]. Fourth, the

Table 4 Differences between BMI weight categories in girls

Underweight and normal
N = 70

Overweight
N = 10

Obesity
N = 8

Variable M ± SD (MRank) M ± SD (MRank) M ± SD (MRank) H Sig.

Physical Well-being 55.46 ± 9.51 (46.38) 55.48 ± 8.53 (46.55) 50.07 ± 4.60 (30.81) 2.690 .261

Psychological Well-being 56.13 ± 8.76 (44.11) 58.15 ± 9.61 (50.65) 56.64 ± 6.98 (45.81) .581 .748

Autonomy & Parent Relation 52.78 ± 8.90 (44.61) 51.71 ± 7.30 (41.85) 54.68 ± 6.34 (52.38) .829 .661

Social Support & Peers 55.55 ± 8.34 (43.48) 57.62 ± 6.32 (51.05) 56.19 ± 7.25 (45.25) .793 .673

School 58.29 ± 10.10 (44.48) 60.50 ± 6.85 (49.15) 58.49 ± 9.71 (44.44) .301 .860

Fig. 1 Differences between BFP weight categories in boys *p < 0.05
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study did not include older children, children with different
health problems/disabilities, or children from a different
sociodemographic and economic status. Finally, the
cross-sectional design did not enable estimations of the true
causal relationships between obesity and HRQOL.

Conclusion
Obesity at age 7–8 years could negatively influence
some HRQOL aspects; specifically, obese boys might
have low social support and peer functioning. As an
obesity measure, BFP may be a better indicator than
BMI when studying HRQOL. The study needs to be
replicated addressing the above limitations particularly
to include other age groups and different variables in
order to draw valid conclusions about of the HRQOL
– obesity association.

Abbreviations
BFP: Body fat percentage; BMI: Body mass index; HRQOL: Health-related
quality of life

Acknowledgements
Special thanks to the students and their parents who agreed to participate,
as well as the data collection team of the Hungarian Language Teacher
Training Faculty.

Funding
The authors declare that this study received no financial support.

Availability of data and materials
Data are unsuitable for public deposition due to ethical and legal restrictions
and are therefore available upon request from Szabolcs Halasi, PhD (e-mail:
sabolc.halasi@magister.uns.ac.rs).

Authors’ contributions
SZ.H. and J.L. conceptualized the study. D.J., A.Z-V., M.C., and N.Z. proposed
the statistical analysis approach. D.M., A.S., and Z.M. prepared and analyzed

Fig. 2 Differences between BFP weight categories in girls *p < 0.05

Halasi et al. Health and Quality of Life Outcomes  (2018) 16:149 Page 6 of 8



the data. SZ.H wrote the initial draft of the manuscript. F.I., D.S. and V.Đ.
critically reviewed the manuscript. All authors approved the final manuscript.

Ethics approval and consent to participate
Study “Body Structure and Motor Status as Predictors of Quality of Life in
Early School Age Children” was approved by the Institutional Review Board
of Faculty of Sport and Phyisical Education, University of Novi Sad on 14th
October 2015 (01–2246/1). Data from study were used for article
„Relationship Betwwen Obesity and Health-Related Quality of Life in Children
aged 7–8 years.
Informed consent to participate in the study was obtained from children’s
parents.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details
1Hungarian Language Teacher Training Faculty, University of Novi Sad,
Strossmayer str. 11, Subotica 24000, Serbia. 2Faculty of Sport and Physical
Education, University of Novi Sad, Novi Sad, Serbia. 3Clinic for Neurology and
Psychiatry for Children and Youth, Belgrade, Serbia. 4Faculty of Education
and Psychology, Eötvös Lóránd University, Budapest, Hungary. 5Faculty of
Education, University of Novi Sad, Sombor, Serbia. 6Vocational School for
Training Preschool Teachers and Sports Trainers, Subotica, Serbia. 7Teacher
Training Faculty, University of Priština-Kosovska Mitrovica, Leposavić, Serbia.

Received: 31 December 2016 Accepted: 11 July 2018

References
1. WHO (World Health Organization). Waist circumference and waist-hip ratio:

report of a WHO expertconsultation. Geneva: WHO. http://apps.who.int/iris/
bitstream/10665/44583/1/9789241501491_eng.pdf. Accessed 11 Oct 2015

2. van Vliet-Ostaptchouk JV, Nuotio ML, Slagter SN, Doiron D, Fischer K, Foco
L, Joensuu A. The prevalence of metabolic syndrome and metabolically
healthy obesity in Europe - a collaborative analysis of ten large cohort
studies. BMC Endocr Disord. 2014;14(1):9.

3. Bhurosy T, Jeewon R. Overweight and obesity epidemic in developing
countries: a problem with diet, physical activity, or socioeconomic status?
Sci World J. 2014;964236:1-7.

4. Wang Y, Lobstein TIM. Worldwide trends in childhood overweight and
obesity. Int J Pediatr Obes. 2006;1(1):11–25.

5. Haug E, Rasmussen M, Samdal O, Iannotti R, Kelly C, Borraccino A,
Vareecken C, Melkevik O, Lazzeri G, Giacchi M, Ercan O, Due P, Ravens-
Sieberer U, Currie C, Morgan A, Ahluwalia N. Overweight in school-aged
children and its relationship with demographic and lifestyle factors-results
from the WHO-collaborative health behaviour in school-aged children
(HBSC) study. Int J Public Health. 2009;54(2):167–79.

6. WHO (World Health Organization). Global strategy on diet and physical
activity. Geneva: World Health Organization. Accessed 21 Feb 2016

7. Guzzaloni G, Grugni G, Minocci A, Moro D, Morabito F. Liver steatosis in
juvenile obesity - correlations with lipid profile, hepatic biochemical
parameters and glycemic and insulinemic responses to an oral glucose
tolerance test. Int J Obes Relat Metab Disord. 2000;24:772–6.

8. Williams J, Wake M, Hesketh K, Maher E, Waters E. Health-related quality of
life of overweight and obese children. JAMA. 2005;293(1):70–6.

9. Ottova V, Erhart M, Rajmil L, Dettenborn-Betz L, Ravens-Sieberer. Overweight
and its impact on the health-related quality of life in children and
adolescents - results from the European KIDSCREEN survey. Qual Life Res.
2012;21(1):59–69.

10. Griffiths LJ, Parsons TJ, Hill AJ. Self-esteemand quality of life in obese children
and adolescents: a systematic review. Int J Pediatr Obes. 2010;5(4):1–23.

11. Helseth S, Haraldstadt K, Cristophersen KA. A cross-sectional study of health
related quality of life and body mass index in a Norwegian school sample

(8–18 years): a comparison of child and parent perspectives. Health Qual
Life Outcomes. 2015;13:47.

12. Keating CL, Moodie ML, Swinburn BA. The health-related quality of life
of overweight and obese adolescents – a study measuring body mass
index and adolescent-reported perceptions. Int J Pediatr Obes. 2011;
6(5–6):434–41.

13. Shoup JA, Gattshall M, Dandamudi P, Estabrooks P. Physical activity, quality
of life, and weight status in overweight children. Qual Life Res Int J Qual
Life Asp Treat Care Rehab. 2008;17(3):407–12.

14. Schwimmer JB, Burwinkle TM, Varni JW. Health-related quality of life of
severely obese children and adolescents. JAMA. 2003;289(14):1813–9.

15. Ravens-Sieberer U, Redegeld M, Bullinger M. Quality of life after in patient
rehabilitation in children with obesity. Int J Obes. 2001;25(1):63–5.

16. Guo SS, Huang C, Maynard LM, Demerath E, Towne B, Chumlea WC. Body
mass index during childhood, adolescence and young adulthood in relation
to adult overweight and adiposity: the Fels longitudinal study. Int J Obes.
2000;24(12):1628–35.

17. Morrison KM, Shin S, Tarnopolsky M, Taylor VH. Association of depression &
health related quality of life with body composition in children and youth
with obesity. J Affect Disord. 2015;172:18–23.

18. Story MT, Neumark-Stainer DR, Sherwood NE, Holt K, Sofka D, Throwbridge
FL, Barlow SE. Management of child and adolescent obesity: attitudes,
barriers, skills, and training needs among health care professionals.
Pediatrics. 2002;110:210–4.

19. Wong WW, Barlow SE, Mikhail C, Wilson TA, Hernandez PM, Shypailo RJ,
Abrams AH. Residential summer camp can reduce body fat and improve
health-related quality of life in obese children. J Pediatr Gastroenterol Nutr.
2013;56(1):83–5.

20. InBody User’s Manual (2009). Seoul: Biospace Co., Ltd.
21. Lobstein T, Baur L, Uauy RIASO. International obesity task force. Obesity in children

and young people: a crisis in public health. Obes Rev. 2004;5(Suppl 1):4–85.
22. Ghosh-Dastidar MB, Haas AC, Nicosia N, Datar A. Accuracy of BMI correction

using multiple reports in children. BMC obesity. 2016;3(1):37.
23. Dietz W, Bellizzi MC. Introduction: the use of body mass index to assess

obesity in children. Am J Clin Nutr. 1999;70(1):123–5.
24. Lim JS, Hwang JS, Lee JA, Kim DH, Park KD, Jeong JS, Cheon GJ. Cross-

calibration of multi-frequency bioelectrical impedance analysis with eight-
point tactile electrodes and dual-energy X-ray absorptiometry for
assessment of body composition in healthy children aged 6-18 years.
Pediatr Int. 2009;51(2):263–8.

25. Karelis AD, Chamberland G, Aubertin-Leheudre M, Duval C. Ecological
mobility in aging and Parkinson (EMAP) group. Validation of a portable
bioelectrical impedance analyzer for the assessment of body composition.
Appl Physiol Nutr Metab. 2013;38(1):27–32.

26. von Hurst PR, Walsh DCI, Conlon CA, Ingram M, Kruger R, Stonehouse W.
Validity and reliability of bioelectrical impedance analysis to estimate body
fat percentage against air displacement plethysmography and dual-energy
X-ray absorptiometry. Nutr Diet 2015;73(2):197–204.

27. Cole TJ, Bellizzi MC, Flegal KM, Dietz WH. Establishing a standard
definition for child overweight and obesity worldwide: international
survey. BMJ. 2000;320:1240–3.

28. Lohman TG, Houtkooper LB, Going SB. Body fat measurement goes high-
tech(not all are created equal). ACSM Health Fitness J. 1997;1(1):30–5.

29. Ravens-Sieberer U, Auquier P, Erhart M, Gosch A, Rajmil L, Bruil J, Power M,
Duer W, Cloetta B, Czemy L, Mazur J, Czimbalmos A, Tountas Y, Hagquist C,
Kilroe J, European KIDSCREEN Group. The KIDSCREEN-27 quality of life
measure for children and adolescents: psychometric results from a cross-
cultural survey in 13 European countries. Qual Life Res. 2007;16(8):1347–56.

30. Stevanović D, Tadić I, Novaković T, Kisić-Tepavčević D, Ravens-Sieberer U.
Evaluating the Serbian version of the KIDSCREEN quality-of-life
questionnaires: reliability, validity, and agreement between children’s and
parents’ ratings. Qual Life Res. 2013;22:1729–37.

31. Popović B. Trend razvoja antropometrijskih karakteristika dece uzrasta 4-11
godina. Glasnik Antropološkog društva Srbije [Trend of development of
anthropometric characteristics of children aged 4-11 years. J Anthropol Soc
Serbia. 2008;43:455–465.

32. Matić R. Relacije motoričkih sposobnosti, morfoloških i socio-ekonomskih
karakteristika dece mlađeg školskog uzrasta. Magistarski rad, Novi Sad: Fakultet
sporta i fizičkog vaspitanja [Relations between motor abilities, morphological
and socio-economic characteristics in younger school-age children. Master
thesis, Novi Sad: Faculty of Sport and Physical Education]. 2008.

Halasi et al. Health and Quality of Life Outcomes  (2018) 16:149 Page 7 of 8

http://apps.who.int/iris/bitstream/10665/44583/1/9789241501491_eng.pdf
http://apps.who.int/iris/bitstream/10665/44583/1/9789241501491_eng.pdf


33. WHO (World Health Organization). Obesity: preventing and managing the
global epidemic. Report of a WHO Consultation. WHO Technical Report
Series 894. Geneva: World Health Organization. http://whqlibdoc.who.int/trs/
WHO_TRS_894.pdf. Accessed 03 jan 2015

34. Taylor RW, Gold E, Manning P, Goulding A. Gender differences in body fat
content are present well before puberty. Int J Obes. 1997;21(11):1082–4.

35. Boot AM, Bouquet J, De Ridder MA, Krenning EP, de Muinck Keizer-
Schrama SM. Determinants of body composition measured by dual-
energy X-ray absorptiometry in Dutch children and adolescents. Am J
Clin Nutr. 1997;66(2):232–8.

36. Garnett SP, Högler W, Blades B, Baur LA, Peat J, Lee J, Cowell CT. Relation
between hormones and body composition, including bone, in prepubertal
children. Am J Clin Nutr. 2004;80(4):966–72.

37. Shaw NJ, Crabtree NJ, Kibirige MS, Fordham JN. Ethnic and gender
differences in body fat in British schoolchildren as measured by DXA. Arch
Dis Child. 2007;92(10):872–5.

38. Bailey R. Physical education and sport in schools -a review of benefits and
outcomes. J Sch Health. 2006;76(8):397–401.

39. Đorđić V. Bala G. Rast i razvoj dece predškolskog uzrasta. U G. Bala (Ed.),
Fizička aktivnost devojčica i dečaka predškolskog uzrasta, Novi Sad: Fakultet
fizičke culture [Growth and development of pre-school children. In G. Bala
(Ed.), Physical activity of pre - school age girls and boys, Novi Sad: Faculty of
Physical Culture]. 2006: 31–51.

40. Jürimäe T, Jürimäe J. Growth, physical activity, and motor development in
preburtal children. Boca Raton: CRC Press; 2000.

41. Mišigoj-Duraković M. Kinantropologija - biološki aspekti tjelesnog vježbanja.
Zagreb: Kineziološki fakultet [Kinanthropology - biological aspects of
physical exercise. Zagreb: Faculty of Kinesiology]. 2008.

42. Boot AM, Bouquet J, Krenning EP, de Muinck Keizer-Schrama SM. Bone
mineral density and nutritional status in children with chronic inflammatory
bowel disease. Gut. 1998;42(2):188–94.

43. Fomon SJ, HasckeF ZEE, Nelson SE. Body composition of reference children
from birth to age 10 years. Am J Clin Nutr. 1982;35(5):1169–75.

44. Forbes GB. Body composition: influence of nutrition, disease, growth, and
aging. In: Shils ME, Alson JA, Shike M, editors. Modern nutrition in health
and disease. 8th ed. Philadelphia: Lea & Febiger; 1994.

45. Malina RM, Bouchard C, Bar-Or O. Growth, maturation, and physical activity
(2nd). Champaign: Human Kinetics Publishers; 2004.

46. Michel G, Bisegger C, Fuhr DC, Abel T. Age and gender differences in
health-related quality of life of children and adolescents in Europe: a
multilevel analysis. Qual Life Res. 2009;18(9):1147.

47. Young D, Limbers CA, Grimes GRI. Body mass index or percent body fat a
stronger predictor of health-related quality of life in rural Hispanic youth?
Appl Res Qual Life. 2013;8(4):519–29.

48. Su CT, Wang JD, Lin CY. Child-rated versus parent-rated quality of life of
community-based obese children across gender and grade. Health Qual Life
Outcomes. 2013;11(1):206.

49. Puhl RM, Latner JD. Stigma, obesity, and the health of the nation's children.
Psychol Bull. 2007;133(4):557.

50. Latner JD, Stunkard AJ. Getting worse: the stigmatization of obese children.
Obesity. 2003;11:452–6.

51. Neumark-Sztainer D, Falkner N, Story M, Perry C, Hannan PJ, Mulert S.
Weight-teasing among adolescents: correlations with weight status
and disordered eating behaviors. Int J Obes Relat Metab Disord. 2002;
26(1):123–31.

52. Puhl RM, Brownell KD. Psychosocial origins of obesity stigma: toward
changing a powerful and pervasive bias. Obes Rev. 2003;4:213–27.

53. Ostojić S, Stojanović M, Stojanović V, Marić J, Njaradi N. Correlation between
fitness and fatness in 6-14-year old Serbian school children. J Health Popul
Nutr. 2011;29(1):53–60.

54. Doak C, Visscher T, Renders MC, Seidell J. The prevention of overweight and
obesity in children and adolescents: a review of interventions and
grogrammes. Obes Rev. 2006;7:111–36.

55. Shi X, Tubb L, Fingers ST, Chen S, Caffrey JL. Associations of physical activity
and dietary behaviors with children’s health and academic problems. J Sch
Health. 2013;83(1):1–7.

56. Warschburger P. The unhappy obese child. Int J Obes. 2005;29:127–9.
57. Zeng Q, Dong SY, Sun XN, Xie J, Cui Y. Percent body fat is a better

predictor of cardiovascular risk factors than body mass index. Braz J Med
Biol Res. 2012;45(7):591–600.

58. Laurson KR, Eisenmann JC, Welk GJ. Body fat percentile curves for US
children and adolescents. Am J Prev Med. 2011;41(4):87–92.

59. Epstein LH, Goldfield GS. Physical activity in the treatment of childhood
overweight and obesity: current evidence and research issues. Med Sci
Sports Exerc. 1999;31(11):553–9.

60. Gutin BS, Owens S, Slavens G, Riggs S, Treiberg F. Effect of physical training
on heart-period variability in obese children. J Pediatr. 1997;130(6):938–43.

61. Moore LL, et al. Does early physical activity predict body fat change
throughout childhood? Prev Med 2003;37:10–17.

62. Gopinath B, Hardy L, Baur LA, Burlutsky G, Mitchell P. Physical activity and
sedentary behaviors and health-related quality of life in adolescents.
Pediatrics. 2012;130(1):167–74.

63. Szakály Zs. Testalkat, testösszetétel és motorikus teljesítményjellemzők
vizsgálata.[Analysis of somatotype, body composition and motor abilities].
Doctoral Dissertation, Budapest: Semmelweis University; 2008.

64. Martin A, Saunders DH, Shenkin SD, Sproule J. Lifestyle intervention for
improving school achievement in overweight or obese children and
adolescents. Cochrane Database Syst Rev. 2014;3

65. Photiou A, Anning JH, Mészáros J, Vajda I, Mészáros Z, Sziva, A, ... & Ng, N.
Lifestyle, body composition, and physical fitness changes in Hungarian
school boys (1975–2005). Res Q Exerc Sport 2008;79(2):166–173.

Halasi et al. Health and Quality of Life Outcomes  (2018) 16:149 Page 8 of 8


	Abstract
	Background
	Method
	Results
	Conclusion

	Background
	Method
	Results
	Discussion
	Conclusion
	Abbreviations
	Acknowledgements
	Funding
	Availability of data and materials
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	Author details
	References

