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Extended summary1
Overweight body mass and obesity have been on the increase all over the world in the
last couple of decades and have become almost epidemic as a consequence of the modern
lifestyle. Obesity can be defined in many ways, and one of them implies the increase of the
percentage of body mass and overall body weight over 30% in women and over 25% in men
(Ivković-Lazar, 2004). Body mass index is one of the most frequently used indexes for measuring obesity. It is commonly used for adults, while expert opinions vary from oponents to advocates of using this method for measuring obesity of children and adolescents in terms of its
reliability (Stupnicki, 2012; Deurenberg et al., 1991).
Child obesity is a global health problem in the modern world. The percentage of obese
and overweight children is dramatically on the rise, as the results from 2010 research show:
46% of children in the USA and 38% of children are overweight (Ogden et al., 2006; Wang, &
Lobstein, 2006). In the period 1986-2006, the general trend in weight gain was between the
ages 6-15 (Péneau et.al., 2008). In Switzerland, 6.5% of children and adolescents in the age
group 6-14 were registered as obese (Lasserre, A. M. Et al. 2007), while in Serbia this percentage amounts to 7.3% (Оstojić et al., 2011). There are many negative consequences of obesity in
terms of children’s and adolescents’ health. These consequences are particularly evident regarding the cardio-vascular system, manifesting as the enlargement of the left chamber (Friberg, P.
et al., 2004; Mehta et al., 2004; Rabbia et al., 2003), reduction of heart reserve (Drinkard et al..,
2001: Rowland, & Dunbar, 2007), and higher blood pressure (Naylor et al., 2006). Consequently, a reduced functional capacity directly affects motor abilities of children and adolescents.
It is evident from the above stated facts that the impact of obesity is kinanthropologically
significant and entails specific consequences. For this reason, the aim of this research is to de1 slobodan.b.pavlovic@gmail.com
Copyright © 2018 by the authors, licensee Teacher Education Faculty University of Belgrade, SERBIA.
This is an open access article distributed under the terms of the Creative Commons Attribution License (CC BY 4.0) (https://creativecommons.org/licenses/by/4.0/),
which permits unrestricted use, distribution, and reproduction in any medium, provided the original paper is accurately cited.

1

termine qualitative differences in motor abilities of the lower primary school children depending on the value of their body mass index.
The sample of respondents consisted of 174 pupils of the 4th grade of primary school
and of both sexes, aged 11 ± 0.65 years (BH = 145.7cm ± 6.14, BM = 38.2kg ± 7.17). The entire
sample of the subjects was organised by random selection into three groups: undernourished
(n = 26), normal weight (n = 113) and overweight (n = 35). Nutrition and classification were
measured by the weight ratio measured in kilograms and the square of body height measured
in metres (kg / m2), as recommended by the International Obesity Task Force (Henderson, &
Sugden, 1992)).
A battery of motor tests applied for the assessment of motor abilities was based on experiences with adult respondents, and modified for the school population (Bala, Stojanović and
Stojanović, 2007). This test battery evaluates the efficiency of the mechanism for structuring
movement, synergistic and tonus regulation, as well as for regulating the intensity and duration
of excitation.
The obtained data were processed by using adequate statistical procedures. At the beginning of data processing, descriptive statistics was used to analyse basic research results. The
significance of the differences among the groups of subjects was tested using a univariate variance analysis (ANOVA) for individual variables and multivariate variance analysis (MANOVA) at a global level.
Table 1 shows the basic central and dispersive statistics of motor variables that were applied in this research. The results obtained by multivariate variance analysis (MANOVA) and
univariate variance analysis (ANOVA) are presented as well.
Табела 1. Дескриптивни статистици и разлике између група испитаника.
Variables
Running 20 м (0,1 с)
Backward polygon(0,1 с)
Hand tapping (freq.)
Seated wide-leg forward bend (cm)
Standing long jump (цм)
Bent arm hang (0,1 с)
Sit-ups (freq.)

NORMAL
WEIGHT
(N=26)
(N=113)
АM
S
АM
S
54.03
7.14
50.24
7.51
298.19
44.86
201.29
49.79
16.59
2.91
17.01
2.41
35.42
7.03
39.30
5.14
111.18
19.63
112.32
19.81
109.66
99.12
134.33 111.06
21.84
8.16
21.62
8.31
F=19.98
P=.00

UNDERWEIGHT

OVERWEIGHT
(N=35)
АM
S
57.17
7.86
401.17
99.89
16.06
4.32
33.67
8.24
109.81
21.31
61.35
94.11
15.90
8.79

f
7.34
167.48
3.11
2.73
1.79
5.86
3.46

Legend: АM – аrithmetic mean; S – standard deviation; N – number of respondents; f – F-test for
univariant analysis of variance; p = level of significance for univariate variance analysis; F – Ftest for multivariate variance analysis; P = level of significance for multivariate variance analysis.

Table 1 shows that by applying the multivariate variance analysis (MANOVA) among
three groups of subjects that were organised according to their body mass index (BMI), the
value of the F test was relatively high by the Wilks ʎ criterion (F = 19,98), and the same applies
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p
.00
.00
.11
.00
.14
.00
.03

to the level of statistic significance P = ,00. The data clearly indicate that, at a multivariate level,
and in the entire system of the analysed motor variables, there is a statistically significant difference in motor variables among the groups organised according to their body mass index. The
univariate variance analysis (ANOVA) showed that no statistically significant difference was
identified in the variables: Standing Long Jump and Hand Tapping, whereas there was a statistically significant difference among the groups regarding other variables: Running 20m, Backward Polygon, Seated Wide-Leg Forward Bend, Sit-ups, and Bent Arm Hang.
Arithmetic mean, as a measure of central tendency of the results in Table 1, indicates
that the subjects in the group normal weight scored higher in all motor variables than other two
groups. There is a difference in arithmetic means between the groups underweight and overweight in all motor variables, and in favour of the undernourished. It should be noted that, due
to inversive metrics, a lower score is actually a better result in the variables backward polygon
and running 20m.
Based on the obtained results, we can conclude that there is a statistically significant
difference in the applied system of the motor ability variables among the three tested groups.
Judging from the values of arithmetic means achieved at the testing of motor abilities, the best
results were achieved by the group of children of normal weight. When two other groups are
compared, the group of undernourished children achieved better results.
In terms of individual variables: for Backward Polygon, Seated Wide-Leg Forward
Bend, Running 20m, and Bent Arm Hang, a statistically significant difference was identified
among the three groups (p=,00). Evidently, body mass index is a limiting factor in achieving qualitatively higher values of motor abilities: whole-body coordination, speed of movement, flexibility, and static strength of arms. Increased body weight, registered in the overweight group of children, has a negative effect on the whole-body coordination, which is in
correlation with other similar studies (Lopes, Stodden, Bianchi, Maia, & Rodrigues, 2012). This
claim is substantiated by the fact that body volume increases proportionally to the increased
BMI, which is certainly a distracting factor in achieving coordination as motor ability. As far
as flexibility is concerned, it is in negative correlation with increased BMI values and the established differences in this motor ability are logical (Deforche, Lefevre, De Bourdeaudhuij,
Hills, Duquet, & Bouckaert, 2003; Graf, et al., 2005). Given that the increased body weight entails a greater circumference of some parts of body ( circumference of waist, chest, and limbs),
which in turn limits movement, the obtained results are not surprising. In terms of BMI, significant differences among the groups were identified relative to speed. Increased body weight
implies generating a greater force for movement in space, which directly impacts the speed of
movement. These data match the results of other research (Fogelholm, Stigman, Huisman, &
Metsämuuronen, 2008). In the variable Sit-Ups, a statistically significant difference was also
identified, but at a slightly lower level of significance (p=.03). Since body volume increases with
the increase of BMI, which is a distracting factor for movement, the scores obtained at the SitUps test are also expected. Forward Bend was certainly limited by the mass around waist and
belly. As for the variables Hand Tapping (p=,11) and Standing Long Jump (p=,14), no significant difference was observed in the three groups. This outcome was also expected, given that
the excessive body weight affected the explosive strength of the lower extremities.
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Our general conclusion is that the body mass index (BMI) is a significant factor in developing motor abilities of the early primary school pupils. In addition, one should also consider take into consideration the indirect effect of the BMI on the quality of physical education classes, because the pupils with the lower BMI values achieve qualitatively higher values
at motor ability tests. These values are a prerequisite for a purposeful physical education class.
Keywords: Body mass index (BMI), motor abilities, level of nutrition, early primary
school pupils.
References
•• Bala, G., Stojanović, M. V., Stojanović, M. (2007). Merenje i definisanje motoričkih sposobnosti
dece. Novi Sad: Fakultet sporta i fizičkog vaspitanja.
•• Cattuzzo, T. M., Henrique, S. R., Nicolai Ré, H. A., De Oliveira, S. I., Melo, M. B., Moura, S. M.,
De Araújo, C. R. & Stoddent, D. (2016). Motor competence and health related physical fitness
in youth: A systematic review. Journal of Science and Medicine in Sport. 19 (2), 123–129.
•• Deforche, B., Lefevre, J., De Bourdeaudhuij, I., Hills, A. P., Duquet, W. & Bouckaert, J. (2003).
Physical fitness and physical activity in obese and nonobese Flemish youth. Obesty Research.
11 (3), 434–441.
•• Deurenberg, P., Weststrate J. A. & Seidell, J. C. (1991) Body mass index as a measure of body
fatness: age- and sex-specific prediction formulas. British Journal of Nutrition. 65, 105–114.
•• Drid, P., Vujkov, S., Jakšić, D., Trivić, T., Marinković, D. & Bala, G. (2013). Differences in Motor and Cognitive Abilities of Children Depending on Their Body Mass Index and Subcutaneous Adipose Tissue. Collegium Antropologicum. 37 (2), 171–177.
•• Drinkard, B., McDuffie, J., McCann, S., Uwaifo, G. I., Nicholson, J. & Yanovsky, J. A. (2001).
Relationship between walk/run performance and cardiorespiratory fitness in adolescents who
are overweight. Physical Terapy. 81, 1889–1896.
•• Fogelholm, M., Stigman, S., Huisman, T. & Metsämuuronen, J. (2008). Physical fitness in adolescents with normal weight and overweight. Scandinavian Journal of Medicine & Science in
Sports. 18 (2), 162–170.
•• Friberg, P., Allansdotter-Johnsson, A., Ambring, A., Arheden, H., Feamme, J., Johansson, A.,
Holmgren, D., Wahlander, H. & Marild, S. (2004). Increase ventrickular mass in obese adolescents. Europeаn Heart Journal. 25, 987–992.
•• Graf, C., Koch, B., Kretschmann-Kandel, E., Falkowski, G., Christ, H. & Coburger, S. (2004).
Correlation between BMI, leisure habits and motor abilities in childhood. International Journal of Obesity i Related Metabolic Disorders. 28 (1), 22–26.
•• Graf, C., Koch, B., Falkowski, G., Jouck, S., Christ, H., Stauenmaier, K., Bjarnason-Wehrens, B.,
Tokarski, W., Dordel, S. & Predel, H. G. (2005). Effects of a School-Based Intervention on BMI
and Motor Abilities in Childhood. Journal of Science and Medicine in Sport. 4 (3), 291–299.
•• Henderson, S. E. & Sugden, D. A. (1992). Movement Assessment Battery for Children. London:
The Psychological Corporation.
4

•• Ivković-Lazar, T. (2004). Gojaznost. Novi Sad: Medicinski fakultet.
•• Khodaverdi, F., Bahram, A. & Jafarabadi, M. A. (2012). Quality of Life, Motor Ability, and
Weight Status among School-aged Children of Tehran. Iran Journal Public Health. 41 (6), 97–
102.
•• Kostić, R., Đurašković, R., Pantelić, S., Živković, D., Uzunović, S. i Živković, M. (2009). Relacije antropometrijskih karakteristika i koordinacionih sposobnosti. Facta Universitatis – Physical Education and Sport. 7 (1), 101–112.
•• Lasserre, A. M., Chiolero, A., Paccaud, F. & Bovet, P. (2007). Worldwide trends in childhood
obesity. Swiss Medical Weekly. 137 (9–10), 157–158.
•• Logan, S. W., Scrabis-Fletcher, K., Modlesky, C. & Getchell, N. (2011). The Relationship between Motor Skill Proficiency and Body Mass Index in Preschool Children. Research Quarterly for Exercise & Sport. 82 (3), 442–448.
•• Lopes, V. P., Stodden, D. F., Bianchi, M. M., Maia, J. A. & Rodrigues, L. P. (2012). Correlation
between BMI and motor coordination in children. Journal of Science and Medicine in Sport.
15 (1), 38–43.
•• Mehta, S. K., Holliday, C., Hayduk, L., Wiersma, L., Richards, N. & Younoszai, A. (2004).
Comparision of myocardial function in children with body mass index >25 versus those <
25kg/m2. American Journal of Cardiology. 93, 1567–1569.
•• Naylor, L., Watts, K. & Sharpe, J. (2006). Effect of resistance and circuit exercise training on
left ventricular diastolic function in obese adolescents. Medicine and Science in Sports and
Exercise. 38, S414.
•• Ogden, C. L., Carroll, M. D., Curtin, L. R., McDowell, M. A., Tabak, C. J. & Flegal, K. M.
(2006). Prevalence of overweight and obesity in the United States, 1999–2004. JAMA. 295
(13), 1549–1555.
•• Ostojić, S. M., Stojanović, M. D., Stojanovic, V., Marić, J. & Njaradi, N. (2011). Correlation
between fitness and fatness in 6-14-year-old Serbian school children. Journal of Health Population and Nutrition. 29 (1), 53–60.
•• Péneau, S., Thibault, H., Meless, D., Soulié, D., Carbonel, P., Roinsol, D., Longueville E, Sérog,
P., Deheeger, M., Bellisle, F., Maurice-Tison, S. & Rolland-Cachera, M. F. (2008). Anthropometric and behavioral patterns associated with weight maintenance after an obesity treatment
in adolescents. The Journal of Pediatrics. 152 (5), 678–84.
•• Rabbia, F., Silke, B., Conterno, A., Grosso, T., DeVito, B., Rabbone, J., Chiandusi, L. & Veglio,
F. (2003). Assessment of cardiac autonomic modulation during adolescent obesity. Obesity
Research. 11, 541–548.
•• Rowland, T. & Dunbar, N. S. (2007). Effects of obesity on cardiac function in adolescent females. American Journal of Lifestyle Medicine. 1 (4), 283–288.
•• Stupnicki, R. (2012). Somatic mesaurements and their use in establishing reference values.
Biomedical Human Kinetics. 4 (1), 70–75.

5

•• Tokmakidis, S. P., Kasambalis, A. & Christodoulos, A. D. (2006). Fitness levels of Greek primary schoolchildren in relationship to overweight and obesity. European journal of pediatrics.
165 (12), 867–874.
•• Wang, Y. & Lobstein, T. (2006). Worldwide trends in childhood overweight and obesity. International journal of pediatric obesity. 1, 11–25.
•• Wong, A. K. Y. & Cheung, S. Y. (2006). Gross motor skills performance of Hong Kong Chinese
children. Journal of Physical Education i Recreation (Hong Kong). 12 (2), 23–29.

6

