
Prevalence of Obesity and Association between Body Fatness and Aerobic 

Fitness in Serbian Preschool Children 

  Sergej M. Ostojic, Marko D, Stojanovic, Zoran Milosevic 

Faculty of Sport and Physical Education, 

University of Novi Sad, Serbia 

 

Jagoda Jorga 

Faculty of Medicine, 

University of Belgrade, Serbia 

 

Sladjana Grujic 

Center for Health, Exercise and Sport Sciences, 

Stari DIF, Belgrade, Serbia 

1    Introduction 

Obesity has arguably become one of the most urgent health problems in modern society for both developed and developing 

countries. Childhood obesity is particularly concerning because the extra pounds often start children on the path to health 

problems that were once confined to adults, such as diabetes, high blood pressure, and high cholesterol (Lobstein et al., 
2004; Tjepkema, 2006). The prevalence of obesity among children has been increasing dramatically in the past two decades, 

with one in four children between 6 to 14 years presently overweight (Hedley et al., 2006). Although prevalence of 

overweight and obesity varies quite substantially across ethnic groups and gender, numerous studies have shown alarmingly 

high childhood levels of being fat (Ogden et al., 2002; Wang et al., 2002; Ostojic & Stojanovic, 2010; Ostojic et al., 2011). 

Prevalence level varies substantially with geographical region in European children and is reported to be as high as 35% for 

the Eastern-region children (Krassas et al., 2001; Ostojic et al., 2011). While most studies reported obesity and overweight 

prevalence for elementary school children and adolescents, no such extensive data are present for the obesity prevalence in 

preschool children. The global prevalence of overweight in preschool children was estimated to about 3% (de Onis & 

Blossner, 2000). Some countries and regions had considerably higher rates, and overweight in preschoolers was shown to 

increase in 16 of 38 countries with trend data. Countries with the highest prevalence of overweight are located mainly in the 

Middle East, North Africa, and Latin America. ToyBox-study group (van Stralen et al., 2012) reported prevalence of 

overweight indices in European preschoolers (4-7 years), with prevalence of overweight and obesity across the countries 

ranged from 8% to 30% and 1% to 13%, respectively, with highest rates in Southern European countries (i.e. Spain and 

Greece). Yet, to the authors best knowledge, to date there are no published data regarding overweight and obesity prevalence 

rates for Serbian preschool children. Lack of physical activity and/or physical fitness, and excess caloric consumption are 

some of the major reasons epidemiologists suggest for the increase of obesity in the past two decades in both adults and 

children (Brunnet et al., 2007; Ortega et al., 2007). Dennison et al. (2002) further identified association between sedentary 

behaviors (e.g. TV viewing) and risk of being overweight to preschool-aged children. Recent study from Bürgi and co-

workers (2011) reported positive association between physical activity and aerobic fitness in preschool children, with higher 

physical activity was associated with less body fat in 217 healthy preschool children (age 4-6 years). It seems that low level 

of physical activity and/or health-related physical fitness, represented by cardiorespiratory (aerobic) endurance, contributes 

to the development of obesity in children (Ostojic et al. 2010a; 2010b). Since the habitual levels of physical activity are 

closely related to cardiorespiratory fitness, submaximal and maximal exercise testing have become frequently used as 

indirect physical activity assessment methods in children (Ara et al. 2007).  

 



Several studies have shown that overweight children perform more poorly on cardiorespiratory fitness tests than 

their thinner counterparts, with low to moderately high inverse correlations found between cardiorespiratory fitness and 

adiposity (Al-Nakeeb et al., 2007; Niederer et al., 2012; Ostojic et al., 2011). Although it would appear plausible to 

assume that higher level of physical fitness in children result in a more favorable body composition, data that permit 

examination of relationship between aerobic fitness and body fatness in youth are limited and considered controversial, 

particularly for preschool children (Goran et al., 1999; Lee & Arslanian, 2007). Moreover, little is known about the 

relationship between physical fitness and different body fatness indicators besides body mass index (BMI), such as 

waist circumference or percentage of body fat, in preschool children.  

Serbia is southeastern European country with estimated population of somewhat over 7 million people, 

predominantly Slavic Serbs, with overall life expectancy around 74 years. In addition, 55.7% of adult population is 

overweight, with 19.0% obese (Grujic et al., 2010). To the best of our knowledge, there is only one study examining 

prevalence of overweight and obesity in Serbian preschool children (Stojanovic & Belojevic, 2009), with no data 

available examining association between obesity and aerobic fitness. On the other hand, it has been recognized that the 

preschool period corresponds to the time of the adiposity rebound, which is considered critical for obesity development 

and consequent health problems in later life (Rolland-Cachera et al., 2006). Therefore, the objectives of present study 

were to investigate the prevalence of overweight and obesity among Serbian preschool children, and determine 

relationship between aerobic fitness and body fatness indicators in 4-6-year-old Serbian preschoolers. 

2    Methods 

2.1    Participants 

The evaluation took place between April and May during the school year 2009-2010 with stratified (geographically) 

random sampling was used in this cross-sectional study. Eight kindergartens were identified from the local Department 

of Education and were randomly selected from Belgrade borough area of Zvezdara (150.000 inhabitants) on a 

proportional basis, with 15-30% of each respective kindergarten age group being sampled. Around 80% of children in 

Zvezdara attend preschool. Principals of the kindergartens were contacted with the aims of the study explained to both 

kindergarten nurses and educators, and school administrators. Once a kindergarten had agreed to participate in the study, 

letters to parents were distributed. All participants and parents were fully informed verbally and in writing about the 

nature and demands of the study. All subjects and parents gave their informed consent and volunteered to participate in 

the study with the approval of the University's Ethical Advisory Commission in accordance with the Helsinki 

Declaration. Parents completed medical history questionnaire for their children and were informed that they could 

withdraw a child from the study at any time, even after giving their written consent. Children with conditions that might 

have led to limitations in physical activity and mobility were excluded after alleged health problem stated in 

questionnaire has been certified by a specialized physician.  

2.2    Experimental Design 

Each child underwent a one-day testing session. During this session, anthropometric assessment and physical fitness test 

were carried out. Height was measured using a mobile stadiometer (Model 202, Seca, Birmingham, UK) to the nearest 

0.1 cm, while body mass was obtained to the nearest 0.1 kg using a calibrated electronic scale (Model 877, Seca, 

Birmingham, UK). The subjects were measured in privacy by the respective genders in underwear only, and in the same 

state of hydration and nourishment after voiding. All anthropometric measurements were taken between 9 and 11 a.m. 

after a overnight fast of between 10 and 12 h. BMI was calculated as weight (kg)/height (m)
2
. Children were considered 

overweight or obese based on BMI age-specific reference guidelines (Table 1) (Kiess et al., 2001; Kain et al., 2002; 

Flodmarket al., 2004).  

 

 

 

 

 

 

 

 



Class Percentile range 

Underweight Less than the 5
th

 percentile 

Healthy weight 5
th
 percentile to less than the 85

th
 percentile 

Overweight 85
th
 to less than the 95

th
 percentile 

Obese Equal to or greater than the 95
th
 percentile 

  

Table 1: Reference guidelines for detection of overweight and obesity according to BMI-for-age weight 

status categories in children. 

 
Waist circumference was measured using a Gulick anthropometric tape (Creative Health Products, Plymouth, MI, USA) 

at the level of the narrowest point between the lower costal border and the illiac crest. Skinfold thickness at two sites 

(triceps and medium calf) was obtained using a Harpenden caliper (British Indicators Ltd., St. Albans, UK). The 

landmarks are identified and measured according to Wilmore & Behnke (1969), with the median of three measurements 

used to represent skinfold thickness. Percentage of body fat was determined according to age and gender-specific 

equations (girls, percentage of body fat = 0.610 · (triceps skinfold [mm] + calf skinfold [mm]) + 5.1; boys, percentage 

of body fat = 0.735 · (triceps skinfold [mm] + calf skinfold [mm]) + 1.0) (Slaughter et al., 1988). The same trained 

technician performed tests on each subject for anthropometric measurements according to the International Society for 

the Advancement of Kinanthropometry (Marfell-Jones et al., 2006). Aerobic fitness was determined using maximal 

multi-stage shuttle-run test (Leger & Lambert, 1982). Subjects were required to run back and forth between two lines 20 

m apart, while keeping pace with audio signals emitted from a pre-recorded CD. The frequency of sound signals 

increases in such a way that running speed starts at 8.5 km/h and is increased by 0.5 km/h each minute. The test ended 

when the participant stopped or failed to maintain the prescribed pace for two consecutive signals, with the final stage 

reached recorded and used to calculate maximal oxygen uptake (VO2max). This test has shown to be valid and reliable 

for the prediction of the VO2max in children (van Mechelen et al., 1986), and with some minor adaptations (e.g. adult 

running with the children to provide the adequate pace) is regularly used lately for testing preschool children (Niederer 

et al.,2009). Familiarization session for shuttle run testing was performed one week before testing commencement for 

each kindergarten.  

2.3    Statistical Analyses 

Descriptive statistics were run on all variables. Statistical significance between continuous variables were assessed using 

Student’s t test with p values of less than 0.05 considered statistically significant. Categorical data were evaluated using 

chi-square (Χ
2
) analysis. Relationship between body fat, BMI, and waist circumference, and VO2max were examined 

using Pearson's product-moment correlation coefficient. The data were analyzed using the statistical package SPSS, PC 

program, version 17.0 (SPSS Inc., USA). 

3    Results 

This study used 318 healthy preschool children (191 boys, 127 girls; age 4 to 6 years) of the kindergarten preschool 

program. All participants were in good health, free from musculoskeletal dysfunctions, and metabolic and heart 

diseases. None of the subjects was on the medication at the time of the study, nor using supplements for health and 

vitamin capsules. The prevalence of overweight was 27.3% for total sample, and did not vary among the girls and boys, 

27.8% and 26.9% respectively (Figure 1). Significant differences were found between male and female preschoolers 

regarding the prevalence of obesity (4.1% in boys vs.6.3% in girls, p < 0.05; Chi-square test).  

 



 
 

Figure 1: Percentage of overweight and obese preschool children by gender 

 
Anthropometric and physiological data are shown in Table 2. Both boys and girls had comparable age, weight, height 

and BMI. Boys showed significantly lower waist circumference and body fat as compared to their female counterparts 

(p < 0.05). Moreover, boys attained better performance in multi-stage fitness test, and therefore had higher maximal 

oxygen uptake (p < 0.05).  

 

 Boys 

(n = 191) 

Girls 

(n = 127) 

Total 

(n = 318) 

Age (years) 5.1 ± 0.6 5.2 ± 0.6 5.1 ± 0.6 

Height (cm) 111.4± 5.1 110.6± 4.8 111.1 ±  5.0 

Weight (kg) 18.9 ± 3.2 18.9 ± 2.9 18.9 ± 3.0 

Body mass index (kg/m
2
) 15.2 ± 1.7 15.5 ± 2.1 15.3 ± 2.0 

Waist circumference (cm) 52.6 ± 4.0 54.9 ± 5.3
a 

53.5 ± 4.5 

Body fat (%) 22.8±6.8 25.9 ± 8.7
a 

24.0 ± 7.6 

Maximal oxygen uptake (ml/kg/min) 30.5± 8.2 26.1±7.0
a
 28.7 ± 7.7 

  

Table 2: Characteristics (means ± SD) of the study subjects by gender. 
a
p< 0.05 boys vs. girls 

 
The highest level of weight, BMI, body fat and waist circumference encountered in the study in a 5-year old girl (35.5 

kg, 29.3 kg/m
2
, 44.2%, and72.3 cm, respectively) implies potential existence of extreme obesity in Serbian preschoolers, 

although no clinical syndromes were stated by her parents The relationship between indicators of body fatness and 

VO2maxare illustrated in Figure 2.The correlation coefficient was moderately high for body fat vs. VO2max(r = -0.58; p < 

0.05). There was significant inverse correlation between waist circumference and VO2max (r = -0.46; p < 0.05), with 

insignificant correlation between BMI and VO2max (r = -0.10; p > 0.05).  

 

4.1% 

26.9% 

69.0% 

Boys (n = 191)  

Obesity Overweight Normal

6.3% 

27.8% 

65.9% 

Girls (n = 127)  

Obesity Overweight Normal



 
  

Figure 2: Relationship between body fatness indicators and maximal oxygen uptake (n = 318). 

 

4    Discussion 

The present study displayed high prevalence of overweight (27.3%) and obesity (5.0%) in whole sample of 

preschoolers, with the prevalence of obesity more frequent in girls (6.3% vs. 4.1%, girls and boys, respectively). The 

data also demonstrated moderately high negative correlation between aerobic endurance and body fatness in Serbian 

preschool children, suggesting that children who have high cardiorespiratory fitness during early childhood have less 

overall adiposity than their unfit counterparts. The results from the present study emphasize the necessity to identify the 

children with weight problems and to develop early interventions to improve health-related fitness in preschoolers, and 

prevent the increase of childhood obesity. 

4.1    Prevalence of obesity in preschool children 

Obesity among children is increasing worldwide, impacting research on ubiquity and etiology on both national and 

international level. It seems that obesity rise particularly sharply among preschoolers, with the bulk of prevalence 

studies published in the past decade reporting rates of overweight and/or obesity wide-ranging. The prevalence of 

obesity found among the preschool children of the present study was comparable to the single study done with Serbian 

preschoolers (Stojanovic & Belojevic, 2009) as well as to data presented earlier from other national studies in similar 

age group, using the same method for classification. Southeast Serbian urban preschoolers were reported to have a 

prevalence of obesity of 6.3% and 3.8% for girls and boys, respectively.  Martorell and co-workers (2000) reported 

relatively low level of obesity and overweight in preschool children from developing countries, with 32 of 50 countries 

had a prevalence of obesity below 2.3%, the value in the reference population. Manios and co-workers (2007) reported 

notable prevalence of obesity in preschool Greek children, with the rate was 16.0% in boys and 15.5% in girls, 

respectively. More than one third of the provincial population of Canadian preschool children were overweight and 

obese, with the rates did not differ significantly by sex or age group (Canning et al., 2004). Same group reported 

relatively rapid rise in overweight and obesity in children as young as 4 years in little more than a decade, with almost 

10% increase of combined rates of overweight and obesity from 1984 (25.1%) to 1997 (36.0%) (Canning et al., 2007). 

Similar results were found in 2009 for low-income Oklahoma preschool children; with 30.7%children were overweight, 

including 13.7% obese (Weedn et al., 2012). Seminal overview study by de Onis et al. (2010) reported global 

prevalence and trends of overweight and obesity among preschool children. Fourthy-three million children in the world, 

of which 35 million in developing countries, were estimated overweight and obese in 2010, with another 92 million 

being at risk of overweight. In addition, the 2.5% incensement in worldwide prevalence of childhood overweight and 

obesity between 1990 and 2010 has been reported, with trend expected to reach 9.1% (60 million) youngest children in 

2020. The prevalence is lower in Asia (4.9% in 2010), but the number of affected children is noteworthy (18 million). It 

seems that obesity was more common in urban areas, in children of mothers with higher education, and in girls; these 

relationships did not differ by gross national product (GNP), but GNP was related negatively to stunting and positively 

to overweight (de Onis et al., 2010). Obesity does not appear to be a major public health problem among preschool 

children in Asia and Sub-Saharan Africa. Yet, in a number of countries in Latin America and the Caribbean, the Middle 
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East and North Africa, and the region of Eastern Europe/Commonwealth of Independent States, levels are as high as in 

the United States (Martorell et al., 2000; de Onis et al., 2010). 

It seems that childhood obesity become a global epidemic and is threatening to have reached epidemic proportions in 

Serbia as well (Ostojic et al., 2011). In accordance with the previous research from our group in elementary school 

children and adolescents (Ostojic & Stojanovic, 2010; Ostojic et al., 2010a; Ostojic et al., 2010b; Ostojic et al., 2011), 

data in the present study indicates that the prevalence of overweight is similar among boys and girls. Girls tend to have 

higher prevalence of obesity then boys (6.3% vs.4.1%, respectively). Furthermore, girls have significantly higher total 

body fat percentage as compared to boys (25.9% vs. 22.8%), and higher waist circumference (54.9 cm vs. 52.6 cm), both 

relevant indicators of obesity. The sex difference in both obesity prevalence and body fatness indicators may be related 

to several factors such as maturation, growth history, and behavioral and environmental factors, which requires more 

investigation (Ostojic et al., 2011). An interesting gender difference was suggested considering sexual maturation, with 

early sexual maturation was positively associated with overweight and obesity in girls, but the associations were reverse 

for boys (Wang, 2002). In addition, Sugimori et al. (1997) identified influence of several behavioral and environmental 

factors on the development of obesity in preschool children, such as food consumption patterns (e.g. eating snacks 

irregularly), physical inactivity, short sleep duration (9 hours or less), socioeconomic status and micro and macro 

environment (e.g. person other than the mother responsible for taking care of the child, father’s or mother’s BMI above 

24 kg/m
2
). The gradual increase in body weight that leads to obesity is the consequence of a prolonged positive energy 

balance (Hill, 2006). Several factors can influence energy balance and therefore be identified as contributors to the 

current obesity epidemic in children, with biological, behavioral, environmental, and social being most cited (Rowlands 

et al., 1999). Although relative contribution of energy intake vs. energy expenditure to the obesity epidemic is a source 

of continuing debate, the available data clearly indicate that physical activity play integral role in the obesity prevention 

(Roberts et al., 2000). Obese children are at increased risk of acute medical illnesses and chronic diseases such as 

osteoarthritis, diabetes mellitus, and cardiovascular disease, which can lead to poor quality of life; increased personal 

and financial burden to individuals, families, and society; and shortened lifespan (Dugan, 2008). 

4. 2    Aerobic fitness in preschoolers 

Cardiorespiratory (aerobic) fitness seems to be an important indicator of health in both preschool and school children 

(Andersen et al., 2008). High aerobic fitness during childhood has been associated with healthier cardiovascular and 

metabolic profiles during these years and also later in life (Hager et al., 1995; Ruiz et al., 2006; Ruiz et al., 2007). 

Moreover, it has been recognized that aerobic fitness in children predicts future physical activity level, contributing to 

overall health profile of adults (Lopes et al., 2010). Although aerobic fitness has a large genetic component (up to 40%) 

(Wolfarth et al., 2005), it is mainly determined by a person’s activity level (Ignico & Mahon, 1995). Therefore, 

evaluating aerobic fitness through estimation of maximal oxygen uptake (VO2max) identifies children with an aerobic 

fitness level below required, with those children may be able to reach the desirable VO2max with adequate aerobic 

physical activity. Data from large cohorts of 6-19 years children demonstrated a decline in aerobic fitness of 0,4% per 

year between 1970 and 2003 (Tomkinson & Olds, 2007), with the paucity of data regarding aerobic fitness levels of 

preschool children. 

The average aerobic fitness for children assessed in the present study (28,7 ml/kg/min) was lower then previously 

reported, with boys had higher VO2maxfor about 14% as compared to girls. Yoshizawa et al. (1977) determined VO2max 

in 85 healthy kindergarten children by track running; with VO2max per unit of body weight was 49.5 ml/kg/min for boys, 

and 46.3 ml/kg/min for girls. Similar results were found for Danish children 6-7 years of age (Eiberg et al., 2005), with 

boys had higher VO2max (48.5 vs. 44.8 ml/kg/min) than girls. However, it should be recognized that all mentioned 

studies used “gold standard” method for VO2max determination measuring gas exchange during test, while in our study 

VO2max was estimated with shuttle run test.  Indeed, shuttle run test has been frequently shown to under predict data 

obtained with “gold standard” testing procedures (Stickland et al., 2003). 

Aerobic capacity is found to be consistently greater in boys throughout childhood, with the observed difference have 

been ascribed to a combination of factors including body composition and cardiac size and function (Rowland et al., 

2000). Studies using procedures for direct determination of VO2max have recorded average values of about 45 ml/kg/min 

for preschool children (Cooper et al., 1984; Washington et al. 1988; Duncan et al. 1996), with boys have higher value of 

VO2max than girls. Lower maximal oxygen uptake in Serbian preschoolers allusively indicates less desirable fitness 
profile, with aerobic capacity needs to be improved by physical activity. Dencker et al. (2011) recently indicated that 

main contributing factors for VO2max were total body fat, maximal heart rate, sex, age and physical activity. We could 

hypothesized that both genetic factors and inadequate physical activity history contributes to inadequate aerobic fitness 



in Serbian preschool children which requires further investigation. Gender differences in VO2max found in our study are 

in accordance with previous studies.  

4. 3    Correlation between aerobic fitness and adiposity 

Regular physical activity plays an important role in maintenance of weight and body composition, and in the regulation 

of skeletal muscle and adipose tissue metabolism (Warburton et al., 2006). Several investigators have reported an 

interrelationship between physical activity and body composition in young children (DuRant et al., 1994: Hussey et al., 
2007; Ostojic & Stojanovic, 2010). Precise assessment of habitual physical activity is critical for accurate descriptive 

epidemiology of the physical activity-obesity relationship, for designing appropriate interventions aimed at modifying 

body composition and related risk factors, and for promoting lifestyle change (Dugan, 2008). However, because 

physical activity is complex, multidimensional behavior, precise measurement remains a challenge for practitioners, 

researchers, and health care providers, especially among young children. Self reported physical activity questionnaires, 

physiological measures of fitness (direct and indirect VO2max assessment), with several objective techniques, such as 

heart rate monitors, pedometers and accelerometers, have been used extensively for the measurement of physical 

activity in children (Sirard & Russell, 2001). Although objective techniques are proved to be superior tool for physical 

activity assessment, they are often impractical and time consuming, thus implying that indirect assessment of physical 

activity could be more appropriate in large sample studies. Moreover, it seems that study of aerobic fitness and body fat 

is probably a more valid approach than measurement of self-reported physical activity and body weight, particularly in 

children (Hager et al., 1995; Jansen et al., 2005; Ostojic & Stojanovic, 2010).  

It has been reported that overweight and obese children showed a lower cardiorespiratory (aerobic) fitness than 

normal children (Klasson-Heggebo et al., 2006; Hussey et al., 2007). However, studies analyzing an association 

between aerobic fitness and different measures of body composition (e.g. body fat, waist circumference) in population 

of preschool children are scarce. Johnson and co-workers (2000) reported significant negative relationship between 

aerobic fitness and the rate of increasing adiposity in one hundred fifteen black and white US children (F = 3.92). 

Authors claimed that aerobic fitness might be more important than absolute energy expenditure in the development of 

obesity in white or black children. Hansen et al. (2005) reported significant correlation between VO2max and fatness 

independent of body weight (r = 0.41; p< 0.001) in 369 boys and 327 girls from preschool classes in Copenhagen. 

Recently, Niederer at al (2012) found significantly better aerobic fitness among normal weight than overweight 4-6 year 

old children, with the differences more pronounced in older preschool-age children. Authors concluded that relationship 

between aerobic fitness and body fat is already noticeable in preschool-age children and that targeted programs to 

increase aerobic fitness and decrease overweight should start in kindergarten. 

Our results show a significant inverse relationship (r = -0.58) between aerobic fitness and percentage body fat in 

both boys and girls. The results in terms of the other anthropometrical variables show both a significant (with waist 

circumference) and insignificant (with BMI) relation with cardiorespiratory fitness, which has also been reported earlier 

in children and adolescents (Winsley et al., 2006; Ekelund et al., 2001; Ostojic et al., 2011). Since the present study was 

cross-sectional, cause-and-effect conclusions are not warranted. However it appears that the goal of favorably altering 

adiposity in children should begin with increasing physical activity and fitness, which in turn will lead to reductions in 

body fat (Ostojic et al., 2011). Moreover, children who improve their cardiorespiratory fitness during childhood have 

less overall adiposity and less abdominal adiposity than their counterparts during adolescence and adulthood (Tjepkema, 

2006). Due to fact that BMI poorly correlate with aerobic fitness, other indicators of adiposity rather than weight has 

been shown to be associated with cardiorespiratory fitness in school children (Rowlands et al., 1999). We found 

insignificant correlation between VO2max and BMI (r = 0.10; p > 0.05) suggesting that a combination of body fat from 

simple measures such as triceps and calf skinfolds, waist circumference and perhaps fitness, should be used in the 

clinical settings to identify the children with high risk of obesity. 

Our results suggest that low aerobic fitness, as valid indicator of physical activity, is closely linked to increased level 

of adiposity in preschool children. Physical inactivity seems to be one of the factors interconnected with obesity; 

however it is perhaps one of the easiest to modify, although may authors identified barriers to childhood physical 

activity (e.g. influence of young family members to play video games, parental time constraints, street safety, low 

access to sports facilities, and insufficient communication with child care centers) (Rodríguez-Oliveros et al.; 2011). 

Considering the fact that for many Serbian kindergartens curriculum physical activity classes are voluntary, introduction 

of mandatory physical education to preschool program may be prudent. The main aim of such classes should be children 

engagement in health-providing physical activities in contrast to the typical movement skills-development curriculum 

design. Moreover, it has been proved that physical education can have an important role in promoting children’s 

participation in extra-curricular health-enhancing physical activity (McKenzie et al., 2003). In the lights of the present 



results and due to the fact that Serbian kindergarten curriculum do not include obligatory physical activity, while 

guidelines for physical activity in youth recommend involvement in moderate to vigorous physical activities for at least 

60 min a day for health promotion a well as from a weight control perspective (Twisk, 2001), initiatives should be put 

forward to promote physical activity in Serbian preschool children, in both kindergarten and out-of-school environment. 

 

5    Conclusion 

The present study shows apposite association between aerobic fitness and both body fatness and waist circumference in 

Serbian preschool children, suggesting that preschoolers with high VO2max during kindergarten years have less total and 

abdominal adiposity than their unfit counterparts. It seems that the rate of overweight and obesity in Serbian preschool 

children is high, particularly for girls, with girls had higher obesity rates than boys. Although there are many factors that 

can contribute to obesity among the children, this study emphasizes the necessity to develop interventions to improve 

physical fitness in children and to prevent the increase of childhood obesity. 
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