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Abstract   
This research was conducted over the period of twenty years with the aim of determining possible changes in certain 
anthropometric measures in girls aged 6 years ± 6 months. During this time, five measurements were performed every five 
years. The first measurement was performed in 1998, then in 2003, 2008, 2013, and the final one in 2018. A total of 463 girls 
participated in the study. Measurement included seven anthropometric measures. The ANOVA was used, in addition to the 
Bonferon post-hoc test, to determine statistically significant differences between these measures during the five measurements. 
The obtained results indicate that statistically significant changes occurred in most of the tested anthropometric characteristics. 
Statistically significant differences were not found only in two variables: Body Mass Index (BMI) and Body weight. Of 
particular concern is the increase in measures that determine the extent and the level of subcutaneous fat tissue. The results 
indicate that, over the past twenty years, there have been statistically significant differences between the measured girls, 
especially in the increase in the level of subcutaneous fat and measures of body circumference. Here, the effect of a sedentary 
lifestyle on the body structure of preschool girls is confirmed again.  
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Introduction 
Scientific interest for the research on the physique of children and trying to determine possible trends of their 
changes that have been happening in the last fifty years is increasing. The changes that have been observed are 
related mainly to the sedentary lifestyle. The consequence of this lifestyle is, on the one hand, the loss of muscle 
mass due to reduced levels of physical activity, and on the other hand there is an increase in body weight, as well 
as an increase in ballast mass levels. The way of eating, which is increasingly based on fast food and nutritionally 
poor foods of high caloric value, also plays a big role. These trends have been confirmed in a number of scientific 
papers on this issue. It is believed(Lanigan  J.,Barber S., Singhal A.J. 2010)  that if the trend of weight gain 
continues at this rate in preschool children, almost a quarter of children will be obese by 2050. Until now, it has 
been confirmed that preschool children who are of increased body weight and obese have a great chance of staying 
that way throughout their lives. Lifestyle is formed during this period, and if it is sedentary, it will remain so 
throughout life. In addition, obese parents most often have obese children. Obesity in children is partly caused by 
genetic inheritance (30 to 50%), while lifestyle is responsible for the rest. Group of authors (Nittari G., S., Petrelli 
F., I., N. Scuri     Pirillo  Di Luca  M., Grappasonni I. 2019) conducted a study which states that in several European 
countries(Israel, Malta, Andorra) there was a 100% increase in the proportion of obese preschool children over a 
period of ten years from the beginning of this century.  Research conducted by a group of authors in the Republic 
of Croatia over the period of fifteen years (Horvat V., Hraski M., Sindik  J. 2017) confirmed a similar trend. Thus, 
the percentage of obese girls in the city of Zagreb, which was 5% in 1998, has doubled during the period of fifteen 
years and reached 11%. Similar data were obtained on boys (HorvatV., Mrakovıć S., Bokor I. 2017). The WHO's 
European Childhood Obesity Control Initiative has prepared a report stating that children nowadays are prone to 
excessive food consumption and are insufficiently physically active. It is believed that different preventive 
programmes should be organised primarily on adequate consumption of food with a particular focus on those with 
high nutritional values. In addition, it is necessary to increase the level of physical activity. Also, it would be 
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necessary to prepare and organize a system for monitoring and evaluating possible changes resulting from these 
programmes. 
Research conducted in China (Chen  J., Hu C., Zeng  G.,Xu L., Shi J., Niu C, Liangwen Zhang L. 2019), lasting 6 
years, showed that preventive programmes have caused a decrease in the proportion of obese children in the total 
population. The results confirm the possible impact of prevention on the incidence of obesity among preschool 
children. Thus, the proportion of children with inappropriate body weight has decreased from 40% to 30%. 
Unfortunately, the percentage of such children is still significant. The authors found that such children are reluctant 
to involve in physical activity and their diet is mainly based on fatty and calorie-rich foods.  
Group of authors (Hinkley T., Crawford D., Salmon J.,  Okely D. A., Heskethje K. 2008) wanted to determine how 
much the level of involvement of preschool children in physical activity has changed between 1980 and 2007. The 
results showed that boys were more active than girls, that children whose parents were prone to physical activity 
were more active, and that children who spent more time outdoors were more active than children who spent more 
time indoors. The link between age, BMI and physical activity has shown that there is no significant correlation 
between these variables in preschool children. Other tracked variables showed no significant impact. The authors 
believe that the impact on the level of physical activity of preschool children is a multidimensional problem and 
needs to be investigated further. 
A study that examined the impact of the anthropometric characteristics of preschool children's bodies on individual 
motor skills showed interesting results. Authors (Kakebeeke T. H.,  Lanzi S., Zysset A. E., Arhab A., Messerli-
Bürgy N., Stuelb K.,  Leeger-Aschmann C. S., Schmutz E. A., Meyer A. H., Kriemler S., Munsch S., Jenni O. 
G., Jardena J Puder J. J. 2017) wanted to check to what extent anthropometric characteristics, primarily those 
whose measures include ballast mass, have an impact on certain motor skills of preschool children. The study 
included 476 preschoolers. Morphological characteristics were assessed by measuring skinfold, waist 
circumference and BMI. The Zurich Neuromotor Assessment (ZNA) was used to assess motor abilities. The results 
showed that children with higher body mass and subcutaneous fat levels may be less skilled in certain motor tasks. 
On the other hand, there is a positive influence of BMI on running, which can be caused by the way BMI is 
calculated, since it is obtained from body height and body weight. For this reason, BMI does not give an accurate 
assessment of the amount of muscle and ballast mass.  
This research has been conducted since the issue of alteration of anthropometric characteristics under the influence 
of sedentary lifestyle and its consequences in preschool children has proven to be extremely significant. It aimed 
to determine the level of possible changes in the anthropometric characteristics of 6-year-old girls ±6 months over 
a 20-year period. Measurements were carried out every five years.  
In accordance with the set goal, the hypothesis H1was also defined - there is a trend of increase in anthropometric 
characteristics that were measured over twenty years in preschool girls.        
 
Method 
A total number of 461 girls aged 6 (±6 months) participated in the study. Out of which 40 girls participated in 
1998, 98 in 2003, 122 in 2008, 112 in 2013, and 91 in 2018. For each girl who participated in the study, parental 
consent was obtained to participate in the study. All participants in the study were measured using seven 
measurements of anthropometric characteristics: body weight, body height, upper arm circumference, thigh 
circumference, skinfold on the upper arm, skinfold on the abdomen and BMI. All measurements were carried out 
by trained individuals during morning hours in several kindergartens in the city of Zagreb. The data obtained was 
processed using SPSS 23. General and dispersive parameters were calculated for all obtained data. For determining 
the secular changes in anthropometric measures of preschool girls over a period of twenty years, i.e. for 
establishing the differences in anthropometric characteristics between girls in four measurements over the twenty 
years, the ANOVA was used, with Bonferonni post-hoc tests (namely, the variances for all the variables were 
homogenous). Of course, all other presumptions for applying ANOVA were satisfied: all the variables are ratio-
type, revealing normally distribution (Gauss), with all subsamples of participants higher than 30. The results were 
commented on the level of significance of p<0.05. 
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Findings 
Measurements were carried out every five years over a 20-year period, starting in 1998, and the final measurement 
was carried out in 2018. Obtained data were processed using ANOVA. They reflect secular trends between 
generations of preschool girls aged six in all measured anthropometric characteristics. Results are listed in Table 
1. 
 
 

Table 1. Results of ANOVA between girls in the age of six in all anthropometric variables 

Variables          Year Mean Std. deviation F (df= 4, 463) Differences between groups 

Body weight 

1998 23.48 4.51 
 

0.32 
 

- 
2003 23.29 3.96 

2008 23.57 3.95 
  2013 23.83 3.82 

 2018 23.31 3.79   

Body height 
(cm) 

1998 119.06 6.98 

3.46** 1998-2013, 1998-2008 
2003 120.55 5.07 
2008 122.29 5.63 
2013 121.81 5.16 

 2018 121.15 5.10   

Upper arm 
circumference 

1998 18.89 1.96 

9.23** 
1998-2003, 2003-2013, 
2003-2018, 2008-2013, 

2003 17.65 1.80 
2008 18.30 2.00 

2013 19.27 2.18 
 2018 18.69 2.07   

The 
circumference of 

the upper leg 

1998 36.42 3.99 

2.71 - 
2003 35.24 4.17 
2008 35.29 3.13 
2013 35.50 3.50 

 2018 35.19 4.40   

Fold on the 
upper arm 

1998 10.95 5.60 

14.11** 
1998-2003, 2003-2013, 
2003-2018, 2008-2013, 

2013-2018 

2003 13.59 5.20 
2008 12.07 13.37 

2013 9.54 3.32 
 2018 11.45 3.23   

Fold on the 
abdomen 

1998 6.08 5.17 

5.93** 1998-2003, 1998-2008, 
1998-2018, 2003-2013, 

2003 10.51 7.36 
2008 9.36 4.99 
2013 7.78 3.94 

 2018 9.33 6.26   

Body Mass 
Index (BMI) 

1998 16.48 2.20 

1.40 - 
2003 15.98 2.16 
2008 15.69 1.83 
2013 15.98 1.74 

 2018 15.82 1.84   
Legend: * significant differences at p<0.05; ** significant differences at p<0.01 

 
 
Results, Conclusions and Recommendations 
Obtained results speak of possible differences in the checked anthropometric characteristics of girls aged 6 ±6 
months, measured over twenty years, every five years starting in 1998. By analysing the results, we can determine 



7 th INTERNATIONAL CONFERENCE ON LIFELONG EDUCATION AND LEADERSHIP FOR ALL 
 ICLEL 2021 / August 24-26, 2021/ International University of Sarajevo- Bosnia & Herzegovina  

 
that during the 20-year period out of the seven measured anthropometric characteristics, statistically significant 
differences were not recorded only for two variables. This applies primarily to body weight and BMI. On the one 
hand, such a result is positive because it shows that there was no weight gain for the group of six-year-old girls in 
the city of Zagreb. It is known that the trend of weight gain is present in most countries. Some authors call it the 
modern world pandemic (Horvat V., Mišigoj-Duraković M., Prskalo I. 2009; Horvat V., Mrakovıć S., Bokor I., 
2017; Wang, Monteiro & Popkin, 2002; James P. T., Leach R., Kalamara E., Shayeghi M. 2001;  Pwint M. K., Lee 
Y. S., Wong T. Y., Saw S. M., 2013; Quelly S. B., Lieberman L. S., 2011 ). In addition to body weight, there was 
no change in BMI. Since BMI is calculated using body weight and body height, such a result is expected. On the 
other hand, BMI values are at the upper limit of the percentile, which distinguishes appropriate body weight from 
increased body weight according to tables prepared by the CDC. We certainly cannot be satisfied with these results 
in the Republic of Croatia.  
Other measured anthropometric characteristics have shown that there are statistically significant changes between 
generations of girls that have been measured during the 20-year period. What attracts attention the most are 
changes in the amount of subcutaneous fat on the upper arm and abdomen. The results show that these values rose 
until 2008. Then, under the influence of the scientific and professional community in the Republic of Croatia, there 
was a change in nutrition provided to kindergarten children. Until then, the diet was mostly rich in carbohydrates. 
Nutritional changes have been introduced and the ratio changed in such a way that children consumed more fresh 
fruit and vegetables, and less carbohydrates. Such a strategy has been successful and, according to the results of 
measurements over the next five-year period, there has been a decrease in subcutaneous fat. Unfortunately, that 
trend has stopped and again, during last five years, there has been a significant increase in the value of skinfold 
measurement. The cause must be multifaceted. One of the possible causes of this phenomenon is the time spent 
doing physical activities. It has been observed that children today are increasingly less active and more prone to 
quiet games that imply a reduced need for movement. The increasingly easy availability of different technical 
appliances to children, which can be extremely tempting for them, may be one of the reasons why our preschool 
girls are increasingly less active. In addition to these values, it was noted that statistically significant changes 
occurred in the measurements of circumference of the upper arm and forearm. These values show a slight 
downward trend. Since these values are correlated to the level of subcutaneous fat on the one hand, and the amount 
of muscle mass on the other, this data also causes concern. If we see another increase in the level of ballast mass, 
and on the other hand, a decrease in circumference values, this can only point to a decrease in muscle mass. This 
is another confirmation of claims that girls that were measured were becoming increasingly less physically active. 
It is safe to assume that, due to the sedentary lifestyle that is becoming increasingly dominant, there will be a 
continuation of this negative trend in the future. These results are of concern and require certain answers and 
suggestions from the professional and scientific community dealing with the health of preschool children. Also, 
these values and changes in certain variables of anthropometric characteristics make it possible to accept the set 
hypothesis and it is confirmed that there have been statistically significant changes in most of measured 
anthropometric characteristics.   
The obtained results indicate that the sedentary lifestyle has a significant negative impact on the anthropometric 
characteristics of preschool girls aged six in the city of Zagreb and, also, in the Republic of Croatia. I think that it 
is necessary to prepare prevention programmes that would encourage preschool children be more physically active. 
Educational programmes for parents should also be prepared to explain the importance of physical activity for the 
health of their children on the one hand, and their own on the other. In addition, it would be necessary to prepare 
prevention programmes encouraging parents to prepare and use appropriate nutrition. It is known that most obese 
parents also have children who are obese, which indicates what kind of lifestyle these families have. Unfortunately, 
the population of the Republic of Croatia, according to the latest EU CDC data, has the highest proportion of 
people with increased body weight and obesity in the European Union. The implementation of prevention 
programmes could also significantly affect the reduction of inappropriate body weight throughout the population 
and especially for families with preschool children.  
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