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Abstract

Background: Gastroenteritis, caused by either bacteria, virus, or parasites, is a gastrointestinal inflammatory illness known by 
many. Lactoferrin (Lf), a protein primary found in human milk, is released from activated polymorphonuclear leucocytes during an 
inflammatory response. As such, Lf could be suggested as an indicator for the degree of inflammation in gastroenteritis. 

Objective: We aimed to investigate the degree of inflammation by the level of fecal Lf compared to the culture of well-known 
bacterial enteric pathogens in toddlers and adults, and in toddlers to examine if the intake of breast milk was associated with higher 
levels of fecal Lf when compared to non-breastfed toddlers.

Methods: Levels of fecal Lf and fecal bacterial culture were analyzed in 512 consecutive fecal samples from patients with 
diarrhea where physicians found sampling indicated. Further, to assess the number of toddlers who had breast milk, the medical 
records were obtained from the National Diagnostic Register.

Results: 477 out of 512 patients (93%) with gastrointestinal symptoms had positive fecal cultures with the most common 
bacteria being Clostridum difficile 263 (51%). In patients between 3 and 94 years of age, all Shigella sonnii and shiga-toxin 
producing Escherichia coli indicated severe inflammation with fecal Lf levels >10,000 pg/ml, although only Shigella was significant 
when compared with normal young adults with fecal Lf levels < 100 pg/ml and without gastrointestinal symptoms (controls) (p 
= 0.0002). All other bacteria-positive feces cultures were associated to increased levels of fecal Lf > 1,000 pg/ml when compared 
with controls (p < .05). In patients between 3 weeks and less than 3 years of age, all pathogenic bacteria cultured, apart from 
Salmonella enteritidis and Clostridium perfringens (enterotoxin positive), were significantly associated with fecal Lf levels > 1,000 
pg/ml when compared with controls (p <.05). The severity of gastrointestinal symptoms and levels of fecal Lf were not significantly 
associated (p-value 1.0). Breast-milk (partially and fully) vs formula-milk and fecal Lf levels in toddlers < 6 months of age revealed 
no significant differences (p = 0.29) Conclusion: High levels of fecal Lf were associated with positive cultures of feces, and the 
more aggressive the bacteria cultured was, the higher level of fecal Lf was observed, when compared with normal levels of Lf in 
young healthy men and women without gastrointestinal symptoms. In an unmatched association-analysis, no significant differences 
between breast milk and formula milk concerning fecal Lf levels were observed in our study.
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Introduction
The global prevalence of people with overweight and obesity 

increased dramatically in adults and children between 1980 
and 2013 [1]. Abarca-Gómez et al. showed an increase in 
worldwide prevalence of overweight and obesity among children 
between 1975 and 2016. Among girls, the proportion of obese  

 
people rose from 0.7 % to 5.6 % and among boys from 0.9 % to 7.8 
% [2]. In Austria, 30% of the boys and 22% of the girls between 
6 and 9 years old are overweight and/or obese [3]. Childhood 
obesity, as excessive fat accumulation can lead to short- and long-
term physical, social, or emotional health problems. Overweight or 
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obese children are much more likely to suffer from asthma, diabetes, 
high blood pressure, skeletal disorders, mental health problems, 
and other illnesses in adulthood [4]. Excessive weight gain during 
childhood is a complex phenomenon in which multiple risk factors 
are involved, including the combination of genetics, behavior, and 
inadequate environment that leads to overweight and obesity [5]. 
The two main factors that possibly contribute to gain weight are 
the increased consumption of energy-rich foods that have a 
high fat and sugar content and decreased physical activity [6]. 
Therefore, approaches aiming at increasing physical activity 
and healthy eating have been identified as efficient means to 
prevent excessive weight gain during childhood [7], particulary 
evidence supports the effectiveness of school-based interventions 
[8]. Besides physical inactivity and unhealthy diet two main 
determinants, other risk factors such as weight at birth, parents’ 
nutritional status, social factors, and timing of maturation play also 
a major role [9]. The simplest way to measure overweight and 
obesity is through the body mass index (weight in kilograms [kg] 
divided by squared height [m] - BMI). Although this anthropometric 
method can be used to assess body fat in children [10], it does 
not necessarily identify distribution of fat. Moreover, body fat in 
the pediatric population varies between sex, race and maduration 
stage [11,12], and the location of adipose deposits implies different 
risk of health complications. Thus, assessment of body composition 
through bioelectrical impedance analysis is also used.

The WHO recommends as strategies to battling overweight 
and obesity the promotion of increased consumption of fruits, 
vegetables, whole grain products, pulses, and nuts, limiting intake 
of energy-dense nutrient-poor foods, as well as regular physical 
activity and adequate sleep [6]. Thus, schoolsare ideal settings 
to promote healthy lifestyle behaviors [8]. The EDDY study is an 
evaluated prevention project carried out at a Viennese elementary 
school for several years aiming to prevent childhood obesity and 
progressive excessive weight gain through nutrition and physical 
activity lifestyle intervention. Previous results from the EDDY 
project have shown an overall trend for a less increase in body fat 
and a reduced consumption of sweets after the intervention [13,14]. 
Although important sex differences regarding body composition 
and food intake choices usually are not evident until after the onset 
of puberty, it has been reported through a longitudinal analysis a 
more accentuated increase in fat mass percentage in boys aged 
6-11 years old when compared to girls [15]. Moreover, the first 
Atlas of Childhood Obesity [16], recently reported that in Austria, 
the prevalence of obesity in boys almost doubled the prevalence 
in girls when comparing within age group. Sugary beverages are 
associated with overweight, because the sugar in drinks does not 
lead to a feeling of satiety. Hence there is no reduction in food intake, 
leading to a higher weight gain [17-19]. The aim of this study was to 
assess changes in body fat, BMI and consumption of sugary drinks 
and sweets of a sample of 69, 8 – 11 years old Viennese male pupils 
after a 6-month intervention with nutritional training and physicial 
activity program.

Subjects and Methods

The EDDY prevention project was developed to avoid childhood 
obesity by nutrition training and physical activity. The intervention 
took place at a Viennese elementary school (Haebergasse) in the 
school year 2018/2019. The intervention phase lasted half a school 
year (January 2019 – June 2019). Overall, a total of 146 pupils aged 
8-11 years participated in the study. The kids were devided into 
an intervention group (3rd grade) and a control group (4th grade). 
Only male participants (n = 69) were considered for the statistical 
analysis. A total of n = 36 boys were assigned to the intervention 
group and n = 33 pupils were assigned to the control group.

Inclusion and exclusion criteria

All male students between the ages of 8 and 11, in the 3rd and 
4th grade of the Haebergasse elementary school in the school year 
(2018/2019), were included. In addition, a declaration of consent 
from the participant and his or her legal guardian had to be available 
for participation. All the data from the students who took part in 
both tests (t0 = December 2018 and t1 = June 2019) were used. 
Students who joined during the school year were not included. The 
intervention group received, as part of school lessons, nutrition 
lessons once a week (50 minutes) and two physicial activity units 
a week (each 50 minutes). The practical and interactive nutrition 
lessons were organized and conducted by trained members of the 
EDDY team. The objective of the nutrition lessons was to teach the 
students the basics of a balanced and healthy diet and the sensible 
use of food. Therefore, different foods and food components were 
studied. Physicial activity lessons were organized and held by 
sports students from the University of Vienna. The primary goal 
was to improve endurance performance through various exercises 
and to build up physicial strength in students. The intent of the 
multidisciplinary intervention was to take preventive measures 
to counteract the further spread of obesity and prevent possible 
secondary diseases.

The children were tested twice as part of the study. Once, 
before the start of the intervention (t0 = December 2018) and 
6 months later after the intervention phase (t1 = June 2019). The 
students of the control group did not receive any intervention 
and were not involved in the intervention process. During testing 
points, anthropometric and body composition data from all 
children (control an intervention group) were obtained by trained 
technicians. Body height, weight and body fat percentage were 
measured, and BMI calculated. The height of the subjects was 
measured using a stadiometer (SECA, Germany), with the kid 
standing without shoes. Body weight and body fat percentages 
were determined by bioelectric impedance analysis using a multi 
frequency segmental body composition analyser (TANITA MC 
780 MA). Information such as age, sex and height were entered 
by the investigator and once body weight was assessed by the scale, 
a full segmental analysis was performed in less than 20 seconds. 
Total fat, total fat-free mass, water and visceral adiposity index was 
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reported. In the control group, along with the anthropometric 
and body composition data, nutritional behaviour and habits and 
physical performance were additionally assessed. Frequency of 
sugary drinks (such as Soda, Coke, Lemonade, Iced Tea etc.) and 
sweets consumption (such as gummy sweets, chocolate etc.) was 
assessed through a questionnaire [20]. A positive ethical approval 
for the EDDY-Study was obtained from the Ethical Committee of the 
Sigmund Freud University, Vienna (PAFGRW9O@EFQV885378). 
Written informed consent was obtained from each child and one 
of their legal guardians prior to participation in the study. The 
programs IBM SPSS Statistics 26 was used for statistical analysis 

of the data. Changes in body fat and BMI were measured using a 
t-test. Statistical tests were two-sided. P values smaller than 0.05 
were considered statistically significant.

Results

Overall changes in outcomes variables after 6-month 
intervention

Changes in BMI, body fat in percentage, sweets and sugary 
drinks among the control and intervention group are summarized 
in Tables 1 & 2.

Table 1: changes in BMI, body fat in %, sweets and sugary drinks in the control group at t0 and t1.

n=33(control group)

t0 t1

Mean + SD Mean + SD P-value

BMI 19.2 4 + 4.28 19.7 + 4.59 > 0.05

Body fat in % 2.45 + 7.11 2.43 + 7.23 > 0.05

Sweets 3.8* + 2.87 2.6* + 2.15 > 0.05

Sugar Drinks 2.7* + 2.34 2.7* + 2.34 > 0.05

* = frequency of weekly intake.

Table 2: changes in BMI, body fat in %, sweets, and sugary drinks in the intervention group at t0 and t1.

n=33(control group)

t0 t1

Mean + SD Mean + SD P-value

BMI 22.1 + 5.25 22.5 + 5.37 > 0.05

Body fat in % 2.87 + 8.8 2.73 + 8.99 > 0.05

Sweets 3.3* + 3.95 2.6* + 1.57 > 0.05

Sugar Drinks 3.1* + 2.99 2.4* + 1.84 > 0.05

* = frequency of weekly intake.

BMI and bodyfat

At baseline, the intervention group (n = 36) showed a 
mean value of 28.7 ± 8.8 % body fat. At the time of the first data 
collection, the control group showed a mean value of 24,5 ± 7,1 % 
body fat. In the follow-up measurement after a 6-month period, a 
significant difference between the intervention and control group 
could be identified (p < 0,05). The following bar diagram (Figure 
1) shows that the mean body fat percentage in both groups (n = 
69) decreased between t0 and t1 (after 6 months). However, the 
reduction in percentage of body fat in the intervention group (n = 

36) was significantly higher (p < 0,05) than in the control group (n 
= 33). The average body fat percentage in the intervention group 
decreased from 28.74 % to 27.34 %. The body fat percentage in the 
control group was on average 24.5 % at time t0 and 24.27 % at time 
t1. Regarding BMI, no significant change could be identified. The 
following bar diagram (Figure 2) shows the change in the average 
BMI in both groups (n = 69) between t0 and t1 (after 6 months). A 
slight increase in BMI was observed both in the intervention and 
control group. The average BMI in the intervention group (n = 36) 
rose from 22.1 to 22.5 kg/m2. The BMI in the control group (n = 33) 
averaged 19.2 kg/m2 at time t0 and 19.7 kg/m2 at time t1.

http://dx.doi.org/10.32474/PAPN.2021.03.000166
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Figure 1: Comparison of the average body fat percentage of the intervention and the control group at t0 and t1 (after 6 months).

Figure 2: Comparison of the average BMI of the intervention and the control group at t0 and t1 (after 6 months).

Sugary drinks and sweets consumption

Figure 3 shows that the mean consumption of sweets per week 
in both the intervention group and the control group decreased 
over a period of 6 months (p > 0.05). At the start of the study, 
participants in the intervention (n = 36) ate in an average frequency 
of 3.3 times a week, while six months later, it was 2.6 times a week. 
In the control group (n = 33), the average consumption of sweets 
was 3.8 times per week at the beginning of the intervention and 
2.6 times per week after 6 months. Overall, the consumption of 

sugary drinks fell in the intervention and the control group (p > 
0.05). Figure 4 shows that the reduction in the mean intake after 
6 months is more significant than the one of the control groups. 
While at the beginning of the study, the children in the intervention 
group (n = 36) consumed sugary drinks 3.1 times a week, 6 months 
later, it was only 2.4 times a week. The consumption in the control 
group (n = 33) remained almost constant on average. At the start 
of the study as well as 6 months later, the mean consumption of 
sugary drinks was 2.7 times a week.

http://dx.doi.org/10.32474/PAPN.2021.03.000166
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Figure 3: Comparison of the average consumption of sweets of the intervention and the control group at t0 and t1 (after 6 
months).

Figure 4: Comparison of the average consumption of sugary drinks of the intervention and the control group at t0 and t1 (after 
6 months).

Discussion

The goal of the study was to increase physical activity and 
promote a healthy diet by nutrition lessons and physical education 
in school children. Furthermore, the intention was to prevent the 
occurrence of obesity and diseases associated with obesity. The 
study results show that the body fat percentage in both groups 
decreased on average. These results show a significant difference 
between the two groups and indicate that the intervention had a 
positive effect on body fat. At baseline, the control group subjects had 
a lower body fat percentage than those assigned to the intervention 

group. Third-grade students are approximately one year younger 
than fourth-grade students; this could explain the lower body fat 
percentage at the first data collection. It can be noted that the 
pupils who participated at baseline as well as 6 months later are 
classified in the upper range of the percentiles named overfat and 
obese according to Mc Carthy et al. Normal body fat percentage is 
ranked between the 2nd and 85th percentile. That means the normal 
body fat percentage of a 10- year-old boy is between 12.8 % and 
22.8 % [16]. The results of those study participants who already 
had a body fat percentage above the 98th percentile according to Mc 
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Carthy et al. (4 of 36 participants in the intervention group) at the 
start of the study (t0) also revealed a remarkably increased body fat 
percentage after 6 months of intervention [21]. It is possible that 
children with such a high percentage of body fat cannot benefit from 
the prevention project; for this group, probably a special program 
should be implemented, that is specifically tailored to children with 
a body fat percentage above the 98th percentile.

At baseline, 28 out of 69 school children were overweight or 
obese according to BMI-Percentiles by Kromeyer-Hauschild et al. 
[22]. This means the weight of 41 % of the male study participants 
was significantly above normal weight at the beginning of the 
project. One of the reasons for the high prevalence of overweight 
and obesity could be the high number of children with a 
migration background. The percentage of children with migration 
background wasdetermined by using questionnaires. Two trials 
in Germany showed that the prevalence of overweight and obesity 
in children with a migration background is higher than in children 
with German roots. It is suggested that the higher prevalence of 
overweight and obesity among immigrant children is related to 
socio-economic status [23,24]. Segna et al. also examined the 
prevalence of extreme obesity in relation to the children’s mother 
tongue in a Viennese sample of almost 25.000 children and 
adolescents. It could have been shown that non-German-native-
speaking participants have a higher prevalence of overweigth or 
obesity, which may be an indicator for migration background [25]. 
Nutritional behaviour was also examined as part of the study. 
This was assessed by the number of sweets and sugary drinks 
consumed per week, which the participants reported using a 
questionnaire. The results show that the average consumption 
of both – sweets and sugary drinks – in the intervention group 
was reduced over the 6-month period. In the control group, the 
mean value of the intake of sweets and sugary drinks also decreased 
throughout the study. However, compared with the control group, 
the reduction of the intake was higher in the intervention group. 
It is conceivable that the children in the intervention group will 
talk to their siblings or friends in the control group about it outside 
of school and that this will also lead to a reduction in consumption 
of sweets within the control group. The EDDY study has several 
strengths and weaknesses. The main limitation of the study is its 
small number of participants. The study population consists of 
Viennese pupils and the data may not be representative for the 
Austrian population in total. Strengths of the EDDY project is the 
large variety in BMI and body fat among the study population as 
well as the evaluation of the effect of the intervention on body 
composition using BIA. Furthermore direct measurements were be 
carried out by trained staff.

Conclusion

The results of the prevention study inidicate that a combined 
intervention (nutrition education and physical activity) has a 
positive effect on body composition. There was a significant 

difference between intervention- and control group in regards 
to bodyfat. Whereas the bodyfat percentage in the intervention 
grouwas reduced by -1.4 %, bodyfat percentage in the control 
group was only reduced by 0.23 % (p < 0.05). An effect on the BMI 
could not be shown. However, other studies with a combination of 
nutritional training and physical activity show that the BMI can be 
reduced with a multidisciplinary intervention [26,27]. It would be 
important for future prevention programs to involve parents and 
school doctors more fully in the project. One possibility would 
be to inform the legal guardians regularly through a newsletter, 
containing healthy recipes and/or useful leisure time tips. In this 
way, one could try to positively influence the children’s lifestyle 
outside of school and encourage them to eat predominantly healthy 
and encourage more physical activity. As pupils are examined by 
their school doctors on a regular basis, they could play a key role 
regarding to obesity prevention. Due to their medical knowledge, 
school doctors are able to detect overweight very soon and take 
the first preventive steps. Additionally, it would be important that 
nutrition lessons become part of regular school lessons. In this way, 
it would be possible to teach children what a healthy diet should 
contain and why it is so essential for human health and physical 
wellbeing. Apart from the above, it would be equally important to 
arrange unlimited access to drinking water in schools, whereas 
there should be a ban implemented for the sale of sugar contained 
beverages. Overall, the results show that an improvement in 
healthy nutritional behaviour and a reduction of body fat through 
combined nutritional and exercise training within a school-based 
prevention program is possible. It can, therefore, improve both the 
health behaviour and the health status of the subjects. The present 
study undoubtedly contributes to the WHO recommendations 
to reduce the pandemic spread of overweight and obesity in our 
children. Further investigation on the subject is recommended, 
whereby more intensive involvement of the family environment 
and special care for obese children would be desirable.
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