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ABSTRACT

Aim: The aim of this study was to examine the relationship of the Escheria coli (E. coli) species in the intestinal flora through 
exercise and dietary habits in elite athletes and sedentary people.

Materials and method: A total of 16 volunteers aged 18-20 participated in the study, 8 of them were male handball players at an 
elite level and 8 of them were sedentary males. In this study, metagenomic analysis of the E. coli species of intestinal flora was made 
by taking one stool sample from each case. Moreover, a questionnaire was applied to determine the subjects’ nutritional habits. For the 
statistical analysis of the findings, SPSS 20.0 and Minitab 17 software were used and p<0.05 was taken as significance level. 

Results: It was determined that elite athletes had lower levels of E. coli in the intestinal flora than sedentary individuals (p<0.05). 
Moreover, in the questionnaire form that was applied to determine nutritional habits, it was revealed that the groups had different 
dietary habits and that the athlete group’s diet consisted predominantly of proteins, whereas the sedentary group’s diet was mainly 
consisted of carbohydrates. 

Conclusion: Sedentary individuals have higher levels of E. coli bacteria than elite handball players. Nutrition and exercise play 
a pivotal role in determining the levels of E. coli bacteria displaying pathogenic characteristics.
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Introduction

Notwithstanding everyone is born in a germ-
free environment, people begin a symbiotic relation-
ship with various microorganisms when these enter 
the body due to the interaction with their mothers 
and their surroundings. In this process, the first place 
where colonisation occurs is the gastrointestinal sys-
tem(1). The intestinal flora, created by the colonisa-
tion of bacteria living in the gastrointestinal system, 
is a community of microorganisms that performs 
important duties in the metabolic, physiological and 
immune system of each human being(2). The intes-
tinal flora begins to form at the time of birth and is 
affected throughout life by many factors, such as 
nutrition, medicines, prebiotics, tobacco, probiotics, 
alcohol, stress, depression and exercise and also dif-
fers from person to person(3).

These microorganisms living in the human 
gastrointestinal canal have an important impact 
on sickness and health and under the effects of the 
above mentioned factors and environmental pollu-
tion in the course of time may cause dysbiosis of 
the intestinal flora(4), followed by dysfunction of the 
intestinal mucosal barrier and increase in intestinal 
epithelial permeability. In this way, pathogens and 
toxic substances can easily pass through the intesti-
nal wall and trigger the formation of irritable bow-
el syndrome or inflammatory intestinal disorders, 
metabolic syndrome, obesity, diabetes, cardiovas-
cular disease, different types of cancer, depression, 
allergies, autoimmune disorders and a number of 
unexpected illnesses(2, 5, 6).

Under normal conditions, 98% of the intesti-
nal flora in a healthy person consists of beneficial 
bacteria.
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Escheria coli (E. coli), which displays path-
ogenic characteristics, occurs in low densities in 
healthy individuals. The abundance of this bacteria 
group increases with age and makes up about 1% of 
the total gastrointestinal microbiota in elderly peo-
ple(7-9). It is reported in the literature that nutritional 
preference plays an important role in the formation 
of bacteria living in the gut and that bad and unbal-
anced nutritional preferences lead to a reduction in 
the number of beneficial bacteria and an increase in 
pathogenic bacteria in the intestinal flora(2).

The main sources of dysfunction or negative 
changes (increase of pathogenic bacteria) in the 
structure of bacterial colonies come from chem-
ically processed or frozen foods, products with 
additives, fast food, sugar, gluten, canned foods, 
pasteurised products and even chlorine in water, all 
of which cause dysfunction of the intestinal micro-
biota(8). A healthy diet contributes to the growth of 
beneficial bacteria in the intestinal flora. The natu-
ral fermentation products, high-fibre foods and ru-
ral-style foods that are consumed in a balanced diet 
have a prebiotic effect by stimulating beneficial 
bacteria in the intestinal flora, thereby preserving 
the variety and health of the gut microbiota(3, 10).

In a study in which different dietary habits 
and intestinal floras of different geographical are-
as were examined, it was found that in countries 
where western-style dietary habits (fatty and fast 
food) were prevalent, a greater amount of pathogens 
were active, whereas in rural areas (where vegeta-
bles and natural foods were more consumed), there 
was a more beneficial microbiota profile(11). It was 
determined that a Mediterranean-style diet resulted 
in high rates of Prevotella, Lactobacillus and Bi-
fidobacterium types of bacteria and high levels of 
faecal Short Chain Fatty Acids (SCFA), while den-
sities of E. coli and its derivatives were low(12). In 
gluten-free diets, limited intake of polysaccharides 
will limit the number of carbohydrate components 
reaching the colon, as a result of which, since sac-
charolytic fermentation does not take place, short 
chain fatty acids are not formed and beneficial pro-
biotic bacterial populations that produce butyrate, 
such as Bifidobacterium and Lactobacillus, are re-
duced, while pathogenic bacterial populations such 
as E. coli and Entero-bacteriaceae increase(13).  

It is reported in clinical studies that together 
with nutrition, exercise is also important for the 
modification of the intestinal flora, that exercise 
enriches the variety of microflora by increasing 
the number of beneficial microbial species and 

that it can prevent the development of pathogenic 
bacteria(14). In another study examining intestinal 
microbiota profiles of active and sedentary wom-
en, it was revealed that even low doses of regular 
physical activity (max. 3 hours per week) modulat-
ed the microbiota profile and increased the number 
of bacteria that support healthy microbiota. It has 
also been reported that the presence of microbiota 
richness is low with a sedentary lifestyle, however 
extensive research into which types of exercise or 
which exercise parameters may increase microbio-
ta diversity still needs to be intensified(15).

Allen et al. in a study with rats, reports that 
high intensity exercises caused a decrease in Tu-
ricibacter spp. and E. Coli, which have strong re-
lationships with intestinal function and intestinal 
disorders(16). In another study, it was determined 
that exercise had positive effects on absorption of 
nutrients in the intestinal flora, energy distribution 
and immunity(14) and that intensive exercise result-
ed in weakening of antioxidant enzyme activity by 
disturbing the mesenteric redox environment and 
that disruption of the epithelial barrier in the gut 
increased the detection of TLR-mediated intestinal 
commensal bacteria(16). 

Findings exist in the studied literature that 
support the idea that exercise habits carried out 
together with diet can be an effective strategy for 
regulating intestinal microbiota populations and for 
preventing and treating various diseases. Although 
studies are found in the literature aimed at the ef-
fects of the E. coli species on the intestinal flora, 
there are few studies that examine the relationship 
between this species and both nutrition and regular 
exercise, therefore the aim of this study is to exam-
ine the relationship between the E. coli species of 
intestinal flora with exercise and dietary habits in 
elite athletes and sedentary individuals. 

Materials and method

A total of 16 volunteers, 8 males whom were 
doing 2 hours of regular training 4 days per week 
and playing handball at an elite level and 8 male 
whom were physically inactive (sedentary), took 
part in the study. In this study, the average age of 
the elite athletes was 18.50±0.755 years, their av-
erage height was 179.62±5.55 cm, and their aver-
age body weight was 73.75±5.84 kg. The average 
age of the sedentary individuals was 19.00±0.755 
years, their average height was 179.75±4.46 cm, 
and their average body weight was 73.75±5.84 kg.
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The athlete group of the study was made up of 
sportsmen who had played active sports for at least 
5 years, who had not used antibiotics, prebiotic 
supplements or probiotic supplements for at least 6 
months and who did not have any kind of intestinal 
disorder. In the study, subjects were informed about 
the procedures one week before samples were tak-
en. In accordance with the Helsinki Declaration, an 
informed consent form was taken from all partici-
pants prior to participation to the study.

To determine the nutritional and dietary habits 
of the participants, a food consumption frequen-
cy questionnaire was applied(17-20). For the partici-
pants’ microbiota analysis, a stool sample was tak-
en once, the samples were kept in -200 C storage 
conditions and after they had all been completed, 
they were transported to a medical microbiology 
laboratory, where the metagenomic analyses were 
carried out. The samples sent to the laboratory were 
weighed in 200 mg portions and separated into 1.5 
mL microcentrifuge tubes. To prevent any changes 
occurring in the microbiota quantification results, 
DNA isolation was carried out without keeping the 
samples standing for max within 48 hours. In the 
study, metagenomic analysis of the E. coli species 
was performed in all groups with new generation 
sequencing.

For the microbial community profiles ob-
tained, comparisons with each other were made 
and dendrograms were created by using Minitab 
17 software (Minitab, UK). For calculating the 
PCA ordinations and the correlation analyses that 
were performed following these, Minitab 17 soft-
ware was again used. The obtained data were as-
sessed with SPSS 20 (Statistical Package for the 
Social Sciences) software and descriptive statis-
tics were used in the analysis of the data. In the 
study, percentage frequency distribution was used 
in the examination of age, height and weight. For 
the statistical analysis of the E. coli species, since 
the distribution of the groups was homogeneous but 
the subject group consisted of 16 people, Shaphi-
ro-Wilk test was performed for the control of nor-
mal distribution because the individuals in differ-
ent groups were different and randomly selected, 
according to the results of the data does not have a 
normal distribution (p = 0.038).

Therefore, the Mann Whitney U test was ap-
plied to evaluate differences between groups, the 
significance level was set at p <0.05.

Results

Examination of Table 1 reveals that there is 
a significant difference between elite athletes and 
sedentary individuals in terms of E. coli bacteria 
(p<0.05). With regard to mean ranks, it is seen that 
E. coli bacteria, which display pathogenic charac-
teristics, were observed more in sedentary individ-
uals than in elite athletes.

Table 2 shows that 50% of the elite athletes 
who took part in the study consumed milk and dairy 
products every day, while 50% of the sedentary in-
dividuals consumed milk and dairy products once 
or twice a week. It was revealed that while 50% 
of the elite athlete group consumed red meat 3-5 
days a week and 37.5% of them consumed white 
meat 3-5 days a week, 50% of the sedentary group 
consumed red meat once in 15 days and 37.5% of 
them consumed white meat once a month. It was 
determined that legumes were consumed once or 
twice a week by 50% of the elite athletes and by 
37.5% of the sedentary individuals. It was seen that 
the highest frequency of vegetable consumption 
for both groups of participants was 3-5 times per 
week. 37.5% of both the elite athletes and the sed-
entary individuals consumed vegetable 3-5 times 
per week. It was revealed that the sedentary group 
consumed more rice than the elite athlete group; 
50% of the former group consumed rice every day, 
while 37.5% of the latter group consumed rice once 
or twice per week. It was observed that 50% of the 
sedentary group consumed pasta 3-5 times a week, 
whereas 50% of the athlete group consumed pas-
ta once or twice a week. 50% of the elite athletes 
consumed edible oils and butter every day, while 
75% of the sedentary individuals consumed edible 
oils every day and 37.5% of them consumed but-
ter every day. The table shows that the sedentary 
individuals consumed more sugar and pastry than 
the elite athlete group. While 75% of the sedentary 
individuals consumed sugar and pastry every day, 
37.5% of the elite athletes consumed these once in 
15 days. 

Variables n Mean Rank Rank Total U p

Elite Male  

athletes
8 4.63 37.00

1.00 .00
Sedentary 

Males
8 12.38 99.00

Table 1: Comparison of E. Coli species in elite male ath-
letes and sedentary males.
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Sedentary individuals and athletes have a sim-
ilar food consumption pattern. It was found that 
the biggest difference in food consumption was be-
tween fats and sugar/pastry consumption, and red 
meat, while white meat, legumes, vegetables, rice, 
pasta and butter consumption rates were similar 
(Table 3).

Discussion and conclusion

In this study, it was determined that elite ath-
letes had lower levels of E. coli intestinal flora than 
sedentary individuals. It has been revealed that 
regular exercise increases microbial diversity; that 
athletes’ microbiotas may be related to dietary pro-
tein content and that their exercise capacity may 
be affected by the presence of various microbio-
tas; that high-fat diets increase inflammation of the 
intestines and that exercise decreases this inflam-
mation and enhance the development of commen-

sal bacteria(14, 21). In a study conducted with 4 male 
rowers over a period of 33 days, in which metagen-
omic analysis was performed on stool samples tak-
en before, during and after a 5000-m rowing race, it 
was determined that although ultra-endurance-type 
exercises were included, microbial diversity in-
creased in the subjects and that this adaptation of 
species showing positive correlation with health 
also continued during the following 3 months(22). In 
another study, however, it was revealed that long 
and intensive exercises resulted in changes in gut 
microbiota by increasing intestinal permeability 
through ischaemia and that while an increase was 
observed in species displaying pathogenic charac-
teristics such as E. coli and Prevotella, a decrease in 
species such as Lactobacillus was also evinced(23). 
In a study examining the relationship between in-
testinal microbiota and exercise performance in 
pathogen-free mice, germ-free mice and mice with 
Bacteroides fragilis, it was found that among the 3 
groups, endurance swimming time was longer in 
pathogen-free mice and mice with Bacteroides than 
in germ-free mice and that weight of the liver, the 
muscles, brown adipose and epididymal fat pads 
was higher in pathogen-free mice and mice with 
Bacteroides than in germ-free mice(24).

In a study conducted on elderly individuals 
aged 65-80, it was determined that E. coli was a 
primary producer of trimethylamine and inflam-
mation in the human gut, that in patients with a 
reduced exercise capacity, the abundance of this 
bacteria increased and that E. coli could play an 
important role in decreasing exercise capacity in 

elderly patients with hypertension(25). In a study 
carried out on athletes, Clarke et al.(26) reported 
that the athletes consumed more protein than the 
control group, that they had a higher diversity of 
gut microorganisms representing 22 different phy-
la which were positively correlated with creatine 
kinase, that exercise had a positive effect on ben-
eficial microbiota species and played an important 
role in the relationship between host immunity and 
host metabolism, but that microbiota diversity is a 
complex topic that also needs to take diet into ac-
count(26).  

Table 2: Frequency percentage of food consumption of 
athletes and sedantaries.

Variables (%) Every-
day

3-5 
times a 
week

1-2 times 
a week

Once 
every 

15 days

Once 
every 
month

Athletes*

Milk products1* 25.0 25.0 50.0 - -

Red meat2* - 12.5 12.5 50.0 25.0

White meat3* 12.5 12.5 12.5 25.0 37.5

Legumes4* 12.5 12.5 37.5 12.5 25.0

Vegatables5* 37.5 37.5 12.5 12.5 -

Rice6* 50.0 25.0 25.0 - -

Pasta7* 25.0 50.0 25.0 - -

Edible oils8* 75.0 25.0 - - -

Butter9* 37.5 25.0 25.0 12.5 -

Sugar & pastry10* - 33.3 - 66.7 -

Sedantary**

Milk Products1** 25.0 - 75.0 - -

Red meat2** - 12.5 12.5 50.0 25.0

White meat3** 12.5 12.5 12.5 25 37.5

Legumes4** 12.5 12.5 37.5 12.5 25.0

Vegatables5** 66.7 33.3 - - -

Rice6** 25.0 50.0 12.5 12.5 -

Pasta7** 25.0 50.0 25.0 - -

Edible oils8** 66.7 33.3 - - -

Butter9** 37.5 25.0 25.0 12.5 -

Sugar &pastry10** 16.7 16.7 33.3 33.3 -

*-**(X2: 8,000, sd: 4, p: 0,92) 1-1*, (X2: 16,000, sd: 6, p: 0,014) 2-2*, (X2: 12,000, sd: 8, p: 
0,15) 2-3*, (X2: 13,000, sd:9, p:0,163) 3-2*, (X2:16,000, sd:12, p:0,191) 3-3*, (X2:12,000, 
sd:8, p:0,151) 4-4*, (X2:15,111, sd:9, p:0,088) 5-5*, (X2:12,000, sd:6, p:0,062) 6-6*, 
(X2:16,000, sd:4, p:0,003) 7-7*, (X2:2,667, sd:1, p:0,102) 8-8*, (X2:9,000, sd:6, p:0,174) 
9-9*, (X2:4,444, sd:4, p:0,349) 10-10*

Groups Foods

Milk Products Red Meat White 
Meat Legumes Vegatables Rice Pasta Edible 

Oils Butter Sugar & 
Pastry

Sedantaries 
vs. 

Athletes
0.07* 0.000* 0.003* 0.005* 0.002* 0.007* 0.000* 0.134 0.003* 0.114

Table 3: Food consumption differences between athletes and sedantaries.
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In the present study, according to the data ob-
tained in the food consumption questionnaire, it 
was determined that the groups had different dietary 
styles and that while the elite athletes’ diet consist-
ed predominantly of proteins, the sedentary group’s 
diet was mainly composed by carbohydrates. An 
examination of the literature reveals that there are 
studies supporting the idea that bad and unbalanced 
dietary habits upset the balance of the intestinal 
flora, resulting in a decrease in the number of ben-
eficial bacteria and hence an increase in the num-
ber of pathogenic bacteria(2). It is accepted that gut 
microbes play a role in the absorption of monosac-
charides and that generally, carbohydrate fermen-
tation results in beneficial effects on life due to the 
formation of SCFA. In one study, it was revealed 
that excessive carbohydrate consumption resulted 
in an increase in species such as Bifido-bacteria, E. 
Rectale and E.coli(27). It was determined that a high-
fat diet decreased gut microbial diversity and that 
while causing an increase in Bacteroides, Alistipes 
and Bilophila, high-fat diets resulted in a decrease 
in fecal SCFA acid concentration and the number 
of Bifidobacteria. It was emphasised that for regu-
lation of the microbiota, the amount of fat as well 
as the type of fat were important(28).

In conclusion, it was observed that sedentary 
individuals had higher levels of the E. coli species 
than elite handball players did. It is considered that 
the different distributions of the E. coli species, 
which displays pathogenic characteristics, between 
groups is due to the positive effects of exercise and 
the different dietary styles of the groups. Studies 
in which dietary habits of different genders and 
sport groups are examined can contribute to future 
knowledge in the field of gut microbiota.   
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