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Abstract: Alterations of gut microbiota, intestinal barrier and the gut-brain axis may be involved in
pathophysiology of functional gastrointestinal disorders. Our aim was to assess the prevalence of
digestive tract symptoms and identify common variables potentially disrupting the gut-brain axis
among participants of the Woodstock Festival Poland, 2017. In total 428 people filled in a questionnaire
assessing health of their digestive tract. The investigator collected answers on an electronic device,
while the study participant responded using a paper version of the same questionnaire. Liver and
gallbladder related symptoms were the most prevalent among our study group (n = 266, 62%),
however symptoms related to altered intestinal permeability were found to be the most intensive
complaints. In females the intensity of gastrointestinal complaints was higher compared to men
(p < 0.05), as well as the incidence of factors with the potential to alter gut-brain axis (p < 0.0001).
Chronic psychological distress, intake of non-steroidal anti-inflammatory drugs (NSAIDs) and
antibiotics, were the most common associations with gastrointestinal symptoms, which were the
most prevalent in females. Further attention should be focused on stress as one of the main factors
negatively influencing public health.

Keywords: microbiota; digestive health; defecation; stress; functional gastrointestinal disorders; FGIDs

1. Introduction

Functional gastrointestinal disorders (FGIDs) are common in the general population, with a prevalence
of 10-30% depending on the methodology but also on gender and ethnicity [1,2]. In pediatric populations it
was estimated that about 25% of children under the age of 18 years fulfilled various criteria for FGIDs [3].

FGIDs frequently overlap alimentary tract symptoms described until recently as unrelated to
any physiological mechanisms [4]. However, the scientific data is mounting that the phenotype of
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the disease is an exponent of gut-brain interaction, mediated by visceral hypersensitivity, motility
alterations, skewed immune and mucosal function and dysbiosis [5,6]. Despite that, symptomatological
significance is not well established, which introduce challenges and uncertainty into clinical practice [1].

With the advances in culture-independent biotechnologies it was shown that human digestive
tract microbiota are made up of trillions of microbials, forming heterogenous, multispecies and
interactive communities [7]. In human fecal samples, researchers identified almost 10 billion microbial
genes [8]. Human bacterial microbiota are thought to be quite stable from childhood until the old
age, however on strain level may vary significantly among persons [9]. Overall, the variations within
microbiomes are rather consistent in healthy populations [10,11]. Microbiota was identified as critical
for nutrient breakdown and xenobiotic metabolism [12,13], protection against pathogens and epithelial
injury [14,15], immunomodulation [16,17], vascularization [18], modulation of bone-mass density [19],
fat storage [20], vitamin synthesis [21] and modification of the nervous system [22]. However,
microbiota is not an isolated organ. Microbiota in combination with the gut associated-lymphoid
tissue (GALT), epithelial monolayer, as well as the circulatory, lymphatic and nervous system co-create
the intestinal barrier separating luminal and internal environments [23]. It wasproven that intestinal
barrier disruptions, encompassing dysbiosis and consequently tight junctions structure alterations
lead to GALT activation. It is of particular relevance, as FGIDs may be developed secondary to
acute GI infections, resulting for example in post infectious irritable bowel syndrome (PI-IBS). A few
studies found elevated numbers of GALT effector cells as well as biochemical mediators within
intestinal barrier of FGIDs patients but without overt clinical manifestation [24-26]. Literature has also
proved that immune activation is accompanied by sensory and motor dysfunctions within the gut [27].
Enteric nervous system (ENS) passes agitation using, among others, rapid acting catecholamines and
slow acting neuropeptides like nitric oxide (NO) and calcitonin gene related peptide (CGRP). It was
proved that inflammatory response is partly regulated by sensory neuron actions via elevating the
production of neuropeptides and producing neurogenic inflammation by means of vasodilatation
and plasma extravasation. For example, the suppression of endogenous NO suppressed the blood
flow in stomach [28] and elevated the intensity of pancreatic damage [29] while the presence of CGRP
aggravated pancreatic damage [30], also in the case of the caerulein-induced pancreatitis animal
model [31]. On the other hand, it was shown that the presence of norepinephrine has a negative effect
on bacteria and viruses, increasing their pathogenicity, including the ability to adhere to intestinal
epithelial cells. This, in turn, induces an increase in the pathogen capture by dendritic cells, which in
turn leads to a massive presentation of antigens to lymphocytes and a further increase in the intensity
of inflammation [32]. To close the circle, different gut microbiota metabolites regulate the function
of the myenteric plexus, thus affect visceral perception, motility, as well as secretory and motor
functions of the GI tract [33-36]. For example, short chain fatty-acids being by-products of gut
microbiota stimulate colonic blood flow and gut motility [37]. Also, environmental stimuli, including
psychological stress were recognized as gut barrier integrity disruptors [38]. Lastly, Stassi et al. [39]
analyzed psychopathological dimensions in FGIDs patients and found that at least a single psychiatric
disorder, predominantly of depressive spectrum, was present in almost half of the patients enrolled.
These all underlie that FGIDs are sourced from gut-brain axis dysfunction. All in all, there has been
huge progress in the field of microbiome-gut-brain axis with the focus on intestinal barrier integrity,
which have become attractive targets for prophylaxis and treatment of common FGIDs.

The data on FGIDs prevalence in Poland are scarce and large-scale investigations in Poland
are lacking. As reported by Niemyjska et al. [40] the frequency of abdominal pain occurring at
least once every week in a cohort of Warsaw University was found to be around 50% and it varied
in terms of psychological and physical stress experience. Zidtkowski et al. [41], found that the
frequency of dyspepsia, constipation and bloating in a middle-size polish city is around 23%, 13% and
31% respectively.

Our preliminary report [42] proved that the frequency of abdominal pain—being a major ROME
IV diagnostic criterion of IBS—was found to be as high as 19.2% within a sample of approximately
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1500 young people in Poland, with psychological distress, proton pump inhibitors (PPIs) and antibiotic
usage identified as significant risk factors. We decided to repeat the study using an expanded
questionnaire to illustrate the prevalence symptoms of several gastrointestinal tract disorders. We also
focused our attention on environmental factors, including nutrition and lifestyle elements, as potential
pathophysiological factors of FGIDs.

2. Materials and Methods

2.1. Sampling and Data Collection

The cross-sectional survey was conducted in Kostrzyn, Poland, during the free admission Rock
Woodstock Festival (2-5 August 2017). Festival attendants (predominantly young adults) came from
all regions of Poland thus the study may be considered as a representative sample for the country.
The data were collected by trained collaborators, both academic scientists and young dietitians.
Each of the investigators was provided with an electronic device (tablet/smartphone) in which the
questionnaire was installed as an application. Randomly selected participants of the festival were asked
to complete a questionnaire on their lifestyle, medication and gastrointestinal complaints. Each of the
respondents received a printed version of the questionnaire and passed the answers to the interviewer
who marked them to the application. The Medical Ethical Committee of the Pomeranian Medical
University in Szczecin evaluated that as questionnaire was anonymous, the respondents would not
be contacted again, and their answers would not be stored in foreign internet servers (questionnaire
was an application), written informed consent was not obligatory (Ethical Approval Code). However,
each eligible study responder volunteered to participate in the experiment and personally pointed
it out to the electronic device used in the study. Almost 100% (99.53%) approached persons were
included into the study group. We agreed that the inclusion criteria were: Age above 18 years, Polish
native speaker and deliberate oral consent to take part in the study. Anyone who failed meeting these
criteria were excluded. Also, only completed surveys were analysed. Age and gender of participants
were collected.

2.2. Questionnaire

The Digestive Health Appraisal Questionnaire (DHAQ) by Lipsky [43] was used in the present
study. The survey is divided into two parts. In first part, the study subjects had to specify which of
medications and foods they were using. Additionally, questions concerning living under chronic stress,
physical activity, and exposure to intoxicants were asked. The number of indications from this part
was counted separately (medications, food, lifestyle) and summed up all together to obtain a number
expressing the degree of exposure to agents with potential to induce dysbiosis, further called dysbiotic
agents or factors. In the second part of the DHAQ, respondents were asked to give the intensity of
gastrointestinal symptoms they were experiencing. This self-reported assessment of the digestive
health was performed in single-item scale, ranging from 0 (symptoms occur almost never or extremely
rare) to 3 (Symptoms are intense/occur almost every day). If a patient did not know the answer it was
left blank. The second part of DHAQ was divided into seven sections, corresponding to the following
digestive tract symptoms/location:

Section A: Hypoacidity of the Stomach

Section B: Hypofunction of Small Intestines and /or Pancreas
Section C: Ulcers/Hyperacidity of the Stomach

Section D: Colon/Large Intestine

Section E: Liver/Gallbladder

Section F: Intestinal Permeability /Leaky Gut Syndrome, Dysbiosis
Section G: Gastric Reflux
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Raw data, i.e., the numbers in each section were summed up to guage intensity of complaints and
then expressed qualitatively as recommended by the author of DHAQ as shown in Table 1 below.

Table 1. Transformation of numerical data into descriptive data in the Digestive Health Appraisal
Questionnaire (DHAQ).

Number of Points Stating Priority for Healing Process

Section
Low Priority = Moderate Priority High Priority
A 04 5-8 >9
B 04 5-8 >9
C 04 5-8 >9
D 04 5-8 >9
E 0-2 3-5 >6
G 0-3 4-6 >7
Low priority Mild priority Moderate priority High priority
F 0-5 6-10 7-19 >20

2.3. Statistical Analyses

The assessment of distribution of continuous variables by the Shapiro-Wilk normality test
was done. Nonparametric Mann-Whitney test was used to compare the intensity of digestive
tract symptoms in terms of gender and the occurrence of particular dysbiotic agents (medications,
permanent distress). When the digestive health determinants were expressed qualitatively we used
Chi-squared tests to compare this variable with number of dysbiotic agents declared by the participants
and gender, respectively. We correlated the age and the total score for the dysbiotic part of the DHAQ
with the intensity of digestive symptoms by means of Spearman rank correlation coefficient analyses.
The acceptable probability of error for the first type (the significance level of the test) was assumed to
be equal to 0.05. All statistical analyses for this study were performed using the StatView computer
software version 5.0 (SAS Institute Inc., Cary, NC, USA). To control type I errors, the false discovery
rate (FDR) approach was used. The calculations were performed using the p.adjust function of the stats
package in R (R Foundation for Statistical Computing, Vienna, Austria, https:/ /cran.r-project.org).

3. Results

3.1. Study Group

There were 428 persons included into the study group, with a female preponderance (n = 239;
55.8%). We identified five persons who reported no gastrointestinal complaints (three men, two women)
and four others (two men, two women) who declared not to be exposed to any of the environmental
dysbiotic factors. The most prevalent gastrointestinal symptom was found to be a consequence of
elevated intestinal permeability (F section of DHAQ), and the least common were symptoms of gastric
reflux (G section of DHAQ). The study group characteristics are shown in Table 2.

We found that females were shown to declare more digestive complaints in comparison to men as
presented in Table 3. When the intensity of digestive tract complaints were expressed qualitatively
similar results were obtained (Table 4).

Table 2. Study group characteristics. Descriptive statistics of indices from the second part of the DHAQ
are presented.

Variable Mean  Standard Deviation = Median
Age (years) 25.20 6.32 24
Medications used currently 3.79 4.92 1
Food, nutrition 5.12 2.72

Lifestyle 1.36 1.00 1

Overall dysbiotic factors 10.27 5.75 10
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Table 2. Cont.

Variable Mean  Standard Deviation = Median
Hypoacidity of the stomach 3.80 3.18 3
Hypofunction of small intestines and /or pancreas 6.40 5.62 5
Ulcers/hyperacidity of the stomach 3.10 4.01 2
Colon/large intestine 4.74 3.45 4
Liver/gallbladder 5.28 5.17 4
Intes.tm.al permeability /leaky gut syndrome, 6.38 511 6
dysbiosis

Gastric reflux 1.86 242 1

Table 3. The comparison of intensity of gastrointestinal symptoms in terms of gender by means of
Mann-Whitney test.

Median (Q3-Q1)

Section Females Males p
(n = 239) (n =189)
Hypoacidity of the stomach 4.0 (4.0 3.0 (4.0) 0.0012
Hypofunction of small intestines and /or pancreas 6.0 (9.0) 5.0 (6.0) 0.017
Ulcers/hyperacidity of the stomach 3.0(5.0) 1.0 (4.0) <0.0001
Colon/large intestine 5.0 (5.0) 4.0 (2.0 <0.0001
Liver/gallbladder 5.0 (8.0) 3.0 (5.25) <0.0001
Intestinal permeability /leaky gut syndrome, dysbiosis 6.0 (7.0) 4.0 (6.0) <0.0001
Gastric reflux 1.0 (3.0) 4.0 (6.0) 0.1857

Table 4. The comparison of priority of gastrointestinal symptoms in terms of gender by means of
Chi-squared test. Number of subjects are presented.

Variable Hypoacidity of the Stomach (n = 156) *
Gender Low leorlty Moderati Priority High Porlorlty
n (%) n (%) n (%)
Females 143 (59.83) 64 (26.78) 32 (13.39) 0.0005
Males 129 (68.25) 54 (28.57) 6 (3.17) :
Hypofunction of small intestines and /or pancreas (n = 233) * [4
Females 106 (44.35) 47 (19.66) 86 (35.98) 0.0153
Males 89 (47.09) 54 (28.57) 46 (24.34) :
Ulcers/hyperacidity of the stomach (n = 109) * P
Females 167 (69.87) 45 (18.83) 27 (11.30) 0.04
Males 152 (80.42) 25 (13.23) 12 (6.35) ’
Colon/large intestine (n = 201) * [4
Females 107 (44.77) 93 (38.91) 39 (16.32) 0.0001
Males 120 (63.49) 57 (30.16) 12 (6.35) ;
Liver/gallbladder (n = 266) * 14
Females 82 (34.31) 40 (16.74) 117 (48.95) 0.0001
Males 80 (42.33) 55 (29.10) 54 (28.57) <0
Gastric reflux (n = 83) * P
Females 192 (80.33) 31(12.15) 16 (6.69) 02047
Males 153 (80.95) 30 (15.87) 6 (3.17) :
Intestinal permeability /leaky gut syndrome, dysbiosis (n = 219) * p
Low priority Mild priority Moderate priority ~ High priority
Females 93 (38.91) 84 (35.15) 55 (23.01) 7 (2.93) 0.0001
Males 116 (61.37) 48 (25.40) 25 (25.40) (0) e

* without low priority cases.

3.2. Dysbiotic Factors

We noticed that lifestyle dysbiotic factors were more intensively experienced by women (Median
(Q3-Q1): Females 1.0 (1.0), Males: 1.0 (2.0), p < 0.0001) and a statistical tendency toward taking more
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medications compared to men was found (Median (Q3-Q1): Females = 1.0 (11.0), Males = 0.0 (6.0),
p = 0.0714). As the literature states that the most common dysbiotic factors include taking antibiotics,
nonsteroidal anti-inflammatory drugs and proton pump inhibitors, as well as living under permanent
stress, we compared the intensity of gastrointestinal complaints in association with these variables.
As presented in Table 5 permanent distress was found to be associated with intensity of all DHAQ
indices included into the second part of the questionnaire.

Table 5. The association between certain dysbiotic factors and the intensity of digestive complaints
by means of Mann-Whitney test. Nonsteroidal anti-inflammatory drugs (NSAIDs); proton pump
inhibitors (PPIs); false discovery rate (FDR).

Median (Q3-Q1)

Variable ANTIBIOTICS (n = 168) NO ANTIBIOTICS (1 = 260) pvalue FDRp value
Hypoacidity of the stomach 4.0 (5.0) 3.0 (4.0) 0.0808 0.2767
Hypofunction of small intestines and/or pancreas 6.0 (8.0) 5.0 (7.0) 0.3459 0.3459
Ulcers/hyperacidity of the stomach 2.0 (5.0) 2.0 (4.0) 0.2011 0.2767
Colon/large intestine 4.5 (4.0) 4.0 (4.0) 0.2372 0.2767
Liver/gallbladder 4.0 (6.5) 4.0 (6.5) 0.1755 0.2767
Intestinal permeability /leaky gut syndrome, dysbiosis 6.0 (7.0) 5.0 (7.0) 0.0704 0.2767
Gastric reflux 1.0 (3.0) 1.0 (3.0) 0.1857 0.2767
Variable PPIs (n =121) NO PPIs (n = 307) 4 FDR p value
Hypoacidity of the stomach 3.0 (5.0) 3.0 (4.0) 0.2226 0.3116
Hypofunction of small intestines and /or pancreas 5.0 (8.25) 5.0 (7.0) 0.7345 0.7345
Ulcers/hyperacidity of the stomach 2.0 (6.0) 2.0 (4.0) 0.0902 0.1933
Colon/large intestine 4.0 (4.25) 1.0 (3.0) 0.3267 0.3812
Liver/gallbladder 4.0 (7.0) 4.0 (6.0) 0.1105 0.1934
Intestinal permeability /leaky gut syndrome, dysbiosis 6.0 (8.0) 5.0 (7.0) 0.0288 0.1484
Gastric reflux 1.0 (4.0 1.0 (3.0) 0.0424 0.1484
Variable NSAIDs (n = 182) NO NSAIDs (n = 246) 14 FDR p value
Hypoacidity of the stomach 4.0 (5.0) 1.0 (3.0) 0.0101 0.0353
Hypofunction of small intestines and /or pancreas 6.0 (8.0) 4.5 (7.0) 0.2892 0.2892
Ulcers/hyperacidity of the stomach 2.0 (5.0) 1.0 (4.0) 0.0626 0.1095
Colon/large intestine 4.0 (4.0) 4.0 (4.0) 0.2614 0.2892
Liver/gallbladder 40 (7.0) 3.0 (6.0) 0.0184 0.0429
Intestinal permeability /leaky gut syndrome, dysbiosis 6.0 (7.0) 4.0 (7.0) 0.008 0.0353
Gastric reflux 1.0 (3.0) 1.0 (2.0) 0.0893 0.1250
Variable Permanent stress (n = 149)  No permanent stress (1 = 279) 4 FDR p value
Hypoacidity of the stomach 5.0 (5.0) 3.0 (4.0) <0.0001 0.0001
Hypofunction of small intestines and/or pancreas 8.0 (10.0) 4.0 (6.0) <0.0001 0.0001
Ulcers/hyperacidity of the stomach 4.0 (6.0) 1.0 (3.0) <0.0001 0.0001
Colon/large intestine 6.0 (4.0) 3.0(3.0) <0.0001 0.0001
Liver/gallbladder 7.0 (8.0) 3.0 (5.0) <0.0001 0.0001
Intestinal permeability /leaky gut syndrome, dysbiosis 9.0 (7.5) 5.0 (5.0) <0.0001 0.0001
Gastric reflux 2.0 (4.0) 1.0 (2.0) 0.0008 0.0008

In the next step of our analyses we summed up all dysbiotic indices from the first part of the DHAQ and
correlated this variable with the intensity of digestive complaints. We noticed a weak positive correlation
between the number of dysbiotics and each section of the second part of the questionnaire (Table 6).
We presented DHAQ in a qualitative manner and by means of the Kruskall-Wallis test confirmed that more
dysbiotic agents occurred predominantly in patients with high priority gastrointestinal symptoms (Table 7).

Table 6. Correlation between number of declared dysbiotics and intensity of gastrointestinal symptoms
by means of Spearman’s rank correlation analysis.

Dysbiotic Agents vs. Intensity of: Correlation p FDR p
Hypoacidity of the stomach 0.25 <0.0001  0.0001
Hypofunction of small intestines and/or pancreas 0.21 <0.0001  0.0001
Ulcers/hyperacidity of the stomach 0.24 <0.0001  0.0001
Colon/large intestine 0.25 <0.0001 0.0001
Liver/gallbladder 0.23 <0.0001  0.0001
Intestinal permeability /leaky gut syndrome, dysbiosis 0.27 <0.0001  0.0001

Gastric reflux 0.26 <0.0001 0.0001
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Table 7. The association between the number of declared dysbiotics and gastrointestinal symptoms by
means of the Kruskal-Wallis test.

Median (Q3-Q1)

Variable 14 FDR p Value
Low Priority =~ Moderate Priority ~ High Priority

Hypoacidity of the stomach 9.0 (8.0) 10. (8.0) 12.0 (7.0) <0.0001 0.0001
Hypofunction of small intestines and/or pancreas 8.0 (9.0) 11.0 (7.0) 11.0 (9.0) <0.0001 0.0001
Ulcers/hyperacidity of the stomach 9.0 (9.0) 10.0 (7.0) 15.0 (11.75) <0.0001 0.0001
Colon/large intestine 9.0 (8.0) 10.0 (8.0) 12.0 (8.75) <0.0001 0.0001
Liver/gallbladder 8.0 (8.0) 10.0 (7.0) 10.0 (9.75) <0.0001 0.0001
Gastric reflux 9.0 (9.0) 10.0 (9.0) 11.5 (10.0) <0.0001 0.0001
Intestinal permeability /leaky gut syndrome, dysbiosis 9.0 (9.0) 10. (9.0) 20.0 (8.5) <0.0001 0.0001

4. Discussion

Our cross-sectional study was conducted to establish the prevalence of symptom-based bowel
disorders in a sample of adult inhabitants of Poland. We found that digestive complaints are common
within Polish adults and predominantly correspond to symptoms associated with liver and gallbladder
function (n = 266; 62.14%). The prevalence of complaints related to the small intestine and colon also
exceeded 50% of the study group.

The incidence of FGIDs has been analyzed in literature extensively. In 2002 Drossmann et al., in their
technical report prepared for the American Gastroenterological Association, estimated that irritable bowel
syndrome (IBS) was affecting up to 15% of the global population [44]. More recently, the worldwide
prevalence of IBS was found to be around 12% [45]. The survey conducted among approximately
6000 inhabitants of United States, Canada and United Kingdom found that the incidence of functional
dyspepsia (FD) was around 10% [46]. The same researchers concluded that bowel disorders were present in
28.1% of the population sampled, while gastroduodenal, anorectal, esophageal and gallbladder malfunctions
were found in 10.6%, 7.4%, 7% and 0.2% of studied sample respectively [47]. Although epidemiological
studies reporting global incidence of FGIDs have high heterogeneity [48], the incidence of digestive-related
complaints in our survey is much higher. The most reasonable explanation is symptom overlap in the
questionnaire we used. Similarly, current ROME IV criteria seem to function irrespective of symptom
overlap [49], as investigators may diagnose the same patients with either FD or IBS [50]. Nevertheless,
studies evaluating the worldwide prevalence of FGID sufferers using most recent ROME 1V criteria, report
the drop down of IBS to 5-6%. At least partly, the discrepancies may be also due to ethnicity thus variations
in nutritional habits and other psycho-social factors shaping not only symptoms incidence but also their
perception and reporting [51].

When analyzing the intensity of digestive complaints we identified that symptoms associated
with increased intestinal permeability and dysbiosis seemed to be the most intense ones. The mean
number of points describing the intensity of these symptoms were 7.51 &+ 5.3 and 4.95 + 4.47 (p < 0.05)
in females and males respectively. Overall, the present study found that around 50% of responders
fulfilled symptom-based leaky gut syndrome criteria, of which 1.63% (1 = 7) were of high priority.
The intestinal barrier integrity was found to be diminished in FGID patients. Zhong et al. [52] found
high copy numbers of Streptococcus and low abundance of Prevotella, Veilonella, Actinomyces, Atopobium
and Leptotrichia in FD patients in comparison to controls. Low trans-epithelial electrical resistance
(TEER) thus increased paracellular permeability of duodenal biopsies in FD patients was found by
Vanheel et al. [24]. Subclinical inflammation in situ was discussed recently by Talley et al. [53]. Similar
results were presented in scientific literature evaluating IBS. Dysbacteriosis and even IBS-related
bacterial genera were recognized [54-56]. Altered tight junction signaling as well as GALT activation
in IBS was also proven [57-59].

Dysbiosis within the gut ecosystem that alters gut barrier integrity and leads to elevated intestinal
permeability is of multifactorial origin. Very recently it was found that host genetics does not play a pivotal
role in shaping one’s microbiome. At least 80% microbiota variability is related to environmental factors,
among them diet and medicines [60]. In present study we evaluated the exposure to chronic psychological
distress, undertaking physical activity, as well as consuming unhealthy food and particular medications.
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We found that the most common associations with the intensity of gastrointestinal symptom dysbiotics
were chronic psychological distress and intake of NSAIDs.

Psychoneuroimmunological studies proved that the gut brain axis regulates stress response
throughout the human body and may be involved in both the pathophysiology and the clinical
course of FGIDs [61-64]. Corticotropin stimulates the release of tumor necrosis factor-oc (TNF-03B1)
and nerve growth factor contributing to the decrease in tight junction (TJs)protein expression.
In addition, the barrier effect has been shown to be dependent on eosinophil-derived proteins.
They cause a decrease in occludin content, which further weakens TJs. Stress also intensifies the
state of dysbiosis, impairs immune function due to the absence of secretory immunoglobulin A and
diminishes regeneration of the mucous membrane. An elevated number of harmful microorganisms
damages the intestinal wall and increases their permeability [65,66]. Diet is also critical for microbiota
composition and thus intestinal barrier integrity. The consumption of a Western diet high in animal
fat and protein was found to decrease the abundance of beneficial Lactobacillus and Bifidobacterium
genera and increase the counts of Bacteroides and Enterobacteria [67]. A high-fat diet was found to
increase bacterial lipopolysaccharide concentration in the lumen of the intestine, which triggers
inflammatory signaling pathways in the intestine via toll-like receptor (TLR4) activation. Consequently,
disturbances in the production, secretion and thickness of the mucus layer occur, promoting the
passage of bacterial components from the intestinal lumen into the circulation and peripheral
tissues, which ultimately leads to the development of systemic inflammation, adipogenesis, insulin
resistance and hyperglycemia [68]. Another study has shown that low fiber intake contributes to
the increase in the number of mucus-decomposing bacteria, including Akmermansia muciniphila and
Bacteroides caccae. The mucus layer becomes thinner, which leads to higher susceptibility to pathogens
inducing colitis [69].

Beside psychological distress and poor nutritional habits, the intake of the common, over the
counter medicines, PPIs and NSAIDs, was found to be responsible for particular digestive complaints.
However, such association with PPIs was lost, as presented by means of the FDR p value. Proton
pump inhibitors intake was identified as factor escalating the intensity of leaky gut syndrome
and gastric ulcers symptoms whilst NSAIDs shared these associations along with triggering the
sensitivity of the stomach. NSAIDs are absorbed in enterocytes, which further inhibits the oxidative
phosphorylation in the mitochondria and results in the destruction of TJs [70]. NSAIDs also inhibit
prostaglandin-endoperoxide synthase 1 and 2 (COX1 and COX2) previously shown to be responsible
for gastric and small intestine damage via altered secretion of gastric acid, mucus and bicarbonate
as well as decreased epithelial cell proliferation and blood flow [71]. Indeed, beside cell viability,
uninterrupted blood flow plays a fundamental role in the protection and healing of mucosa in the
colon [72]. Ghrelin administered to animals with dextran sulfate sodium -induced colitis restored both
the DNA synthesis, and normal blood flow contributing to the preventive effect against progression of
DSS-induced colitis [73]. Similar results were obtained for obestatin in the case of aceticacid-induced
colitis [74] and trinitrobenzene sulfonic acid (TNBS)-induced colitis [75]. PPIs were recognized as
important dysbiotic medicines increasing susceptibility to Clostridium difficile infection [76] as well
as small intestinal bacterial overgrowth, bacterial peritonitis, and poor outcomes in inflammatory
bowel disease [77]. In a very recent study le Bastard et al. found that both PPIs, and NSAIDs increased
the abundance of pathogenic Enterobacter, Escherichia, Klebsiella and Citrobacter or different genera of
family Enterococcaceae [78].

Lastly, we found that women’s experience of environmental factors, possibly leading to
microbiome alterations and digestive complaints, were more intense in comparison to men. The higher
frequency of intestinal problems in women was previously observed [79] probably due to the
menstrual cycle, with sex hormones modulating sensitivity to physical stress and perception of
visceral hypersensitivity [80]. Socio-cultural factors discussed earlier may be of relevance as well [51].
However, this association need to be taken cautiously, as it was evaluated that in the USA almost
all women of reproductive age with a history of sexual intercourse have used contraceptives in their
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lifetime [81]. In Poland contraceptive prevalence was found to be around 70% [82]. These issues may
be the cause of potential bias of the results presented in our study.

5. Conclusions

In our present study we surveyed a large sample of representative inhabitants of Poland which
is the key strength of the research. Our study however utilized a non-validated questionnaire
with symptom overlaps thus its results must be cautiously analyzed. In conclusion, we found that
gastrointestinal symptoms are common in the Polish population. In addition, psychological stress,
unhealthy diets and over the counter medication usage may be responsible, at least partly, for these
digestive complaints. Further attention should be focused on these environmental factors influencing
the gut-brain axis and thus public health. Our results should be confirmed with other validated
questionnaires (e.g., ROME IV criteria FGIDs questionnaire) and currently the effort to conduct new
studies has been undertaken at our center.
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