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ABSTRACT

Introduction and Purpose. The gut microbiome has been the focus of scientific attention for many years. Modification of
its composition are used in the prevention and treatment of many diseases. The aim of this review is to summarise the current
knowledge about the role of the gut microbiome in cardiovascular diseases, using atherosclerosis as an example.

Materials and methods. A literature review was carried out using the professional PubMed database. Articles were searched
using keywords such as: "gut microbiome", "atherosclerosis", "diet", "physical activity".

State of knowledge. The review describes the mechanism linking the gut microbiome to atherosclerosis and the differences
in the composition of the gut microbiota in people with atherosclerosis risk factors compared with healthy individuals. The
effect of probiotics on atherosclerotic lesions and the role of appropriate donor selection in faccal microbiota transplantation
(FMT) are discussed. The review describes also how the composition of the gut microbiome affects physical performance.
Summary. The gut microbiome plays a huge role in the human body. It affects the health of the entire body including the
cardiovascular system. The composition of the intestinal microbiota varies between individuals. It has been found that the
microbiome of people with risk factors for atherosclerosis is dominated by pro-inflammatory bacteria. The possibility of
modifying the composition of the microbiome through diet, physical activity and the use of probiotics offers hope for the
contribution of the gut microbiota to the prevention and treatment of atherosclerosis.
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Introduction

Today, cardiovascular diseases are the leading cause of human mortality worldwide. Atherosclerosis is
most responsible for their occurrence [1]. This progressive inflammatory disease involving mainly the
subendothelial space (tunica intima) of medium and large arteries often leads to complications such as
myocardial infarction. Risk factors for developing this condition include hypertension, obesity and
hypercholesterolemia [2]. In recent years, researchers have emphasized the importance of the gut microbiome
in the development of atherosclerosis. Among other things, gut bacteria affect cholesterol metabolism [1]. Diet
and physical activity also affect the microbiome [3]. Modifications in the composition of the gut microbiota
are also possible through the use of probiotics [4]. Bacteria of the gut microbiome with anti-inflammatory
properties may play a key role in the prevention and treatment of atherosclerosis.

Purpose

The purpose of this review is to assess the impact of the gut microbiome on selected risk factors for
atherosclerosis, and thus this condition. Modification of the composition of the gut microbiota is possible
through diet, physical activity and the use of probiotics. The goal is also to determine whether appropriately
selected bacterial strains of the intestinal microbiome can be used as a form of prevention of atherosclerosis
by affecting its risk factors and participate in the treatment of this condition.

Materials And Methods
A literature review was conducted using the professional PubMed database. Articles from 2015 to 2024

9% ¢ ER N3 99 ¢

were included. Search terms: “gut microbiome”, “gut microbiome and atherosclerosis”, “probiotics”, “gut

<

microbiota transplantation (FMT) and atherosclerosis”, “hypertension”, “obesity”, ‘hypercholesterolemia’,

LN

“diet and microbiome”, “physical activity and microbiome”. The retrieved articles were analysed.
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The gut microbiome

The gut microbiome is now treated as an organ of the human body. Its functions are not only
participation in digestion and metabolism, but also influence the immune system. The human intestinal
microbiota includes 5 main types of bacteria: Bacteroidetes, Firmicutes, Actinobacteria, Proteobacteria and
Cerrucomicrobia [5]. The intestinal microbiota primarily colonizes the colon, where conditions are
predominantly anaerobic. Therefore, in a healthy body, the anaerobic bacteria Bacteroides and Firmicutes
make up the majority. However, the composition of the gut microbiome differs in everyone. It is influenced
not only by genetics, but also by antibiotic use, lifestyle, hygiene and diet [6].

Many studies have been conducted showing differences in the composition of the gut microbiome in
healthy people and those with cardiovascular disease. It has been observed that the gut microbiome differs in
patients with a cardiac burden.

Dysbiosis and the link between gut microbiota and cardiovascular disease

Diseases cause changes in the composition of the intestinal microbiota. This phenomenon is referred to
as dysbiosis. These changes include diversity and stability. The microbiome interacts with the body through
multiple metabolic pathways. It is sometimes compared to an endocrine organ [7]. The main pathway
associated with atherosclerosis is the trimethylamine/ trimethylamine N-oxide (TMA/TMAQO) pathway. From
quaternary amines derived from the diet (mainly meat and eggs), choline, carnitine and lecithin, among others,
the intestinal microbiota bacteria produce trimethylamine (TMA). It is then absorbed by the intestinal
epithelium and oxidized to trimethylamine N -oxide (TMAO) [8]. Bacteria of the Clostridia and
Enterobacteriaceae families are mainly responsible for this transformation. This compound exhibits pro-
inflammatory properties, increasing the production of pro-inflammatory cytokines (TNF- alpha, IL-1B), and
decreasing the production of anti-inflammatory factors (IL-10) [9]. It also promotes thrombotic events by
increasing platelet activity [10]. TMAO is mainly excreted via the renal route [9].

The gut microbiota has been linked to the pathogenesis of many diseases including cardiovascular
disease also through metabolism-independent processes. Studies have shown that heart failure causes
congestion of the visceral circulation and impairs intestinal function, resulting in translocation of bacteria and
the presence of their products in the circulation, thereby increasing inflammation [11].

Bacterial species

Differences were observed in the composition of the gut microbiome in patients with cardiovascular
burden compared to healthy individuals.

Studies have shown that atherosclerotic plaques contain bacterial DNA. Fecal samples from people with
atherosclerotic cardiovascular disease (ACVD) were analyzed and compared with fecal samples from healthy
people. In the diseased individuals, a lower percentage were fermentative bacteria and a higher percentage
showed inflammatory potential [12].

In patients with coronary artery disease (CAD), most often resulting from atherosclerosis, the number
of Bacteroidetes ( Bacteroides + Prevotella ) decreased [13]. However, the proportion of Firmicutes bacteria
increased relative to Bacteroidetes [14].

Animal model studies have shown an association between the composition of the gut microbiome and
the severity of myocardial infarction. In rodent model studies, administration of Lactobacillus plantarum was
associated with a significant reduction in infarct size and improved left ventricular function after myocardial
infarction. A study in an animal model showed that administration of Lactobacillus rhamnosus attenuated left
ventricular hypertrophy and heart failure after experimental myocardial infarction [15]. A study of human
atherosclerotic tissue showed that the nucleic acid component of Lactobacillus rhamnosus is present in high
amounts especially in stable atherosclerotic plaques [16]. These observations may suggest that the use of
appropriately selected probiotics may provide additional treatment benefits in cardiac patients, such as
reducing the severity of heart failure after myocardial infarction and increasing the stability of atherosclerotic
plaques [15, 16].

Another studies have shown that Lactobacillus plantarum in patients with stable coronary artery disease
reduces the inflammatory cytokines IL-8 and IL-12. This suggests the possibility of using this bacterium as an
agent to inhibit the progression of coronary artery disease [17].

Hypertension

Hypertension is one of the main risk factors for atherosclerosis. Research suggests that the gut
microbiome influences the pathogenesis of this condition mainly through short-chain fatty acids (SCFAs).
Specific microorganisms that make up the microbiota produce SCFAs in the gut from dietary fiber. These
acids include acetate, propionate and butyrate. Their levels in the blood and feces depend on the composition
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of the gut microbiota and the fiber content of the diet. Acetate and propionate are primarily absorbed through
the intestines, in contrast to butyrate, which is used as an energy source [18]. Butyrate is produced by bacteria
in the Ruminococcaceae and Lachnospiraceae families, as well as Anaerobutyricum hallii and Anaerostipes
spp, among others. In contrast, Bifidobacterium spp. and mucin-degrading bacteria such as Akkermansia
muciniphila produce acetate and propionate [19]. Higher fecal SCFA concentrations have been observed in
hypertensive people. Additional studies are needed to assess whether this is due to their poorer absorption.
Lower diversity of the gut microbiota in hypertensive patients has also been described. Greater diversity was
associated with lower intestinal permeability [20].

Differences were found in the composition of the gut microbiome in patients with and without
hypertension. The first group was found to have a lower abundance of bacteria producing short-chain fatty
acids (SCFAs), such as Bifidobacterium, Enterococcus and Lactobacillus. Gram-negative bacteria that are a
source of lipopolysaccharides (LPS) predominated. These compounds have pro-inflammatory properties [21].
The abundance of Klebsiella, Streptococcus and Parabacteroides increased [22].

Diet also has a huge impact on the development of hypertension. Foods high in salt affect the gut
microbiome and increase blood pressure. It has been found to reduce the number of lactobacilli in the gut.
Studies in a mouse model have shown that this interaction is directly related to hypertension induced by a salt-
rich diet, as Lactobacillus supplementation lowers blood pressure in salt-sensitive hypertensive mice. [23]

Obesity

Another risk factor for atherosclerosis is obesity. The composition of the gut microbiome varies with
body weight. Studies have shown that the population of bacteria from the genera Akkermansia,
Faecalibacterium and Oscillibacter decreases in obese people [24]. On the other hand, bacteria from the
Enterobacteriaceae family, which exhibit pro-inflammatory effects, are more numerous. After weight
reduction, the population of these bacteria decreased significantly [25].

Among other things, obesity is accompanied by an increase in serum leptin levels. This leads to
resistance of the central nervous system (CNS) to this substance and its appetite suppressing effect is reduced
[26]. In a human model study, administration of Lactobacillus rhamnosus was shown to have an anti-obesity
effect by affecting leptin levels. The SCFAs produced by this strain, mainly acetate, propionate and butyrate,
were found to reduce circulating leptin levels. Lactobacillus rhamnosus reduces the leptin resistance found in
obesity [27]. In a study, supplementation with Lactobacillus rhamnosus GG (LGG) was shown to improve
exogenous leptin sensitivity in obese mice given a high-fat diet [28].

Hypercholesterolaemia

The gut microbiome is involved in the metabolism of bile acids and cholesterol [29]. Bacteria can
convert cholesterol into coprostanol. This compound is mainly excreted in the feces and is poorly absorbed.
Bacteria of the genus Lactobacillus and Eubacterium are responsible for this conversion, but the bacterial
enzymes are not fully understood. Cholesterol is mainly absorbed in the small intestine, but the production of
coprostanol from cholesterol is greatest in the large intestine [30].

One of the main risk factors for cardiovascular disease is hypercholesterolemia. Studies have shown that
SCFA-producing bacteria have a beneficial effect on cholesterol levels. Administration of Bifidobacterium
and Lactobacillus strains to mice with hypercholesterolemia decreased the LDL fraction of cholesterol and
increased the HDL fraction and propionic acid belonging to SCFAs [31].

First-line drugs for the treatment of hypercholesterolemia are statins. They lower LDL cholesterol levels.
Their effectiveness is inter-individually variable. Diet and physical activity play a major role in treatment. The
influence of the gut microbiome on the effectiveness of statins has been studied. Statins have been shown to
reduce TMAO, which increases the risk of cardiovascular events [32]. The response to statin treatment has
been studied in relation to the composition of the gut microbiome. It was shown that statin-sensitive patients
had a higher proportion of bacteria from the genera Lactobacillus, Eubacterium, Faecalibacterium and
Bifidobacterium, and fewer bacteria from the genus Clostridium compared to the statin-resistant group. The
bacterial diversity of the microbiome was higher in the statin-responsive group [33]. The statin-resistant group
showed higher TMAO [34].

The composition of the gut microbiome in statin-treated and healthy patients was also compared. The
former group showed increased abundance of Faecalibacterium prausnitzii and Akkermansia muciniphila,
which exhibit anti-inflammatory effects, and lower abundance of Bifidobacterium bifidum, a bacterium
associated with bile acids [35].
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Physical activity

Physical activity is a recognized factor in reducing the risk of cardiovascular disease. A study of a group
of people without cardiovascular disease found that low, moderate and high intensity physical activity reduces
the risk of atherosclerosis in the coronary and carotid arteries compared to a sedentary lifestyle. Low-intensity
physical activity does this to a lesser extent than moderate and heavy exercise [36]. Other researchers have
found that the effect of physical activity on the body depends on gender. Regular aerobic activity compared to
a sedentary lifestyle resulted in a 36% reduction in cardiovascular mortality in women and a 14% reduction in
men [37].

Physical activity is a key element in the treatment of obesity, one of the risk factors for atherosclerosis.
It not only allows weight reduction, but also has a beneficial effect on the diameter of arteries. The type of
physical activity is important. We studied how high-intensity interval training (HIIT) and moderate-intensity
continuous training (MICT) affect blood vessels in obese adults with a previously sedentary lifestyle. HIIT
was assessed to dilate arterial endothelium in a flow-dependent manner, while MICT increased resting arterial
diameter after 8 weeks. Measurements were made using the brachial artery as an example [38].

Many studies have shown that aerobic exercise lowers blood pressure in people with hypertension.
Moderate-intensity exercise shows the same hypotensive effect as more intense exercise. Intensity was
determined by maximal oxygen consumption. Lower energy expenditure and shorter training time in the form
of more intense (>70% of maximal oxygen uptake) intermittent aerobic and anaerobic exercise have also been
shown to effectively lower blood pressure in hypertensive patients [39].

Physical activity also affects the microbiome. Studies have shown that athletes have a greater diversity
of gut microbiota bacteria compared to people with sedentary lifestyles [40]. More types of health-positive
bacteria, such as Akkermansia, Veillonella, Prevotella, were detected in physically active individuals [41].
However, the diets of physically active and inactive people differed significantly, so it is impossible to
determine conclusively whether the changes in the composition of the microbiome were due to the exercise
used, since diet also has a huge impact on the microbiome. Other studies have shown that the composition of
the gut microbiome can affect the physical fitness of the host. More fecal SCFAs have been observed in
physically active individuals who exercise regularly [42]. These compounds are involved in glucose,
cholesterol and lipid metabolism, and are used as an energy source [43]. It has also been discovered that lactate
produced by skeletal muscle during anaerobic exercise is a substrate for, among others, the species Veillonella
atypica, which produces propionate belonging to SCFAs. In an animal model, this strain has been shown to
improve running performance due to the energy derived from propionate. This compound was formed from
the conversion of lactate produced during exercise [44].

Diet

Diet plays a significant role in the prevention and treatment of atherosclerosis and cardiovascular disease.
It has a huge impact on the gut microbiome and changes in its composition.

Certain nutrients help multiply beneficial gut bacteria. These include omega 3 polyunsaturated fatty
acids, green tea, vegetables, fruits and extra virgin olive oil [25].

Three types of diets are mainly mentioned in the prevention of cardiovascular disease: the Mediterranean
diet, the DASH (Dietary Approaches to Stop Hypertension) diet and the plant-based diet [45].

The Mediterranean diet is rich in prebiotics, thus stabilizing the intestinal microflora. It increases the
diversity of the gut microbiome, as does a diet low in carbohydrates and fat. It has been observed that following
a Mediterranean diet increases the number of SCFA-producing species such as Clostridium leptum and
Eubacterium rectale. The proportion of Bifidobacteria, Bacteroides, Faecalibacterium prausnitzii species also
increases, while the number of Firmicutes and Blautia bacteria is reduced. These changes have a beneficial
effect on the host organism [46].

The effects on the gut microbiome of the low-calorie DASH diet and the low-carb diet were compared.
The former group showed a large decrease in TMAO and lipopolysaccharides compared to the low-calorie diet
group [47].

There are known differences in the composition of the gut microbiota in people who follow a vegan diet
compared to meat eaters. Following a vegan diet results in an increase in the number of Bifidobacterium and
Lactobacillus bacteria due to the high amount of polyphenols. These bacteria exhibit anti-inflammatory effects.
Prevotella, Bacteroides and Clostridium bacteria are also on the rise. These bacteria convert fiber to SCFAs [48].

e-ISSN: 2544-9435 5



4(48) (2025): International Journal of Innovative Technologies in Social Science

Probiotics, prebiotics and synbiotics

Probiotics, prebiotics and synbiotics are also used to modify the composition of the intestinal microbiota.
Probiotics are supplements containing live organisms that favorably influence the composition of the intestinal
microbiota [4]. Their natural sources include cucumbers and sauerkraut. Prebiotics are substrates used by these
bacteria. The most common are inulin and oligofructose found in garlic and chicory, among others, as well as
lactulose, fructooligosaccharides and galactooligosaccharides [49]. Studies in an animal model have shown
that the use of prebiotics improves glucose tolerance and insulin resistance, among other effects [50].
Synbiotics are a combination of a probiotic and a prebiotic [51].

Most probiotics contain SCFA-producing bacteria, such as Bifidobacterium and Lactobacillus [52]. These
are the best studied strains of probiotic bacteria. Among other things, their effects on lowering cholesterol have been
studied. Meta-analyses have shown that supplementation with Bifidobacterium lactis, Lactobacillus acidophilus and
Lactobacillus plantarum reduce total cholesterol [53]. The greatest reduction in LDL cholesterol was achieved in
patients supplementing Lactobacillus plantarum and Lactobacillus reuteri [54].

A well-known mixture of probiotic bacteria is VSL-3. It contains eight strains: Bifidobacterium breve,
Bifidobacterium longum, Bifidobacterium infantis, Lactobacillus acidophilus, Lactobacillus plantarum,
Lactobacillus paracasei, Lactobacillus bulgaricus and Streptococcus thermophilus [55]. Studies have shown
that it attenuates pro-inflammatory effects. In mice fed a fat-rich diet, VSL-3 supplementation reduced fat
deposition in the aorta and resulted in a reduction in atherosclerotic lesion area similar to telmisartan. However,
the combination of VSL-3 and telmisartan did not increase atherosclerotic lesion reduction [56].

Faecal microbiota transplantation (FMT)

Fecal microbiota transplantation (FMT) is mainly associated with the treatment of recurrent Clostridium
difficile infections. However, FMT is also known to be used in the treatment of chronic conditions. The super
donor effect has been described. It relies on the fact that the success of the treatment depends on the
composition of the donor's stool, demonstrating the importance of its proper selection for a given condition.
The donor microbiome colonizes the recipient's body and multiplies. When properly selected, there should be
a noticeable improvement in clinical symptoms [57]. The disadvantage of this treatment modality is the
possibility of viral transplantation [58].

The role of FMT in the treatment of obesity, one of the risk factors for atherosclerosis, has been studied.
Transplanting microbiota from a lean donor for a patient with metabolic syndrome resulted in an increase in
insulin sensitivity in the recipient [59]. Studies have shown that FMT from a properly selected donor can
increase the diversity of the microbiome [49].

The use of FMT in the treatment of cardiovascular disease requires a careful analysis of the balance of
benefits and losses and a very thorough donor screening [60].

Summary

The gut microbiome is of great interest to researchers. Its role is not limited to the digestive system. The
gut microbiota and its metabolites affect a number of other systems, including the cardiovascular system. The
most common cause of cardiovascular disease is atherosclerosis. Specific species that make up the gut
microbiome play an important role in the pathogenesis of this condition by, among other things, producing
TMAQO. The composition of the gut microbiome differs in people who have risk factors for atherosclerosis,
such as hypertension, obesity, or hypercholesterolemia compared to healthy individuals. Bacterial species that
produce short-chain fatty acids (SCFAs) play an important role. Adequate diet and physical activity are of
great importance in the prevention and treatment of atherosclerosis by, among other things, inducing changes
in the composition of the gut microbiome. Analysis of the microbiome can be used to predict a patient's
response to statins. However, more detailed research in this area is needed.

Probiotics can be used in the prevention and treatment of atherosclerosis, but it is necessary to select
them appropriately in terms of composition. Knowledge of efficacy varies from strain to strain, making it very
difficult to compare and identify a specific probiotic. The use of fecal microbiota transplantation (FMT) in the
treatment of cardiovascular disease requires additional research. A thorough study of donors is important. At
present, more detailed research is needed to identify specific bacterial strains that can be used in the prevention
and treatment of atherosclerosis. This is difficult due to their different mechanisms of action. Further analysis
of differences in the composition of the gut microbiome in people with atherosclerosis or its risk factors may
provide additional information on the role of the microbiome in the prevention and development of
cardiovascular disease, and enable appropriate regulation of the composition of the gut microbiome.
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