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SUMMARY

Objectives: The dietary composition is able to rapidly and significantly influence the diversity of the gut microbiome. This article focuses on how
various types of diet affect the composition of the gut microbiome and how dietary changes are able to prevent or slow down the development of
non-communicable diseases including obesity, type 2 diabetes mellitus, cardiovascular diseases, and low-grade inflammation.

Methods: A review in PubMed and a hand search using references in identified articles were performed. Studies published in English from

2000 to 2024 were included.

Results: The studies showed the significant effect of diet on the development of non-communicable diseases dependent on the state of the gut
microbiota and molecules it produces. The Western diet that continues to gain in popularity for Czech people, leads to dysbiosis and production
of bacterial lipopolysaccharide or trimethylamine N-oxide causing systemic chronic inflammation in the body and thus promoting the development

of non-communicable diseases.

Conclusions: Findings from this review emphasize the importance of healthy eating habits in the prevention of intestinal dysbiosis and still
increasing prevalence and incidence of obesity and other non-communicable diseases.
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INTRODUCTION

The gut microbiome, i.e., the organized community of micro-
organisms that inhabit the digestive tract, is gaining increasing
attention in the field of medical research. It is now known that the
gut microbiome exerts a major impact on digestion and a wide
range of physiological functions in the body and in the develop-
ment of a number of chronic non-communicable diseases.

Previous studies have suggested a link between the composi-
tion of the gut microbiome and the incidence of chronic diseases
such as idiopathic bowel disease (IBD), type 2 diabetes mellitus
(DM2), obesity, atherosclerosis, inflammatory skin diseases
(atopic eczema, psoriasis), etc. For example, IBD patients typi-
cally evince lower microbial diversity along with lower levels
of bacteria in the phyla Bacillota and Bacteroidota (formerly
the Firmicutes and Bacteroidetes), which may result in reduced
butyrate concentrations. Butyrate and other short-chain fatty acids
(SCFAs) are considered an energy source for intestinal epithelial
cells which strengthens gut barrier function and exerts an anti-
inflammatory impact in the gut (1). Dysbiosis, a disturbance in
the balance of the gut microbiome in terms of both its composi-
tion and function, has been demonstrated in patients with DM2.
Moreover, the functional analysis of such patients suggests a
decrease in butyrate-producing bacteria and an increase in op-
portunistic pathogens (2).

The afore-mentioned data demonstrates the importance of
the gut microbiome in terms of the prevention and treatment of
chronic non-communicable diseases (NCD). Finally, it is impor-
tant to mention that although the gut microbiome is influenced,
inter alia, by genetics, dietary history, stress factors, environment,
and other variables, diet exerts the most significant impact and
is the easiest factor to influence. In addition, intestinal integrity
plays an important role. Factors such as stress, an unbalanced
diet and the excessive intake of alcohol, antibiotics and other
medications, all have the potential to disrupt the balance of the
gut microbiome and the functioning of the gut barrier, which lead
to increased intestinal permeability (so-called “leaky gut”) and
the subsequent onset of leaky gut syndrome (3).

MATERIALS AND METHODS

A review of the topic was conducted in October 2023 em-
ploying the MEDLINE database accessed via the free-to-use
PubMed interface. Related studies were searched for applying
the keywords “gut microbiome”, “vegetarian”, “plant-based”,
“vegan”, “Mediterranean diet”, “Western diet”, “gluten-free”,

”, “cardiovas-

“diabetes mellitus”, “idiopathic bowel diseases”,
7, rotein”, “carbo-
b
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cular diseases”, “microbiota”, “obesity”,
hydrates” and “fat”. Only publications written in English and
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published between the year 2000 and the present were considered
in the review.

RESULTS

Macronutrients and Micronutrients

Changing the amounts of the dietary intake of macronutrients,
i.e., carbohydrates, proteins and fats, significantly affects the
composition of the gut microbiome. A diet high in fermentable
carbohydrates acts to quantitatively support the occurrence of the
beneficial Bifidobacterium, Prevotella, Ruminococcus, Dorea and
Roseburia bacterial genera (4).

Prebiotics, i.e., indigestible and non-absorbable food compo-
nents, play an important role in the gut microbiome. They enter
the large intestine unchanged and are utilized by the intestinal
bacteria (mainly Bifidobacterium spp. and Lactobacillus spp.)
to promote their growth, colonization and longevity. The most
important sources of prebiotics comprise oligosaccharides and
galactooligosaccharides. Several important substances are formed
during the fermentation of prebiotics, including SCFAs, e.g.,
butyric, propionic and acetic acids, and vitamins K and B12.
The microorganisms that produce SCFAs, the afore-mentioned
Bifidobacterium spp. and Lactobacillus spp., help to prevent the
development of the pathogenic genera of bacteria (5).

Artificial sweeteners such as sucralose and acesulfame K are
often advertised as a healthy substitute for sugar. However, in
recent years, a number of potential negative effects of the use
of such sweeteners have come to light. Artificial sweeteners
have been shown to adversely affect the diversity and function-
ing of the gut microbiome (6). One of the studies has suggested
that the consumption of aspartame and acesulfame K is more
likely to cause impaired glucose tolerance (prediabetes) than the
consumption of sugar (7). Neotame has been shown to reduce
gut microbiota diversity, decrease in Bacillota and increase in
Bacterioidota. Moreover, the metabolic profile was altered — the
concentrations of multiple fatty acids, lipids as well as cholesterol
in the faeces were consistently higher (8). In addition, aspartame,
sucralose and saccharin have been shown to have significant in-
hibitory actions on the Gram-negative bacteria quorum sensing,
the cell-cell communication system, which affect the balance of
the gut microbial community (9). On the other hand, polyols (e.g.
isomalt), a specific group of compounds used as food additives,
increases bifidobacteria numbers in healthy subjects and may
have prebiotic actions (10).

It has been suggested that diets that are high in saturated fatty
acids and trans-fatty acids lead to the overgrowth of pathogenic
bacteria (e.g. Bilophila) (4). Moreover, a range of studies have
suggested that diets high in saturated fats lead to a reduction in
the diversity of the gut microbiota compared to low-fat diets. On
the other hand, diets that contain monoenoic and polyenoic fatty
acids exert an anti-inflammatory effect and promote the growth
of beneficial bacteria (11).

The excessive intake of animal protein is associated with in-
testinal dysbiosis and a significantly higher risk of IBD. Animal
foods associated with the risk of IBD include the high consump-
tion of meat and fish in contrast to milk and eggs, which do not
act to increase this risk (12).

Micronutrients, especially vitamin D, are also essential for
the gut microbiome. This vitamin and its receptors play a key
role in the regulation of the functions of the gut microbiota and
the immune response. Vitamin D acts to suppress inflammatory
reactions and autoimmune diseases (13) and is considered one
of the protective factors against the development of IBD (14,
15). Low levels of vitamin D binding protein (VDBP) and total
25-OH vitamin D (vitamin D2 + vitamin D3) correlate with
the incidence of cancers, including breast, prostate and colon
cancer, and the development of DM2 (16). Studies in mice have
shown that vitamin D deficiency leads to reduced microbial
diversity, an altered gut microbiota composition and a higher
risk of ulcerative colitis (17). Humans are unable to extract
more than 20% of the recommended daily dose of vitamin D
from dietary sources. Around 80% is synthesized in the skin
via UV radiation from the sun. People with dark skin pigmen-
tation, infants, the elderly, obese patients — due to volumetric
dilution (18), and those with low UVB exposure (the use of
sunscreen, covering up with clothing, non-exposure to sunlight
during the day) may suffer from the insufficient synthesis of
vitamin D through the skin. The geographical location is also a
very important factor. Populations that live at higher and lower
altitudes are predisposed to vitamin D deficiency, especially
during the winter months (19). An increase in the solar zenith
angle causes UVB photons to travel a longer path, which
explains why there is minimal to no production of vitamin
D3 in the skin at higher latitudes (above ~35° latitude) from
November to March (20).

Vegetarian Diets

It is well known that the gut microbiome profile of vegetarians
differs from that of omnivores, the gut microbiomes of whom
contain bile-tolerant, potentially pathogenic microorganisms. A
strictly vegan diet is usually low in fats, consisting primarily of
monoenoic and polyenoic fatty acids, which leads to an increase
in the ratio of the Bacillota and Bacterioidota bacterial phyla.
Compared to a standard diet with its predominance of animal
fats, the vegan diet microbiota is characterized by the increase
of Proteobacteria genera, the increase of bacteria that ferment
dietary fibre such as Clostridium, Lactobacillus, Ruminococcus,
Eubacterium rectale, and Faecalibacterium prausnitzii and a
concomitant decrease in the beneficial Bifidobacterium spp.
strain (21).

As mentioned previously, the excessive intake of animal
protein may be associated with the development of intestinal
dysbiosis. The inclusion of plant protein sources in the diet al-
lows for the development of intestinal diversity. For example,
the consumption of pea protein increases the production of
the Bifidobacterium and Lactobacillus protective strains and
reduces the levels of Clostridium perfringens and Bacteroides
fragilis, which, although not pathogenic, may be threatening
if overgrown. A beneficial effect was also observed following
the consumption of walnut protein, which led to an increase in
the production of Ruminococcus spp. and Bifidobacterium spp.
strains and a concomitant decrease in Clostridium perfringens.
Vegetarian diets also contain higher amounts of fermentable
fibre, which acts as a substrate for the metabolism of gut bac-
teria (22).
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Mediterranean Diet and Western Diet

The Mediterranean diet, characterized by the high consump-
tion of local vegetables and fruits, the considerable representation
of fish in the diet and the moderate consumption of red wine, is
considered to be one of the world’s healthiest diets. It is rich in
complex carbohydrates, antioxidants and polyene fatty acids,
which act to prevent atherogenesis. Following the Mediterranean
diet correlates with the restoration of dysbiosis, i.e., eubiosis,
increases in the Bacteroides, Bifidobacterium, Lactobacillus,
Eubacterium, and Prevotella species and certain beneficial
Clostridium genus groups and decreases in the levels of potentially
pathogenic Proteobacteria and Bacillaceae (23).

In contrast, the Western diet leads to very serious problems
with concern to the incidence of obesity, cardiovascular diseases,
DM2, osteoporosis, and other chronic NCD. This diet is rich in
animal protein and fat, highly processed foods, salt, simple sugars,
and trans-fatty acids, while critically poor in fibre and both mono
and polyunsaturated fats. It is considered as a predominant trigger
implicated in development of IBD (24).

Meal, particularly a fatty meal, increases levels of lipopoly-
saccharide (LPS), which is able to cross the gut mucosa and to
enter into the systemic circulation via chylomicrons and promote
development of inflammation (25, 26). The long-term consump-
tion of the Western diet leads to significant changes in the gut
microbiome, which exerts a substantial impact on the entire
immune system, e.g., it promotes the development of systemic
chronic inflammation in the body (23). In addition, this diet
results in decreases in intestinal diversity and the representation
of Bifidobacterium, Lactobacillus, Eubacterium and an increase
in the representation of Blautia, Ruminococcus, Bacteroides,
E. coli, and total Enterobacteriaceae, which may include further
opportunistic pathogens (21, 27).

Moreover, diets rich in animal products like Western diet
contain large amounts of trimethylamine (TMA) precursors
derived by gut microbiota, which increase trimethylamine
N-oxide (TMAO) levels in the blood. In contrast, vegetarian diet
is associated with a lesser microbiota-derived TMA and TMAO
(25). Increased levels of TMAO are associated with various NCD
including DM2, heart failure, atherosclerosis, hypertension, and
cancer (28, 29).

Gluten-free Diet

A gluten-free diet is prescribed for those with celiac disease
or non-celiac gluten/wheat sensitivity, since strict adherence to a
gluten-free diet is currently the only effective treatment.

One of the most relevant studies in this area indicated a reduc-
tion in the Bifidobacteria and Lactobacilli genera and a relative
increase in opportunistic human pathogens, e.g., Bacteroides fra-
gilis, E. coli, Proteobacteria, Hemophilus, Serratia, and Klebsiella
in patients with celiac disease. These findings suggest that intes-
tinal dysbiosis in patients with celiac disease may be one of the
factors that triggers the disease (30). Other researchers detected
decreases in Lactobacilli, Eubacteria and Prevotella and increases
in Enterobacteria and Roseburia in patients diagnosed with celiac
disease (21). The analysis of patients with celiac disease who had
followed a gluten-free diet for at least two years revealed that
they had a gut microbiota composition comparable to that of the
healthy controls. This suggests that the gut microbiota of patients

with celiac disease may become normalized when following a
gluten-free diet (31). In contrast, other researchers observed only
restoration of the alpha diversity (microbial diversity within a
sample) but not the gut microbiome composition (32). This diet
is generally poorer in terms of fibre consumption due to the ne-
cessity to restrict the intake of whole grains. Thus, patients with
celiac disease should ensure that their diet contains sufficient fibre,
which, as mentioned previously, acts as a prebiotic. It is advised
that those with celiac disease replace cereals with pseudocereals
(buckwheat, quinoa, amaranth), which are naturally gluten-free
and rich in fibre. It is particularly important to consume fruit,
vegetables and legumes in sufficient quantities so as to meet the
recommended daily fibre intake requirement which is consistent
with proposals from other studies (33-35).

A certain percentage of the population has adopted a gluten-
free diet without the need to do so aimed at following a healthier
lifestyle. However, it is important to note that following a gluten-
free diet by healthy individuals even for four weeks changes the
gut microbiome composition and alters the activity of microbial
pathways (36).

Obesity

Obesity is a chronic disease and a global health problem that
has reached pandemic dimensions, and its incidence continues to
increase. Research on the gut microbiome has opened up new per-
spectives in terms of understanding obesity and the introduction
of new treatment approaches. The gut microbiota has been linked
to the regulation of the energy metabolism, immune responses
and inflammatory processes in the body (37). Both animal and
observational studies in humans suggest that excessive weight
gain and inflammation in the body correlate with the occurrence
of dysbiosis (38). A recent systematic review of the analysis of
60 studies on this topic reported the increased prevalence of the
Proteobacteria genus, i.e., gram-negative bacteria that may con-
tain endotoxins and exert a pro-inflammatory effect, as the most
common association in obese patients. The composition of the
gut microbiome, including Proteobacteria, is strongly influenced
by dietary habits (39).

Forming an understanding of the relationship between the gut
microbiota and adipose tissue has the potential to allow for the
determination of new intervention strategies for the treatment of
obesity. A range of studies have demonstrated the interaction of
the gut microbiota in relation to the function of adipose tissue (40).
The gut microbiome is able to influence adipose tissue through
secreted metabolites and microbial components that subsequently
enter the blood circulation system, via which these molecules are
able to reach the adipocytes themselves. The chemical nature of
these molecules is diverse and includes SCFAs, pattern recogni-
tion receptors (PRR), ligands, flavonoids, indoles, and others (41).

Intestinal microorganisms play an important role in the inflam-
matory response. The communication of gut microbes with the
immune system is able to induce or suppress inflammation. A
varied, wholesome diet contributes to the production of SCFAs,
which are associated with a reduction in inflammation and an
increase in satiety (42). LPS, also play an important role in terms
of initiating the inflammatory responses associated with obesity
and insulin resistance. LPS infiltrate adipose tissue and the liver
after entering the bloodstream and trigger an innate immune
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response (43). Intestinal dysbiosis may thus be a source of LPS,
which penetrate the bloodstream and continuously activate the
human immune system especially in cases of enhanced intestinal
permeability. Consequently, the human body experiences chronic
low-grade inflammation, which contributes to the development of
autoimmune diseases such as celiac disease, IBD, irritable bowel
syndrome (IBS), obesity, etc. (3).

Type 2 Diabetes Mellitus

Type 2 diabetes mellitus is a NCD characterized by insulin
resistance with absolute or relative insulin deficiency. Global
data from the International Diabetes Federation (IDF) states that
in 2021, approximately 537 million adults suffered from DM2.
This is expected to rise to nearly 642 million adults by 2030. This
situation may put significant economic pressure on the global
health system (44).

The gut microbiota of DM2 patients is characterized by an in-
creased presence of pathogenic and opportunistic Gram-negative
bacteria at the expense of commensal microorganisms. In par-
ticular, there is an increase in Clostridiales, £. Coli, Bacteroides
caccae, Lactobacilli, Prevotella copri, Bacteroides vulgates and
Eggerthella sp. (45-47). A study analysing the gut microbiome
of individuals with insulin resistance showed that the serum
metabolome of individuals with insulin resistance is character-
ized by elevated levels of branched-chain amino acids (BCAAs),
which correlates with a gut microbiome. The bacterial species
Prevotella copri and Bacteroides vulgatus have been identified
as the main species underlying the association between BCAA
biosynthesis and insulin resistance. In an animal model, P. copri
has been shown to induce insulin resistance, exacerbate glucose
intolerance and increase circulating BCAA levels (45).

Cardiovascular Diseases

According to the World Health Organization (WHO), globally,
cardiovascular diseases (CVD) are the leading causes of death.
Nearly 18 million people die each year from CVD causes. One
recent study investigating the relationships between the gut
microbiome, blood lipids and heart failure identified six gut mi-
crobial taxa with a potentially causal effect on heart failure, with
Bacteroides dorei being the most significant (48).

Since LPS is able to enter the systemic circulation, it may
lead to atherosclerosis, possibly via chronic inflammation, and
thrombosis. From a clinical viewpoint, increasing Bacteroides
abundance in the gut could potentially be a new therapeutic ap-
proach to prevent CVD because of its ability to reduce faecal LPS
levels (49). Gut microbiota produces molecules such as TMAO,
which may be implicated in atherosclerosis and thrombosis. Clini-
cal study demonstrates that plasma levels of TMAO predicted
CVD such as myocardial infarction, stroke and cardiovascular
death (50, 51).

CONCLUSION

Studies conducted to date have indicated that diet significantly
influences the composition of the gut microbiome and contributes
to the functioning of the immune system and the pathogenesis of

chronic NCD. The most frequently cited nutritional approaches
positively influencing the gut microbiome include the sufficient
consumption of fibre, i.e., whole grain cereals, pseudocereals,
vegetables, fruit, legumes, and nuts. The latest guidelines is-
sued by health organizations recommend the consumption of 30
grams of fibre per day. In addition, fermented foods (e.g., kimchi,
kombucha, tempeh, sauerkraut) and fermented milk products
containing probiotic bacteria should be incorporated into the
diet. In general, fresh, unprocessed foods should be preferred
to highly processed foods that contain artificial sweeteners and
other additives, accompanied by the moderate consumption of
animal proteins, saturated fats, simple sugars, and food additives.
Although the gut microbiome has been studied in the context
of nutrition for many years, many questions remain unanswered
including, for example, how the various microorganisms of the
gut microbiota mutually interact and how to positively influence
the environment in the gastrointestinal tract. Moreover, we still
do not fully understand the long-term effects of dietary changes
on the microbiome and overall health. Thus, further research is
necessary so as to better understand the origin of NCD. The latest
available technologies that allow for the study of the microbiome
at the metabolite level (metabolome) have significant potential
in terms of the shift toward personalized medicine approaches.
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