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ABSTRACT
The aim: To analyze the relationship between non-alcoholic fatty liver disease and changes in the gut microbiota.
Materials and methods: The publications of domestic and foreign editions in the databases of the United European Gastroenterology (UEG) Journal, PubMed, MEDLINE, Web
of Science were processed and analyzed.
Conclusions: In recent years, non-alcoholic fatty liver disease was placed among the important diseases in gastroenterology. During this time, more and more data appear
on the link between changes in the human intestinal microbiome and the development of metabolic diseases, including NAFLD. Contemporary research has indeed found
evidence of such a relationship. Thus, some strains of microorganisms have been identified in more detail, which directly or indirectly affect the development or course of the
above-mentioned disease. For a better understanding of the strategies for the treatment of pathologies, it is necessary to delve into the study of etiological factors, therefore,
NAFLC cannot be considered a pathology that has been sufficiently studied. Indeed, recent data indicate that the development and severity of the course of the disease are not
always associated with the physiological processes already known to us.
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INTRODUCTION

Currently, non-alcoholic fatty liver disease (NAFLD) is
the leading cause of chronic liver disease worldwide, even
in developed countries, and the number of patients is
constantly growing. The worldwide prevalence of NAFLC
is reported to be 24% [1]. NAFLD is very common in
South America and the Middle East, followed by Asia, the
United States and Europe (31%, 32%, 27%, 24% and 23%,
respectively), while there are fewer NAFLD patients in
Africa (14 %). This pathology often has similar symptoms
with other metabolic disorders, including type 2 diabetes
and obesity. Recent studies have highlighted the role of
gut microbiota composition in the pathophysiology of
many diseases. With regard to NAFLD, experiments
carried out using gut microbiota transplantation in animal models that did not have a tendency for NAFLD,
showed that the development of fatty liver disease is
associated with intestinal bacteria. Moreover, in patients
with NAFLD, changes in the composition of the intestinal
microbiota were observed.

THE AIM

Analyze the relationship between non-alcoholic fatty liver
disease and changes in the intestinal microbiota based on
the studies and works already described.

MATERIALS AND METHODS

To achieve this goal, publications of domestic and foreign
publications found by stated keywords “Non-alcoholic
liver disease”, “changes in the intestinal microbiota”, “overweight”, “obesity” in the databases of the United European
Gastroenterology (UEG) Journal, PubMed, MEDLINE,
Web of Science were processed and analyzed.

REVIEW AND DISCUSSION

The microbiome of the gastrointestinal tract is represented
by different bacteria, both quantity and quality. Their highest level and diversity are presented in the colon. Dominant
groups of bacteria were presented by Firmicutes, Proteobacteria, Actinobacteria and Bacteroidetes. High levels of
the latter correlated with higher individual susceptibility
to pathologic conditions, including obesity. [2] However,
to talk about the similarities in microbiota compositions at
the population level is difficult and incorrect. After all, even
identical twins have different microbiomes. [3] It is known
that in the large intestine many bacteria coexist, including such important for its proper functioning bacteria as
Escherichia coli (E. coli), Campylobacter jejuni, Salmonella
enterica, Vibrio cholerae and Bacteroides fragilis, usually in
very low quantities (<0, 1% intestinal microbiome). [3,4]
The microbiome differs in the same parts of the intestine,
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depending on its proximity to the intestinal mucosa. Thus,
Bacteroides, Streptococcus, Bifdobacterium, Enterobacteriaceae, Enterococcus, Clostridium, Ruminococcus and
Lactobacillus inhabit the parts that are farther from the
mucosa, while Clostridium, Lactobacillus, Enterococcus
and Akkermansia are located closer to its surface. [5] The
composition of the microbiome is influenced by many
external factors, such as diet, birth method, geographical
location, genetics, etc. [6,7] The composition of the microbiome is unique to each person, but changes may occur
during a lifetime and can affect the immune, metabolic
and phenotypic processes of the host. [8] As stated by
such authors as Kovacs and others, we it can be stated that
genetics play a key role in the formation of the intestinal
microbiome, as shown by studies on mice. [9] However,
human subject research provide different results and so,
even in genetically related individuals the structure of the
intestinal microbiota didn`t have much similarities. [10,11]
Various manipulations that affect the change of intestinal
microbiota lead to worsening or improvement of the course
of a disease, and sometimes – to development of new diseases in a person. It is believed that the the link between
the biological processes of the intestinal microbiota and the
development of liver diseases is observed from the moment
of fetal development, because the formation of the liver
begins directly from the foregut. This link remains after
birth, as the liver receives 75% of the blood flow from the
intestinal portal. [12] The connection between the human
microbiome and the development of NAFLD was first proposed in 1980, when patients with concomitant NAFLD
underwent surgical bypass of the intestine, followed by the
prescription of antibacterial drugs. Antibacterial therapy
improved the course of NAFLD . [13]
Different studies on humans and animals, clearly outlined the connection between dysbacteriosis and NAFLD
[14,15], as well as the severity of the latter. [16] According
to Spencer et al. it was found that along with the decrease in
choline levels, the accumulation of fat in the liver depended
on the level of Erysipelotrichia and Gammaproteobacteria
in the intestine. Thus, according to these data, a higher level
of Erysipelotrichia was observed in patients with a higher
level of NAFLD, and a higher level of Gammaproteobacteria – on the contrary, was found in patients with a low
NAFLD development. Comparisons were made between
the two groups – underweight and obese patients. It was
found that patients with NAFLD had an increase in the
level of gram-negative bacteria (Bacteroidetes up to 20%)
and a decrease in the level of Firmicutes (SCFA-producing
Lachnospiraceae, Lactobacillaceae and 7α-dehydroxylating
Ruminococcaceae) to 24% compared to patients without
obesity. However, in patients with NAFLD, there was an
increase in the number of opportunistic pathogenic microorganisms that produce lipopolysaccharides, compared
to the other group of patients. [17]
In 2017, new data emerged stating that even different
forms of nonalcoholic fatty hepatosis are accompanied
by different balance ratios of the intestinal microbiota.
Thus, according to the Loomba et al, in patients with
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mild to moderate severity forms of NAFLD, a higher level
of Firmicutes was observed compared to patients with
severe fibrosis. In regards to Proteobacteria the situation
was different – higher levels were found in patients with
severe forms of fibrosis. In turn, Eubacterium was observed in higher numbers in patients with mild forms of
fibrosis, while elevated levels of E. coli were detected in
later stages of NAFLD, however, in this group of patients
there was a decreased level of Ruminococcus obeum and
E. Rectale [18] There was also other evidence of a relationship between intestinal microbiota imbalance and the
development of NAFLD. Studies involving other classes of
the intestinal microbiota, such as Allisonella and Parabacteroides, as well as Anaerosporobacter and Faecalibacterium, have shown that the former were more common in
patients with a concomitant diagnosis of NAFLD than the
other three [19].
According to Mouzaki et al. lower levels of Bacteroidetes
were also observed in patients with nonalcoholic hepatosis,
compared to patients without fibrosis. Moreover, according
to these data, significant differences in the composition
of the intestinal microbiota between patients with mild
fibrosis and healthy patients were not found. [14]
Despite data on the influence of genetic factors on the
composition of the hosts` intestinal microbiota, it is known
that changes in the relation of different species of bacteria
also depend on lifestyle, including malnutrition, urbanization, reduced physical activity, worsened living conditions,
uncontrolled use of antibiotics and improved hygiene. All
of these factors affected the composition of our microbiota,
as well as the emergence of so-called diseases of modern
civilization, which contributes to changes in the microbiota
and morbidity. [20] Diet is considered to be one of the most
powerful aspects of microbial communities [21,22]. Studies
have shown, that such changes in diet, like inclusion of high
levels of sugar and fat, deeply affected the gut microbiota,
with changes in the relation of Firmicutes to Bacteroidetes
and an abrupt decrease in bacterial variety[23,24]
Recent data show that the appointment of antibacterial
drugs, as the main method of treatment of many diseases
today, leads to a significant reduction of important for
the proper functioning of the body, microorganisms, and
sometimes their disappearance from the patient’s microbiome. [25] Instead, the literature describes data on the positive effects of prescribing antibacterial drugs, in particular
in the treatment of NAFLD. Models were described, in
which treatment with antibacterial drugs lasting 6 months,
mainly the subsequent use of norfloxacin and neomycin,
led to a decrease in bacterial growth of the microbiota
in the intestinal lumen, which improved the course of
NAFLD, as well as improved liver function in cirrhosis.
[26] According to Gangarapu V et al., administration of
rifaximin may reduce circulating endotoxin (LPS) and
alanine aminotransferase levels in patients with NAFLD.
[30] Back in 2008, Wu W showed that experimental oral
administration of cidomycin increased the rate of transit
through the small intestine and decreased the serum alanine aminotransferase, aspartate aminotransferase and
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tumor necrosis factor-α levels in rats with NASH, indicating the cydamicins potential for lowering NASH activity
by changing the gut microbiome. [27]
However, recent reports show an increasing trend
towards antibiotic resistance, so the widespread use of
antibiotics is currently accompanied by a highly negative
health response.
In recent years, there have been reports of a positive effect
from intensive growth of some microorganisms on human
health, namely, it was found that Akkermansia muciniphila
is involved in the destruction of mucin, which, in turn,
is positively correlated with weight loss and reduction of
NAFLD risk. [28]
According to the latest EASL / EASD / EASO recommendations, pharmacological treatment of NAFLD begins only
when liver fibrosis is confirmed. In other cases, non-pharmacologic methods are use, which mainly consist of lifestyle
changes. However, the recommendations do not include
any treatment aimed at correcting the composition of the
intestinal microbiota, as this issue is not sufficiently studied.
Despite all the factors, at the moment diet remains one
of the universal methods of influencing the composition of
the microbiota. It is known that the entire human microbiome is actively involved in digestion. Its main role is to
breakdown and absorb substances from food. Substances
that penetrate the epithelial barrier, affect even the most
remote cells of the body, using the bloodstream as a method
of transportation. [29] This is supported by descriptions
of L-carnitine metabolism, which is contained mainly in
red meat. Gut microorganisms and the liver convert it
into trimethylanin N-oxide, which leads to the development of atherosclerosis. Thus, according to RA Koeth, in
vegetarians the composition of the microbiota contributes
to significantly less formation of trimethylanin N-oxide
compared to those who include meat in the diet. [30]

CONCLUSIONS

Thus, the intestinal microbiota may be associated with detrimental effects on the liver, in particular, the development
of NAFLD, and changing the composition of the intestinal
microbiota through diet may be an effective strategy to
improve the course of liver disease. The main goals of
steatohepatitis treatment include the reduction of its stage,
lowering insulin resistance, prevention of steatosis progression and reduction of oxidative stress. The cornerstone of
NAFLD treatment, of course, is lifestyle changes. At the
same time, adherence to low calorie diet and reduction of
consumption of foods and beverages with high fructose
content, along with weight loss and reduction of liver
steatosis, may quickly change the intestinal microbiome.
The purpose of diet therapy is a gradual decrease in body
weight by 1.5-2 kg per month (up to 7% or more) – this
may reverse hepatic steatosis. In NASH, however, weight
loss should be ≥10% of baseline.
Based on the above, there is an urgent need for further
research to identify the link between the intestinal microbiota and the development and progression of NAFLD.
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