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Introduction

Abstract

The gut microbiota has recently been recognized as a major environmental factor in the pathophysiology of several
human diseases. The anatomical and functional association existing between the gut and the liver provides the
theoretical basis to assume that the liver is a major target for gut microbes. In the last decades, many studies have
reported an altered composition of gut microbiota in patients with chronic liver diseases and liver cirrhosis, suggest-
ing a progressively marked dysbiosis to be related to worsening of the liver disease. Modifications of microbiota
result in alteration in providing signals through the intestine and bacterial products, as well as hormones produced
in the bowel that affect metabolism at different levels including the liver. There is increasing evidence for a correla-
tion between intestinal microbiota, bacterial translocation and hepatic steatosis. Intestinal microbiota affects nutri-
ent absorption and energy homeostasis. Altered intestinal permeability may favor the passage of bacteria derived
compounds into the systemic circulation, causing a systemic inflammatory state, characteristic of the metabolic
syndrome. At present, an increasing number of studies indicate a close relationship between dysbiosis, defined as
abnormal composition and the amount of intestinal bacteria (gut microbiota), intestinal permeability and some met-
abolic, inflammatory, degenerative and even psychiatric diseases. Microbiota pharmacological modulation seems to
be a promising tool for a new therapeutic approach to non-alcoholic fatty liver disease and in prevention of cirrhosis.
The following study aims to briefly discuss the role of microbiota disorder (dysbiosis), and in particular small intes-
tinal bacterial overgrowth (SIBO), in the pathogenesis of nonalcoholic fatty liver disease (NAFLD).
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ship between dysbiosis and some metabolic, inflam-

matory, degenerative and even psychiatric diseases.

Nonalcoholic fatty liver disease (NAFLD) is the SIBO-related diseases include type 2 diabetes (T2DM),

most common chronic liver disease in developed
countries. The incidence of small intestinal bacterial
overgrowth (SIBO) due to the variety of symptoms is
difficult to estimate accurately. At present, the gut mi-
crobiota has been recognized as a major environmental
factor in the pathophysiology of several human diseas-
es [1, 2]. Many studies have reported an altered com-
position or amount of intestinal bacteria (dysbiosis) in
patients with chronic liver diseases and liver cirrhosis,
suggesting a progressively marked dysbiosis to be re-
lated to worsening of the liver disease. An increasing
number of studies have also indicated a close relation-

metabolic syndrome (MS), obesity and NAFLD, whose
common link is insulin resistance (IR) and oxidative
stress, and in most cases a chronic, low-grade inflam-
matory process.

Modifications of microbiota result in alteration in
providing signals through the intestine and bacterial
products, as well as hormones produced in the bow-
el that affect metabolism at different levels including
the liver. There is increasing evidence for a correlation
between intestinal microbiota, bacterial translocation
and hepatic steatosis. Intestinal microbiota affects nu-
trient absorption and energy homeostasis. Altered in-
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testinal permeability may favor the passage of bacteria
derived products into the systemic circulation, caus-
ing a systemic inflammatory state, characteristic of the
metabolic syndrome [3].

Microbiota pharmacological modulation seems to
be a promising tool for a new therapeutic approach to
NAFLD and in prevention of cirrhosis and its compli-
cations.

The following study aims to briefly discuss the role of
microbiota disorders (dysbiosis), and in particular SIBO
in the pathogenesis of NAFLD and its progression.

Small intestinal bacterial overgrowth

Small intestinal bacterial overgrowth is a disease
entity associated with an increase in the small intestine
of the amount of bacteria typical for the large intestine.
In the physiological state there are a number of natural
mechanisms to prevent aberrant bacterial coloniza-
tion in the small intestine. These include acidic pH in
the stomach, pancreatic enzymes, intestinal immune
system, small intestine peristalsis, ileocecal valve and
correct intestinal barrier resulting from the construc-
tion of the intestinal wall and its proper renewal. If one
of these mechanisms is disturbed, SIBO may develop.
The most common symptoms of SIBO reported by pa-
tients are abdominal pain, diarrhea, flatulence, and ab-
dominal overflow. The symptoms are usually not very
specific and diverse, depending on the patient and the
cause that led to SIBO. There have also been cases of
patients without typical intestinal symptoms, but with
weight loss, neuropathy, megaloblastic anemia, periph-
eral edema, erythema nodosum, and osteomalacia.
Due to the wide variety of symptoms and often over-
lapping disease entities, precise data on the prevalence
of SIBO are not available. The disease is more common
in older people, which is probably associated with an
increase in the number of drugs taken, including pro-
ton pump inhibitors, peristaltic disorders, coexistence
of other diseases, especially diabetes, decreased gastric
acid secretion and endocrine disorders.

The overgrowth of altered gut microbiota in the
small intestine can affect the absorption and metab-
olism of carbohydrates, proteins, fats and vitamins.
Damage to the intestinal villi, impaired digestive en-
zyme production and intestinal barrier dysfunction
lead to malabsorption and increased loss of nutrients.
In addition, the increased presence of undigested nutri-
ents such as sorbitol or lactose enhances bacterial fer-
mentation in the gut. Deconjugation of bile salts is re-
sponsible for impaired digestion of fats and absorption
of fat-soluble vitamins. Anaerobic bacteria increase the
consumption of vitamin B12, which may lead to the de-

velopment of megaloblastic anemia. The level of folic
acid is not lowered, and can even be slightly raised due
to the synthesis of intestinal bacteria [1, 2].

Currently, the basic test for diagnosing SIBO is
a hydrogen breath test with glucose or lactulose [4-7].

There are different methods of preparation, per-
formance and interpretation of the breath test, so it
is connected with heterogeneity between centers and
doctors. Due to the lack of clear consensus how to
perform this test we should treat it with caution. Be-
fore the test antibiotics should be avoided for 4 weeks,
promotility drugs and laxatives for one week. It is not
clear whether probiotics should be avoided before this
test. Based on the North American consensus proton
pump inhibitors are not forbidden [4-7]. Due to costs,
difficulties in proper performance and invasiveness,
the quantitative assessment of the small intestine aspi-
rate is not used [4, 7]. Treatment is primarily antibiotic
therapy. The first-choice drug is rifaximin at a dose of
3-4 x 400 mg for 14 days, together with dietary treat-
ment and, if possible, removal of SIBO risk factors [4].

Nonalcoholic fatty liver disease

Nonalcoholic fatty liver disease is a liver disease that
affects about 25-30% of the population in developed coun-
tries, with even higher incidence in obese, overweight and
T2DM [8]. It covers a wide spectrum of disorders from
simple steatosis by nonalcoholic steatohepatitis (NASH)
to liver cirrhosis and hepatocellular carcinoma (HCC)
[9]. It should be mentioned here that the risk of HCC in
the course of NAFLD is already increasing in the early
stages of the disease, in which advanced fibrosis and in-
creased inflammation are not yet present [10]. Currently,
almosthalf of HCC diagnoses in patients with NAFLD are
made before the appearance of advanced fibrosis (bridg-
ing fibrosis and cirrhosis), of which about 20% are made
before the occurrence of significant fibrosis (periportal
fibrosis). The increase in the prevalence of NAFLD is in
parallel with the prevalence of obesity, T2DM and MS.
NAFLD involves, among other things, an increased risk
of premature cardiovascular disease, kidney disease and
the development of many cancers, including colorectal
cancer [11]. The increase in cancer risk is particularly in-
fluenced by the emergence of obesity and/or T2DM. At
the root of the pathogenesis of development and progres-
sion of NAFLD there are many factors, the role of which
is described by the “multiple parallel hits hypothesis”. The
development of NAFLD is significantly influenced by
genetic and environmental factors [12]. Recently, more
and more evidence points to a close relationship between
the composition of microbiota and the development and
progression of NAFLD and its complications [3].
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The relationship between small intestinal
bacterial overgrowth and non-alcoholic
fatty liver disease, the importance of the
proper microbiota

The human microbiota consists of about 10" cells
of mainly anaerobic bacteria, of which 60-90% be-
long to two types: Bacteroidetes and Firmicutes [13].
The intestinal microbiota is influenced by diet, gastro-
intestinal infections, drugs used, mainly antibiotics,
age, body weight, past surgery and coexisting disea-
ses [14].

The intestinal microbiota is involved in the me-
tabolism of the host by the secretion of bioactive me-
tabolites, which affects the immune system and per-
meability of the mucosal barrier. It takes part in the
fermentation of undigested food residues, the syn-
thesis of vitamin K and B group vitamins and in the
synthesis of short-chain fatty acids (SCFAs), which are
the source of energy for intestinal cells. Intestinal bac-
teria contribute to the absorption of polyphenols that
are contained in the diet, through interaction in the
transformation from inactive to active form. The intes-
tinal microbiota also participates in the metabolism of
xenobiotics and drugs [15].

The portal vein supplies the liver with blood rich
in digestive products, but also microbiological com-
ponents derived from the microbiota. The liver is first
exposed to contact with products such as bacterial en-
dotoxins, mainly lipopolysaccharide (LPS), unmethyl-
ated DNA sequences that, when released into the liver,
may trigger an inflammatory reaction that affects the
course of some hepatic disorders [14].

Mechanisms leading to the development
of NAFLD with coexisting SIBO

In 1921, B. Hoefert first drew attention to signifi-
cant changes in the composition of the intestinal mi-
crobiota in patients with chronic liver disease [16, 17].
In recent years, the relationship between gut microbi-
ota disorders and some liver diseases has not been in
doubt. Attention was also drawn to the effect of SIBO
on the severity and course of liver disease and the in-
creased risk of complications, especially ascites, hepat-
ic encephalopathy, spontaneous bacterial peritonitis
and portal hypertension, which accompany decom-
pensated liver cirrhosis [16].

The gut microbiota may affect all risk factors for the
development of NAFLD by disturbing energy homeo-
stasis, enhancing IR, increasing oxidative stress, de-
veloping inflammation, and evoking alteration of bile
acids and choline levels.

In the case of SIBO, the permeability of the in-
testinal barrier increases, which promotes bacterial
translocation together with bacterial products, espe-
cially LPS [18]. Kapil et al. observed in patients with
NAFLD and SIBO an increase in the level of endotox-
ins, CD14 mRNA, nuclear factor kappa B (NF-«B) and
Toll-like receptor 4 (TLR-4). Endotoxemia in SIBO pa-
tients is likely to activate the TLR-4 and CD14 receptor
by stimulating the expression of NF-kB, which me-
diates the production of proinflammatory cytokines
such as tumor necrosis factor a (TNF-a), interleukin
(IL)-1PB, IL-6 and IL-8. Overproduction of these cy-
tokines contributes to the development of inflamma-
tion and insulin resistance and may be essential in the
pathogenesis of NASH, liver fibrosis and HCC [19].
The association between SIBO and activation of TLRs
is shown in Figure 1. In addition, the up-regulation of
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Fig. 1. Relationship between dysbiosis and pattern recognition receptors
activation
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TNF-a may be associated with an increase in IR, which
is a well known trigger of hepatic fibrosis development
and progression [18].

The traditional theory of two hits in the pathogene-
sis of NAFLD is currently being developed and replaced
with the multiple parallel hits hypothesis, describing
NAFLD as a result of the action of many factors acting
simultaneously [3, 12]. Increase in IR is associated with
hyperinsulinemia, which is particularly deleterious for
the liver. Insulin resistance leads to an increase in lev-
els of free fatty acids (FFAs) by up-regulation of their
hepatic synthesis and enhancement of adipose tissue
lipolysis. When the level of FFAs exceeds the possibil-
ity of their transformation and transport to peripheral
tissues (as very low density lipoprotein - VLDL), ox-
idative stress occurs, which leads to alteration in the
adipokine profile, increased production of proinflam-
matory cytokines (TNF-a, IL-6) and, consequently, to
the development of fatty liver [12, 20].

The inflammasome is an intracellular protein
pro-inflammatory complex consisting of caspases and
molecules derived from fragments of pathogens and
damaged cells, which is responsible for the activation
of the pro-inflammatory cascade. The inflammasome
is a specific sensor for host particles formed during ne-
crosis or apoptosis of cells, mainly hepatocytes (dam-
age-associated molecular patterns - DAMPs) and
pathogens derived from intestinal microorganisms
(pathogen-associated molecular patterns — PAMPs),
which include LPS, lipoproteins, peptidoglycans, bac-
terial polysaccharides, viral RNA, and bacterial wall
proteins. PAMPs act on pattern recognition receptors
(PRRs), which include TLRs located on the surface
of the cell, and nucleotide-binding oligomerization
domain-like receptors (NOD-like receptors — NLRs)
localized in the cytosol and C-type lectin receptors
(CLRs) present in immune cells. TLRs are very well
known, especially TLR-4 recognizing mainly the
Gram-negative bacterial LPS, TLR-5 - bacterial flagel-
lin, and TLR-9 - bacterial double-stranded DNA [21].
In the development of NAFLD, activation of TLR-4 and
TLR-9 receptors is most important, whereas TLR-2 ac-
tivation may exert even hepatoprotective effects. De-
spite the lack of expression in hepatic cells, activation
of TLR-5 in studies in mice fed a high-calorie diet was
probably associated with disturbed gut microbiota and
probably as a consequence it caused an increased ten-
dency to obesity, IR and hepatic steatosis. Activation
of the above-mentioned PRRs induces activation of
inflammasomes, which up-regulate secretion of proin-
flammatory cytokines such as IL-1B and IL-18 [22,
23]. Levels of inflammasome-associated proteins such
as NLRP3, prolL-1p, and pro-IL-18 have been found

to be significantly higher in NASH patients. The in-
flammasome also directly affects hepatic stellate cells
(HSCs) and macrophages (Kupffer cells) by stimulat-
ing the production of smooth muscle actin, transform-
ing growth factor p (TGF-f) and collagen fibers, which
promotes the development and progression of fibrosis
[12]. Kupfer cells play an important role in the patho-
genesis of NASH. They can occur in two forms: pro-in-
flammatory, called M1, and M2, responsible for the
production of anti-inflammatory cytokines. Bacterial
products such as LPS activate the proinflammatory M1
form. The disturbed balance between the forms M1
and M2 plays a key role in the progression of NAFLD.
M1 macrophages through increased release of IL-1f3
stimulate hepatic production of triglycerides and ac-
tivate HSCs [23]. The complex display describing the
role of PRRs activation is presented in Figure 1.

On the basis of some research, the lack of certain
components of the inflammasome may be associated
with protective action in the development of NAFLD.
However, other studies revealed that this may even be
associated with a more aggressive course of the disease
[22]. Animal studies also showed a close association
between inflammasome component dysfunction and
gut microbiota composition. Recent studies found
a relationship between a high-fat, high-carbohydrate
diet and a lack of NLRP3 inflammasome with exacer-
bated liver damage and increased number of Proteo-
bacteria and Verrucomicrobia. These bacteria facilitate
damage to the mucosa and promote bacterial translo-
cation [22].

Adipose tissue, mainly abdominal, is a very active
endocrine organ. It produces a number of factors with
auto- and paracrine effects, called adipokines (adipo-
cytokines). The adipokine family is constantly growing.
The best known are leptin and adiponectin. Adiponec-
tin improves insulin sensitivity, and exerts anti-inflam-
matory, anti-atherosclerotic and anti-steatotic effects.
In contrast, leptin has pro-inflammatory and pro-an-
giogenic activity, stimulates fibrosis progression, and
promotes the development of HCC. Adipose tissue of
obese individuals produces a low amount of adiponec-
tin and an elevated amount of leptin. This disturbed
leptin and adiponectin release results in increased ste-
atosis, activation of the inflammatory process and de-
velopment of fibrosis within the liver [12]. More and
more evidence confirms a significant impact of other
“newly discovered” adipokines in the pathogenesis of
chronic liver disease, including NAFLD [24-27].

Bacteria using glycoside hydrolase and polysaccha-
ride lyase metabolize undigested polysaccharides to
monosaccharides and short chain fatty acids (SCFAs).
Monosaccharides transported to the liver with portal
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circulation activate factors responsible for increasing
the transcription of proteins involved in hepatic lipo-
genesis. Short-chain fatty acids are material for lipo-
and gluconeogenesis, which cover up to 5-10% of the
hosts energy requirement [20]. SCFAs act on FFA3
and FFA2 receptors. Activation of the FFA3 receptor
stimulates enteroendocrine cells to increase produc-
tion of the peptide YY (PYY), which reduces intestinal
motility and increases the absorption of SCFAs. Acti-
vation of the FFA2 receptor in intestinal neutrophils
inhibits lipolysis. The presence of these receptors in
neutrophils may be important in increasing inflamma-
tion and permeability of the intestinal barrier, and thus
in the pathogenesis of NASH [20]. SCFAs, however,
along with its influence on the development of obesity
and fatty liver, by acting on the GPR43 receptor, re-
duce inflammation within the intestinal mucosa, thus
improving the intestinal barrier status and reducing
its permeability to bacterial products [28]. A special
positive role is played by butyric acid produced by the
normal gut microbiota. Microbiota impaired compo-
sition results in a reduced amount of butyric acid in
the intestine [29]. SCFAs also affect glucose metabo-
lism by regulating the secretion of incretin hormones
such as the glucagon-like peptide-1 peptide (GLP-1)
[22]. These hormones increase insulin secretion after
a meal. GLP-1 also delays gastric emptying and reduc-
es appetite, preventing weight gain. GLP-2, which is
secreted with GLP-1, helps maintain the integrity of
the intestinal barrier, improves the absorption of nu-
trients, and delays gastric emptying [22].

Intestinal bacteria may also have an inhibitory ef-
fect on intestinal expression of the fasting-induced
adipose factor (FIAF), which is an inhibitor of lipopro-
tein lipase. Microbiota can increase lipoprotein lipase
activity in adipose tissue in this way, which leads to
the intensification of the delivery of adipocyte-derived
triglycerides and to the hepatic accumulation of tria-
cylglycerols [14].

Zhu et al. in their study linked intestinal bacteria,
in particular Escherichia coli, with increased produc-
tion of endogenous alcohol in patients with NASH,
which in normal conditions in healthy patients with
normal microbiota is almost immediately removed by
alcohol dehydrogenase in the liver. Increased alcohol
level and its metabolism is associated with damage
and increased permeability of the intestinal barrier,
endotoxemia, increased proinflammatory cytokines,
increased oxidative stress, and consequently the devel-
opment of inflammation in the liver, which may also
have a role in the pathogenesis of this disease [30, 31].

Bile acids are formed in the liver, and the classical
pathway which begins with the conversion of choles-

terol into 7a-hydroxycholesterol under the influence
of cholesterol 7°-hydroxylase, leading to the forma-
tion of cholic acid (CA) and chenodeoxycholic acid
(CDCA). The alternative pathway leads to the con-
version of cholesterol to 27-hydroxycholesterol under
the influence of sterol 27-hydroxylase. It is not entirely
clear what determines the choice of bile acid pathway.
Perhaps the classical process takes place under phys-
iological conditions, and an alternative in the situa-
tion of the existing liver pathology [32]. Primary bile
acids formed in the classical pathway are conjugated
with glycine and taurine and then stored in the gall-
bladder and secreted into the duodenum in response
to food intake. In the digestive tract under the influ-
ence of gut microbiota deconjugation occurs and sec-
ondary bile acids are formed - lithocholic acid (LCA)
and deoxycholic acid (DCA). The bile acids are then
reabsorbed in the ileum, and almost 95% return to the
liver via enterohepatic circulation [33]. The reuptake
processes in the liver depend on the liver status and the
amount of bile acids. The farnesoid X receptor (FXR),
by regulating gene expression, plays an important role
in regulating many important processes in the body.
These receptors are predominantly present in the ile-
um and liver, and are activated by bile acids, mainly
by CDCA, followed by decreasing DCA, CA and LCA
affinities, respectively. Their activation reduces bile
acid synthesis and potentiates their secretion from
the liver, influences the regulation of lipid metabolism
and gluconeogenesis, and is important in the regula-
tion of inflammatory processes, regeneration, fibrosis
and carcinogenesis in the liver [33]. Another recep-
tor involved in regulating the amount of bile acids is
the TGR5 receptor (the G protein-coupled receptor)
found mainly in the liver, gallbladder and bile ducts,
adipose tissue, small intestine, kidneys and spleen. Its
activation affects, inter alia, the distribution of bile ac-
ids, modulates the inflammatory response in the liver,
improves insulin sensitivity and regulates glucose me-
tabolism, and also diminishes the risk of atherosclero-
sis. It is activated by bile acids in a different order than
in the case of FXR, i.e. mainly through LCA, followed
by DCA, CDCA and the worst by CA [33, 34]. Intesti-
nal bacteria, through the influence on the modification
of the composition of bile acids, affect the activation
of the above-mentioned receptors with corresponding
consequences. Patients with NASH have a change in
the composition of bile acids with a predominance of
secondary (lithocholic and deoxycholic) bile acids [20,
35, 36]. On the other hand, bile acids prevent bacterial
overgrowth in the intestine. This effect is achieved due
to detergent properties of bile acids, but also by the FXR
receptor, consequently reducing bacterial proliferation
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in the small intestine [22]. Intestinal bacteria can also
affect choline metabolism. Choline is delivered with
food and is synthesized in the host. It takes part in the
synthesis of the neurotransmitter acetylcholine and in
the metabolism of lipids in the liver. The relationship
between choline deficiency and the accumulation of
hepatic lipids has been known for many years; howev-
er, there is not much information related to the appli-
cation and usefulness of choline in the prevention and
treatment of NAFLD. Gut microbiota is involved in the
intestinal choline metabolism, which may lead to a de-
crease in its bioavailability and result in a deficiency
of choline. Intestinal bacteria are also responsible for

the conversion of choline and phosphatidylcholine to
trimethylamine, which on the one hand reduces cho-
line levels, predisposing to NAFLD, and on the other
raises the level of trimethylamine, which is associated
with an increased risk of cardiovascular disease [37].

In studies in mice, it was found that even a small
amount of intestinal endotoxins may have an effect on
increased sensitivity to leptin, exacerbating the inflam-
matory response and fibrosis progression [12]. Com-
plex relationships between SIBO and NAFLD is shown
in Figure 2, while relationship between alterations in
intestinal microbiota composition and bile acid me-
tabolism is presented in Figure 3.

| BA
FXR and TGRS
modulation of systemic inflammation
T insulin sensitivity
modulation of glucose and lipid metabolism
lipogenesis SCFA
glucogenesis
TLRs
—— | inflammation FFA3
ﬁ oxidative stress — FFA2
insulin resistance PAMPSDAMPs GPR43
7 lipids

T FFAs

lipolysis
T NFo, IL1

? lipoprotein lipase

T INFo

{ choline bioavailability

o T intestinal permeability
* endotoxemia

FIAF inhibition

activity

< T activity of: leptin, resistin, visfatin, TNF-a.

- - — - diet factors
adipocytokine activity alteration: 1 B
ot Esistin, , 7 saturated fatty acids
{ activity of: adiponectin, ghrelin high fatty diet

adipose tissue
inflammation hypoxia
increased lipolisys

BA - bile acids, SCFA - short-chain fatty acids, DAMPs ~ damage-associated molecular patterns, PAMPs — pathogen-associated molecular patterns, FIAF - fasting-induced adipose factor,
FXR ~ farnesoid X receptor, TGRS - G protein-coupled receptor, FFA2 - free fatty acid receptor 2, FFA3 - free fatty acid receptor 3, GPR43 - G protein-coupled receptor 43, TLRs - Toll-

like receptors, TNF — tumor necrosis factor, FFAs - free fatty acids
Fig. 2. Relationships between SIBO and NAFLD
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Gut microbiota disorders in patients
with NAFLD

Much research has been done on mice that suggest-
ed a significant relationship between the gut microbi-
ota and NAFLD. The first such association in humans
was described in 1982 by Drenic et al. Patients who
underwent bariatric surgery to produce gastric bypass
due to morbid obesity developed NASH and SIBO.
Steatosis resolved or decreased after treatment with
antibiotics [38]. In 2001, Wigg et al. presented a study
strongly confirming that SIBO is much more prevalent
among NASH patients compared to those without liv-
er disease (50% vs. 22%) [39].

Various studies show not entirely consistent data
on the bacteria that predominate in gut microbiota
[28]. Among patients with obesity, a decrease in the
number of bacteria was found from the phylum Bac-
teroidetes, and the rise of Firmicutes. The reduction of
body weight led to the improvement of these disor-
ders. Similarly, a reduced percentage of Bacteroidetes
was observed in patients with NASH when compared
to those with simple staetosis or without liver disease
[17]. Another paper by Boursier et al., in which 57 pa-
tients with biopsy proven NAFLD were examined,
confirmed a definite increase in the number of Bacte-
roides (Bacteroidetes) in patients with NASH and the
growth of Ruminococcus bacteria (phylum Firmicutes)
in patients with existing liver fibrosis and reduction of
Prevotella bacteria (Bacteroidetes type) in patients with
NASH [38]. However, there were also studies in which
no significant differences in the number of individual
types of bacteria were found [20].

A lot of attention is devoted to the bacterium Ak-
kermansia muciniphila (type Verrucomicrobia). It is an
anaerobic bacterium found in the gastrointestinal tract
in about 80% of people, constituting up to 4% of all
bacterial cells in the healthy human stool. This bacteri-
um consumes glycosylated intestinal mucosa proteins
for the production of acetates and propionates, which
are an important source of energy for intestinal cells.
This significantly influences the condition of the in-
testinal barrier [40]. Its level decreases clearly in obese
mice and combines with disorders such as an increase
in glucose and triglyceride levels and an increase in
insulin resistance. Increasing the amount of A. mu-
ciniphila in mice is associated with improvement of
the integrity of the intestinal barrier, resulting in better
glucose control and reduction of circulating pro-in-
flammatory LPS [41, 42].

The increase in the number of Bacteroides may
influence the development of NASH through sever-
al mechanisms. There was an increase in deoxycholic

intestinal barrier dysfunction
intestinal inflammation

4 activity of bile acid
receptors (FXR, TGRS)

bile acid absorption disorder:
1 primary bile acids
 secondary bile acids

| dysbiosis bile acid metabolism disorder

growth of pathological
bacteria

FXR - farnesoid X receptor, TGR5 - G protein-coupled receptor

Fig. 3. Relationship between alterations in intestinal microbiota composition
and bile acid metabolism

acid, D-pinitol, choline, raffinose and stachyose, and
a decrease in SCFAs and amino acids in stool with an
increased amount of Bacteroides. Most of these com-
ponents contribute to the pathogenesis of NAFLD, and
especially NASH [43]. It should be noted, however, that
the vast majority of tests carried out base their data on
the examination of the stool microbiota composition,
which consists mainly of bacteria from the large intes-
tine, not small. Initially, it was based on the cultivation
of bacteria. However, it is known that over 60% of bac-
teria cannot be grown in vitro. Thanks to the develop-
ment of genetic engineering, a much more accurate as-
sessment is now possible [28]. The studies carried out
concerned patients with NAFLD and elevated BMI, as
obesity had already been repeatedly associated in stud-
ies with microbiota disorders. It is not clear what the
situation looks like in patients with normal BMI.

Treatment of small intestinal bacterial
overgrowth and its impact on the course
of NAFLD

Antibiotics

Currently, antibiotics that work only in the gastroin-
testinal tract, primarily rifaximin at a dose of 1200-1600
mg/day (or metronidazole 750 mg/day) for 10-14 days,
are used. Antibiotic therapy can be repeated at the relapse
of the disease. Rifaximin is an antibiotic with broad-spec-
trum activity against Gram positive and Gram negative
aerobic and anaerobic bacteria. Additionally, rifaximin
exerts bile acid-dependent solubility, and therefore be-
comes more effective in the small intestine while colon-
ic bacteria are poorly inhibited [44]. Indeed, changes in
the colonic gut microbiota composition are progressive-
ly but completely reversed after rifaximin interruption,
differently from the effects on duodenal bacteria, which
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appear to be more stable [45]. In addition to the bacte-
ricidal and bacteriostatic activity, which is typical for an
antibiotic, rifaximin can also exert a non-traditional ef-
fect through positive modulation of microbiota compo-
sition and interactions [4, 46]. Rifaximin can down-reg-
ulate the inflammatory response due to inhibition of
proinflammatory cytokines and down-regulation of the
NF-«B via pregnane X receptor (PXR) activation [47,
48]. The beneficial effect of rifaximin in the course of
severe liver disease, in the secondary prevention of he-
patic encephalopathy, has been proven, and the drug
has been introduced into daily practice. This antibi-
otic also works well as secondary prevention of spon-
taneous bacterial peritonitis (SBP) and an adjuvant
with -blockers, in order to reduce the pressure in the
portal vein system, which significantly reduces the
risk of bleeding from esophageal varices [49, 50]. Less
available are data on the efficacy of rifaximin in the
treatment of NAFLD. Gangarapu et al. used rifaximin
1200 mg daily for 28 days in 42 patients with NAFLD
confirmed by histopathological examination. In this
group, 27 patients were diagnosed with NASH. After
administration of rifaximin, there was a significant de-
crease in aspartate transaminase (AST) and y-glutamyl
transpeptidase (GGTP) and endotoxemia in NASH pa-
tients [51].

Probiotics

The experiments conducted on animals with VSL
# 3 (Streptococcus thermophilus, Bifidobacterium long-
um, Bifidobacterium breve, Bifidobacterium infantis,
Lactobacillus  acidophilus, Lactobacillus plantarum,
Lactobacillus paracasei, Lactobacillus delbrueckii ssp.
Bulgaricus) used in the NAFLD showed promising re-
sults, favorably influencing the severity of histopatho-
logical changes and decreasing the activity of ami-
notransferases [28]. However, the results in humans
are not so obvious and unequivocal. Loguercio et al.
used VSL # 3 in 22 patients with NAFLD and 20 pa-
tients with alcoholic cirrhosis, resulting in a decrease
in serum oxidative stress factors [52]. Malaguarmera
et al. divided a group of 66 from NASH into two
subgroups. Both groups were recommended life-
style modifications, and one group was additionally
treated with Bifidobacterium longum and fructooli-
gosaccharides. Among patients receiving the prebi-
otic, a significant decrease in TNF-a, CRP, LDL cho-
lesterol and endotoxin concentrations, AST activity
and HOMA-IR, NAFLD activity score and steatosis
grade was observed [53]. Wong et al. administered to
16 NASH patients Lactobacillus and Bifidobacterium
spp., obtaining a reduction in steatosis after treatment,

but without any changes in the remaining morpholog-
ical parameters [54]. However, as previously reported,
the data on the amount of individual bacteria in pa-
tients with NAFLD/NASH are not consistent, and ad-
ditionally the administered probiotics did not contain
bacterial strains, the greatest deficiency of which is ob-
served in these diseases.

Prebiotics are non-digestible nutrients that have
beneficial effects on the host organism, among others,
by improving the composition of the gut microbiota
and regeneration of the intestinal epithelium. The role
of probiotics in the treatment of NAFLD is mainly an
improvement in lipid metabolism, and by influencing
the change in the composition of microbiota, improv-
ing the intestinal barrier, reducing its permeability
and lowering the level of proinflammatory cytokines,
which results, inter alia, from reduced bacterial trans-
location. There are not enough studies that could pro-
vide convincing evidence of the efficacy of probiotic
treatment, but one can consider using it in patients
without satisfactory improvement after a typical treat-
ment [55].

It seems that a low-calorie diet with a reduced con-
tent of carbohydrates and fats, and increased choline
content, should have a beneficial effect on improving
the composition of the intestinal microbiota. However,
such studies are not available [28]. It is highly probable
that such a diet positively affects the development of
NAFLD and should be recommended for patients with
this disease.

Conclusions

The studies available in the literature confirm the
relationship between SIBO and NAFLD. There is in-
creasing evidence for a correlation between intestinal
microbiota, bacterial translocation and hepatic ste-
atosis. The pathogenesis of liver changes associated
with gut microbiota alteration is still not entirely clear.
Altered intestinal permeability may favor the passage
of bacteria derived products into the systemic circu-
lation, causing a systemic inflammatory state. On the
other hand, the effect of hepatic dysfunction on gut
intestinal bacteria is also poorly explained. These as-
pects require further research, but at the current stage
of knowledge, patients with diagnosed SIBO should
be examined for NAFLD and vice versa. This will al-
low earlier use of available therapeutic tools, includ-
ing therapy with non-absorbed antibiotics and lifestyle
modification of patients, and thus diminish the risk of
progression of liver disease and its complications, re-
duce or eliminate symptoms typical of SIBO, and may
prevent the occurrence of other metabolic disorders.
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