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The aim of the study – to explore the gut microbiota composition and its association and 
correlational relationship with biochemical factors in patients with nonalcoholic fatty 
liver disease (NAFLD) compared to the patients without liver disease.
Materials and methods. 154 patients with NAFLD and 83 controls were included into 
the study. The examination involved the biochemical parameters, ultrasound data, 
elastography, identifi cation of gut microbial composition by real-time PCR. Patients of 
both groups were matched by patients charasteristics.
Results. There was higher level of Bacteroidetes in group of patients without NAFLD. 
Actinobacteria range and Firmicutes/Bacteroidetes index (F/B index) in patients with NAFLD 
was above in comparison with patients of control group. Age and BMI are the risk factors 
for NAFLD development. Actinobacteria in NAFLD group positively correlated with Tumor 
necrosis factor alpha (α), while F/B index was in strong relationship with ALT, TG, VLDL. The 
F/B index was in negative correlational relationship with TNF-α in group without liver injury.
Conclusions. The composition of the intestinal microbiota is diff erent between group 
of patients with NAFLD and controls. Actinobacteria and F/B index growth could be 
discussed as one of the risk factor for the fatty infi ltration development in patients 
with NAFLD, taking to account the fact that F/B index could be associated with such 
infl ammation markers as ALT and TG. Simultaneously, the same microbiome phyla could 
be the potential prevention factor of lipid disorders in patients without liver injury.
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Мета роботи – дослідити склад кишкової мікробіоти, її асоціацію та кореляційний 
зв’язок із біохімічними факторами у пацієнтів із неалкогольною жировою хворобою 
печінки (НАЖХП) порівняно з пацієнтами без захворювань печінки.
Матеріали і методи. До дослідження залучено 154 пацієнтів із НАЖХП та 83 
особи контрольної групи. Дослідження включало біохімічні показники, ультразвукове 
обстеження, еластографію печінки, визначення мікробного складу кишечнику методом 
ПЛР у реальному часі. Групи обстежених пацієнтів були релевантними між собою.
Результати. У групі пацієнтів без НАЖХП спостерігався вищий рівень групи 
бактерій типу Bacteroidetes. Рівень Actinobacteria та індекс Firmicutes/ Bacteroidetes 
(F/B індекс) у хворих на НАЖХП був вищим порівняно з пацієнтами контрольної 
групи. Вік та індекс маси тіла (ІМТ) визначено як фактори ризику розвитку НАЖХП. 
Actinobacteria в групі пацієнтів із НАЖХП позитивно корелювали із показником 
TNF-α, тоді як індекс F/B впливав на зростання аланінамінотрансферази (АЛТ), 
тригліцеридів (ТГ), ліпопротеїдів дуже низької щільності (ЛПДНЩ). У пацієнтів 
групи контролю F/B index негативно корелював із TNF-α.
Висновки. Склад мікробіому кишечника відрізнявся у пацієнтів з НАЖХП та групи 
контролю. Зростання Actinobacteria та індексу Firmicutes/ Bacteroidetes (F/B) 
можна розглядати як один із факторів прогресування розвитку стеатогепатиту 
у пацієнтів із НАЖХП, враховуючи той факт, що індекс F/B був пов’язаний із такими 
маркерами печінкового запалення, як АЛТ і ТГ, а Actinobacteria зі зростанням 
TNF-α. Водночас той самий тип бактерій (Actinobacteria та F/B індекс) у пацієнтів 
без жирової інфільтрації печінки позитивно корелював зі зниженням рівня 
проатерогенного показника аро- В та підвищенням захисного маркера аро- А1, що 
може запобігати розвитку метаболічних та ліпідних порушень, які призводять 
до виникнення жирової інфільтрації печінки.
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Introduction
Nonalcoholic fatty liver disease (NAFLD) is a liver 

disease that aff ects about 25-30 % of the population in 
the developed countries. The development of NAFLD 
is signifi cantly infl uenced by genetic and environmental 
factors [1]. Otherwise, more and more evidence points 
to a close relationship between the composition of 
microbiota and the development and progression of 
NAFLD and its complications. The liver is fi rst exposed 
to contact with products such as bacterial endotoxins, 
mainly lipopolysaccharide (LPS), unmethylated DNA 
sequences that, when released into the liver, may trigger 
an infl ammatory reaction that aff ects the course of some 
hepatic disorders [2]. Deriving from its anatomical 
position, the liver receives 70 % of its blood supply from 
the intestine through the portal vein, so it represents the 
fi rst line of defense against gut-derived antigens, and 
one of the most exposed organs to gut-derived toxic 
factors, such as bacteria and bacterial by- products [3]. 
Thus, the portal vein supplies the liver with blood rich in 
digestive products, but also microbiological components 
derived from the microbiota. Additionally, endotoxemia 
can aff ect insulin resistance in NAFLD and exert its 
hepatotoxic action through a compromised intestinal 
barrier [4].

The gut microbiota is now considered as a major 
metabolic internal organ, composed of >1014 
microorganisms and containing a second genome (named 
the metagenome), which is up to 100-400 times that of 
humans. It consists of mainly anaerobic bacteria, of 
which 60-90 % belong to two types: Bacteroidetes and 
Firmicutes [5]. The intestinal microbiota is infl uenced 
by diet, gastrointestinal infections, drugs used, mainly 
antibiotics, age, body weight, past surgery and coexisting 
diseases [6]. The intestinal microbiota is involved in 
the metabolism of the host by the secretion of bioactive 
metabolites, which aff ects the immune system and 
permeability of the mucosal barrier. It takes part in the 
fermentation of undigested food residues, the synthesis 
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. The gut microbiota may 
aff ect all risk factors for the development of NAFLD by 
disturbing energy homeostasis, enhancing IR, increasing 
oxidative stress, developing infl ammation, and evoking 
alteration of bile acids and choline levels [7]. Most 
studies have shown that the levels of Firmicutes are 
increased whereas those of Bacteroidetes are decreased 
in obesity and its related diseases in humans as well as 
rodents. Current evidence suggests that the increased 
Firmicutes/Bacteroidetes ratio is a potential phenotype 
of obesity [8].

Finding novel mechanisms for the pathogenesis of 
NAFLD, in particular involving the microbiota, could 
emphasize new research areas to develop new therapeutic 
targets.

The aim of study
To explore the gut microbiota composition and 

its association and correlational relationship with 
biochemical factors in patients with NAFLD compared 
to the patients without liver disease.

Materials and methods
The study involved 154 patients of main group with 

nonalcoholic fatty liver disease (72 men and 82 women) 
aged from 23 to 77 years (average age 46.64±2.52 
years) which were engaged to the ambulatory screening 
in «Medicover Ukraine» (Lviv, Ukraine) and «Agency 
Truskavetskurort» (Truskavets, Ukraine) during 
2018-2020 years. The diagnosis of fatty liver infi ltration 
was based on liver transient elastography and ultrasound 
examination. Likewise, the control group involved 83 
almost healthy control subjects (38 men and 45 women) 
aged from 25 to 55 years (an average 32±1.54 years) with 
normal liver size, structure and parenchyma echogenicity 
by transient elastography.

The average waist circumference in main group 
was 94.6±1.09 cm (in men), 88.3±0.65 cm (in women), 
in controls – 91.2±2.1 cm in men, 83.6±1.8 in women. 
The exclusion criteria for patients in this study were 
history of signifi cant alcohol consumption (> 20 g/day), 
evidence of hepatitis B or C infection, autoimmune 
hepatitis, histological evidence of other concomitant 
chronic liver diseases, pregnant women, cirrhosis with 
and without complications (ascites, variceal bleeding, 
systemic infection, or hepatocellular carcinoma), history 
of chronic infl ammatory bowel disease or bariatric 
surgery, or treatment with antibiotics within 1 month 
before inclusion

Biochemical tests. Both groups of patients underwent 
biochemical evaluation of serum that included blood cell 
count, lipid profi le (total cholesterol (TC), high-density 
lipoproteins (HDL), low-density lipoproteins (LDL), 
very low-density lipoproteins (VLDL), triglycerides 
(TG)), C-reactive protein (CRP), alaninaminotransferase 
(ALT), aspartataminotransferase (AST), gamma- glutamyl 
transpeptidase (GGTP), bilirubin (total, direct, indirect), 
urea, uric acid, albumin, total protein, tumor necrotizing 
factor- (TNF-), apolipoprotein B (apo B), apolipoprotein 
A1 (apo A1), HOMA index. Biochemical tests were carried 
out using commercially available test kits.

The ultrasound method as additional for the liver 
elastography included the next signs for steatosis 
as diff use increase in the echogenicity of the liver 
parenchyma, decreased attenuation on the liver and the 
ratio between the brightness level of the liver and the 
right kidney, that was calculated for the hepato- renal 
index (HRI) determination [9].

Sample collection and DNA extraction. Fresh 
stool samples were provided by each subject in a stool 
container on site. Within 10 min upon defecation, the fecal 
sample was aliquoted and aliquots were immediately 
stored at 20 °C for 1 week until DNA isolation. DNA 
was extracted from 1.5-2 frozen stool aliquots using the 
phenol- chloroform method by protocol. DNA was fi nally 
eluted in 200 μl elution buff er. The DNA quantity and 
quality was measured by NanoDrop ND-8000 (Thermo 
Scientifi c, USA). Samples with a DNA concentration less 
than 20 ng or an A 260/280 less than 1.8 were subjected 
to ethanol precipitation to concentrate or further purifi ed, 
respectively, to meet the quality standards.

Oligonucleotide primers. Quantifi cation of diff erent 
taxa by qPCR using primers targeting the 16S rRNA 
gene, specifi c for Firmicutes, Actinobacteria and 
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Bacteroidetes, as well as universal primers was performed. 
The primer sequences were: Bacteroidetes: 798cfbF 
AAACTCAAAKGAATTGACGG (Forward) and cfb967R 
GGTAAGGTTCCTCGCGCTAT (Reverse); Firmicutes: 
928F–fi rm TGAAACTYAAGGAATTGACG (Forward) 
and 1040FirmR ACCATGCACCACCTGTC (Reverse); 
Actinobacteria: Act920F3 TACGGCCGCAAGGCTA 
(Forward) and Act1200R TCRTCCCCACCTTCCTCCG 
(Reverse) and universal bacterial 16S rRNA sequences: 
926F AAACTCAAAKGAATTGACGG (Forward) and 
1062R CTCACRRCACGAGCTGAC (Reverse).

PCR amplifi cation. PCR reaction was performed in 
real-time thermal cycler Rotor- Gene 6000 (QIAGEN, 
Germany). The PCR reaction conditions consisted of 
an initial denaturing step of 5 min at 95 °C, 30 cycles 
of 95 °C for 15 s, annealing for 15 s and 72 °C for 30 s, 
and a fi nal elongation step at 72 °C for 5 min. Every PCR 
reaction contained 0.05 units/μl of Taq polymerase (Sigma 
Aldrich), 0.2 mM of each dNTP, 0.4 μM of each primer, 
1× buff er, ~10 ng of DNA and water to 25 μl. Samples 
were amplifi ed with all primer pairs in triplicates. The Cts 
(univ and spec) were the threshold cycles registered by the 
thermocycler. The average Ct value obtained from each 
pair was transformed into percentage with the formula.

Identifi cation of microbial composition. 
Determination of microbial composition at the level of 
major microbial phyla was carried out by identifi cation 
of total bacterial DNA, and DNA of Bacteroidetes, 
Firmicutes and Actinobacteria was performed with 
quantitative real-time PCR (qRT-PCR), using gene-
targeted primers.

Statistical analysis. The reliability of changes in 
indicators in the normal distribution in the sample 
was determined by the paired Student’s t test, in case 
of diff erence from the normal – by the criterion of 
F. Wilcoxon. Diff erences were considered statistically 
signifi cant for p<0.05. The data distribution was 
investigated by the graphical method and by the Shapiro- 
Wilk normality test. Correlational relationship was 
examined by calculating Pearson’s product moment 
correlation coeffi  cients (r) on raw data. All calculations 
charting were carried out in the programming language 
R in the development environment of RStudio.

Results and Discussion
Biochemical and antropomentic charasteristics of 

patients included into the study is given below in Table 1.

Table 1
Clinical and biochemical variables for patients with nonalcoholic fatty liver disease (n=154) and controls (n=83)

Variables (mean±SD) Main (n=154) Control (n=83) р
Age, years 46.64±2.52 32±1.54 *0.0000006088
BMI 27.61±0.73 23.37±0.7 *0.0002169
TC, mmol/L 6.2±0.21 5.9±0.28 0.2089
TG, mmol/L 2.2±0.36 1.12±0.09 *0.000689
HDL, mmol/L 1.3±0.06 1.52±0.07 *0.01144
LDL, mmol/L 3.98±0.17 3.58±0.23 *0.00979
VLDL, mmol/L 1.09±0.16 0.77±0.07 0.2089
HOMA 3±0.2 1.55±0.04 0.07143
Glucose, mmol/L 5,3±0,28 5,05±0,10 0,108
Apo B 1.28±0.06 1.01±0.06 0.1649
Apo A1 1.47±0.04 1.39±0.03 0.5678
ALT 35,99±5,32 32,65±6,09 0,2558
AST 27,02±3,01 23,9±2,23 0,2615
GGTP 40,82±5,65 31,45±3,58 0,4519
Total bilirubin 11,7±1,31 17,16±1,78 *0,01851
Direct bilirubin 3,31±0,30 3,64±0,40 0,7049
Indirect bilirubin 9,00±1,09 13,41±1,74 0,1009
CRP 4,01±0,80 2,28±0,29 0,3692
TNF-α 5,90±0,39 4,43±0,02 0,1642
Uric acid 369.57±16.46 322.40±15.04 0.1738
Urea 5.47±0.37 4.04±0.14 *0.008226
Alkaline phosphatase 74.59±3.75 69.40±4.28 0.469
Albumin 45.24±0.88 46.33±1.20 0.9818
Total protein 71.56±0.84 72.52±1.08 0.8189

Due to the results, the range of LDL was signifi cantly 
higher in patients with NAFLD than in controls. HDL in 
control group exceeded the level in main. TG were higher 
in NAFLD with signifi cance of diff erence 0.000689. 
BMI was higher in the main group (p=0.0002169).

The microbiota composition was evaluated in 
both groups, where the main phylum of bacteria were 
explored – Bacteroidetes, Firmicutes, Actinobacteria, 
Firmicutes/Bacteroidetes ratio. The results of analysis 
are presented in the Fig. 1.

According to this picture, the level of Bacteroidetes 
in controls was signifi cantly higher than in patients with 
NAFLD. Actinobacteria range in patients with NAFLD 
was above than in patients of control group. F/B index 
exceeded in patients with NAFLD.

The signifi cant diff erence in the age of patients 
was not the reason to mark the groups of patients as 
nonrelevant. As we see in diff erent data – age is one of 
the risk factor for the NAFLD development. Thus, the 
age of patients without fatty infi ltration could be less and 
is not the reason to change the design of study.
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Fig. 1. The composition of intestinal microbiota in patients with NAFLD and controls.

Moreover, one of the important points was paid 
to the correlational relationship between the age and 
NAFLD presence in the merged group of all patients. It 
was r=0.54 and showed that NAFLD is associated with 
age in our study too. Thus, this point has to be marked 
as the risk factors of fatty infi ltration. Consequently, 

the groups are relevant to each other and could be in 
comparison.

Taking into account the results, it was interesting to 
pay attention to the correlational relationship between 
diff erent phylum of bacteria and biochemical markers not 
only in patients with NAFLD, but also in controls (Fig. 2).

Fig. 2. The correlational relationship between microbiome and biochemical markers in patients with NAFLD.

The negative correlational relationship was marked 
in NAFLD group between Bacteroidetes and Firmicutes
(r= –0.68), Bacteroidetes and Actinobacteria (r= –0.56), 
Bacteroidetes and F/B index (r= –.056).

Actinobacteria in NAFLD group positively correlated 
with TNF-α (r=0.41, p0.05). F/B index was in strong 
relationship with ALT (r=0.61, p0.05), TG (r=0.53, 
p0.05), VLDL (r=0.4, p0.05).

In controls Bacteroidetes strongly correlated with 
Firmicutes (r= –0.93), Actinobacteria (r= –0.84), F/B 
index (r= –0.88). Actinobacteria was in correlation with 
Apo- A1 (r=0.74), Apo- B (r= –0.74). The correlational 

relationship was marked between Bacteroidetes and 
Apo- A1 (r= –0.43), Apo- B (r=0.44). F/B index was in 
strong correlation with Apo- B (r= –0.61), apo- A1 (r=0.6) 
and in negative correlation with TNF-α.

In 1921, B. Hoefert fi rst drew attention to the 
signifi cant changes in the composition of the intestinal 
microbiota in patients with chronic liver disease [10].

The traditional theory of two hits in the pathogenesis 
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 [11].
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Fig. 3. The correlational relationship between microbiome and biochemical markers in patients without NAFLD.

First of all, hyperinsulinemia, which is a well 
known trigger of hepatic fi brosis progression. Insulin 
resistance leads to an increase in levels 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 possibility of their transformation 
and transport to peripheral tissues (as very low density 
lipoprotein – VLDL), oxidative stress occurs, which 
leads to alteration in the adipokine profi le, increased 
production of pro-infl ammatory cytokines (TNF-α, IL-6) 
and, consequently, to the development of fatty infi ltration 
[12, 13].

The human body functions in close relationship with 
bacteria that predominantly inhabit the gastrointestinal 
tract to produce essential amino acids, vitamins and 
digesting plant polysaccharides. The majority of healthy 
gut microbiota comprises Bacteroidetes and Firmicutes; 
their ratio has been found altered in human and mice 
obesity. Many studies have explored the possible causes 
of metabolic syndrome occurrence in its co- morbidities, 
including NAFLD [14, 15].

Various studies show not entirely consistent data on 
the bacteria that predominate in gut microbiota. Among 
patients with obesity, a decrease in the number of bacteria 
was found from the phylum Bacteroidetes, and the 
rise of Firmicutes. Similarly, a reduced percentage of 
Bacteroidetes was observed in patients with NASH when 
compared to those with simple steatosis or without liver 
injuring [16]. Another paper by Boursier et al., in which 
57 patients with biopsy proven NAFLD were examined, 
confi rmed a defi nite increase in the number of Bacteroidetes 
in patients with NASH and the growth of Ruminococcus 
bacteria (phylum Firmicutes) in patients with existing liver 
fi brosis and reduction of Prevotella bacteria (Bacteroidetes 
type) in patients with NASH [17]. However, there were 
also studies in which no signifi cant diff erences in the 
number of types of bacteria were found [18].

Gut microbiota may stimulate hepatic fat deposition 
and promote NASH though several mechanisms:

1. It promotes obesity by improving energy yield 
from food

2. It regulates gut permeability, low-grade 
infl ammation and immune balance

3. It modulates dietary choline metabolism
4. It regulates bile acid metabolism
5. It increases endogenous ethanol production by 

bacteria
Systemic increase of hepatic expression of TNF-

correlates with circulating high levels of LPS binding 
protein in patients with NAFLD, and leads to a greater 
extent in patients with NASH [19, 20].

In our study the Actinobacteria growth was the 
threatening factor for those patients who were diagnosed 
with NAFLD by its further possible correlation with 
TNF-α invreasing, that is the potential marker of 
steatohepatitis. Also, F/B that exceeded in patients with 
NAFLD was in positive correlation with such markers 
as ALT (r=0.61), TG (r=0.53), VLDL (r=0.4). Taking 
into account such factors we can suggest that separate 
bacteria phyla in gut microbiota could be the potential 
markers of fatty infi ltration development.

The diff erence in the composition of the microbiota 
in patients with NAFLD and patients in the control 
group is important, as it gives reason to believe that the 
level of bacteria in NAFLD, especially those bacteria 
that are aggressive and provoke pro-infl ammatory 
and dysmetabolic processes, will get the chance to 
be corrected by targeted probiotic therapy or fecal 
transplantation methods in the nearest future [21].

It is interesting, that the same gut bacteria – F/B and 
Actinobacteria – have been reduced the proatherogenic 
Apo- B and increased the protective Apo- A1 factors in 
patients without NAFLD. Thus, we can hypothesize that 
the microbiome could provoke the development of fatty 



Клінічна та експериментальна патологія. 2023. Т.22, № 1 (83) ISSN 1727-4338     https://www.bsmu.edu.ua
73

Original research

infi ltration in case of NAFLD presence. Vice versa, the 
same bacteria could be the protective factor in patients 
without liver injury and prevent the increasing of factors 
that are leading to the lipid metabolism violation. The 
same bacteria manifest themselves in diff erent ways – 
aggressively or protectively in the presence or absence 
of fatty steatosis. Probiotic therapy should be selected 
taking into account this factor and may diff er depending 
on whether fatty infi ltration is present.

Conclusions
1. Actinobacteria range and F/B index in patients 

with NAFLD was above than in patients of control 
group. Bacteroidetes level in controls was signifi cantly 
higher than in patients with NAFLD.

2. The Actinobacteria growth in patients with 
NAFLD could provoke TNF-α increasing – one of the 
main factors of nonalcoholic steatohepatitis development.

3. F/B index is associated with such markers of liver 
injury as ALT and TG.

4. Actinobacteria and F/B index growth could be 
discussed as one of the markers for fatty infi ltration 
development in patients with NAFLD.
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