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INTRODUCTION

Currently, nonalcoholic fatty 
liver disease (NAFLD) is the 
most common chronic liver 
disease in the world population. 
Its average prevalence is 20% but 
varies between 6 and 35% [1]. The 
spectrum of presentation is broad, 
ranging from pure steatosis to 
non-alcoholic steatohepatitis 
(NASH) presenting inflammation, 
ballooning, and variable degrees 
of fibrosis affecting 2 to 3% of 
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ABSTRACT

Background & Aims: Non-alcoholic steatohepatitis (NASH) has multifactorial etiopathogenesis, and intestinal 
microbiota is co-responsible in this process. The aim of this study was to evaluate the intestinal microbiota 
in NASH patients with different metabolic profiles. 
Methods: Patients with biopsy-proven NASH were evaluated. Subjects were divided into two groups according 
to their metabolic profile, with or without metabolic syndrome (MS). Their characteristics in relation to liver 
disease and intestinal microbiota were analyzed. To evaluate the microbiota, breath tests to investigate small 
intestinal bacterial overgrowth (SIBO) and fecal microbiota analysis by fluorescence in situ hybridization 
(FISH) were performed. 
Results: There was a high prevalence of SIBO in both groups, with no significant difference between them. 
Breathing tests were positive in 43.8% of patients with MS and 50% of those without MS. There was a significant 
difference regarding the quantification of Verrucomicrobiales, less abundant in patients with NASH without 
MS. Its lower concentration also correlated with higher serum ferritin levels and higher hepatocyte ballooning. 
This order of bacteria, through its representative in human microbiota, Akkermansia muciniphila, is associated 
with mucosal protection and metabolic processes with liver aggression. 
Conclusions: Our results suggested that lower Verrucomicrobiales concentration is associated with higher 
inflammatory activity in patients with NASH without MS, where the disease etiopathogenesis does not have 
its classic metabolic substrate.
 
Key words: non-alcoholic fatty liver disease – intestinal microbiota – metabolic syndrome – steatohepatitis 
– dysbiosis.

Abbreviations: ALT: alanine aminotransferase; AST: aspartate aminotransferase; BMI: body mass index; GGT: 
gamma glutamyltransferase; HDL: high density lipoprotein; HOMA IR: homeostasis model assessment of 
insulin resistance; LDL: low density lipoprotein; MS: metabolic syndrome; NAFLD: nonalcoholic fatty liver 
disease; NASH: nonalcoholic steatohepatitis; NAS: NAFLD activity score; NFS: NAFLD fibrosis score; SIBO: 
small intestinal bacterial overgrowth.

the general population. NASH has evolutionary potential for 
liver cirrhosis and hepatocellular carcinoma [2, 3]. However, 
its evolution is heterogeneous and depends on multiple factors 
such as age, body mass index (BMI), and insulin resistance 
with or without diabetes [4]. The main pathophysiological 
mechanism of NAFLD is insulin resistance, frequently identified 
in patients with metabolic syndrome (MS), thus considered the 
hepatic manifestation of this disorder. However, a significant 
proportion of patients develop NAFLD in the absence of a 
metabolic syndrome. Recently, qualitative and quantitative 
changes in the intestinal microbiota have been implicated as a 
possible mechanism associated with NAFLD.

The mechanisms by which changes in the intestinal 
microbiota lead to fat deposition in the liver parenchyma 
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and potential liver injury are still speculative. Possible factors 
include altered energy balance associated with MS and NAFLD 
[5, 6], increased bioproducts such as lipopolysaccharides (LPS) 
[7-9] and alcohol [10-12] generated by intestinal bacteria and 
increased intestinal permeability secondary to small intestinal 
bacterial overgrowth (SIBO) [13-15]. Nevertheless, not only 
quantitative changes in the intestinal microbiota are implicated 
in the pathogenesis of NAFLD. Recent studies have shown 
a protective role of some intestinal bacteria with respect to 
metabolic diseases and NAFLD [16]. However, there is still no 
clarity about the causal relationship between changes in gut 
microbiota and NAFLD. Recently, Ghetti et al. [17] evaluated 
the role of diet in patients with NASH. A beneficial effect was 
observed on the intestinal microbiota profile and on metabolic 
and hepatic parameters in the group that received nutritional 
intervention in relation to the control group [17].

The way dysbiosis interferes with this process is still obscure 
and probably diverse. Which microorganisms play a potential 
role in the genesis and progression of NASH must be better 
defined. Another important question is whether microbiota can 
play a role in NASH development even in individuals without 
MS. In this study, we aimed to identify the characteristics of 
the intestinal microbiota in patients with NASH according to 
their metabolic condition.

METHODS

Study design
We conducted a cross-sectional observational study with 

prospective inclusion of patients recruited by convenience, at 
the NAFLD outpatient clinic of the Gastroenterology Service, 
University Hospital, the Federal University of Juiz de Fora (UFJF), 
Minas Gerais, Brazil. All subjects signed an informed consent 
form before inclusion in the study. The study was approved by the 
UFJF Ethics Committee under number 10994513.0.0000.5133.

Patient selection
Patients older than 18 years of age with suspected 

NAFLD through findings suggestive of steatosis on imaging 
examination without other identifiable liver diseases such as 
alcoholic liver disease (ethanol consumption above 20g /day for 
women and 40 g /day for men), drug-induced liver disease, viral 
hepatitis B or C, autoimmune liver disease, Wilson‘s disease and 
hemochromatosis, were selected. They were followed for at least 

six months, with lifestyle change medical advice that included 
physical activity and diet according to their individualities. 
Patients with maintained elevated aminotransferases above 
1.5x the upper limit of normality were invited to participate in 
the study. Those who agreed were submitted to a liver biopsy 
according to the standard workup of our service. Subjects were 
included in the study if they had histological confirmation of 
NASH without markers of other liver diseases. Individuals 
infected with the human immunodeficiency virus (HIV) were 
excluded, as well as diabetics with chronic or decompensated 
complications and with decompensated liver disease (Child-
Pugh B or C) due to the potential role of these conditions on the 
intestinal microbiota. After inclusion in the study, the patients 
were divided into two groups: with MS (MS) and without 
MS (non MS) (Fig.1). The diagnosis of MS was established 
according to the National Cholesterol Education Program 
(NCEP) Expert Panel on Detection, Evaluation, and Treatment 
of High Blood Cholesterol in Adults (Adult Treatment Panel 
III) - NCEP-ATP III [18].

Clinical and laboratory evaluation
Blood pressure levels and anthropometric data were 

recorded, including weight, height, BMI, and abdominal 
waist. The levels of alanine aminotransferase (ALT), aspartate 
aminotransferase (AST), gamma glutamyltransferase (GGT), 
bilirubin, albumin, prothrombin time and activity, glucose, 
insulin, total cholesterol, high density lipoprotein (HDL), low 
density lipoprotein (LDL), and triglycerides were determined. 
The Homeostasis Model Assessment of Insulin Resistance 
(HOMA IR) was calculated from fasting glucose and insulin 
[19]. From clinical and laboratory parameters, noninvasive 
fibrosis scores (NAFLD Fibrosis Score - NFS [20] and FIB-4) 
were calculated [21]. In addition, tests were performed to rule 
out other possible liver diseases: HBsAg, anti-HCV, antinuclear 
antibody (ANA), anti-smooth muscle antibody (SMA), 
antimitochondrial antibody (AMA), ferritin, transferrin 
saturation, ceruloplasmin, and anti-HIV.

Histological analysis
The presence of steatosis above 5%, ballooning, and 

inflammatory infiltrate on histological analysis was considered 
the definitive diagnosis of NASH. Histological activity and 
degree of fibrosis were graded according to the NAFLD activity 
score (NAS) score [22].

Fig. 1. Recruitment flow chart. NAFLD, nonalcoholic fatty liver disease; NASH, non-alcoholic fatty liver 
disease; MS, group of patients with steatohepatitis with metabolic syndrome; non MS, group of patients 
with steatohepatitis without metabolic syndrome.
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SIBO assessment
For SIBO evaluation, all subjects underwent the breath test. 

The tests were performed on the QuinTron BreathTracker™ Digital 
MicroLyzer apparatus, where expired hydrogen (H2) and methane 
(CH4) elimination were tested after the ingestion of 15 ml of 
lactulose 667 mg /ml. The apparatus is an analyzer that measures 
H2 and CH4 of the gas sample in parts per million (ppm).

On the eve of the exam, subjects were instructed to follow a 
non-fermentative diet. They were not on antibiotics, probiotics, 
laxatives, or proton pump inhibitors in the preceding 
week. The exam was done after a 10-hour fast. Each subject 
collected expired alveolar air in specific collection bags prior 
to carbohydrate ingestion (time 0) and after use of the test 
substance (lactulose) at times 15‘, 30‘, 45‘, 60‘, 90‘, and 120‘. The 
collected samples were immediately analyzed.

Data obtained from the analysis of the samples were 
evaluated in curves and elevations of H2 above 20 ppm or CH4 
above 10 ppm from basal dosage up to 90‘ were considered 
positive for SIBO [23].

Fecal microbiota characterization
Stool samples were collected in sterile vials and kept 

refrigerated for up to 24 hours. They were referred to 
the Laboratory of Ecology and Molecular Biology of 
Microorganisms of UFJF. The feces were processed for 
microbiological analysis by fluorescent in situ hybridization 
(FISH) (Supplementary Table I). They were fixed with 
paraformaldehyde (2% final concentration), and a 0.01% Tween 
solution was added to each sample. Then the samples were 
sonicated (Vibra Cell VCX 130PB, Sonics & Materials®) three 
times (range 110.7 μm for 60 seconds). After sonication, they 
were centrifuged at 500 g for five minutes. The supernatant 
was removed, and the remaining contents were washed twice 
with ultrapure water. The three supernatant fractions were 
placed in one vial and shaken vigorously. Aliquots of each 
sample were diluted (100x), filtered through polycarbonate 
filters (Nuclepore® - 0.2 μm) and stored in a refrigerator until 
the hybridization process. Subsequently, the samples were 
submitted to the FISH protocol [24] to identify and quantify 
the microbial groups of interest [17]. A negative control probe 
(5‘CCTAGTAGACGCCGTCGAC-3‘), which has no specificity 
for any bacterial group, was also used to evaluate hybridization 
efficiency. Probes were labeled with fluorochrome Cy3. The 
density of microorganisms (x 108 cells g-1) was determined by 
direct counting at 100x magnification using an epifluorescence 
microscope (Olympus® BX-60) equipped with the U-N41007, 
U-MWU2, U-MWB2, and U-MWG2 optical filter set.

Statistical analysis
Statistical analysis was performed using SPSS® software 

(version 16.0 for Windows., SPSS Inc., United States of America). 
Parametric and nonparametric tests were used according to 
the normality (Shapiro-Wilk) and homogeneity of variance 
(Levene) tests. Continuous variables were represented as mean 
and standard deviation. Categorical variables were expressed 
as relative and absolute frequency (n). Spearman‘s correlation 
was used to evaluate bivariate relationships between variables. 
The t-test for independent samples or Mann-Whitney U test 
was used to compare continuous variables between groups. 

Categorical variables were compared using the Chi-square test 
or Fisher‘s exact test (between groups). A significance level of 
0.05 (α = 5%) was adopted. Descriptive levels equal to or lower 
than this value were considered significant.

RESULTS

Patients
During the study period, 314 patients were followed. Forty 

patients with biopsy indication according to the adopted 
criteria agreed to participate in the study. Thirty-six patients 
with histological confirmation of NASH were included. Two 
patients selected for biopsy did not have histological criteria for 
NASH and two patients did not complete the analyses required 
for the study. The main clinical, laboratory, and histological 
characteristics of the groups are shown in Table I. From the 
total of selected patients, 16 met criteria for MS. The mean 
age was similar between groups, and female and male gender 
prevailed in the MS and non MS groups, respectively. 

As expected, there was significant difference between 
groups regarding MS criteria, besides BMI and HOMA IR. In 
contrast, there was no difference in liver disease presentation in 
any of the studied parameters, such as aminotransferase level, 
serum ferritin, noninvasive fibrosis markers (NAFLD Fibrosis 
Score - NFS and FIB-4), and histological characteristics. 
Histological analysis confirmed the diagnosis of NASH in 
all patients, without a marker of another liver disease. Most 
patients had mild fibrosis with histological stage F <2 in 85% of 
the non MS group and 87.5% of the MS group. There was also 
no difference in relation to the other histological parameters, 
such as degree of steatosis, ballooning, inflammation and the 
activity score (NAS).

The evaluation of SIBO determined by both H2 and CH4 was 
frequent in all samples regardless of the metabolic profile (Fig. 
2a). There was also no significant difference in the prevalence 
of bacteria producing H2 or CH4 between the two groups. SIBO 
was positive in 43.8% (25% H2 and 18.8% for both H2 and CH4) 
of MS subjects and 50% (30% H2, 15% CH4, and 5% for both 
H2 and CH4) of those non MS (Fig. 2b).

Regarding qualitative analysis of the microbiota, the 
distribution of the order Verrucomicrobiales (from the phylum 
Verrucomicrobia) showed a significant difference (p = 0.01) 
between the groups, being lower in those without MS (Fig. 3a).

In the analysis of the entire sample, Verrucomicrobiales 
had inverse correlation with parameters related to liver 
inflammation. Individuals with a higher concentration of 
Verrucomicrobiales had lower hepatic ballooning (R -0.37 / p 
0.02) and lower serum ferritin level (R -0.34 / p 0.04) (Fig. 4). 
All other microbial groups studied had similar distribution 
of concentrations regardless of metabolic condition (Table 
II). However, the study of the Ruminococcaceae family (from 
the Firmicutes phylum) showed a tendency (p = 0.058) for 
concentration differences, being less abundant in the group 
without MS (Fig. 3b).

DISCUSSION

Our study assessed  the differences between NASH patients 
with or without MS. Among all the parameters evaluated in the 
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differentiation of groups, the only significant one was related 
to intestinal microbiota.

Hepatic evaluation was similar between groups in 
this study, with no metabolic influence over liver disease 
progression. Both groups were also similar in relation to all 
other histological, laboratory, and noninvasive markers of 
hepatic evaluation. However, it is noteworthy that, according 
to the exclusion criteria adopted, we excluded patients with 
advanced liver cirrhosis and diabetes mellitus with signs of 
complication due to the potential secondary influence of 
these conditions on the intestinal microbiota. The exclusion of 
these patients may have influenced the severity profile of liver 
disease in our sample, especially in the MS group. In the global 
NASH population, it is expected that the higher the severity 
of metabolic disease, the greater the risk of progression to 
advanced stages over time [4, 25, 26]. However, this exclusion 
criterion  did not impact  the result of the study, which aimed 

to identify the association of intestinal microbiota with NASH 
and not with the state of advanced liver disease.

There was a higher frequency of female gender among 
MS patients and male among those without MS. This may be 
due to selection bias in a referral center with a predominance 
of obese women and men with difficult etiologic diagnosis of 
elevated liver enzymes without evidence of metabolic changes 
or other liver diseases.

To evaluate the intestinal microbiota, we investigated 
the presence of SIBO. There was a high prevalence of this 
condition among patients, but without difference between 
the groups with or without MS. The test used to detect SIBO 
was considered positive in the presence of an increase either 
in H2 or CH4, optimizing the sensitivity of the method. In the 
analysis of the density of groups of microorganisms of interest 
for this study of fecal microbiota, we observed a difference 
in two microorganisms. There was a statistical tendency of 

Table I. Clinical, laboratory and histological characteristics of the patients

non MS MS p

% n = 20 Mean ±SD % n = 16 Mean ±SD

Age, years 47.5 ±10.5 49.5 ±9.8 0.552

Gender (female) 27.8 5 72.2 13 0.001

Obesity 45 9 75 12 0.020

High WC 25 5 81.2 13 0.001

High Glucose 10 2 43.8 7 0.050

Low HDL 20 4 93.8 15 <0.001

High TG 50 10 93.8 15 0.009

Hypertension 10 2 81.3 13 <0.001

MS, no of criteria 1.15 ±0.9 3.9 ±0.7 <0.001

BMI Kg/m2 29.9 ±3.46 33.8 ±5.8 0.020

HOMA- IR 2.96 ±1.04 5.16 ±2.54 0.004

AST, U/L 47.5 ±25.9 47.1 ±25.8 0.080

ALT, U/L 57.5 ±26.5 60.7 ±38.3 0.514

GGT, U/L 77.6 ±59.9 92.4 ±81.8 0.368

FTI, ng/mL 313±185.7 241±173.8 0.699

PLT (x109/L) 212 ±49 235 ±71 0.159

NFS 1.07 ±1.43 1.33 ±1.52 0.691

FIB-4 1.6 ±1.08 1.53 ±1.11 0.874

Biopsy

Steatosis 2.15 ±0.67 2.5 ±0.63 0.662

Lob Inf 1.1 ±0.64 1.13 ±0.5 0.384

Ballooning 1.55 ±0.68 1.63 ±0.5 0.139

NAS 4.8 ±1.05 5.19 ±0.91 0.499

Fibrosis ≥ 2 15 3 12.5 2 0.829

BT-SIBO 50 10 43.8 7 0.629

Data presented as mean and standard deviation (SD) or as a percentage of prevalence in the group and number of 
individuals (n). Student‘s t- test for numeric variables. Chi-square for categorical. 
Abbreviations: MS: group of patients with steatohepatitis with metabolic syndrome; non MS: group of patients 
with steatohepatitis without metabolic syndrome; MS - no criteria: number of metabolic syndrome criteria; WC: 
waist circumference;  HDL: high density lipoprotein; LDL: low density lipoprotein; TG: triglycerides; BMI: body 
mass index; HOMAR-IR: homeostasis model assessment of insulin resistance; AST: aspartate aminotransferase; 
ALT: alanine aminotransferase; GGT: gamma glutamyltransferase; FTI: ferritin; PLT: platelets; NFS: NAFLD fibrosis 
score; FIB-4: fibrosis-4 score; Lob Inf: lobular inflammation; NAS: NAFLD activity score; BT-SIBO: positive breath 
test for small intestinal bacterial overgrowth; ns: not significant.
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lower concentration of the Ruminococcaceae family in the 
group without MS. This data is in line with other studies that 
evaluated NASH in thin individuals [27]. This family has been 
related to a higher presence of advanced fibrosis in patients 
with NASH [28]. This relationship was not observed in our 
group with a low prevalence of advanced fibrosis due to the 
exclusion criterion adopted.

The Verrucomicrobiales family was also less populous 
in the group without MS, but with a significant difference. 
In 2004, Akkermansia muciniphila [29], an anaerobic gram 
negative bacteria representing Verrucomicrobiales in the 
human intestinal microbiota [30] was isolated. This bacterium 
degrades mucin as a source of carbon and nitrogen and 

stimulates turnover of the intestinal barrier. In addition, it 
generates oligosaccharides and short chain fatty acids that 
stimulate mucosal barrier protective bacteria, the immune 
response, and leads to gene stimulation of the peroxisome 
proliferator-activated receptors (PPARα)-associated metabolic 
pathways [31]. It has been described throughout the digestive 
tract, but predominantly in the small intestine and colon 
[32]. Since its identification, several studies have shown its 
protective role for the mucosal barrier, finding its abundance 
in healthy intestines and a decrease in conditions accompanied 
by intestinal injury and inflammation, such as appendicitis 
and inflammatory bowel diseases [33, 34]. Akkermansia 
muciniphila has also been associated with prominent 

Fig. 2. Breath test for SIBO according to metabolic status (with or without MS). MS, group 
of patients with steatohepatitis with metabolic syndrome; non MS, group of patients with 
steatohepatitis without metabolic syndrome; non SIBO, breath test negative for SIBO; SIBO, 
breath test positive for SIBO; H2, breath test positive for hydrogen; CH4, breath test positive for 
methane; H2 + CH4, breath test positive for both. 

Fig. 3. Distribution of Verrucomicrobiales (a) and Ruminococcaceae 
(b) according to metabolic status (with or without MS). 

Fig. 4.  Inverse correlation between the concentration of 
Verrucomicrobiales and hepatocyte ballooning (a) and serum ferritin (b).
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influence on the metabolic profile. There is evidence of a 
negative relationship between Akkermansia muciniphila and 
interferon γ, insulin resistance-related cytokine [35], and other 
inflammatory cytokines related to metabolic disorders [36]. It 
influences the relationship between intestinal microbiota and 
host, especially in patients with obesity and type 2 diabetes [37].

In a study by our team that evaluated the role of diet 
in patients with NASH, the group that received dietary 
intervention increased the overall concentration of bacteria 
in the fecal microbiota analysis, while in the control group, a 
reduction in Verrucomicrobiales concentration was observed 
[17]. Decreasing Verrucomicrobiales, due to its beneficial role 
on the mucosal barrier [31], may lead to increased intestinal 
permeability and consequent participation in liver aggression 
[15]. It is also worth mentioning the epigenetic influence of 
the eating pattern in patients with NAFLD [38]. However, 
the potential role of microbiota in this gene expression needs 
further investigation.

In the present  study,  a  lower concentrat ion of 
Verrucomicrobiales was associated with increased hepatocyte 
ballooning and higher serum ferritin levels, markers of NASH 
inflammatory activity. Interestingly, this order of bacteria was less 
abundant in the NASH group without MS. This group has NASH 
without the usual substrate of metabolic changes. In these cases, 
the etiopathogenesis of liver injury is still a matter of controversy 
and the possible role of intestinal microbiota is of great interest.

The dietary habits of the individuals in this study were 
evaluated in relation to the daily intake of energy and nutrients 
(carbohydrates, fibers, lipids, saturated and unsaturated 
fats, cholesterol and proteins). There was no impact on the 
concentration of Verrucomicrobiales regardless of the dietary 
profile (unpublished data). 

Although not attributable to cause and effect, our results 
suggest that the lower abundance of Verrucomicrobiales 

increases the risk of inflammatory activity in NASH patients, 
especially in NASH patients without MS. In this group without 
the necessary criteria for the diagnosis of MS, almost half of 
the patients were obese and had, on average, a criterion of MS. 
However, many patients without MS are of difficult therapeutic 
adequacy, given that the measures for metabolic control that 
underlie NASH management are not always justified for their 
profile. The role of the intestinal microbiota, in particular 
the lower concentration of Verrucomicrobiales, makes room 
for further studies. Some experiments have been conducted, 
analyzing the therapeutic role of A. muciniphila as a probiotic 
[39-41]. Although in a short period of dietary intervention, 
Ghetti et al. [17] demonstrated that diet was able to maintain 
Verrucomicrobiales levels. Further studies with long-term 
dietary intervention are  required to demonstrate its role in 
general microbiota modulation, with better control of the NASH 
inflammatory process, especially for patients without MS.

CONCLUSIONS

Our results suggested that lower Verrucomicrobiales 
concentration is associated with higher inflammatory activity in 
patients with NASH without MS. This data suggests its protective 
role with a possible association with disease progression in those 
individuals with NASH without MS, where Verrucomicrobiales 
was less populous. Studies must be conducted that evaluate the 
role of specific bacteria such as Akkermansia muciniphila and 
the interaction with the entire intestinal ecosystem, as well as 
the best intervention for its modulation.
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Table II. Analysis of density of microorganisms (x 108 cells g-1) and their 
distribution according to metabolic status

Microbial Group non MS, mean (± SD) MS, mean (± SD) p

Bifidobacterium spp. 0.22 (0.098) 0.21 (0.095) 0.937

Lactobacillus 0.24 (0.108) 0.20 (0.076) 0.305

Enterococcus 0.28 (0.084) 0.28 (0.074) 1.000

Escherichia  coli 0.30 (0.098) 0.29 (0.135) 0.386

Bacteroides 0.30 (0.100) 0.35 (0.105) 0.262

Prevotella 0.43 (0.089) 0.45 (0.133) 0.937

Streptococcus 0.28 (0.072) 0.29 (0.057) 0.694

Ruminococcaceae 0.24 (0.087) 0.29 (0.042) 0.058

Aeromonas 0.27 (0.080) 0.27 (0.051) 0.671

Clostridium 0.27 (0.116) 0.31 (0.088) 0.211

Bacteroidetes 2.49 (1.466) 2.77 (1.660) 0.560

Firmicutes 1.35 (0.633) 1.35 (0.806) 0.937

Actinobacteria 1.39 (0.775) 1.24 (0.788) 0.560

Acidobacteria 1.07 (0.708) 1.33 (0.625) 0.276

Archaea 0.93 (0.605) 0.88 (0.529) 0.888

Verrucomicrobiales 0.84 (0.724) 1.44 (0.823) 0.016

MS: group of patients with steatohepatitis with metabolic syndrome; non MS: group 
of patients with steatohepatitis without metabolic syndrome.
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