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INTRODUCTION

Non-alcoholic steatohepatitis 
(NASH) is defined as the presence 
of a least 5% hepatic steatosis and 
inflammation with hepatocyte 
injury (e.g., ballooning), with 
or without fibrosis [1]. While 
the prevalence of NASH ranges 
from 2% to 5% in the general 
population [2, 3], approximately 
70% of obese individuals are 
affected by this condition [4]. 
Although in most cases it does 
not cause symptoms, NASH 
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ABSTRACT

Background & Aims: Modulation of the gut microbiota emerges as a therapeutic possibility to improve 
health. Our objective was to compare the impact of three months of intervention with diet plus nutritional 
orientation versus only nutritional orientation on the gut microbiota and metabolic-nutritional profile of 
outpatients with non-alcoholic steatohepatitis. 
Methods: It was a randomized clinical trial with 40 outpatients (49.48 ± 10.3 years), allocated in two groups: 
DIET group (n=20), who received diet (1.651.34 ± 263.25 kcal; 47% carbohydrates, 28% lipids, 25% proteins, 
30 g fibers) and nutritional orientation, and control group (n = 20), which received only nutritional orientation. 
Results: The DIET group, in relation to baseline, presented a reduction in body weight (p<0.001), BMI 
(p<0.001), waist circumference (p=0.001), percentage of fat (p=0.002), serum aspartate aminotransferase 
(p<0.001), alanine aminotransferase (p<0.001), γ-glutamyltransferase (p=0.001), glycemia (p=0.003), 
homeostasis model assessment of insulin resistance (p=0.017), total cholesterol (p=0.014), and triacylglycerols 
(p=0.008), whereas the control group did not present changes. After intervention, the small intestinal bacterial 
overgrowth frequency was 30% in the DIET group and 45% in the control group (p=0.327). In the DIET group, 
an increase in the density of total microorganisms (3.76 ± 7.17 x 108 cells g-1; p=0.048) was detected, while in 
the control group reduced Bacteroidetes (-0.77 ± 2.01 x 108 cells g-1, p=0.044) and Verrucomicrobiales (-0.46 
± 0.75 x 108 cells g-1; p=0.022) were observed. 
Conclusions: The results suggest that exclusively dietary modifications contribute to health promotion in 
non-alcoholic steatohepatitis and should be the basis of nutritional treatment for this condition.
 
Key words:  non-alcoholic fatty liver disease – fatty liver – non-alcoholic steatohepatitis – microbiota –dysbiosis.

Abbreviations: FISH: fluorescence in situ hybridization; LPS: lipopolysaccharide; NAFLD: non-alcoholic 
fatty liver disease; NAS: NAFLD activity score; NASH: non-alcoholic steatohepatitis; SIBO: small intestinal 
bacterial overgrowth; TTE: total energy expenditure. 

increases the risk of cirrhosis, hepatic insufficiency and 
hepatocellular carcinoma [4-6].

The NASH cause is still unclear, but studies have 
suggested the role of the gut microbiota in the pathogenesis 
of this disease [7, 8]. Changes in the gut microbiota (called 
“dysbiosis”) have consequences on energetic homeostasis, 
resulting in obesity and hepatic steatosis [9]. Dysbiosis is 
also responsible for increased intestinal permeability and 
circulating lipopolysaccharide (LPS) concentration, causing 
metabolic endotoxemia [10]. Moreover, dysbiosis can alter the 
metabolism of choline [11] and bile acids [12] in NASH and 
increase endogenous ethanol production [13]. However, few 
studies have evaluated the gut microbiota in NASH patients. 
Some findings suggest that NASH patients present a higher 
prevalence of small intestinal bacterial overgrowth (SIBO) 
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[14, 15]. In addition, the composition of fecal microbiota 
is different in this population when compared to healthy 
individuals [16, 17].

There is evidence that the amount of energy and the 
proportion of the three macronutrients in the diet have the 
potential to modulate the gut microbiota [18]. However, to 
date, no study has investigated the effects of exclusively dietary 
modification on the gut microbiota of NASH outpatients. 
Thus, the objective of this study was to evaluate the effects of 
three months of dietary intervention in the gut microbiota and 
metabolic-nutritional profile of NASH outpatients.

METHODS

Population and experimental design
Research outpatients were recruited from the Hepatology 

Service of the University Hospital at the Federal University 
of Juiz de Fora, Brazil. Outpatients were included from July 
2015 to September 2017, and the inclusion criteria were: age 
≥ 18 years, of both genders and previous diagnosis of NASH. 
The NASH diagnosis was based on clinical and laboratory 
profiles and liver biopsies, which were routine evaluations in 
the Hepatology Service, as previously described by De Oliveira 
et al. [19].

The criteria for non-inclusion were: presence of other 
relevant liver diseases diagnosed through laboratory tests for 
the following diseases: chronic hepatitis B, chronic hepatitis 
C, autoimmune hepatitis (anti-smooth muscle antibody, 
anti-mitochondrial antibody, and antinuclear antibody) and 
hemochromatosis (ferritin). In addition, HIV-infection, drug-

induced hepatic disease, excessive alcohol consumption (>30 
g/day in men or >20 g/day in women) and antibiotics in the 
two months prior to study enrollment represented exclusion 
criteria. According to the sample calculation [20], using a 
power of 90% and significance level of 5% to detect a difference 
of 46.5% in the prevalence of SIBO [15], 19 outpatients had 
to be recruited in each group. Initially, 45 outpatients met the 
inclusion criteria; however, 1 outpatient declined to participate 
and 4 outpatients (2 in each group) were excluded because 
they did not complete the three-month experimental protocol. 
Therefore, 40 outpatients who completed the experimental 
protocol were included in the analysis (Fig. 1).

This randomized, open-label clinical trial was carried 
on for three months. Outpatients were randomized into two 
groups: the experimental group, which received individualized 
diet plus nutritional orientation (DIET group, n=20), and 
control group, which received only nutritional orientation (CT 
group, n=20). A researcher who was not directly involved in 
the sample selection was responsible for the computer block 
randomization. For each four outpatients who agreed to 
participate in the study, two were drawn to belong to the DIET 
group, and the other two were drawn for the CT group, and 
so on, until the estimated sample number was reached. Block 
randomization was used to avoid or lessen possible imbalances 
at some point in the randomization process. The distribution 
of the variables age and gender of the outpatients was similar 
for the DIET and CT groups, confirming the appropriateness 
of the randomization process at the beginning of the study. 
At baseline, the outpatients were evaluated in relation to 
the variables of interest. Outpatients from both groups were 

Fig. 1. Recruitment flow chart and study design. NASH, non-alcoholic 
steatohepatitis; NAFLD, non-alcoholic fatty liver disease.
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followed up in individual consultations, monthly, by the same 
nutritionist. All volunteers were instructed to maintain the 
same level of physical activity during the trial period. After the 
intervention period, the groups were submitted to the same 
evaluations (Fig. 1).

This study was conducted in accordance with the guidelines 
established in the Declaration of Helsinki and all procedures 
involving human subjects were approved by the Human 
Research Ethics Committee of the University Hospital at the 
Federal University of Juiz de Fora, Brazil (protocol number 
1.129.516/2015). All subjects provided written informed 
consent. This study is part of a large project entitled “Effects 
of nutritional intervention on the nutritional profile, 
inflammation and intestinal health of outpatients with liver 
disease”, registered at http://ensaiosclinicos.gov.br/rg/RBR-
2rcph2/, with the general objective to evaluate nutritional 
status, inflammatory parameters and intestinal health of 
outpatients with liver cirrhosis and NAFLD before and after 
nutritional intervention. Specifically in this study, we intended 
to evaluate the effects of three months of dietary intervention 
in the gut microbiota and metabolic-nutritional profile of 
NASH outpatients.

Demographic data
The anamnesis consisted of questions regarding personal 

data, clinical history, and level of physical activity according to 
the International Physical Activity Questionnaire (IPAQ) short 
version [21]. The diagnosis of systemic arterial hypertension 
and type 2 diabetes was obtained from medical records. The 
presence of metabolic syndrome was defined according to the 
criteria of the International Diabetes Federation [22].

Histology of the liver
The liver biopsy specimens, collected before inclusion 

in the study, were reviewed by a blind pathologist for the 
clinical characteristics of the outpatients. The histological 
analysis was based on the Non-alcoholic Fatty Liver Disease 
(NAFLD) activity score (NAS), developed by the Nonalcoholic 
Steatohepatitis Clinical Research Network [23]. 

Biochemical evaluation
After 12 h of fasting, venous samples were taken for 

analysis of liver biochemistry: alanine aminotransferase 
(ALT), aspartate aminotransferase (AST), gamma-
glutamiltransferase (GGT), total bilirubin and metabolic 
parameters (lipid profile and fasting insulin and glucose). 
The blood was separated by centrifugation and immediately 
analyzed in the Laboratory of Clinical Analysis of the 
University Hospital of the Federal University of Juiz de 
Fora. AST, ALT, GGT, total bilirubin, fasting glucose, 
total cholesterol, high density lipoprotein (HDL) and 
triacylglycerols (TAG) were analyzed by standard laboratory 
methods using a self-analyzer WIENER LAB, CT600i. 
Fasting insulin was determined by a self-analyzer Architect, 
i1000SR. Low density lipoprotein (LDL) was calculated 
according to Friedewald et al. [24]. The evaluation of the 
homeostasis model of insulin resistance (HOMA-IR) was 
calculated according to Matthews et al. [25].

Anthropometric and dietary assessment
Weight, height, waist circumference, and body composition 

were assessed in the fasting state. Waist circumference was 
measured at the midpoint between the iliac crest and the last 
rib. Body mass index (BMI) was calculated [26]. Body fat was 
measured by bioimpedance analyzer (RJL Systems, Inc (EUA) 
- Model Quantum II, serial number Q4631IID) as described 
previously [27]. 

Dietary assessment was performed through the Quantitative 
Food Frequency Questionnaire, validated for the Brazilian 
population [28]. All dietary questionnaires were analyzed by the 
same nutritionist and the daily intake of energy and nutrients 
(carbohydrates, fiber, lipids, saturated and unsaturated fatty 
acids and proteins) were calculated using Dietpro 5i software 
(Agromídia, Viçosa, Brazil), based on composition proposed 
by TACO (2004) and USDA (2003). 

Characterization of fecal microbiota
Samples of feces were collected by outpatients in sterile 

vials and kept refrigerated for up to 24 hours until they were 
taken to the laboratory. Fecal samples were processed for 
microbiological analysis by fluorescence in situ hybridization 
(FISH) (Supplementary Table I). The samples were fixed with 
paraformaldehyde (final concentration 2%), and a 0.01% Tween 
solution was added to each sample. The samples were then 
sonicated (Vibra Cell VCX 130PB, Sonics & Materials®) three 
times (range 110.7 μm for 60 s). After sonication, the samples 
were centrifuged at 500 g for 5 min. The supernatant was removed 
and the remaining contents was washed twice with ultrapure 
water. The three supernatant fractions were placed in one vial and 
shaken vigorously. Aliquots of each sample were diluted (100x) 
and filtered through polycarbonate filters (Nuclepore® - 0.2 μm) 
and stored in a refrigerator until the hybridization process.

Subsequently, the samples were submitted to FISH 
protocol [29] for identification and quantification of 
microbial groups. Thus, 24 oligonucleotide probes labeled 
with Cy3 fluorochrome were used. A negative control probe 
(5’CCTAGTAGACGCCGTCGAC-3’), which has no specificity 
for any bacterial group, was also used to evaluate the efficiency 
of the hybridization. The density of the microorganisms (x 
108 cells g-1) was determined by direct counting at 100 × 
magnification using an epifluorescence microscope (Olympus® 
BX-60) equipped with the U-N41007, U-MWU2, U-MWB2 
and U-MWG2 optical filters.

Small intestinal bacterial overgrowth assessment
The outpatients were submitted to expired hydrogen breath 

test (H2) and methane (CH4) for the detection of SIBO. For 
the test, outpatients received preparation guidelines, which 
included: not using antibiotics in the last 4 weeks prior to 
the test, discontinuing the use of proton pump inhibitors one 
week prior to the test, and avoiding fiber-rich foods the day 
before. Tests were performed on QuinTron BreathTracker™ 
Digital MicroLyzer, with the outpatient having fasted for 10 
hours. On the day of examination, expired alveolar air was 
collected in specific collection bags prior to ingestion of the 
test substrate (15 ml syrup at the concentration of 667 mg of 
lactulose, followed by the consumption of 200 ml of filtered 
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water) at time 0‘ (fasting), and after the use of lactulose at times 
15’, 30’, 45’, 60’, 90 ‚and 120’. Elevations of H2 ≥ 20 ppm and/or 
CH4 ≥ 10 ppm were considered positive for SIBO from the 0’ 
to 90’ time dosing [30].

Dietary intervention
The dietary intervention consisted of the prescription of 

individualized diet plus nutritional orientation (DIET group) 
or only of nutritional orientation-control group (CT group). 
The clinical history, nutritional status, lifestyle, eating habits 
and the calculation of the nutritional needs of each patient were 
considered for the preparation of the individualized diet. The 
total energy expenditure (TEE) was calculated according to the 
Dietary Reference Intakes (DRIs) [31]. The average TEE of the 
DIET and CT groups were 2276.3 ± 358.1 kcal and 2269.9 ± 
506.5 kcal per day (p=0.963), respectively. Overweight or obese 
outpatients received a hypocaloric diet, with a deficit of 500 to 
750 kcal per day (mean of 624.9 ± 94.8 kcal) in relation to TEE 
[32]. The caloric distribution of macronutrients and the supply 
of dietary fiber were based on previous recommendations for 
fatty liver disease [33]. The characteristics of the diet prescribed 
to the DIET group are described in Table I. The nutritional 
orientations were based on the recommendations of the food 
guide for the Brazilian population [34]. 

McNemar test (within the group). The analysis “per protocol” 
has been chosen and not “intention-to-treat”.

RESULTS

Of the 40 outpatients included in the study, the mean age 
was 49.4 ± 2.3 years (ranging from 25 to 69 years) and 52.5% 
(n=21) were males. At baseline, DIET and CT groups were 
similar in relation to demographic characteristics, clinical 
history, histological analysis (Table II), food consumption 
(Table III), physical activity level and metabolic-nutritional 
profile (Table IV), reinforcing homogeneity of the groups at 
baseline and the appropriateness of the randomization process.

After three months of dietary intervention, the DIET group 
presented a reduction in most of the metabolic and nutritional 
parameters, whereas the CT group did not present changes 
(Table IV). In the DIET group, body weight decreased by 
4.7% (about 4 kg). BMI, waist circumference and percentage 
of body fat decreased by 3.7%, 3.6% and 7.1%, respectively, in 
relation to baseline measurements. In addition, GGT, glycemia 
and TAG values normalized after dietary intervention, and 
total cholesterol decreased by 6.8%. After three months of 
follow-up, BMI, HOMA-IR and insulin, AST and GGT levels 
were significantly lower in the DIET group, compared to CT 
group. At the end of the study, the volunteers had not changed 
their level of physical activity, and there was no difference in 
the IPAQ classification between the groups.Table I. Characteristics of the diet prescribed to the DIET group

Grams % TEE

Mean SE Mean SE

Energy (kcal)  
Mean 
 SEM

1,651.3  
58.8

Carbohydrates 198.4 7.3 47.4 0.8

Lipids       51.5 2.4 27.7 0.7

Protein                103.9 4.2 24.9 0.7

SFA 12.6 0.8 6.9 0.4

PUFA               14.9 0.6 8.1 0.4

MUFA 19.3 0.6 10.6 0.3

Fibers 30.3 1.06

Data are represented as mean and standard error. SFA: saturated fatty acid; 
PUFA: polyunsaturated fatty acid; MUFA: monounsaturated fatty acid; TEE: 
total energy expenditure

Table II. Demographic characteristics, clinical history and histological 
analysis of patients with non-alcoholic steatohepatitis before inclusion 
in the study

DIET (n=20)
 

CT (n=20) p

% n % n

Age (years)
Mean 
SE

48.3  
2.3

50.6 
2.3

0.48

Gender (male) 60 12 45 9 0.34

SAH (yes) 35 7 50 10 0.33

T2D (yes) 10 2 30 6 0.23

Steatosis 0.91

5% - 33%
34% - 66%   
> 66% 

15 
40 
45 

3 
8 
9

15   
50   
35

3 
10
7

Lobular 
inflammation

1.00

< 2 foci/200x
2 a 4 foci/200x 

75  
25

15  
5

75   
25

15 
5

Ballooning 0.20

Few cells  
Many cells

55 
45

11  
9

35  
65

7 
13

Fibrosis stage 0.38

F0  
F1  
F2  
F3

55 
40 
5 
0

11 
8 
1 
0

30  
55  
10  
5

6 
11 
2 
1

T2D: type 2 diabetes; SD: standard deviation; SAH: systemic arterial 
hypertension; NAS: non-alcoholic fatty liver disease activity score; SE: 
standard error

Statistical analysis
Statistical analysis was performed using SPSS® software 

(version 20.0, SPSS Inc., United States of America). Parametric 
and non-parametric tests were used according to the normality 
tests (Shapiro-Wilk) and homogeneity of variances (Levene). 
A significance level of 5% was adopted (p<0.05). Continuous 
variables were represented by mean and standard error of the 
mean. Categorical variables were expressed as absolute (n) and 
relative (%) frequencies. The t-test was used for independent 
samples or Mann-Whitney U test for comparing continuous 
variables at baseline and after intervention between groups. 
In order to compare the continuous variables before and after 
intervention, the t-test for paired samples or Wilcoxon test 
was used. Categorical variables were compared by the chi-
square test (χ2) or Fisher’s Exact test (between groups) and the 
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At baseline, the DIET and CT groups were similar in 
relation to SIBO frequency (30% vs. 25%, respectively, 
p=0.723). After three months of dietary intervention, there 
was no significant change in the proportion of positive tests 
within the DIET group (30%, p=1.000), within the CT group 
(45%, p=0.289) and between groups (p=0.327). Regarding the 
composition of the fecal microbiota, there was no significant 
difference between the groups at baseline and at 3 months (Fig. 
2 and 3). However, after the intervention, the density of total 
microorganisms increased in the DIET group in relation to the 
basal one (Fig. 2), while in the CT group density decreased for  
Bacteroidetes (p=0.04) and Verrucomicrobiales (p=0.02) (Fig. 
3). In addition, it was observed that outpatients who received 
nutritional orientation only (CT group) had a tendency to 
decrease Actinobacteria (p=0.05) (Fig. 3) and tendency to 
increase Escherichia coli (p=0.05) density (Fig. 4).

Table III. Dietary intake of patients with non-alcoholic steatohepatitis 
at baseline

DIET (n=20) CT (n=20)

Mean SE Mean SE P 

Energy (kcal) 2,444.0 142.4 2,244.8 142.2 0.33

Carbohydrates  
g    
% 

310.5  
50.3

22.9  
1.6

297.9   
52.3

20.4  
1.5

0.70   
0.38

Lipids  
g    
%

87.1   
31.8

6.7  
1.3

78.7  
29.6

7.3  
1.2

0.33  
0.23

Proteins 
g    
%

104.8  
17.8

7.0  
1.2

92.1  
17.7

5.3  
1.1

0.15  
0.93

Fibers (g) 17.8 1.2 18.9 1.3 0.53

SFA 
g    
%

19.4   
7.0

2.4  
0.7

16.8  
6.4

2.9   
0.9

0.19 
 0.35

PUFA 
g    
%

26.7  
9.9

1.8  
0.5

22.0  
8.7

2.4   
0.6

0.13   
0.15

MUFA 
g    
%

21.9  
8.0

2.5  
0.7

15.8   
6.1

1.8  
0.5

0.07   
0.15

SFA: saturated fatty acid; PUFA: polyunsaturated fatty acid; MUFA: 
monounsaturated fatty acid; SE: standard error..

DISCUSSION 

The gut microbiota emerges as a potential therapeutic target 
in the fight against metabolic diseases, including NASH. To the 
best of our knowledge, this study is the first to investigate the 
effects of exclusively dietary intervention on the gut microbiota 
and metabolic-nutritional profile of NASH outpatients. Our 
hypothesis was that the intervention with individualized 
prescribed diet combined with nutritional orientation could 
positively affect all these parameters, when compared to the 
intervention with only nutritional orientation.

Fig. 2. Density of total microorganisms in patients with non-alcoholic 
steatohepatitis at baseline and 3 months, according to the study group. 
*Significant difference between baseline and 3 months (p=0.04) in the 
DIET group, using Wilcoxon test.

Fig. 3. Characterization of fecal microbiota (domain, phylum and 
order) of patients with non-alcoholic steatohepatitis at baseline and 3 
months. (a), DIET group; (b),  CT group. Values described in median 
and interquartile range, represented by boxplots. *Statistical difference 
(p<0.05) within the group compared to baseline, using Wilcoxon test.

Fig. 4. Characterization of fecal microbiota (gender and species) of 
patients with non-alcoholic steatohepatitis at baseline and 3 months. 
(a), DIET group; (b), CT group. Values described in median and 
interquartile range, represented by boxplots. *Statistical difference 
(p<0.05) within the group compared to baseline, using Wilcoxon test.
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There is evidence that exclusively dietary modification 
results in positive effects on the gut microbiota of individuals 
with obesity and/or metabolic syndrome [18, 35]. In obesity, 
the consumption of hypocaloric diet rich in fiber, for a month, 
increased Bacteroidetes and reduced Firmicutes [35]. In our 
study, we believe that the individualized diet positively affected 
the gut microbiota of NASH outpatients, since the significant 
differences observed in the fecal microbiota in the CT group 
were not repeated in the DIET group. Indeed, the CT group 
tended to increase potentially pathogenic bacteria, such as 
Escherichia coli, and to decrease potentially beneficial bacteria, 
such as Actinobacteria. It is clear in the literature that the genus 
Escherichia is able to produce ethanol [36], which is associated 
with inflammation and hepatic injury [37]. On the other hand, 
Actinobacteria is a phylum of gram-positive bacteria, including 
the family Bifidobacteriaceae, with protective function during 

hepatic injury [38]. In addition, the densities of Bacteroidetes 
and Verrucomicrobiales decreased in the CT group. Some 
studies have shown an inverse correlation between these 
microbial groups and obesity-associated comorbidities [39, 
40]. Besides that, in the DIET group, there was an increase 
in the density of total microorganisms, which may reflect in 
part a greater microbial diversity (greater species richness and 
uniformity in the distribution of residues among species), 
considering that the oligonucleotide probes identified at the 
baseline 73.2% of the total microorganisms in the fecal samples 
and 55.5% of them after the intervention (p=0.001). Therefore, 
future studies should consider the analysis of other bacteria 
not investigated by this study.

Regarding the SIBO frequency, we observed that dietary 
intervention in both groups did not significantly modify the 
percentage of positive tests. However, we observed in clinical 

Table IV. Metabolic-nutritional profile and level of physical activity of patients with non-alcoholic steatohepatitis at baseline and after three months 
of dietary intervention

DIET (n=20)  CT (n=20) P

Basal 3 months Basal 3 months

Mean SE Mean SEM Mean SE Mean SEM

MS (yes) 
% 
n

60 
12

40 
8

55 
11

55  
11

0.34

Weight (kg) 83.1a 2.2 79.2b 2.2 87.3 5.2 87.9 5.4 0.15

BMI (kg/m2) 30.1a 0.8 28.9b 0.8 32.1 1.3 32.3 1.4 0.04†

BF (%) 33.2c 1.9 30.8d 1.9 34.6 2.0 34.0 2.1 0.22

WC (cm) 96.2c 1.8 92.7d 1.5 97.1 3.0 96.6 3.1 0.27

Glucose (mg/dL) 99.9c 3.6 91.2d 2.2 103.6 4.1 102.3 5.6 0.21

Insulin (μU/mL) 13.9 1.3 11.9 1.7 16.6 1.8 15.0 1.2 0.04†

HOMA-IR 3.2c 0.3 2.6d 0.4 4.3 0.5 3.7 0.2 0.01†

TC (mg/dL) 184.6c 9.7 171.9d 7.1 197.7 7.3 191.4 8.3 0.08

HDL (mg/dL) 44.0 1.9 41.8 1.2 41.7 2.4 42.2 2.4 0.88

LDL (mg/dL) 106.5 7.4 104.3 5.9 120.0 6.3 114.4 7.4 0.29

TAG (mg/dL) 172.1c 17.7 130.7d 16.4 175.2 14.1 169.0 16.3 0.10

AST (U/L) 45.4a 5.6 33.0b 5.0 46.9 5.4 43.9 4.5 0.002†

ALT (U/L) 58.8a 7.7 44.4b 7.7 55.7 5.8 52.4 5.8 0.13

GGT (U/L) 69.4c 16.7 44.4d 8.2 89.8 13.4 91.3 14.7 0.009†

TB (mg/dL) 0.83 0.1 0.71 0.1 0.59 0.1 0.62 0.1 0.51

IPAQ 0.22

Sedentary 
% 
n

50  
10

50  
10

65  
13

70 
14

IAA 
%  
n

20  
4

15  
3

5  
1

0  
0

IAB 
%  
n

10  
2

10  
2

5  
1

10  
2

Active 
%  
n

20  
4

25  
5

25 
5

20  
4

ALT: alanine aminotransferase; AST: aspartate aminotransferase; BMI: body mass index; BF: body fat; GGT: γ-glutamyltransferase; HDL: high density lipoprotein, 
HOMAR-IR: homeostasis model assessment of insulin resistance; IAA: irregularly active A; IAB: irregularly active B; IPAQ: International Physical Activity 
Questionnaire; LDL: low density lipoprotein; MS: metabolic syndrome; TAG: triacylglycerol; TB: total bilirubin; TC: total cholesterol; WC: waist circumference. 
Data are represented as mean and standard error; a,b Different letters on the same line indicate statistical difference (p <0.05) within the groups (t-test for repeated 
samples or Wilcoxon); c,d Different letters on the same line indicate statistical difference (p <0.001) within the groups (t-test for repeated samples or Wilcoxon)
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practice that there was an increase of 80% of positive tests 
in the CT group, while the proportion in the DIET group 
was maintained with the intervention. It is possible that the 
follow-up of patients for more than three months may show 
statistical significance among these proportions. SIBO has been 
associated with increased intestinal permeability and elevated 
levels of LPS, supporting the role of endotoxemia in the 
development of steatohepatitis [41]. Considering the possible 
relationship between SIBO and NASH, therapeutic measures 
are necessary to prevent or treat gut microbiota imbalance.

Traditionally SIBO treatment consists of eradication of 
bacteria with broad-spectrum antibiotics [42]. However, 
the use of antibiotics is not free of risk (e.g., severe adverse 
reactions, antibiotic resistance and potential for Clostridium 
difficile infection) [43]. In addition, other treatment options, 
such as the use of probiotics and modification of dietary habits 
are under investigation. The modification of dietary habits 
seems to reduce the frequency of SIBO [44]; however, studies 
are required to clarify the effects of dietary intervention on the 
gut microbiota. For example, in irritable bowel syndrome, the 
use of restricted diet in fermentable oligo-di-monosaccharides 
and polyols (FODMAPs) normalized the respiratory test in 
80% of SIBO patients [44]. It should be noted that the present 
study did not standardize a specific type of diet, such as the 
restricted diet in FODMAPs. We investigated the effects of 
exclusively dietary modification, adjusted to the individuality 
of each subject, for the control of potential risk factors for the 
development and progression of NASH, particularly the gut 
microbiota. 

Although the gut microbiota was the main outcome, 
we also evaluated the impact of dietary intervention on the 
metabolic and nutritional profile. We did not find in the 
literature clinical studies investigating the effects of exclusively 
dietary modification on these parameters in NASH outpatients. 
The evidence associated and/or compared diet with physical 
exercise [45], probiotic [16] or symbiotic [46]. In this way, our 
work is also the first to conduct this type of analysis.

There is a consensus that lifestyle modification, including 
strategies for reducing body weight, represents the first line of 
treatment for NAFLD [47]. Considering the close relationship 
between obesity and liver disease, body weight should be 
reduced by at least 3-5% [48], and a loss of at least 7-10% 
may be necessary to improve necroinflammation and liver 
enzymes [45]. It is worth noting that the evidence for these 
recommendations has obtained the results after 12 months 
of follow-up and combined diet with exercise [45]. Our study 
found a reduction of approximately 5% of the initial weight 
in only 3 months of dietary intervention, with no change in 
the level of physical activity. It is possible that we achieved 
histological improvement, since the DIET group reduced 
the serum levels of AST and ALT by more than 20% and 
normalized GGT levels. That is, the diet controlled important 
markers of liver injury, which in NASH have already been 
correlated with the degree of inflammation and fibrosis 
[49]. Another relevant finding in the DIET group was the 
improvement of glycemic and lipid parameters. The DIET 
group reduced total cholesterol, TAG, glycemia, insulin and 
HOMA-IR when compared to the CT group, which did not 
modify any laboratory parameter. Similar results were observed 

by Elias et al. [50] in patients with NAFLD (including simple 
steatosis and NASH). 

Thus, our results suggest that dietary modifications may 
contribute to health promotion in NASH outpatients and 
they should form the basis of nutritional treatment for this 
condition. Both the DIET and CT groups received the same 
nutritional orientation, were followed up during the same 
period by the same nutritionist, and also presented clinical 
characteristics, dietary intake and similar gut microbiota at 
baseline. Therefore, we believe that the individualized diet was 
the factor that promoted positive effects on the gut microbiota 
and the metabolic-nutritional profile of NASH outpatients.

One limitation of our study was the failure to perform a 
hepatic biopsy after treatment; however, for ethical reasons, 
we did not repeat this procedure after dietary intervention to 
assess liver histology. In addition, we did not evaluate the food 
consumption of the groups after three months of intervention, 
which could help in the interpretation of our results; without a 
measurement of diet adherence, the effect might be a random 
one. Another limitation was the per protocol analysis rather 
than intention-to-treat analysis, which preserves the benefit of 
randomization. Patient follow-up losses during the study may 
affect the findings, as their unknown response to treatment 
could change the results of the comparison. However, our study 
showed a 5% loss in each group, which does not significantly 
compromise the results. Finally, we did not exclude potential 
confounders, such as the presence of diabetes; however, the 
groups were similar in relation to the percentage of diabetic 
patients, guaranteeing the homogeneity between them. Future 
large-scale intervention studies are required to investigate the 
effects of diet on gut microbiota and metabolic-nutritional 
profile of outpatients with NASH.

The important strengths of the present study were the 
design of randomization, the inclusion of only outpatients with 
NASH diagnosed by hepatic biopsy and the individualization of 
dietary prescription for outpatients in the experimental group. 
All of these forces are relevant in comparison to other clinical 
trials that evaluated the effect of diet in combination with 
probiotics, symbiotics, and physical exercise for the treatment 
of NASH [16, 46, 45].

CONCLUSIONS

This clinical trial demonstrated that diet plus nutritional 
orientation improved the metabolic-nutritional profile and 
resulted in positive effects on the gut microbiota in NASH 
outpatients, when compared to the nutrition orientation 
only. The results support the importance of the nutritionist 
in the multidisciplinary team for the treatment of NASH, 
individualizing the dietary prescription according to the 
nutritional needs, preferences and lifestyle of the patient.
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Table I. Oligonucleotide probes used for microbial quantification by fluorescence in situ 

hybridization 

Probe 
Target microbial 

group 
Sequence (5’-3’) FA* NaCl† Reference 

ARCH 915 Archaea domain GTGCTCCCCCGCCAATTCCT 20 225 1 

LGC 354 A 

LGC 354 B 

LGC 354 C 

Firmicutes phylum 

 

 

TGGAAGATTCCCTACTGC 

CGGAAGATTCCCTACTGC 

CCGAAGATTCCCTACTGC 

35 80 2 

HCG 236 Actinobacteria phylum AACAAGCTGATAGGCCGC 30 112 3 

ACIDO 228 Acidobacteria phylum TAATCDGCCGCGAMCYCCT 35 80 4 

ALF 968 Alpha-proteobacteria class GGTAAGGTTCTGCGTTT 30 112 5 

BET 42 a Beta-proteobacteria class GCCTTCCCACTTCGTTT 30 112 6 

GAM 42 a Gamma-proteobacteria class GCCTTCCACATCGTTT 30 112 6 

EPSY 549 Epsilon-proteobacteria class CAGTGATTCCGAGTAACG 30 112 7 

EUB 338 III Verrucomicrobiales order GCTGCCACCCGTAGGTGT 30 112 8 

 

BAC 303 

 

Bacteroidetes: 

The most Bacteroidaceae, 

some Prevotellaceae, some 

Porphyromonadaceae 

CCAATGTGGGGGACC 
 

40 

 

56 

 

9 

CF 319 a 

The most  Flavobacteria, 

some Bacteroidetes, 

someSphingobacteria 

TGGTCCGTGTCTCAGTAC 35 80 9 

MUT 590 

SOB 174 

Streptococcus mutans 

Streptococcus  sobrinus 

ACTCCAGACTTTCCTGAC 

TTAACTCCTCTTATGCGG 
30 112 

 

10 

 

Aero 2 Some Aeromonas GTAACGTCACAGCCAGCAGA 35 80 
11 

 

RUMs 278 Ruminococcaceae GTCCGGCTACCGATCGCG 20 225 12 

 

Chis 150 

The most Clostridium 

histolyticum (Clostridium 

cluster I e II) 

TTATGCGGTATTAATCTYCCTTT 30 112 13 

Pint 649 

Pnig 657 

Prevotella intermedia 

Prevotella nigrescens 

GCCGCCRCTGAASTCAAGCC 

TCCGCCTGCGCTGCGTGTA 
40 56 14 

Bif 164 Bifidobacterium spp. CATCCGGCATTACCACCC 20 225 15 



Lacto  39 

Lacto 15 

Lactobacillus 

 

TCTGTTAGTTCCGCTCGCTC 30 112 16 

 

Enc 1259 

Enter 2 

Efs 129 

Enterococcus spp. 

Enterococcus 

Enterococcus faecalis 

GAAGTCGCGAGGCTAAGC 

TCCATCAGCGACACCCGAAA 

CCCTCTGATGGGTAGGTT 

35 

35 

35 

80 

80 

80 

17 

16 

17 

Eco 1167 Escherichia  coli GCATAAGCGTCGCTGCCG 40 56 4 

 

B/TAFO 

 

Bfrag 602 

 

Bfrag 998 

Bacteroides: 

Tannerella forsythensis 

(Bacteroides forsythus) 

Bacteroides fragilis group 

 

Bacteroides fragilis 

 

CGTATCTCATTTTATTCCCCTGTA 

 

GAGCCGCAAACTTTCACAA 

 

GTTTCCACATCATTCCACTG 

 

30 

 

30 

 

30 

 

112 

 

112 

 

112 

 

18 

 

13 

 

19 

* FA: formamide concentration in hybridization buffer. 

†Sodium chloride concentration in washing buffer. 


