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Abstract

Background: Dysbiosis of the gut microbiota has been considered to have a role in nonalco-
holic fatty liver disease (NAFLD) progression. However, there is still lack of studies regarding
this phenomenon. Aim: To find the difference in the proportion of gut microbiota in NAFLD
patients based on the stages of liver fibrosis. Patients and Methods: A cross-sectional study
was conducted at Dr. Cipto Mangunkusumo Hospital, which is the largest tertiary referral cen-
ter. Human fecal samples from NAFLD patients who came to the outpatient clinic were col-
lected consecutively. The stool sample examination was performed using an isolation DNA kit
(Tiangen) and quantitative real-time polymerase chain reaction (Fast 7500). Clinical and
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laboratory data were also collected. The stage of fibrosis was diagnosed based on transient
elastography (FibroScan® 502 Touch; Echosens, France). Results: Of 60 NAFLD human fecal
samples, 35 patients had nonsignificant fibrosis and 25 patients had significant fibrosis (46.7%
male and 53.3% female; median age 56 years). Most patients had diabetes (85%), dyslipidemia
(58.3%), obesity (58.3%), and central obesity (90%). The proportion of Bacteroides was higher
when compared to Lactobacillus and Bifidobacteria. Of these 3 microbiota, the proportion of
Bacteroides was significantly higher in the significant fibrosis group when compared to the
nonsignificant fibrosis group. Conclusion: There is a change in the composition of gut micro-
biota in NAFLD patients. The proportion of Bacteroides is significantly higher in significant liver

fibrosis, which may play a role in NAFLD progression. © 2019 The Author(s)
Published by S. Karger AG, Basel

Introduction

Nonalcoholic fatty liver disease (NAFLD) is a liver disease characterized by excessive fat
accumulation in the liver, without any other cause of secondary steatosis such as excessive
alcohol consumption, use of certain drugs, or hereditary diseases. NAFLD is divided into 2 cat-
egories, simple steatosis and NASH (nonalcoholic steatohepatitis). Simple steatosis is defined
as the presence of liver fat in the absence of significant injury to the liver cells, whereas NASH
is the presence of liver steatosis with significant inflammation and damage to the hepatocytes.
NASH could further lead to liver cirrhosis and hepatocellular carcinoma if not well managed
[1, 2]. Prevalence of NAFLD has been increasing along with the number of metabolic diseases.
The prevalence of NAFLD in Europe is 20-30%, while the prevalence in Asia is 15-30%, and
30.6% in Indonesia [3]. Although the overall prevalence of NAFLD has the same presentation,
the characteristics of the NAFLD population in Western countries when compared to Asian
countries might be different. Obesity is deemed to be higher in Western populations, while
type Il diabetes mellitus is found to be higher in Asian populations [2].

In clinical practice, it is not always easy to differentiate between simple steatosis and
NASH, as most of the routine imaging used is transabdominal ultrasound (US). Even though
there are US criteria to stratify between mild, moderate, or even severe steatosis, its impact
for liver disease progression is still largely unknown. Liver biopsy is still the most trustable
modality with regard to its possible sampling error. Transient elastography (FibroScan) has
recently become a popular modality to assess liver disease progression in chronic liver dis-
ease. Controlled attenuation parameter (CAP) is the new innovation in transient elastography
to differentiate mild, moderate, and severe steatosis and it is more reliable than trans-
abdominal US [4-6].

The pathogenesis of NAFLD is a complex interplay, which includes genetic factors, diet,
metabolic syndrome such as obesity, and insulin resistance. Currently, the influence of gut
dysbiosis which is also known as a change in the composition of gut bacteria, has been hypoth-
esized to have a role in the pathogenesis of NAFLD from steatosis to liver fibrosis. The rela-
tionship between gut dysbiosis in the pathogenesis of NAFLD includes the presence of effects
on short-chain fatty acids resulting in steatosis, increased gut permeability, translocation of
gut microbiota, and increased endotoxin (lipopolysaccharide), which can lead to activation of
inflammatory factors and liver fibrosis [7-9]. Very few studies have explored the role of gut
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microbiota in NAFLD. A previous study in the USA revealed that the proportion of Bacteroide-
tes increased in simple steatosis patients and healthy subjects [10], while another study in
Chinese showed that the proportion of Bacteroidetes in NASH patients was higher than in
healthy populations [11]. This study was supported by other studies, showing that gut micro-
biota affected the degree of liver fibrosis [12-14]. Based on these data, modulation of gut mi-
crobiota through dietary intervention and probiotics (Lactobacillus and Bifidobacteria) might
have a role in preventing the progression of NAFLD disease so that it can be part of the man-
agement of NAFLD in the future [2, 10, 12].

Gut microbiota composition has been thought to be dependent on childhood diet type,
environment, history of antibiotic use, geographical diet type, and diet change. Therefore, this
study aimed to examine the proportion of commensal gut microbiota and its possible impact
in NAFLD progression. This research is important since there is still a lack of studies regarding
this phenomenon and recent studies have not been well characterized. The characteristics of
patients in Indonesia (which represents the biggest Southeast Asian country) also show the
race factor and different diets. These data will provide knowledge for NASH prevention and
management programs in the future.

Methods

Study Design

This was a cross-sectional study with consecutive sampling of NAFLD patients at Dr. Cipto
Mangunkusumo Hospital in the period March-July 2018. NAFLD is diagnosed based on trans-
abdominal US with higher liver echogenicity when compared to the kidneys. The inclusion
criteria for patients in this study were NAFLD patients, and the exclusion criteria were history
of significant alcohol consumption (>20 g/day), evidence of hepatitis B or C infection, histo-
logical 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 inflammatory bowel disease or bariatric surgery, or treatment
with antibiotics within 1 month before inclusion.

Patient and Public Involvement

The patients were informed about the study protocol, aim, and benefit of stool examina-
tion with regard to the awareness of disease progression that they might have and possible
management in the future to prevent disease complications. The patients who agreed to be
included in this study were provided with a stool container and to collect their stool samples.
After all the data analysis was done, the patients would be informed. Other than these pro-
cesses, the patients were not involved.

Data Collection

Data on the demographic and clinical characteristics (gender, age, body mass index) were
obtained from the patients who met the study criteria. Moreover, the latest laboratory results
of HBsAg, anti HCV, HbAl1c, triglycerides, AST, and ALT levels in the past 3 months were also
collected. The stool sample examination was performed using an isolation DNA kit (Tiangen)
and quantitative real-time polymerase chain reaction (Fast 7500). Quantitative polymerase
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chain reaction was examined in the feces of NAFLD patients to calculate the number of
gut microbiota (Bacteroides, Lactobacillus, and Bifidobacterium) with species-specific 16S
rRNA gene primers: Bifidobacterium sp. (F-CGGGTGAGTAATGCGTGACC and R-TGATAGGAC-
GCGACCCCA); Lactobacillus sp. (F-AGCAGTAGGGAATCTTCCA and R-AGCAGTAGGGAATC-
TTCCA); Bacteroides sp. (F-CCTCCGATGGATAGGGGTT and R-CACGCTACTTGGCTGGTTCAG).
The primer design was created using Primer Express version 2.0 (Applied Biosystems) and
the specificity was confirmed using the Probe Match program [15]. To assure that these pri-
mers were specific and attached to the specific bacteria, the BLAST method was used. The
standard DNA for quantitative reference used DR10 (Bifido HNO19) with the formula (in the
PCR machine). The TE-CAP (Fibroscan® 502 Touch; Echosens, France) examination was used
to assess the degree of fibrosis of NAFLD patients. The fibrosis group was divided into signif-
icant fibrosis (F2-F4) and nonsignificant fibrosis (FO-F1). Nonsignificant fibrosis (FO-F1) has
a cutoff <5.7-7.0 kPa, and significant fibrosis (F2-F4) has a cutoff of 27.0-10.4 kPa [16].

Statistical Analysis

Data with continuous variables and normal distribution are presented as mean + SD and
those without normal distribution are presented as the median (minimum-maximum). Biva-
riate analysis between two groups was performed using the Mann-Whitney test. A p value
<0.05 was considered statistically significant. The statistical analysis in this study was per-
formed using Statistical Package for the Social Sciences (SPSS) software.

Results

Ofthe 60 NAFLD cases, 35 patients had nonsignificant fibrosis and 25 patients had signif-
icant fibrosis. The median age was 56 years and 32 patients (53.3%) were female. Most patient
have diabetes mellitus (85%), followed by dyslipidemia (58.3%), and obesity (58.3%); how-
ever, central obesity was found in 90% of patients (Table 1).

The proportion of Bacteroides (DNA copy number 483,000/gram feces) was the highest
when compared to Lactobacillus (DNA copy number 100,800/gram feces) and Bifidobacteria
(DNA copy number 12,110/gram feces). The proportion of Bacteroides was significantly dif-
ferent (p = 0.049) between patients with nonsignificant fibrosis (DNA copy number
73,000/gram feces) and those with significant fibrosis (DNA copy number 310,000/gram fe-
ces). In contrast, the proportion of Bifidobacteria was lower in significant fibrosis (DNA copy
number 22/gram feces) when compared to nonsignificant fibrosis (DNA copy number
95 /gram feces) (p = 0.288), while the proportion of Lactobacillus was higher in patients with
significant fibrosis (DNA copy number 7,000/gram feces) than in those with nonsignificant
fibrosis (DNA copy number 2,050 /gram feces) (p = 0.713). The proportions of gut microbiota
are presented in Figure 1 and Table 2.

Discussion

To best of our knowledge, this is the first study in Southeast Asia, where Indonesia repre-
sents the biggest country in this region, to evaluate the proportion of microbiota in NAFLD
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patients and also its impact related to the degree of liver fibrosis. In this study, several things
that might be different between countries or among regions which could affect the amount of
microbiota have also been considered such as a history of antibiotic use, diet, age, and meta-
bolic components [7]. Of the 60 subjects in this study, the highest NAFLD population was fe-
male (53.3%) with an average age of 56 years. This is in accordance with the study presented
by Chitturi et al. [17], demonstrating that at the age above 50 years, the incidence of NAFLD
in females increased compared to males. This is related to the presence of the menopause,
which is associated with increased insulin resistance as a risk factor of NAFLD. Most patients
have diabetes mellitus (85%), dyslipidemia (58.3%), obesity (68.3%), and central obesity
(95%). This is in accordance with Loomba et al. [2], which stated that the characteristics of
NAFLD patients in Asia are different from those in Western countries, with a higher preva-
lence of diabetes mellitus compared to obesity.

In this study, we found the proportion of Bacteroides (81%) was the highest when com-
pared to Lactobacillus (16.9%) and Bifidobacteria (2%). The result of this study is consistent
with previous studies by Wong et al. [11, 16] which stated that there was an increase in Bac-
teroidetes (67.6%) when compared to Firmicutes (22.3%), and Actinobacteria and other mi-
crobiota (4.1%). A study by Zhao et al. [18] also showed that there was a dysbiosis in NASH
patients with the most phylum, Bacteroidetes (49.11%). At the genus level, the proportion of
Bacteroides was 23.31% (p = 0.89) and that of Bifidobacteria 0.63% (p = 0.045). Bacteroides
as a Gram-negative microbiota produce LPS which is correlated to fibrosis liver. Bacteroides
are also associated with an increase in deoxycholic, raffinose, and stachyose acids, which in-
crease the risk of NAFLD, and a decrease in short-chain fatty acids, which also play a role in
the pathogenesis of NAFLD [18-20].

Based on stages of the fibrosis group, there was a significant increase in the proportion of
Bacteroides in the severe fibrosis group when compared with the mild fibrosis group. In con-
trast, the proportion of Bifidobacteria was found to be decreased in the severe fibrosis group
when compared to mild fibrosis groups, although not significantly, while the proportion of
Lactobacillus was greater in the severe fibrosis group than in the mild fibrosis group. This
study result is in agreement with a previous study by Loomba et al. [14] which showed more
Bacteroidetes phyla in the severe fibrosis group (28.46%) than in the mild fibrosis group
(23.62%) (p = 0.57). In this study, Actinobacteria was found more in the mild fibrosis group
(2.67%) than in the severe fibrosis group (2.02%) (p = 0.78), while the proportion of phylum
Firmicutes was increased in the significant fibrosis group when compared to the nonsignifi-
cant fibrosis group (58.81 vs. 42.61%, respectively) (p = 0.015). In this study, Bacteroides vul-
gatus (Bacteroidetes) and Ruminococcus obeum (Firmicutes) were significant species differ-
ences between the two groups of fibrosis.

Another study from Boursier et al. [13] also showed the same abundance of Bacteroides,
where the proportion was greater in the severe fibrosis group than in the mild fibrosis group
(42.4 vs.57.8%) (p = 0.018). This study result supported the theory that dysbiosis could affect
the degree of liver fibrosis. An increase in LPS produced by gut bacteria (Gram negative) can
lead to activation of inflammatory factors that contribute to the progression of liver fibrosis.
Bacteroides accumulation is also associated with the accumulation of branched-chain fatty
acids produced by amino acid fermentation, which is a factor that contributes to insulin re-
sistance as a risk factor for NASH. The decrease in the proportion of Bifidobacteria in the se-
vere fibrosis group is in agreement with previously published literature demonstrating that
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the role of modulation of gut microbiota with probiotics can affect the degree of liver fibrosis.
It has also been shown that the administration of probiotics containing Bifidobacteria in
NAFLD patients can reduce levels of TNF, CRP, transaminase enzymes, endotoxins, and NASH
scores, which contribute to NAFLD progression [21, 22]. However, in this study there were
different results in the proportion of the genus Lactobacillus, where the proportion was
greater in the severe fibrosis group than in the mild fibrosis group. This is in contrast to pre-
vious studies by both Loomba et al. [14] and Boursier et al. [13], who stated that the propor-
tion of phylum Firmicutes as Gram positive was lower in severe fibrosis. This phenomenon
may be due to the different examination methods used, where in previous studies the 16S RNA
pyrosequencing method was used, which could assess the composition of microbiota until the
species level. Second, the majority of the patients in this study had obesity, which can also
affect the composition of Lactobacillus. It is known that Lactobacillus reuteri is abundant in
obese patients, while Lactobacillus paracessei is abundant in nonobese patients. The pattern
of a high-carbohydrate diet can also affect the composition of Lactobacillus [23-25].

In this study several things that affect the amount of microbiota have also been consid-
ered such as a history of antibiotic use, diet, age, and metabolic components. There are limita-
tions to this study. The first is the number of samples, but the result can already answer the
research questions, and the same number of samples was used as that in previous studies
conducted abroad. The second is the difference in quantitative methods with RT-PCR, which
only counts 3 types of genus level microbiota so that the exact compositions of other gut mi-
crobiota to the species level were not known.
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Table 1. Characteristics of study subjects

Variables Total Nonsignificant Significant
(n=60) fibrosis (FO-F1) fibrosis (F2-F4)
(n=44) (n=16)

Gender, n (%)

Male 28 (46.7) 20 (71.4) 8 (28.6)

Female 32 (53.3) 24 (75) 8 (25)
Age (mean * SD), years 56 (10.21) 55.6 (10.46) 58 (9.2)
Diabetes mellitus, n (%)

Yes 51 (85) 38(74.5) 13 (25.5)

No 9 (15) 6 (66.7) 3(33.3)
Dyslipidemia, n (%)

Yes 35(58.3) 26 (74.3) 9 (25.7)

No 25 (41.7) 18 (72) 7 (28)
Obesity (IMT 225), n (%)

Yes 41 (68.3) 27 (65.9) 14 (34.1)

No 19 (31.6) 17 (89.5) 2 (10.5)
Central obesity, n (%)

Yes 57 (95) 41 (71.9) 16 (28.1)
No 3(5) 3(100) 0(0)
Body mass index (mean # SD), kg/m? 27 (4.2) 26.4 (3.9) 29.9 (3.65)
Triglycerides (mean * SD), mg/dL 138.8 (60.91) 137.8 (63.08) 135.8 (59.36)
HbA1lc (mean * SD), % 7.1(1.87) 6.7 (1.44) 8(2.52)
AST (mean # SD), U/L 21.83 (9.77) 20.3 (5.50) 27.5(16.92)
ALT (mean # SD), U/L 23 (11.51) 21.7 (10.10) 28.2 (15.81)

SD, standard deviation; AST, aspartate aminotransferase; ALT, alanine aminotransferase.

Table 2. Comparison of the proportion of gut microbiota between the nonsignificant liver fibrosis group and
the significant liver fibrosis group

Species Total Nonsignificant Significant p value

(n=60) fibrosis (FO-F1) fibrosis (F2-F4)
(n=44) (n=16)

Bifidobacteria 76.5 95 22 0.288
(0-330,000) (0-330,000) (0-2,800)

Lactobacillus 2,800 2,050 7,000 0.713
(0-910,000) (0-910,000) (6.3-100,000)

Bacteroides 130,000 73,000 310,000 0.049

(41-1,200,000) (41-880,000) (5,400-1,200,000)

Values are median DNA copy number/gram feces (minimum-maximum).
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