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Background. Chronic hepatitis B cirrhosis is often accompanied by glucose metabolism disorder, and intestinal microbiota was
closely related to both cirrhosis and diabetes. There are few studies on the role of intestinal microbiota in hepatitis B liver
cirrhosis and diabetes mellitus (LCDM). The purpose of this study was to investigate the characteristics of intestinal microbiota
in patients with LCDM and to evaluate the relationship between the severity of intestinal microbiota imbalance and clinical
significance. Methods. A case-controlled study was conducted. People who met the inclusion and exclusion criteria of chronic
HBV-related liver cirrhosis (LC), LCDM, and healthy controls (HC) were enrolled in, and their fecal and blood samples were
collected. The V3-V4 region of 16s rDNA gene of fecal microbiota was sequenced; the bioinformatics analysis including α-
diversity, β-diversity, and linear discriminant analysis (LDA) effect size (LEfSe) was performed; and the correlation between
bacteria and clinical indexes was analyzed. Results. A total of 70 participants completed fecal and blood tests, including 20 HC,
20 LCDM, and 30 LC. The α diversity of intestinal microbiota in the LCDM decreased than that in the HC. The abundance of
Proteobacteria, Streptococcus, Escherichia-Shigella, and Lactobacillus increased, while the abundance of Bacteroidota,
Bacteroides, Prevotella, Faecalibacterium, and Lachnospira decreased in the LCDM compared with the HC. The abundance of
Lactobacillus, Roseburia, and Veillonella and the degree of hepatitis B cirrhosis dysbiosis indicator (HBCDI) increased in the
LCDM than in the LC. The abundance of Escherichia-Shigella, Veillonella, and Lactobacillus positively correlated with liver
injury and fasting blood glucose (FBG) level. The abundance of Escherichia-Shigella, Veillonella, Streptococcus, and
Lactobacillus increased more significantly when FBG and glycosylated hemoglobin level increased. Conclusion. Intestinal
microbiota of patients with LCDM was significantly disordered, and the degree was more serious than that cirrhosis patients
without diabetes.

1. Introduction

Hepatitis B virus (HBV) infection is a global health problem,
and HBV-associated cirrhosis is one of the major causes of
death worldwide [1]. The liver plays a key role in glucose
homeostasis. Patients with chronic liver diseases are often
accompanied by glucose metabolism disorders; up to 30%

of patients with cirrhosis suffer from diabetes mellitus
(DM) [2, 3]. HBV-related liver disease and DM interact with
each other [4]. On the one hand, liver diseases related to HBV
infection can insult blood glucose metabolism and induce
insulin resistance through various mechanisms [4, 5]. On the
other hand, the complication of DM may increase the risk of
decompensation of liver disease with chronic hepatitis B [6].
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DM is an independent factor for the deterioration of cirrhosis
and is associated with the occurrence of major complications,
including ascites, renal insufficiency, hepatic encephalopathy,
and bacterial infection [7]. It also increases the risk of hepato-
cellular carcinoma (HCC) in patients with chronic HBV infec-
tion [8].

Recent studies found that the intestinal microbiota was
closely related to chronic hepatitis B cirrhosis and DM [9–11].
In hepatitis B cirrhosis, the diversity of intestinal microbiota
decreased, and the increase in the abundance of Escherichia coli
and Veillonella positively correlated with the Child–Turcotte–
Pugh (CTP) score, while the decrease in the abundance of Bac-
teroides negatively correlated with the CTP score [12]. The
change in intestinal microbiota affected the occurrence and
development of liver disease [11, 12]. In DM, the diversity of
intestinal microbiota decreased, and butyric acid–producing
bacteria were significantly related to insulin resistance or type
2 diabetes [13]. Therefore, this study investigated whether char-
acteristic changes in intestinal microbiota occurred in LCDM
and how these changes were related to the disease progression,
thus laying a foundation for exploring new strategies for the
diagnosis and treatment of liver diseases from the perspective
of intestinal microecology.

2. Materials and Methods

2.1. Study Population. This was a case-controlled study
approved by the Medical Ethics Committee of Beijing Ditan
Hospital, Capital Medical University (DT-IRB-2018-04001).
All participants were required to sign the informed consent
to participate in the study. The study was executed following
the standards recommended by the Good Clinical Practice
(GCP) guidelines.

Patients with a diagnosis of hepatitis B cirrhosis were eli-
gible for the study if they met the following criteria:

(i) They were over 18 years old

(ii) Their HBsAg positive and/or HBV-DNA positive
were more than 6 months

(iii) Their imaging examination suggested cirrhosis, por-
tal hypertension, esophageal varices, splenomegaly,
with or without ascites, without infection, hepatic
encephalopathy, and gastrointestinal bleeding

Patients with a diagnosis of LCDM were eligible for the
study if they met the following criteria:

(i) They met the aforementioned diagnostic criteria for
hepatitis B cirrhosis

(ii) They were previously diagnosed with type 2 diabetes
or had more than two random blood glucose ≥ 11:1
mmol/L or fasting blood glucose ðFBGÞ ≥ 7:0mmol/
L at different times

The exclusion criteria were as follows: patients compli-
cated by liver diseases such as alcoholic liver disease, autoim-
mune liver disease, fatty liver disease, and other viral liver
diseases; patients who had systematically used antibiotics,

probiotics, and proton pump inhibitors within 1 month
before enrollment; and pregnant and lactating women.

In addition, patients whose results of physical examination,
blood routine, urine routine, liver function, kidney function,
serological markers of HBV, and abdominal ultrasound were
within the normal range, and those without heart, brain, kid-
ney, and lung diseases, were selected as healthy controls (HC).

2.2. Data Collection and Specimen Collection. All participants
eligible for inclusion were required to provide demographic
information and previous health status and record the eating
habits for 1month earlier. The fasting peripheral venous blood
was collected on the day of enrollment. Also, fresh fecal sam-
ples were collected in a sterile stool retention box and trans-
ferred to a –80°C refrigerator for storage within half an hour.

2.3. Physiological Index Detection. All blood samples were
tested in the laboratory of Beijing Ditan Hospital, Capital Med-
ical University, on the day of collection. The liver functions,
such as alanine aminotransferase (ALT), aspartate aminotrans-
ferase (AST), albumin (ALB), total bilirubin (TBil), renal func-
tion (creatinine), and FBG, were examined using an automatic
biochemical analyzer (Hitachi, 7600-020). The blood routine,
such as white blood cells (WBC), red blood cells (RBC), blood
platelets (PLT), and hemoglobin (HGB), was examined using
an automatic blood cell analyzer (Sysmex, XN-10). The
prothrombin time was examined using an automatic blood
coagulation analyzer (Werfen, ACLTOP750CTS). The serum
markers of HBV (hepatitis B surface antigen, hepatitis B surface
antibody, hepatitis B e antigen, and so on) were analyzed using
an automatic chemiluminescence analyzer (Beckman Coulter,
ACCESS2). The HBV DNA load was examined using a gene
amplification instrument and its supporting reagent (Roche,
Cobas).

2.4. Gene Extraction and Sequencing of Fecal Samples. Total
genomic DNA was extracted from the fecal samples by the
cetyltrimethylammonium bromide method. According to the
selection of the sequencing region (the 16S V3–V4 region), the
barcode-specific primers (the primer was 341F-806R: 341F-
CCTAYGGGRBGCASCAG, 806R-GGACTACNNGGGTAT
CTAAT) were used for polymerase chain reaction amplifica-
tion. The PCR products were purified by agarose gel electropho-
resis with a concentration of 2%, and the sequences with the
main strip of 400–450bp were chosen for further experiments.
The sequencing libraries were generated using an Illumina
TruSeq DNA PCR-Free Library Preparation Kit (Illumina,
USA). The library quality was assessed with a Qubit@ 2.0
Fluorometer (Thermo Scientific) and an Agilent Bioanalyzer
2100 system. At last, the library was sequenced on an Illumina
NovaSeq platform.

2.5. Bioinformatics and Statistical Analysis. The α diversity
index (Chao1 index and ACE index) was calculated using the
QIIME software (version 1.9.1). The β diversity was used binary
Jaccard distance principal coordinate analysis to evaluate the
microbial structure and distribution. Venn diagram was drawn
using the R software (version 2.15.3). The linear discriminant
analysis (LDA) effect size (LEfSe) was used to screen different
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species between different groups. A log LDA score > 2 was the
threshold of differential taxa.

The chi-square test, nonparametric test, and Student t
-test were used to compare the categorical variables and con-
tinuous variables between the groups. A P value < 0.05 indi-
cated a statistically significant difference.

3. Results

3.1. Clinical Characteristics of Enrolled Participants. A total of
79 samples were screened out, of which 5 complicated with
other diseases and 4 with missing information were excluded.
Finally, 70 enrolled participants completed the detection of
16SrDNA in blood and feces, including 20 cases of HC, 30
cases of LC, and 20 cases of LCDM (Figure 1). No infection,
hepatic encephalopathy, and gastrointestinal bleeding were
found in patients with LC and LCDM. The Child-Pugh scores
of A, B, and C were 8, 19, and 3 cases (26.7%, 63.3%, and 10%)
in LC and 6, 12, and 2 cases (30%, 60%, and 10%) in LCDM,
respectively. No difference in severity of liver diseases between
LC and LCDM (P = 0:966). In LC and LCDM, 22 patients
(73.3%) and 14 patients (70%) received antiviral treatment
for more than one year, and 8 patients (26.7%) and 6 patients
(30%) received antiviral treatment for less than one year,
respectively. There is no significant difference in antiviral
treatment of LC and LCDM (P = 0:797). In LCDM, five
patients (25%) were treated with insulin, four (20%) were
treated with acarbose, one (5%) was treated with insulin com-
bined with acarbose, one (5%) was treated with metformin,
and nine (45%) controlled blood glucose through diet and
exercise. The blood glucose levels at the time of enrollment
are shown in Table 1. The demographic characteristics and
clinical data of the participants are shown in Table 1. No sig-
nificant differences were found in age, sex, and body mass
index (BMI) among the three groups (P > 0:05). The FBG
level in the LCDM group was significantly higher than that
in the LC and HC groups (P < 0:05). Also, no significant dif-
ferences were observed in the levels of AST and ALB, WBC
counts, RBC counts, HGB level, PLT counts, and HBeAg
between the LCDM and LC groups (P > 0:05). Although not
all patients had HBV DNA load lower than the lowest detec-
tion limit, there was no significant difference in viral load
between LC and LCDM group. Therefore, it indicated that
the intestinal microbiota difference between the two groups
was mainly due to the presence or absence of diabetes.

3.2. Intestinal Microbiota Characteristics in Patients with
LCDM. All the samples were clustered into 2675 OTUs,
including 33 phyla, 59 classes, 153 orders, 260 families, and
563 genera. The rarefaction curve and the rank abundance
curve in each group tended to be flat, indicating that the
sequencing depth was sufficient and the sample species distri-
bution was uniform (Figures 2(a) and 2(b)). The α diversity of
intestinal microbiota (Chao1 index and ACE index) decreased
in the LC and LCDM groups compared with the HC group,
but no significant differences were found between the LC
and LCDM groups (Figures 2(c) and 2(d)). The Venn diagram
showed that 634 OTUs were shared between the 3 groups, 892
OTUs were shared between the LC and LCDM groups, and

301 OTUs were unique to the LCDM group (Figure 2(e)).
The β-diversity of intestinal microbiota was calculated based
on binary Jaccard distance principal coordinate analysis. It
showed that the samples of intestinal microbiota in the HC
group were clustered and were farther away from those in
the LC and LCDM groups, while the spatial distance between
samples in the LC and LCDM groups was less, but still differ-
ent (Figure 2(f)).

At the phylum level, the relative abundance of Proteo-
bacteria in the HC, LC, and LCDM groups was 2.97%,
13.75%, and 11.97%; the relative abundance of Bacteroidota
was 38.29%, 22.75%, and 29.47%; and the relative abundance
of Actinobacteriota was 5.82%, 9.30%, and 3.86%, respec-
tively (Figure 3(a)). At the genus level, the abundance of
Streptococcus and Lactobacillus increased gradually, and the
abundance of Faecalibacterium and Agathobacter decreased
gradually. The relative abundance of Escherichia-Shigella
among the three groups was 0.77%, 7.78%, and 7.5%, respec-
tively (Figure 3(b)). The characteristics of intestinal microbi-
ota in different groups were analyzed by the LDA effect size
(LEfSe) method. Compared with the HC group, Proteobac-
teria was the dominant phylum in the LCDM group, and
the relative abundance of Streptococcus (LDA = 4:53, P =
3:67e − 07), Escherichia-Shigella (LDA = 4:53, P = 4:84e −
06), Lactobacillus (LDA = 4:19, P = 7:0e − 06), Blautia
(LDA = 4:14, P = 6:24e − 05), and Akkermansia
(LDA = 4:05, P = 0:009) increased, while the relative abun-
dance of Bacteroidota, Bacteroides, Faecalibacterium, Prevo-
tella, and Lachnospira decreased in the LCDM group
(Figure 3(c)). Despite no significant difference in diversity,

DNA extraction from fecal samples
Library construction 
16SrDNA sequencing on illumina NovaSeq

Data quality control

HC (n = 20) 
LC (n = 30)
LCDM (n = 20)

Have other diseases (n = 5)
Missing information (n = 4)

Health control (HC, n = 22)
Liver cirrhosis (LC, n = 34)
Liver cirrhosis and diabetes mellitus
(LCDM, n = 23)

Excluded

Figure 1: Research design and flow chart. A total of 79 stool
samples were collected from Beijing Ditan Hospital, Capital
Medical University. After strict inclusion and exclusion process,
70 samples were finally enrolled in, including 20 cases of healthy
controls (HC), 30 cases of HBV-related liver cirrhosis (LC), and
20 cases of hepatitis B liver cirrhosis and diabetes mellitus
(LCDM). The characteristics of intestinal microbiota were
analyzed of the included participants.
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the bacterial composition was different between the LC and
LCDM groups. The relative abundance of Lactobacillus
(LDA = 4:19, P = 0:0075), Roseburia (LDA = 3:88, P = 0:002
), Veillonella (LDA = 3:708, P = 0:0089), and Lactonifactor
(LDA = 3:046, P = 0:0296) increased while the relative abun-
dance of Megasphaera decreased in the LCDM group com-
pared with the LC group (Figure 3(d)).

3.3. Relationship between Intestinal Microbiota and Clinical
Indicators. A correlation analysis was performed between
different bacteria and clinical indicators to better understand
the relationship between intestinal microbiota and clinical
indicators. At the genus level, the abundance of Escheri-

chia-Shigella, Veillonella, Streptococcus, and Lactobacillus
positively correlated with the liver injury index AST
(r = 0:337, P = 0:0044; r = 0:349, P = 0:003; r = 0:530, P =
2:38e − 06; r = 0:386, P = 0:001) and negatively correlated
with PLT, ALB level, RBC count, and HGB (all P < 0:05).
The abundance of Escherichia-Shigella, Veillonella, Lactoba-
cillus, and Megasphaera also positively correlated with the
FBG level (r = 0:266, P = 0:026; r = 0:306, P = 0:010; r =
0:298, P = 0:012; r = 0:295, P = 0:013). It indicated that the
abundance of Escherichia-Shigella, Veillonella, and Lactoba-
cillus correlated with not only liver injury indicators but also
the FBG level (Figure 4(a)). In addition, the abundance of
Roseburia, Agathobacter, and Lachnospira positively

Table 1: Clinical characteristics of the enrolled participants.

Clinical indicators HC (n = 20) LC (n = 30) LCDM (n = 20) P value (HC vs. LCDM) P value (DC vs. LCDM)

Gender (F/M) 6/14 5/25 4/16 0.465 1.0

Age 51:20 ± 8:43 54:53 ± 8:15 55:32 ± 6:47 0.104 0.929

BMI (x̄ ± S) 23:07 ± 3:20 24:10 ± 2:43 23:79 ± 4:12 0.583 0.614

ALT (U/L) 23:0 ± 10:36 24:49 ± 14:58 44:62 ± 95:04 0.758 0.566

AST (U/L) 19:79 ± 4:17 33:49 ± 11:64 55:28 ± 106:65 ≤0.001 0.566

ALB (g/L) 44:90 ± 2:42 34:01 ± 5:61 31:79 ± 7:08 ≤0.001 0.586

TBil (μmol/L) 14:93 ± 3:91 27:69 ± 18:26 22:16 ± 17:28 0.183 0.169

WBC (109/L) 5:03 ± 0:90 2:98 ± 1:65 3:37 ± 1:87 ≤0.001 0.630

RBC (1012/L) 4:86 ± 0:34 3:71 ± 0:69 3:38 ± 0:76 ≤0.001 0.078

HGB (g/L) 146:70 ± 12:34 106:94 ± 27:51 102:47 ± 24:28 ≤0.001 0.634

PLT (109/L) 184:89 ± 44:65 56:28 ± 31:49 85:09 ± 75:73 ≤0.001 0.280

AFP (ng/mL) 3:15 ± 1:14 4:32 ± 5:48 7:33 ± 17:28 ≤0.001 0.744

Cr (μmol/L) 65:99 ± 12:83 69:31 ± 18:30 90:97 ± 89:62 ≤0.001 0.600

FBG (mmol/L) 5:38 ± 0:62 5:28 ± 0:74 8:95 ± 3:85 ≤0.001 ≤0.001
HBV DNA (IU/mL)

≤ 102 22 (73.3%) 14 (70%)
—

102-105 — 4 (13.3%) 3 (15%) 0.968

≥ 105 4 (13.3%) 3 (15%)

HBeAg

Positive 8 (26.7%) 8 (40%) 0.322

Negative 22 (73.3%) 12 (60%)

Antiviral therapy

Over 1 year — 22 (73.3%) 14 (70%) — 0.797

Less than 1 year 8 (26.7%) 6 (30%)

Child–Pugh

A
—

8 (26.7%) 6 (30%)
—

B 19 (63.3%) 12 (60%) 0.966

C 3 (10%) 2 (10%)

Antidiabetic therapy — — Insulin (n = 5) — —

Acarbose (n = 4)
Insulin+acarbose (n = 1)

Metformin (n = 1)
Dietary habit Mix Mix Mix — —

Continuous variables were expressed as means ± standard deviation. BMI: body mass index; WBC: white blood cell; RBC: red blood cell; HGB: hemoglobin;
PLT: blood platelet; ALB: albumin; TBil: total bilirubin; ALT: alanine aminotransferase; AST: aspartate aminotransferase; AFP: alpha fetoprotein; Cr:
creatinine; FBG: fasting blood glucose; HC: healthy control; LC: HBV-related liver cirrhosis; LCDM: hepatitis B liver cirrhosis and diabetes mellitus.
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correlated with WBC count, PLT count, ALB level, and HGB
level but negatively correlated with the AST level (all P <
0:05) (Figure 4(a)).

For patients with LCDM, the subgroup analysis was per-
formed according to the patients’ FBG level at the time of enroll-
ment, including the normal blood glucose group (NG, n = 5) and
the elevated blood glucose group (EG, n = 15). From the HC, the
NG, to the EG group, the abundance of Bacteroidota tended to
decrease, while the abundance of Verrucomicrobiota and Proteo-
bacteria tended to increase (Supplementary Figure 1). The
relative abundance of Lactobacillus, Akkermansia, Escherichia-
Shigella, Veillonella, and Streptococcus showed an increasing
trend, while the abundance of Faecalibacterium, Prevotella,
Bacteroides, and Lachnospira showed a decreasing trend
(Supplementary Figure 2). The LEfSe analysis (LDA > 4:0) also
showed that Proteobacteria, Escherichia-Shigella, Streptococcus,
Akkermansia, and Lactobacillus were significantly enriched in
the EG group compared with the other groups (Figure 4(b)).

The subgroup analysis of patients with LCDM was per-
formed according to the level of glycosylated hemoglobin at
the time of enrollment; the patients were divided into a normal
glycosylated hemoglobin group (NH, n = 7) and an elevated
glycosylated hemoglobin group (EH, n = 13). From the HC,
the NH, to the EH group, the abundance of Verrucomicrobiota,

Proteobacteria (Supplementary Figure 3), Akkermansia,
Lactobacillus, Escherichia-Shigella, and Veillonella showed an
increasing trend, while the abundance of Prevotella showed a
decreasing trend (Supplementary Figure 4). LEfSe analysis
(LDA > 4:0) showed that Streptococcus was enriched in the
NH group, while Escherichia-Shigella, Akkermansia,
Lactobacillus, Veillonella, and Blautia were enriched in the EH
group (Figure 4(c)). A close relationship was found between
intestinal microbiota and the blood glucose level in patients
with LCDM, and the imbalance of intestinal microbiota was
obvious when the blood glucose level was poorly controlled.

The degree of intestinal microbiota imbalance in patients
with LCDM was evaluated using the HBCDI. HBCDI = ðEs
cherichia − Shigella + Streptococcus + LactobacillusÞ/ðRumi
nococcus + Prevotella + BacteroidesÞ [14]. The median of
HBCDI in HC, LC, and LCDM was 0.004, 0.176, and
0.403, respectively (P < 0:001), indicating that the imbalance
of intestinal microbiota increased in patients with LCDM.

4. Discussion

A large number of bacteria are present in the human intes-
tine; it is estimated that the gene of intestinal bacteria in
the human body is 150 times that of the host gene [15].
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that the sequencing depth was sufficient. (b) The rank abundance curve tends to be flat, indicating even species distribution. (c) Chao1 index
and (d) ACE index significantly decreased in LCDM. (e) The Venn diagram showed that 892 OTUs were shared between LC and LCDM,
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distance between samples in the LC and LCDM groups was less. HC: healthy controls; LC: HBV-related liver cirrhosis; LCDM: hepatitis
B liver cirrhosis and diabetes mellitus.

6 Journal of Diabetes Research



51%

29%

12%

4%

52%

23%

14%

9%

51%

38%

3%
6%

Firmicutes 

Bacteroidota 

Proteobacteria 

Actinobacteriota 

Verrucomicrobiota 

Others

Phylum

Inner cycle: LCDM
Middle cycle: LC
Outer cycle: HC

(a)

1%

23%

4%

7%

3%
7%3%

7%

37%

4%

20%

4%

8%

7%

6%
7%

2%

36%

1%

29%

2%
1%

5%

6%
13%

2%
3%

36%

Ruminococcus 

Bacteroides 

Subdoligranulum 

Escherichia-Shigella 

Bifidobacterium 

Akkermansia 

Prevotella 

Streptococcus 

Enterococcus 

Lactobacillus 

Parabacteroides 

Megasphaera 

Faecalibacterium 

Dialister 

Agathobacter 

Others

Genus

(b)

Figure 3: Continued.

7Journal of Diabetes Research



–6.0 –4.8 –3.6 – 2.4 –1.2 0.0 1.2 2.4  3.6 4.8 6.0
LDA score (log 10)

s__Bacteroides_coprocola
s__Bacteroides_massiliensis 
s__Bacteroides_vulgatus
g__Dialister
f__Selenomonadaceae
g__Lachnospira
g__Prevotella
s__Faecalibacterium_prausnitzii 
g__Faecalibacterium
g__Bacteroides
f__Bacteroidaceae
o__Oscillospirales
c__Clostridia
o__Bacteroidales
p__Bacteroidota
c__Bacteroidia

c__Bacilli
o__Lactobacillales

o__Enterobacterales
p__Proteobacteria

c__Gammaproteobacteria
f__Enterobacteriaceae

f__Streptococcaceae
g__Streptococcus

g__Escherichia_Shigella
s__Escherichia_coli

g__Lactobacillus
f__Lactobacillaceae

g__Blautia
s__Lactobacillus_salivarius 

c__Verrucomicrobiae
f__Akkermansiaceae

g__Akkermansia
o__Verrucomicrobiales
p__Verrucomicrobiota

f__Clostridiaceae
o__Clostridiales

g__Clostridium_sensu_stricto_1

HC
LCDM

(c)

Figure 3: Continued.

8 Journal of Diabetes Research



Under normal circumstances, the intestinal bacteria partici-
pate in various physiological processes of the host, including
intestinal mucosal barrier, energy, and immunity; they play
an important role in the human body [16, 17]. The intestinal
microbiota also plays an important role in regulating glucose
metabolism [18]. In liver cirrhosis, intestinal biological dis-
orders, intestinal barrier damage, and immune response

changes occur. Intestinal bacterial products can translocate
to liver through portal vein, where they are recognized by
specific receptors, activate the immune system, lead to pro-
inflammatory response, promote the occurrence and devel-
opment of liver cirrhosis, and promote the disorder of
glucose and lipid metabolism. On the other hand, portal
hypertension in cirrhosis leads to intestinal edema,
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Figure 3: Characteristics of intestinal microbiota of HC, LC, and LCDM. The relative abundance of intestinal microbiota in HC, LC, and
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destruction of epithelial integrity, and more bacterial trans-
location [19]. LCDM has the both characteristics of liver cir-
rhosis and disorders of blood glucose metabolism, so we
speculate that the intestinal microbiota may also play an
important role in LCDM, which may be different from sim-
ple liver cirrhosis. Thus, we explored the intestinal microbi-
ota characteristics of LCDM, thereby laying a foundation for
understanding the pathological mechanism and potential
treatment strategies of LCDM.

Compared with the HC group, the diversity and the rel-
ative abundance of Faecalibacterium, Bacteroides, Prevotella,
and Lachnospira decreased in the LCDM group, all of which
were butyric acid–producing bacteria [20, 21], which was
similar to that in patients with diabetes without cirrhosis
[22, 23]. In addition, the abundance of Escherichia coli,
Streptococcus, and Lactobacillus increased in prediabetes
and diabetes mellitus [23–26]. In this study, the relative
abundance of Escherichia-Shigella, Streptococcus, and Lacto-
bacillus increased in the LCDM group; the abundance of
these bacteria positively correlated with the liver injury
index. The abundance of Escherichia-Shigella and Lactoba-
cillus also positively correlated with the FBG level. A recent
study has shown that Escherichia coli-derived LPS can pro-
mote blood glucose disorder and adipose inflammation,
delay intestinal glucose absorption, and increase the secre-
tion of insulin and glucagon-like peptide [27]. The probio-
tics in the intestinal microbiota decreased, and the
abundance of potentially pathogenic bacteria increased in
the LCDM group, which aggravated the imbalance of intes-
tinal microbiota and was closely related to the blood glucose
level. Therefore, the blood glucose level of patients with liver
cirrhosis needs to be actively controlled. The abundance of
Roseburia and Akkermansia reduced in diabetes. However,
in our study, the abundance of these two bacteria increased
in the LCDM group. Some studies suggested that metformin
treatment of diabetes increased the relative abundance of
Akkermansia [28]. We analyzed our participants; 55% of
patients accepted hypoglycemic drugs such as acarbose,
insulin, or metformin, which might contribute to the
increase in the abundance of Roseburia and Akkermansia.

Another interesting finding of our study was that despite
no difference in the diversity, still, some differences existed in
the composition of intestinal microbiota between the LC and
LCDM groups. The relative abundance of Lactobacillus, Rose-
buria, and Veillonella increased in the LCDM group compared
with the LC group. This was consistent with the findings of Ke
et al. [29]. In our previous study, the abundance of Roseburia
and Veillonella significantly correlated with hepatitis B-related
liver cancer. Veillonella could decompose lactic acid to produce
a short-chain fatty acid propionic acid [30] and also produced
lipopolysaccharide [31], thus triggering the LPS-TLR signaling
pathway and promoting the progression of liver disease, which
might be related to the virulence gene contained in this bacte-
rium. Roseburia is a butyric acid–producing bacterium [32].
Usually, butyric acid is beneficial to the body, but it may also
promote the occurrence of tumors in some circumstances
[33]. Diabetes is an independent risk factor for HCC in patients
with chronic HBV infection. The abundance of liver cancer-
related bacteria in patients with LCDM increases, suggesting

that the change of intestinal microbiota may be an important
factor for the susceptibility of HCC in patients with LCDM.

In our previous study, we constructed HBCDI, an index
reflecting the degree of intestinal microbiota imbalance in
patients with hepatitis B cirrhosis, to assess the severity of the
liver disease. In this study, the HBCDI was used to evaluate
the degree of intestinal microbiota imbalance. The study found
that the intestinal microbiota in patients with LCDM caused
more serious injury than that in patients with LC, which indi-
cated an increase in the total number of potential pathogens.
Therefore, we should pay more attention to the microbiota of
patients with LCDM. Probiotics may be beneficial to blood glu-
cose homeostasis, reduce pathological bacterial translocation in
liver cirrhosis [34], and improve immune response and liver
function [35]. Therefore, this study shed light on the role of
intestinal microbiota and the strategy of targeting intestinal
microbiota treatments against LCDM.
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