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Abstract:
Objective The relationship between gut microbiota and portal hypertension remains unclear. We investi-

gated the characteristics of the gut microbiota in portal hypertension patients with esophago-gastric varices

and liver cirrhosis.

Methods Thirty-six patients (12 patients with portal hypertension, 12 healthy controls, and 12 non-cirrhosis

patients) were enrolled in this university hospital study. Intestinal bacteria and statistical analyses were per-

formed up to the genus level using the terminal restriction fragment length polymorphism method targeting

16S ribosomal RNA genes, with diversified regions characterizing each bacterium.

Results Levels of Lactobacillales were significantly higher (p=0.045) and those of Clostridium cluster IV

significantly lower (p=0.014) in patients with portal hypertension than in other patients. This Clostridium
cluster contains many butanoic acid-producing strains, including Ruminococcace and Faecalibacterium praus-
nitzii. Clostridium cluster IX levels were also significantly lower (p=0.045) in portal hypertension patients

than in other patients. There are many strains of Clostridium that produce propionic acid, and the effects on

the host and the function of these bacterial species in the human intestine remain unknown. Regarding the

Bifidobacterium genus, which is supposed to decrease as a result of cirrhosis, no significant decrease was ob-

served in this study.

Conclusion In the present study, we provided information on the characteristics of the gut microbiota of

portal hypertension patients with esophago-gastric varices due to liver cirrhosis. In the future, we aim to de-

velop probiotic treatments following further analyses that include the species level, such as the intestinal flora

analysis method and next-generation sequencers.
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Introduction

The human gut is inhabited by up to 100 trillion cohabit-

ing bacterial groups. The intestinal bacteria make up an ex-

tensive metabolic system in which bacteria interact, and this

is thought to have a major impact on the host’s state of

health. It has been reported that imbalance of the gut micro-

biota, which is called dysbiosis, contributes to various dis-

eases including inflammatory bowel disease, irritable bowel

syndrome, colon cancer, nonalcoholic steatohepatitis

(NASH), liver cirrhosis, hepatocellular carcinoma, diabetes,

depression, and multiple sclerosis (1-4).

A recent 16S ribosomal RNA gene and meta-genome

analysis clarified the entire gut microbiota that has previ-

ously only been found by conventional culture methods, and
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Table　1.　The Background Characteristics of the Study Population.

PH-G (n=12) HC-G (n=12) CP-G (n=12)

Age (median±SD) 64.1±11.4 40.0±8.27 71.7±13.0

Male : Female 7 : 5 10 : 2 5 : 7

Body Weight (median±SD) 61.7±8.25 57.8±8.85 57.5±7.87

Etiology Liver cirrhosis 

(Viral hepatitis/ Alcohol/ Others: 4/6/2)

Volunteer 

(Medical staff)

Colon polyp 

(adenoma)

Child-Pugh Score (A/B/C) (4/7/1)

SD: standard deviation, PH-G: portal hypertension group, HC-G: hepatocellular carcinoma group, CP-G: colon polyp 

group

research on the gut microbiota and various types of diseases

is underway (5). In liver cirrhosis, elevated levels of minute

endotoxins in the portal vein induce the production of vari-

ous inflammatory cytokines via increased toll-like receptor 4

signaling, thereby promoting liver fibrosis (6, 7). One study

using a rat model reported that the existence of gut micro-

biota promotes lymph duct and vascular development in the

intestinal mucosa, and that this might contribute to the de-

velopment of portal hypertension (PH) (8).

In humans, the relationship between gut microbiota and

PH remains unclear. In previous reports, Coprococcus, Ru-
minococcaceae, Lachnospiraceae (which contributes to gut

immunity via butyric acid production) and Faeclibacterium
prausnitzii (which plays an anti-inflammatory role) were all

found to demonstrate significantly lower levels in patients

with liver cirrhosis (9). While patients with PH are pre-

sumed to present with the same tendency, the particular

characteristics of the flora require further investigation. Cur-

rent research has focused on the usefulness of rifaximin (a

rifamycin-based nonabsorbable oral antibiotic), the develop-

ment of new probiotic treatments, and fecal microbiota

transplantation.

In the present study, using a terminal restriction fragment

length polymorphism (T-RFLP) method targeting 16S ribo-

somal RNA genes, with diversified regions characterizing

each bacterium, we conducted an exploratory study to exam-

ine the characteristics of the gut microbiota in PH patients

with esophago-gastric varices due to liver cirrhosis.

Materials and Methods

Among the patients admitted to our department from

March to December 2016, 36 patients were selected. The

exclusion criteria were patients under 20 years of age, pa-

tients with concurrent liver cancer, patients who had taken

medication (antibiotics and/or bowel medicine) for intestinal

disorders in the prior 3 months, patients with no recurrence

of liver cancer but with a history of tumor invasion of the

portal vein, and patients who were found to be unsuitable

for participation in the present study by their attending phy-

sician. There were 12 patients in the in-patient group who

received treatment for esophago-gastric varices with liver

cirrhosis (PH group; PH-G), 12 patients in the healthy con-

trol group with normal hepatic deviation enzymes and with-

out liver cirrhosis (healthy control group; HC-G), and 12 pa-

tients without liver cirrhosis who were hospitalized for the

treatment of colon polyps (colon polyp group; CP-G). Stool

samples were collected from all patients after they provided

their informed consent, and intestinal bacterial and statistical

analyses were conducted at the genus level using the T-

RFLP method.

All fecal samples were collected before the procedure for

esophageal varices in the PH-G. Each individual’s living en-

vironment and dietary status were difficult to examine in de-

tail. Intestinal bacteria analyses were outsourced to Techno-

Suruga Laboratory (Shizuoka, Japan) (10). The background

characteristics of the study population are shown in Table 1.

This study was conducted in compliance with the Decla-

ration of Helsinki and the Ethical Guidelines for Medical

Research of the Ministry of Health, Labor and Welfare. In

conducting this study, ethical considerations were carefully

considered, and patient consent was obtained after a full ex-

planation of the study method. Information obtained through

this study was not disclosed in any way that could identify

the individuals who participated, and this was strictly con-

trolled. Patient data were tabulated using connectable ano-

nymization. The present study protocol was approved by the

Ethics Committee of our hospital.

Statistical analyses were performed using the JMP soft-

ware program, version 13.0 (SAS Institute, Cary, USA).

Comparisons between groups were conducted using a t-test.

P values less than 0.05 were considered statistically signifi-

cant. This study was an exploratory study, and the number

of samples was small, so this statistical analysis did not re-

quire multiple comparisons. Therefore, false discovery rate

(FDR) adjustment was not performed in this study.

Results

The intestinal bacteria analyses for each of the three

groups using the T-RFLP method are shown in Table 2. In

the present study, we found no statistically significant differ-

ence in the gut microbiota of the HC-G and CP-G. There-

fore, we combined the HC-G and CP-G into the non-PH

group (Non-PH-G), and we conducted a comparative analy-

sis of the PH-G and the Non-PH-G. Table 3 shows the intes-

tinal bacterial analyses of each group using the T-RFLP

method. A comparison of gut microbiota between the two
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Table　2.　A Comparison of the Gut Microbiota between the HC 
and CP Groups (median±SD).

HC-G CP-G p value

Bifidobacterium 7.491±1.984 3.309±1.811 0.135

Lactobacillales 2.523±1.780 6.413±1.625 0.122

Bacteroides 45.52±4.364 49.09±3.983 0.553

Prevotella 10.150±4.776 4.340±4.360 0.380

Clostridium cluster IV 5.891±1.312 6.768±1.198 0.627

Clostridium cluster XIVa 12.31±1.559 11.51±1.423 0.709

Clostridium cluster IX 7.869±2.451 5.668±2.238 0.515

Clostridium cluster XI 0.206±0.299 0.598±0.273 0.344

Clostridium cluster XVIII 2.023±0.356 1.101±0.325 0.070

others 5.115±2.030 9.952±1.853 0.094

SD: standard deviation, HC-G: hepatocellular carcinoma group, CP-G: colon 

polyp group

Table　3.　A Comparison of the Gut Microbiota between the PH 
and Non-PH Groups (median±SD).

PH-G Non-PH-G p value

Bifidobacterium 9.784±1.913 5.210±1.413 0.063

Lactobacillales 13.72±2.079 4.644±1.535 0.0013*

Bacteroides 40.48±3.426 47.47±2.530 0.1104

Prevotella 3.494±3.839 6.981±2.835 0.470

Clostridium cluster IV 2.979±1.050 6.370±0.775 0.014*

Clostridium cluster XIVa 10.24±1.802 11.87±1.331 0.472

Clostridium cluster IX 1.845±1.860 6.668±1.374 0.045*

Clostridium cluster XI 0.796±0.391 0.420±0.289 0.446

Clostridium cluster XVIII 0.982±0.348 1.520±0.257 0.223

others 6.928±1.752 7.753±1.294 0.707

*statistically significant difference

SD: standard deviation, PH-G: portal hypertension group, Non-PH-G: non-portal 

hypertension group

groups is shown.

All figures show the results of comparisons that con-

firmed the significant difference or tendency in gut micro-

biota between the PH-G and Non-PH-G. Compared to the

Non-PH-G, the PH-G showed the following results:

A) Significantly higher levels of the Lactobacillales order

(p<0.01) (Fig. 1)

B) Significantly lower levels of Clostridium cluster IV

(p=0.014) (Fig. 2)

C) Significantly lower levels of Clostridium cluster IX

(p=0.045) (Fig. 3)

D) A non-significant tendency towards higher levels of

Bifidobacterium (p=0.063) (Fig. 4)

Furthermore, a comparison of the gut microbiota between

the alcohol group (ALC, n=6) and non-alcohol group (Non-

ALC, n=6) in the PH-G is shown in Table 4. This compari-

son showed that levels of Bifidobacterium were significantly

higher in the ALC group than in the Non-ALC group (p=

0.042).

Discussion

In the current study, we found no statistically significant

difference between the HC-G and CP-G. However, a previ-

ous systematic review comparing the bacterial profiles of

normal colon (HC) and colon adenoma reported that the co-

lon adenoma group had greater microbial flora diversity than

the HC group. Furthermore, a taxonomic analysis revealed

that the amounts of eight phyla (Firmicutes, Proteobacteria,

Bacteroidetes, Actinobacteria, Chloroflexi, Cyanobacteria,

Candidate-division TM7, and Tenericutes) were significantly

different between normal colon and colon adenoma (10). A

greater number of samples might have resulted in significant

differences being detected between the HC-G and CP-G in

the present study, as described above. In our study, we con-

sidered the two combined groups to be a consistent group of

non-PH with various background characteristics.

We confirmed several differences in gut microbiota be-

tween the PH and Non-PH-Gs in this study. First, the levels

of Lactobacillales in the PH group were significantly higher



Intern Med 59: 2089-2094, 2020 DOI: 10.2169/internalmedicine.4628-20

2092

Figure　1.　Significantly higher levels of the Lactobacillales or-
der (p<0.01). PH-G: portal hypertension group, non-PH-G: 
non-portal hypertension group
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Figure　2.　Significantly lower levels of Clostridium cluster IV 
(p=0.014). PH-G: portal hypertension group, non-PH-G: non-
portal hypertension group
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Figure　3.　Significantly lower levels of Clostridium cluster IX 
(p=0.045). PH-G: portal hypertension group, non-PH-G: non-
portal hypertension group
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Figure　4.　No significant differences in levels of Bifidobacte-
rium (p=0.063). PH-G: portal hypertension group, non-PH-G: 
non-portal hypertension group
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(p=0.045) than in the non-PH-G. The operational taxonomic

unit of strains estimated from the base sequence and frag-

ment length was elevated at 657, suggesting that the abun-

dant Streptococcus genus (11), which is reported to be com-

mon in oral bacteria and elevated in liver cirrhosis, might be

present. Among the 12 patients in the PH group, 11 were

taking proton pump inhibitors (PPIs), so the relationship be-

tween the ongoing use of PPIs for the treatment of varices

was also taken into consideration (12-15). It has been re-

ported that the partial changes in the gut microbiota caused

by PPI usage are similar to the changes caused by the pro-

gression of liver cirrhosis, and increased inflow of oral flora

to the intestines might create an intestinal environment that

is a risk factor for the progression of liver cirrhosis, sponta-

neous bacterial peritonitis, and hepatic encephalopathy

(9,16-19). The levels of genera (Lactobacillales, Streptococ-
cus, Selenomonas, Veillonella, Campylobacter, and Haemo-
philus) have been reported to be high in PPI users (20).

Second, Clostridium cluster IV levels were significantly

lower (p=0.014) in the PH group than in the non-PH-G.

This cluster has many strains that produce butyric acid, in-

cluding Ruminococcaceae, which is reported to reduce liver

cirrhosis, and F. prausnitzii, which plays an anti-

inflammatory role, as previously reported (21). Butyric acid

bacteria and bacteria that produce short-chain fatty acids re-

portedly reduce the progression of liver cirrhosis and

NASH (22, 23). In a report of mixed strains of Clostridium
using abundant Clostridium cluster IV administered to mice,

markedly increased levels of colonic regulatory T cells were

confirmed (24).

Third, the Clostridium cluster IX levels were also signifi-

cantly lower (p=0.045) in the PH group than in the non-PH-

G. This cluster is said to have many strains that produce

propionic acid; however, for most strains, the effect on the

host and function in the human intestines remains largely

unknown (25, 26). In light of our results, these topics repre-

sent further questions that should be explored.

Finally, in the present study, significantly lower levels of

Bifidobacterium were not observed in the PH-G than in the

Non-PH-G; in fact, they tended to be higher than in the

non-PH-G (p=0.063). In previous reports, it has been re-
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Table　4.　A Comparison of the Gut Microbiota between the 
ALC and Non-ALC Groups in the PH-G (median±SD).

ALC Non-ALC p value

Bifidobacterium 13.71±2.593 5.863±2.374 0.042*

Lactobacillales 17.81±2.798 9.634±3.517 0.131

Bacteroides 38.50±3.257 42.45±3.116 0.391

Prevotella 1.909±1.909 5.079±3.837 0.572

Clostridium cluster IV 2.020±1.063 3.938±1.029 0.217

Clostridium cluster XIVa 7.561±2.848 12.923±3.344 0.283

Clostridium cluster IX 1.504±0.862 2.186±1.283 0.715

Clostridium cluster XI 0.149±0.099 1.443±0.765 0.259

Clostridium cluster XVIII 0.863±0.447 1.102±0.523 0.753

others 6.143±1.841 7.714±1.913 0.575

*statistically significant difference

SD: standard deviation, ALC: alcohol group, Non-ALC: non-alcohol group, PH-

G: portal hypertension group

ported that the Bifidobacterium genus reduces liver cirrho-

sis (27). However, it should be noted that in recent years,

the levels of the Bifidobacterium genus have been reported

to increase with both alcohol dependence and alcoholic liver

cirrhosis (28-30). This is attributed to the fact that some spe-

cies in the Bifidobacterium genus has an acetaldehyde cu-

mulative effect (31). East Asian people have a genetic vari-

ation in alcohol metabolism involving frequently increased

acetaldehyde levels after ethanol consumption, and they

characteristically have a poor physiological reaction to alco-

hol (32). Bifidobacterium dentium is one species of Bifido-
bacterium found to be associated with liver cirrhosis; this

species has been found to be able to produce large amounts

of γ-aminobutyric acid, an important neurotransmitter (33).

Based on these facts, it is also possible that there is com-

pensatory feedback of the microbiota to changes in the me-

tabolism of serotonin and other neural mediators in cases of

alcohol dependence and alcoholic liver cirrhosis. The present

study showed that 50% of the PH-G had alcoholic liver cir-

rhosis, and the levels of Bifidobacterium were significantly

higher in the ALC group than in the Non-ALC group.

Therefore, it is possible that the gut microbiota in the ALC

group reflected an increase in Bifidobacterium genus levels

associated with alcohol metabolism. In the future, we should

conduct futher analyses on the etiology of cirrhosis, not

only based on an individual’s alcohol consumption, but us-

ing a large number of samples.

As the present findings revealed a significant increase in

Lactobacillales and an increasing tendency in the genus Bifi-
dobacterium, it may be necessary to reexamine the applica-

tion of probiotic formulations based on these two genera.

These probiotic preparations have anti-inflammatory effects,

are useful drugs in the human intestine for protective action

against pathogens, and are commonly used in the treatment

of various diseases, including alcoholic liver dis-

ease (34, 35). However, given that this study showed an in-

crease in Lactobacillales and Bifidobacterium in the gut mi-

crobiota of the PH-G, further supplementation of these mi-

croorganisms may be harmful. Therefore, great care must be

taken regarding the administration of probiotic formulations

to these types of patients.

The present study showed no significant difference be-

tween the levels of Clostridium cluster XI and Clostridium
cluster XIVa, but bile acids are known to be related to intes-

tinal bacteria. Yoshimoto et al. found that serum levels of

deoxycholic acid (DCA) and the composition of Clostridium
cluster XI and XIVa that convert primary bile acids to DCA

were increased in obese mice. DCA is said to produce reac-

tive oxygen species that cause DNA damage and

senescence-associated secretory phenotype (SASP) related to

hepatocarcinogenesis (36). In cases of PH, it has been re-

ported that bile acids in the peripheral blood are increased

due to leakage of superior mesenteric vein (SMV)-derived

blood to the periphery due to an increase in portal venous

shunt (37). It is necessary to pay close attention to the rela-

tionship between bile acids and intestinal bacteria going for-

ward.

Several limitations associated with the present study war-

rant mention. First, this was a single-center study, which

may limit the generalizability of the results. Second, the

sample size was small, and this was a cross-sectional study.

Third, we did not analyze the infection rate of Helicobacter
pylori, which is known to affect the gut microbiota. Finally,

PH was related to liver cirrhosis in all patients; thus, it was

difficult to clearly distinguish PH and liver cirrhosis.

In conclusion, this exploratory study of the characteristics

of the gut microbiota in PH patients with esophago-gastric

varices due to liver cirrhosis showed an increase in Strepto-
coccus and a decrease in short-chain fatty acids, such as bu-

tyric acid and propionic acid. Furthermore, the genus Bifido-
bacterium, which is said to be reduced by liver cirrhosis, did

not show decreased levels. In the future, we will attempt to

develop probiotic treatments following further analyses us-

ing methods that evaluate bacteria at the species level, such

as the intestinal flora analysis method and next-generation

sequencing.
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