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Abstract

The objective: To find out the nature of the changes of the hepatobiliary system in patients with intestinal bacterial 

overgrowth syndrome and to study the possible mechanisms of their association. Materials and methods: 148 patients 

with intestinal bacterial overgrowth syndrome and intestinal dysbiosis were examined. The level of total cholesterol, 

cholestasis and cytolysis markers was determined in the blood using the analyzer of Labsystems (Finland). Intestinal 

bacterial overgrowth syndrome was assessed using a hydrogen breath test with lactulose on the LactophaH2 apparatus 

of AMA (St. Petersburg). Intestinal dysbiosis was determined by stool culture on nutrient media. Bile acids in bile were 

determined on the AmazonX mass spectrometer (Bruker Daltonik GmbH, Bremen, Germany). Ultrasound examination 

of the abdominal cavity was performed via the apparatus SHIMADZU SDN-500 (Japan). Liver elastography was 

performed using the AIXPLORER apparatus (France). Results. The syndrome of intestinal bacterial overgrowth in 

67 % of cases was diagnosed in the presence of ileocecal insufficiency, in 33 % of cases — with preserved ileocecal 

function. The combination of intestinal bacterial overgrowth syndrome and intestinal dysbiosis was detected in 81.8 % 

of patients. The majority of the examined patients showed clinical symptoms of damage of the hepatobiliary system 

and intestines, which was confirmed by change of laboratory parameters: the increase in the level of total cholesterol, 

markers of cholestasis and cytolysis compared with the control group. In the study of bile acids in bile, the decrease of 

free (mainly cholic) and increase of conjugated (glycodeoxycholic, taurodeoxycholic, glycocholic, taurocholic) bile acids 

was observed compared with the control group. In general, patients with the syndrome of intestinal bacterial overgrowth 

revealed the presence of non-calculous cholecystitis — in 11.5 % of cases, I stage of cholelithiasis — in 25.7 %, II stage of 

cholelithiasis — in 18.9 %, and non-alcoholic fatty liver disease at the stage of steatosis and steatohepatitis — in 43.9 % 

of cases. Conclusion: Intestinal bacterial overgrowth syndrome is the beginning of bacterial translocation, which is the 

triggering factor for inflammation of the liver and biliary tract. In turn, diseases of the hepatobiliary system contribute 

to the development of intestinal dysbiosis by reducing the synthesis of bile acids with antibacterial action, as well as 

violations of their excretion. Thus, strong association of intestinal bacterial overgrowth syndrome with damage to the 

hepatobiliary system has been established.
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In recent years, the development of many diges-
tive diseases has been associated with composi-
tional disorders in the intestinal microbiota [1, 11, 
12, 14, 18]. Intestinal dysbiosis, especially the bac-
terial overgrowth syndrome (BOS), increases the 
risk of developing metabolic liver disorders and 
biliary tract diseases [6, 10, 13, 15, 19, 20]. Most 
researchers associate hepatobiliary system func-
tional disorders in BOS with the close anatomic-
physiological relationship between the liver and 
the intestines [11, 13, 16]. However, there are still 
few studies on the features of hepatobiliary system 
damage depending on changes in the intestinal 
microbiota.

Our objective was to find out the nature of 
hepatobiliary system damages in patients with 
BOS and to study possible mechanisms of their 
associations.

Materials and Methods
One hundred and forty-eight patients with intes-
tinal dysbiosis and BOS were examined, among 
whom 17 patients had non-calculous cholecys-
titis, 38 — stage I cholelithiasis, 28 — stage II 
cholelithiasis, and 65 — non-alcoholic fatty liver 
disease (NAFLD) at the steatosis and steatohepa-
titis stage, respectively. There were 128 females 
and 20 males. The mean age of the female 
patients was 46.3±3.7 years, and of the male 
patients — 38.5±2.6 years.
Entry criteria for the study included the age of 
18–60 years, diagnosed BOS and/or intestinal 
dysbiosis, and a signed voluntary informed con-
sent. Exclusion criteria were the age under 18 and 
over 60 years, pregnancy and lactation, cancer.
General clinical data (medical history, physi-
cal examination) and biochemical blood assay 
including total cholesterol, aspartate aminotrans-
ferase (AST), alanine aminotransferase (ALT), 
gamma-glutamyl transpeptidase (GGTP), alka-
line phosphatase (AP), total bilirubin using Lab-
systems analyzer (Finland) were used in examin-
ing the patients.
BOS was assessed through the lactulose hydrogen 
breath test using LactophaH2 manufactured by 
AMA (St. Petersburg). Hydrogen content increase 
in the air exhaled over 10 ppm from baseline 

during the first hour of testing was considered a 
positive result.
Intestinal dysbiosis was examined through stool 
culturing on aerobic and anaerobic microflora. 
Intestinal microflora was assessed by the counts of 
Escherichia, including its hemolytic and lactose 
negative forms, Lactobacilli and Bifidobacteria, 
Streptococcus, Enterococcus, Clostridia, Staphylo-
coccus aureus, Klebsiella, yeast-like fungi, Proteus, 
Pseudomonas aeruginosa and other opportunistic 
microorganisms per 1 g [4]. The severity of dysbio-
sis was identified in accordance with the classifica-
tion of I. B. Kuvaeva and K. S. Ladodo (1991) [9].
Bile acids in gallbladder and liver bile were assessed 
using AmazonX mass spectrometer (Bruker Dal-
tonik GmbH, Bremen, Germany). Calculations 
were made by registering negative and positive 
ions in the m/z range from 100 to 2,000. Capillary 
voltage was 4,500 V. Nitrogen with temperature 
of 300 ºC and flow rate of 8 l∙min–1 was used as 
a drying gas. Bile was dissolved in distilled water 
at a ratio of 1:1. Further, 1 μl of the solution was 
diluted to 1 ml with water. The resulting figures 
were interpreted using DataAnalysis 4.0 (Bruker 
Daltonik GmbH, Bremen, Germany).
Abdominal ultrasound scanning was performed 
using SHIMADZU SDN-500 (Japan).
Liver elastography was performed to assess the 
degree of hepatic fibrosis by ultrasound elastog-
raphy using AIXPLORER (France). The degree 
of fibrosis in hepatic parenchyma was assessed by 
the Metavir score system using the SC6-1 convex 
transducer.

The control group comprised of 40 apparently 
healthy individuals aged from 18 to 55 years.
The required number of observations was com-
puted based on the sample-size calculation at 
the statistical power p=0.80 with the use of Sta-
tistica 6.1 software manufactured by Stat Soft. 
The patients were assigned to groups through 
stratified sampling. Parametric statistical meth-
ods were applied. Differences between the groups 
were considered statistically significant with a 
probability of the valid null hypothesis of no dif-
ferences between the groups (p) < 0.05.
The study was carried out after the patients had 
signed voluntary informed consent as per Order 
No. 390n of the Ministry of Health and Social 
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Development of the Russian Federation dated 
April 23, 2012 (registered with the Ministry of Jus-
tice of the Russian Federation under No. 24082 on 
May 5, 2012).

Results and Discussion
Among the patients examined, pain in the right 
hypochondriac region was observed in 112 
(75.7 %) patients, in the paraumbilical area — in 
53 (35.8 %) patients, and in the large intestine 
region — in 76 (51.4 %) patients. Dyspeptic com-
plaints included: abdominal distention — in 126 
(85.1 %) patients, bitter taste in the mouth — in 95 
(64.2 %) patients, nausea — in 67 (45.3 %) patients, 
epigastric burning — in 59 (39.9 %) patients, eruc-
tation — in 46 (31.1 %) patients, constipation — 
in 38 (25.7 %) patients, diarrhea — in 33 (22.3 %) 
patients. According to physical examination, yellow 
coated tongue was found in 109 (73.6 %) patients, 
tender abdomen in the right hypochondriac 
region — in 105 (70.9 %) patients, in the para-
umbilical area — in 65 (43.9 %) patients, and in 
the large intestine region — in 72 (48.6 %) patients. 
Hepatomegaly was observed in 37 (25 %) patients, 
positive Ortner’s symptoms — in 44 (29.7 %) 
patients, Lepene’s symptoms — in 35 (23.6 %) 
patients, Murphy’s signs — in 29 (19.6 %) patients, 
Mussy’s symptoms — in 22 (14.9 %) patients, Kehr-
Gausman’s symptoms — in 18 (12.2 %) patients, 
respectively. Thus, the clinical signs of intestine and 
hepatobiliary system disorders were identified.

In 67 % of cases, BOS was due to ileocecal failure 
(the hydrogen breath test results showed signifi-
cant hydrogen increase in the air exhaled during 
the first hour of testing, without further decrease). 
In 33 % of cases, BOS was detected with ileoce-
cal function retained (peaks of hydrogen increase 
in small and large intestines were found). When 
examined for BOS, intestinal dysbiosis was iden-
tified in 15 % of patients (no hydrogen increase 
occurred throughout the study).

Results of stool culture for dysbiosis in the patients 
examined showed a decrease in the number of 
normal microflora representatives: Bifidobac-
teria of less than 107 CFU/g — in 72 (48.6 %) 
patients, Lactobacilli of less than 109 CFU/g — in 

55 (37.2 %) patients, Escherichia coli — in 44 
(29.7 %) patients, Enterococcus — in 25 (16.9 %) 
patients, Bacteroides — in 22 (14.9 %) patients, 
respectively. Increase in lactose-negative E. coli 
was observed in 52 (35.1 %) patients, and hemo-
lytic E. coli — in 32 (21.6 %) patients. Staphylo-
coccus aureus was cultured in stool of 17 (11.5 %) 
patients, Klebsiella pneumoniae — of 15 (10.1 %) 
patients, and Candida — of 10 (6.8 %) patients, 
respectively. As for the severity of dysbiosis, degree 
I was identified in 41 (27.7 %) patients, degree 
II — in 96 (64.9 %) patients, and degree III — in 
11 (7.4 %) patients, respectively. Combination of 
intestinal dysbiosis and BOS was detected in 121 
(81.8 %) of the patients examined.

Abdomen ultrasound scanning showed signs of 
chronic non-calculous cholecystitis (gallbladder 
wall thickening over 3 mm and/or gallbladder 
dyskinesia) in 17 (11.5 %) patients, stage I cho-
lelithiasis (sonographic signs by type of micro-
liths and/or inhomogenous thick bile) — in 38 
(25.7 %) patients, stage II cholelithiasis (formed 
gallstones) — in 28 (18.9 %) patients, NAFLD 
(liver enlargement, hyperechogenicity, liver 
sound conductivity and density reduction) — in 
65 (43.9 %) patients. A number of patients had 
comorbid pathologies: combination of chole-
lithiasis and NAFLD — in 25 (16.9 %) patients, 
non-calculous cholecystitis and NAFLD — in 14 
(9.5 %). Mean stiffness of hepatic parenchyma as 
per Metavir score system according to elastog-
raphy performed in patients with NAFLD at the 
stage of hepatic steatosis corresponded to fibrotic 
changes F0 in 44 (67.7 %) patients, and at the 
stage of steatohepatitis — to F1 in 18 (27.7 %) 
patients, and F2 in 3 (4.6 %) patients, respectively.

As shown in Table 1, the majority of patients 
with BOS showed an increase in total choles-
terol, cholestasis (GGTP, AP) and cytolysis (AST, 
ALT) markers as compared to the control group. 
The extent of changes in functional indicators of 
hepatobiliary tract was rather dependent on the 
type of damage to the liver and biliary tract. So, 
changes in laboratory parameters were less evi-
dent in patients with non-calculous cholecystitis, 
and maximum abnormalities were observed in 
patients with NAFLD.
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As can be seen from the data provided in Table 2, 
bile portions B and C from patients with NAFLD 
and cholelithiasis show a decrease in free (mainly 
cholic) bile acids and an increase in conjugated 
(taurodeoxycholic, taurocholic, glycodeoxycholic, 
glycocholic) bile acids as compared with the con-
trol group. In non-calculous cholecystitis, increase 
in both free and conjugated bile acids was found 
as compared to the control group. According to 
literary data [5, 6], free bile acids are produced by 
the liver only, therefore, their decrease provides 

evidence of hepatocyte damage in patients with 
NAFLD and cholelithiasis. This is confirmed by 
the biochemical blood assays performed, the 
results of which have revealed increased markers 
of cytolysis and cholestasis, especially in patients 
with NAFLD. In cholestasis, bile acids can damage 
apical membranes of hepatocytes and destroy 
the epithelium of bile ducts and, consequently, 
increase the blood concentration of GGTP [7, 8]. 
In contrast, patients with non-calculous cholecys-
titis showed minimum biochemical abnormalities.

Table 1. The results of biochemical blood tests in patients with disorders of the intestinal microflora

Parameters

Patients with 
non-calculous 

cholecystitis
(n=17)

Patients with 
I stage of 

cholelithiasis
(n=38)

Patients with 
II stage of 

cholelithiasis
(n=28)

Patients with 
non-alcoholic 

fatty liver 
disease
(n=65)

Group 
of control

(n=40)

Cholesterol, mmol/l 5.13±0.07* 5.26±0.05* 5.15±0.16* 5.54±0.06* 4.34±0.08

Alanine aminotransferase, 
units per liter

17.12±2.92 20.17±1.14 23.84±2.85 45.0±3.8* 18.63±0.82

Aspartate aminotransferase, 
units per liter

22.7±2.44 24.4±2.26 23.63±2.08 34.2±3.36* 23.5±2.31

Total bilirubin, umol/l 13.25±0.63 11.85±0.58 12.4±1.92 14.6±1.2 11.61±1.36

Alkaline phosphatase, mmol/l 105±9.32* 131±9.91* 145.63±11.6* 156.0±5.83* 73.64±6.53

Gammaglutamyltrans-
peptidase, units per liter

27.18±2.3* 30.09±2.44* 51.67±4.15* 49.0±8.6* 18.5±0.76

Note: * — reliable changes in relation to group of control (р < 0.05); n — number of observations

Table 2. The bile acids content in bile in patients with disorders of the intestinal microflora (mg/ml)

Bile acids

Patients
with non-calculous 

cholecystitis
(n=8)

Patients
with non-alcoholic 
fatty liver disease 

(n=15)

Patients 
with stage I 

of cholelithiasis
(n=12)

Group of control 
(n=10)

Portion 
B

Portion 
С

Portion 
B

Portion 
С

Portion 
B

Portion 
С

Portion 
B

Portion 
С

Cholic 0.15±0.01* 0.09±0.01 0.01±0.01* 0.01±0.01* 0.105±0.03 0.048±0.01* 0.11±0.01 0.08±0.01

Chenodeoxy-
cholic

0.06±0.02 0.02±0.01 0.03±0.02 0.041±0.03 0.035±0.03 0.01±0.01 0.07±0.02 0.03±0.01

Glycocholic 6.9±1.18* 1.65±0.58* 17.57±3.33* 6.7±1.67* 10.02±2.14* 2.91±1.16* 2.7±0.03 0.18±0.02

Glycosodeoxy-
cholic

12.79±3.51* 2.25±0.86* 40.05±11.05* 10.61±2.39* 19.48±3.91* 4.12±1.41* 3.62±0.04 0.16±0.02

Taurocholic 5.37±2.1* 1.42±0.16* 6.07±3.5 2.45±1.16 5.13±2.09 1.56±0.95 1.15±0.02 0.08±0.01

Taurodesoxy-
cholic

9.35±3.7* 2.06±0.8* 10.7±3.9* 3.5±1.6 9.14±3.02* 2.17±1.04 1.49±0.02 0.09±0.01

Ursodeoxy-
cholic

0.07±0.03 0.01±0.01 0.14±0.05 0.03±0.02 0.136±0.02 0.035±0.03 0.1±0.01 0.02±0.01

Deoxycholic 0.06±0.03* 0.02±0.01 0.07±0.06* 0.08±0.04 0.11±0.04* 0.07±0.04 0.22±0.02 0.03±0.01

Note: * — reliable changes in relation to group of control (р < 0.05); n — number of observations



O R I G I N A L  A R T I C L E The Russian Archives of Internal Medicine • № 1 • 2019

68 

The content of glycine conjugates statistically 
exceeded that in the control group for all the 
patients examined. Content of glycodeoxycholic 
and glycocholic acids in patients with non-cal-
culous cholecystitis was lower than in those with 
NAFLD and cholelithiasis. Concentrations of tau-
rine conjugates in patients with non-calculous 
cholecystitis had no significant differences from 
similar figures in patients from other groups, but 
significantly exceeded those in the control group. 
As is known from literary data, the degree of bile 
acid conjugation with glycine or taurine depends 
on diet and intestinal microflora [1, 8]. Thus, 
changes in conjugated bile acid concentrations in 
all the examined patients were unidirectional and 
were due to intestinal microbiota disorders.

As compared to the control group, concentra-
tions of ursodeoxycholic acid tended to increase 
in patients with cholelithiasis and NAFLD and to 
decrease in patients with non-calculous cholecys-
titis. Deoxycholic acid in bile portion B was sig-
nificantly lower in all patient groups as compared 
to the control group. Bile portion C showed no 
substantive changes in deoxycholic acid concen-
trations in the patient groups examined.

Changes in bile acid composition are attribut-
able to their increased absorption in ileum in BOS 
[1]. In addition, BOS is the beginning of bacterial 
translocation [12, 15]. There are microorganism 
that are most exposed to translocation due to their 
adhesiveness to intestinal epithelium (Klebsiella, 
Enterococcus, Escherichia coli). The examined 
patients showed a decrease in content of typical 
Escherichia with an increase in lactose negative 
and hemolytic forms. These bacteria can even 
penetrate the histologically unchanged mucous 
membrane of intestinal walls, then enter the hep-
atobiliary system and apparently cause inflam-
matory diseases of the liver and gall bladder. 
Non-calculous cholecystitis and cholelithiasis are 
considered successive stages of the same patho-
logic process, since the pathologic process in the 
gallbladder wall normally results in the decrease 
of its contractile function and inspissation of the 
bile, which can further lead to gallstone forma-
tion [3]. Indeed, clinical and laboratory param-
eters in the examined patients with non-calculous 

cholecystitis, stage I and II cholelithiasis were uni-
directional and merely pronounced to different 
degrees.

In intestinal dysbiosis, there is an increase in eth-
anol-producing bacteria. Many bacteria can be 
qualified as ethanol producers, including Esch-
erichia, the imbalance of quality and number of 
which was observed in the patients examined. 
Ethanol production by bacteria results in synthe-
sis of free fatty acids and contributes to oxidative 
stress which triggers NAFLD [17, 20]. Further-
more, the reduced disintoxication function of the 
intestinal microflora increases the burden on the 
liver enzyme systems, leading to metabolic and 
structural changes in the liver [10, 12]. This is 
the reason for a sharp reduction in synthesis and 
excretion of bile acids against the background of 
cholesterol hypersecretion.

Conclusion
Our comprehensive studies have shown that BOS 
is the beginning of bacterial translocation, which 
is a triggering factor in inflammation of the liver 
and biliary tract. Through ethanol hyperproduc-
tion, pathogenic intestinal bacteria raise the level 
of free fatty acids and increase endotoxinemia, 
which contributes to the development of NAFLD. 
In its turn, synthesis and secretion of bile acids 
decrease in NAFLD. The decrease in bile acids 
with an antibacterial effect ensures the activa-
tion of opportunistic pathogenic microflora and 
the development of BOS. Thus, strong association 
between BOS and hepatobiliary tract diseases, 
which is characterized by that the development of 
any one of them acts as an incentive for the devel-
opment of the other one, has been established.
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